
        
            
        
    
  


  
     
  


  
    


    
      
        Raw materials (left) and finished products (right) for Kellogg's Pop-Tarts.
      


      
        

      

    


    Dependent Demand at Kellogg’s


    
      
        Kellogg’s Company manufactures a wide variety of cereals, breakfast foods, and snacks. It employs dependent demand planning techniques, including material requirements planning. Every two months, a plan is developed for all production items in a given group of plants. For the morning foods division, Kellogg’s develops a plan for three plants that produce Pop-Tarts. The plan shown in Figure 7.1 (for November/December 2006) indicates which products will be made in each week, as well as the number of days and shifts in each week (note that during the week of Christmas [12/25/06], the plants are shut down). The process of developing this plan is iterative and involves evaluating forecasted demand, available capacity, costs at the different plants, and a variety of other factors. Figure 7.1 indicates that the plan calls for 61,500 boxes of Hot Fudge Sundae Pop-Tarts and 54,000 boxes of Strawberry Pop-Tarts, along with other varieties, during the week of November 6.
      


      Material requirements planning logic is then used to derive the ingredients and packaging required at each plant. Thus, Figure 7.2 shows the amount of packaging and raw ingredients needed at the Muncy plant for the week of December 11, 2006. For example, the 22/ounce box of chocolate chip Pop-Tarts requires over 2.1 million feet of liner (the plastic wrap around pairs of Pop-Tarts toaster pastries). Overall, the items to be produced at the Muncy plant will require over 21,000 pounds of chocolate chips and over 18,000 pounds of dehydrated strawberry flakes. Now that’s a lot of chocolate and strawberry flakes!


      



      



      



      It is important to note that many of the ingredients are common to several products. For example, all Pop-Tarts toaster pastries require soft flour, corn syrup, and sugar; thus, more than 1 million pounds of soft flour, more than 396 thousand pounds of corn syrup, and more than 393 thousand pounds of sugar will be used in all five of the Pop-Tarts stock keeping units (SKUs) to be produced at the Muncy plant that week.

    

  


  
    H ISTORY OF DEPENDENT DEMAND PLANNING

    

  


  This chapter examines methods for dealing with dependent demand rather than independent demand. Independent demand is demand for items that are considered end items that go directly to a customer, and for which demand is influenced by market conditions and not related to inventory decisions for any other item. Items such as toothpaste, books, televisions, and refrigerators are independent demand items for which we must forecast the sales. Dependent demand is demand for items that are used to make another item or are considered to be parts of another item. For example, a refrigerator is an independent demand item, but the door, the motor, and each of the drawers that are required to produce it are dependent demand items. Similarly, a bicycle is an independent demand item, but the two wheels, the frame, and the seat required to produce one bicycle are dependent demand items.


  The differences between independent and dependent demand allow for a specialized approach for dependent demand. Material requirements planning (MRP) is a computer based system that develops plans for ordering and producing dependent demand items. MRP utilizes two basic principles: Requirements for dependent demand items are derived from the production schedule for their parents (the items that are assembled from component parts), and the production order is offset to account for the lead time.


  Up until about three decades ago, inventory and production planning was done using the techniques and systems for independent demand described in


  



  Chapter 6. This was true despite the fact that dependent demand has some unique characteristics in particular, it tends to be lumpy rather than even. This is true because retailers tend to order from upstream manufacturers in batches of larger quantities, whereas end customers tend to buy products in small quantities. In addition, with dependent demand, the time when an order will be required can be predicted based on an item’s relationship with other products. Figure 7.3 shows demand for two products: a bicycle and a bicycle tire. Notice how the demand for the bicycle (an independent demand item because it is sold directly to end customers) is relatively even and smooth. In contrast, the demand for the bicycle tire (a dependent demand item because it is used to produce finished bicycles) is lumpy. The inventory systems from Chapter 6 will not work well in this situation.


  MRP is a technique that has been employed since the 1940s and 1950s. The technique gained prominence in the mid-1970s with the development of more powerful computers, which have become irreplaceable operating tools in many companies. MRP really developed only when mainframe computers offered sufficient calculation power to perform the thousands of required calculations automatically. Leading pioneers of MRP include Joseph Orlicky, an engineer for IBM who first coded an MRP system for the JI Case company in Racine, Wisconsin; George W. Plossl, a widely read author and consultant; and Oliver Wight, the founder of Oliver Wight Associates, a leading application provider. Each of these three men worked closely with the American Production and Inventory and Control Society (APICS) and leading manufacturing businesses to develop the tools and techniques used for planning dependent demand via MRP. Today, you could manage a large company’s inventory with a laptop (or even a cell phone) if it were properly set up; in 1975, this required a dedicated mainframe computer. The techniques in this chapter are relatively easy to understand in small examples, but they can become overwhelming without a firm grasp of basic principles


  



  and a good computer system to perform the calculations. Developing a thorough understanding of the basic principles and techniques is thus more important than learning specific computer applications.


  The use and application of MRP grew steadily through the 1970s and 1980s as the power of computer hardware and software increased. MRP gradually evolved into a broader system called manufacturing resource planning (MRP II), which links production planning and inventory with a company’s financial and accounting systems. During the 1990s, MRP II evolved to become enterprise resource planning (ERP), which integrates all functional areas of a business.


  This chapter examines the basic principles and techniques underlying MRP. This is done in four steps. We first examine the inputs and data that are needed to make MRP work. We then examine how to develop an inventory record for a single item. Next, we combine MRP records for all of the items that make up a product and show how to develop inventory records for multiple items that are linked together. Finally, we discuss the evolution of dependent demand planning systems (MRP, MRP II, and ERP) and how they are used in practice today. We conclude the chapter with a discussion of the use of these concepts for service oriented businesses.


  
    M RP INPUTS

    

  


  An MRP system relies on three key inputs shown in Figure 7.4: a bill of materials database, a master schedule, and an inventory records database. The MRP system combines these inputs to develop a material requirements plan that specifies the timing and size of new production orders, adjustments to existing order quantities, and expediting or delay of late/early orders. The process of developing the material requirements plan is called MRP explosion; it is a technique for converting the requirements of final products into a material requirements plan that specifies the production/order quantities and timing for all subassemblies, components, and raw materials needed by final products.


  
    	The Master Schedule


    	The master schedule (MS) details the quantity of end items to be produced within a specified period of time.It breaks a higher-level aggregate plan into smaller time quantity of end items to be buckets for specific products (time buckets can be months, weeks, days, or hours) produced within a specified time period. Table 7.1 illustrates how an aggregate plan for a family of bicycles is broken into


    	



    	



    	


  


  master schedule for each of the three different types of bicycles. The quantities shown refer to the time when the order must be released to the plant or supplier, if the finished product is to be assembled in time to meet customer delivery promises. We will use this MS “start” quantity throughout the remainder of this chapter.


  There are a number of objectives associated with developing a master schedule. The MS must balance the workload for a given company in terms of not only the total capacity, but also capacity at each workstation and for each worker. The master schedule seeks to minimize total cost and provides a way of assessing the impact of new orders and providing delivery dates for accepted orders. The planned production quantities in the master schedule are intended to satisfy demand, which is estimated based on customer orders and forecasts. The MS is usually frozen or unchangeable in the near term (the next few days or weeks), slushy or slightly changeable in the middle term, and liquid or very changeable in the long term. The goal is to plan production but allow some flexibility to change orders as demand or customer requirements change.


  For our purpose, we will treat the MS as given in other words, we will assume that it has already been developed to be used as input to our MRP. Techniques for developing the MS are very similar to those used for the MRP; we focus primarily on the MRP for the sake of simplicity and brevity. It is worth noting that while the quantities for production in the MS appear to be deterministic or certain, they are really estimates of stochastic or uncertain demand. The production quantities in the MS are based on forecasts, which are inevitably incorrect and when major adjustments are made to forecasts, the changes have a significant impact on the corresponding MRP records.


  A tutorial and example of master scheduling used to develop an MS is available online at the textbook web site. 


  
    	The master schedule in Table 7.1 illustrates several key aspects of master scheduling:   The sums of the quantities in the MS must equal those in the aggregate production plan. For example, 600 bikes will be produced in February for the aggregate schedule, which is the sum of the totals for mountain bikes (300−200 in the week of Feb. 1 and 100 in the week of Feb. 15), road bikes (150−50 in the week of Feb. 8 and 100 in the week of Feb. 22), and tandem bikes (150−75 in the week of Feb. 8 and 75 in the week of Feb. 22).


    	 Aggregate production quantities should be planned efficiently over time in order to minimize setup, production, and inventory costs. The breakdown of types of bikes (i.e., mountain, road, and tandem) is based on historical demand, marketing, and promotional considerations. The production planner should also select lot sizes for each bike type.


    	Capacity limitations must be considered before finalizing the MS, including labor and machine capacity, storage space, transportation equipment, and other such factors. The MS should be checked against the available re- sources and often must be changed in order to ensure that sufficient capacity is available.

  


  
    The Bill of Materials
  


  Every finished product has a bill of materials (BOM) that specifies all assemblies, subassemblies, parts, and raw materials that are required to produce one unit of the finished product.


  A bill of materials is hierarchical in nature, with the finished product at the top and each lower level showing how many of each type of part or subassembly are needed to produce one unit of the parent item. Bills of material are often represented in visual form by a product structure tree. Figure 7.5 illustrates a partial BOM for a bicycle (some parts required to produce a bicycle have been omitted for clarity). The end product is 1 bicycle, this is the parent item. The parts (children) needed to produce one bicycle are shown at lower levels in Figure 7.5. Each finished bicycle requires 1 set of handlebars, 1 frame assembly, and 1 seat. In turn, 1 frame assembly requires 2 wheels and 1 frame. At the next level, 1 wheel is produced from 12 spokes and 1 tire rim, and 1 frame requires 5 feet of aluminum tubing and 1 gallon of paint. Note that the part quantities do not have to be in terms of specific parts but can be in different units  e.g., 1 gallon of paint is enough to cover 1 frame, and 5 feet of aluminum tubing can be bent and welded to form 1 frame.


  Every part in a bill of materials is assigned a level. End items or finished products that are sold directly to an end customer are Level 0. These items are parents


  



  to lower level parts, which are components of the higher level part. Thus, in Figure 7.5, the handlebars, frame assembly, and seat are Level 1 parts that are components of a complete bicycle. The wheels and frame are Level 2 parts that are components of the frame assembly. The spokes and tire rim are Level 3 parts that are components of a wheel, while the aluminum tubing and paint are Level 3 components of the frame. Remember that the number of parts or amount of material required to produce 1 unit of the parent part is shown for each component part. Thus, to produce 5 bicycles, a total of 5 frame assemblies (1 frame assembly for each of 5 bicycles), 10 wheels (2 wheels per frame assembly times 5 frame assemblies), and 120 spokes (12 spokes per wheel times 10 wheels) are required (along with the appropriate numbers of the remaining parts in the BOM).


  Figure 7.6 provides another example of a bill of materials for item A. This BOM also illustrates the concept of common parts, which are parts that are used in more than one place in a single product or in more than one product. For example, item G in Figure 7.6 might be a 2 inch screw that is used to hold two parts together. It is a common part. 3 units of G are required for each unit of B, and 3 units of G are required for each unit of E. While part G appears at two levels (at Level 2 as a component of B and at Level 3 as a component of E), a part is typically assigned to the lowest level at which it appears in any BOM that a company produces. Thus, in Figure 7.6, part G is termed a Level 3 part. Low level coding involves assigning a part to the lowest level at which it appears anywhere in the BOM. Another way to think of this is that a part is at one level lower than its lowest parent part (i.e., G has two parents [B = Level 1 and E = Level 2]); thus, G is a Level 3 part, which is one level lower than its lowest level parent. In other words, the children can’t come before the parents.


  



  



  



  Determining the required quantities of parts and raw materials is usually not as straight forward as in Solved Example 1. For one thing, many finished products are made from hundreds, or even thousands of parts, many of which appear multiple times in a single bill of materials. Think for a second—how many parts are there in a typical refrigerator, lawn tractor, or boat? These products can have 1,000 or more parts, and their BOM may consist of 20 or more levels. Second, the supply of parts is not 100 percent consistent, the people or suppliers in charge of producing a part or component may take longer than expected or deliver less than the expected number as a result of part defects. Third, timing of parts completion and delivery is critical. Consider Solved Example 1: It is not possible to produce 100 units of A if the inventory consists of 200 units of B and 300 units of C, but the 100 units of D are not available because of a delivery delay. All of the parts for a given parent item must be on hand in order to produce that item. Finally, some of the parts may already have some inventory on hand; thus, we must net out (i.e. subtract on hand inventory from over all requirements) the requirements, if we have 50 units of item B in Solved Example 1 and we need 200, we should net out the on hand inventory of 50 from the required 200 and should thus order 150 units.


  Figure 7.7 shows an example where a part, in this case E, is buried within the BOM structure. In contrast to part G in Figure 7.6, part E has both parent items (D and C) and components (G and F). In this case, it is essential that item E have the same components anywhere it appears in the BOM. Thus, 1 unit of E is produced using 3 units of G and 1 unit of F, regardless of whether the unit of E will then be used to produce a unit of D or a unit of C. If there are any differences in components, then the part should be given a different name or part number i.e. a part made up of 2 units of G and 1 unit of F should be called part H or something different from E. Note that the number of units of a common part such as E that are re- quired for the parent items can differ; thus, Figure 7.7 indicates that 1 unit of E is required to produce 1 unit of D, while 2 units of E are required for each unit of C.


  It is critical that the bill of materials is an accurate representation of the parts required to produce a product because errors at one level are magnified when they


  



  are multiplied by parts requirements at lower levels. Although this seems fairly obvious, problems often occur when companies change the design of an item and forget to update the bill of materials in the inventory system or when someone mistakenly enters an incorrect quantity. While it may seem that paying close attention to a particular product should prevent errors, it is useful to realize that a company may be dealing with 100,000 or more parts, many of which are used in numerous different products. Thus, attention to detail and accuracy, combined with periodic updates and checks of BOMs, are essential if an MRP system is to work effectively.


  
      Inventory Records
  


  The third major input to an MRP system is an inventory record of transactions. An inventory record specifies order/lot size policy and lead time and records all transactions made for parts, assemblies, and components. An inventory transaction occurs when there is any change in the quantity of a specific part or material. Transactions include receipt of new orders, shipment of complete orders, scrapping of defective parts, release of new orders, adjustment of due dates for scheduled receipts, cancellation of orders, and confirmation of scrap losses and returns. The inventory record includes transactions both from manufacturing within an organization and from purchasing items from external suppliers. Recording inventory transactions accurately and promptly is a critical component of an effective MRP system.


  M RP PROCESSING—CREATING AN INVENTORY RECORD FOR A SINGLE ITEM

  


  As shown in Figure 7.4, the three inputs to an MRP system (the master schedule, the bill of materials, and the inventory records) are combined to come up with a material requirements plan. This is variously called either MRP explosion or MRP processing. We will describe MRP processing using the single item record for item B100 (a bicycle wheel) in Table 7.2. We first examine the development of an inventory record for a single item at a time. Later, we will examine how multiple component items that are used to produce a single parent product are developed and linked together.


  



  
      Developing Inventory Records for Single Items
  


  Every MRP record includes three planning factors, lot size, lead time, and safety stock, which are parameters that are chosen by managers utilizing the MRP system. Lot size is the quantity of a part to be produced or ordered when additional inventory is required. As shown in Table 7.2, bicycle wheels are manufactured in quantities of 200 (alternatively, they could be bought from a supplier company in Lot size the quantity of a part this quantity). The lead time is the time between when an order is placed and to be produced or ordered when it is expected to arrive or be finished. The lead time for the bicycle wheel when additional inventory is in Table 7.2 is 2 weeks. Note that it probably does not take 2 weeks of actual production time to make 200 bicycle wheels, but the lead time is usually estimated to include slack time for items that must wait until resources or equipment is available, lead time for moving or shipping the items, and other sources of variance.Safety stock is excess inventory that a company holds to guard against uncertainty in demand, lead time, and supply. We will examine potential causes of errors in the MRP system later in the chapter. For now, it is important to understand that planning factors are managerial choices, meaning that someone must decide on the most appropriate lot size, lead time, and safety stock for a particular item.


  Also included in every MRP record is a name for each item. In Table 7.2, the part number is B100 (companies usually assign a number or letter to each part for easy tracking). The description of the part is that this is a bicycle wheel.


  The planning factors for an MRP record are fairly constant—they are entered into the system once and then may not be updated or changed for months or years. In contrast, one of the primary purposes of an MRP system is to update, calculate, and track several other pieces of information on a more frequent or daily basis. Table 7.2 will be used to illustrate this.


  Time buckets are the periods of time into which an MRP record is divided. The record in Table 7.2 has buckets of 1-week duration, but time buckets can also be a month, a day, an hour, or some other time period. The planning horizon is the time period in the future that we are planning for the record in Table  7.2, the planning horizon is 9 weeks.



  Beginning inventory is the amount of inventory that was physically in stock at the end of the most recent time bucket. When looking at an MRP record as shown in Table 7.2, the time bucket for week 1 is assumed to be starting on a particular date say, midnight on Monday, February 1. Thus, beginning inventory is the amount of inventory that was physically in stock at 11:59:59 p.m. on Sunday, January 31.


  Gross requirements are the total number of units of a part or material derived from all parent production plans. The gross requirements also include any spare parts that may be sold as end products. For example, the bicycle wheels in Table 7.2 are both components of the bikes they go into and spare parts that may be sold to a bicycle repair shop. To simplify the illustration, we use a new set of gross requirements in Table 7.2 that is not linked to the master schedule in Table 7.1


  Scheduled receipts are orders that have been placed but not yet received or completed. For an item manufactured by the company, a scheduled receipt is an order that has been released (i.e. started) but is still waiting in line to be processed, is waiting for additional components, is in processing, or is waiting to be moved. For an item purchased from another company, a scheduled receipt indicates that the order has been released to the supplier but that the item may still be in process at the supplier, may be in transit from the supplier, or may not yet be registered as having been received within the purchasing company. Table 7.2 shows a scheduled receipt of 200 units in the week of February 8. This indicates that the order was released on January 24 (i.e. we are currently at February 1) and is expected to be received on February 8.


  Projected on hand inventory (abbreviated as projected OH inventory) is the estimated inventory that will be available after the gross requirements have been satisfied, plus any planned or scheduled receipts for that time bucket. The beginning inventory, shown as 40 units in Table 7.3, represents the on-hand inventory that was available at the time the MRP record was computed. Projected on hand inventory is adjusted according to every inventory transaction, including scheduled and planned receipts. For now, we are dealing only with scheduled receipts. 


  



  
    

  


  



  As shown in the example calculation in Table 7.3 inventory becomes negative in the week of February 22. This indicates a shortage or backorder. The goal of MRP is to avoid such shortages or backorders; thus, we add in planned receipts.



  Planned receipts are future orders that have not yet been released but are planned in order to avoid a shortage or backlog of inventory. Planned receipts are calculated as follows:


     Projected on-hand inventory is projected/calculated until a shortage appears. A shortage occurs when planned on hand inventory is less than the required safety stock. A planned receipt corresponding to the lot size for that item is scheduled. The planned receipt is added to projected on hand inventory and raises this quantity to at least the required safety stock. Continue with the calculation of projected on hand inventory until another shortage occurs (see Table 7.4). Add another planned receipt.


  As highlighted in Table 7.4, the addition of a planned receipt of 200 units in the week of February 22 changes the projected OH inventory from a negative 60 (–60) if no receipt is planned (Table 7.3) to a positive 140. Continuing forward, no planned receipt is necessary in the week of March 1, but planned receipts are necessary for the weeks of March 8 and March 22. A planned order release indicates when an order must be released in order to offset the lead time so that the order will be received when planned. The release date is determined by subtracting the lead time from the date/time when a receipt is planned. Thus, in Table 7.4, the 200-unit planned receipt for the week of


   February 22 must be released two weeks prior to that, on February 8. The planned order release is the date when we will either release an order to our manufacturing plant to begin production or send the order to a supplier for shipment or delivery. Note the difference between a planned and a scheduled receipt: a planned receipt is not firmly committed to and can be changed relatively easily up until the time the order is released. As soon as an order is released, it becomes a scheduled order, which is much harder to change (i.e. increase or decrease the quantity or change the lead time) because it is out of the direct control of the MRP system.


  An important part of MRP records involves the assumption made about when inventory flows occur. Most companies assume that all inventory flows occur at a uniform point in time usually at the beginning, middle, or end of a time period. For example, in Table 7.4, we assume that the scheduled receipt of 200 units will be received at the beginning of the week of February 8 and that the planned receipt of 200 units will be received at the beginning of the week of February 22. In reality, the actual receipt of materials may occur at many points within a given week, but following the convention of using a single time makes the accounting much smoother. This is similar to the use of standard times for tracking time for example, if the time is 9 p.m. in New York City on Eastern Standard Time, we know that the time is 8 p.m. in Chicago on Central Standard Time. If one measured by the sun, the difference in times would not be exactly one hour, but the convention on time zones simplifies life by making it fairly easy to compute times in different cities.


  
    Determining Planning Factors
  


  As discussed earlier, every MRP record includes three planning factors: lead time, lot size, and safety stock. These are called planning factors because the decisions managers make regarding these quantities have a large impact on how well the MRP system, and by extension the entire inventory system and supply chain (including external suppliers of parts and components), functions. Managers should carefully consider how these factors are set and should periodically re examine how well they are working.


  Lead Time


  Lead time is an estimate of the time between releasing an order and receiving that order. Accuracy in lead times is very important because early or late orders can greatly affect other items and production schedules through excessive inventory holding costs or shortage, stockout, and expediting costs.


  For purchased items, the lead time is the estimated time for the supplier to prepare or produce the order plus shipping time. For example, when ordering the bicycle wheel in Table 7.4, if this is a part that is bought from a supplier, the two week lead time might consist of one week of production time at the supplier plus one week of shipping time. Lead times are usually assigned based on past history and discussion with the supplier; often the lead time is agreed to in a purchasing contract. It is important that lead times be tracked over time. If a supplier is consistently late or early, either the lead time should be changed or a discussion with the supplier on how to improve lead times should be conducted.


  For items that are manufactured or produced within the company, the lead time must take into account a number of factors, including


  



  Every step that a part follows in the manufacturing process involves each of these times; thus, an estimate must be made for each. Typically, estimates for the first three (setup, processing, and materials handling time) are easier to make than an estimate for waiting time. This is because waiting time (i.e. time when an order is not being processed or moved) usually is highly variable. Waiting time tends to be different depending on whether a company uses a make-to-stock or make-to- order strategy, as well as the policy for releasing orders to the manufacturing floor. It is not uncommon for an order to spend 95 percent or more of its time waiting to be processed. For example, the bicycle wheels in Table 7.4 might require only 30 minutes of setup time, 400 minutes of processing time (200 wheels per order times 2 minutes per wheel), and 5 minutes of handling time, for a total time of 435 minutes. However, the 2 week lead time is based on the estimated amount of waiting time (assuming a 40 hour production week, the lead time is 2 weeks * 40 hours/ week * 60 minutes/hour = 4,800 minutes, and the waiting time is 4,800 – 435 minutes = 4,365 minutes). In this example, the bicycle tires spend over 90.9 percent of the lead time waiting in a queue (i.e., 4,365 minutes/4,800 minutes).


  Lot Size                                 


  The lot size rule determines the size of the order placed, and extension the timing of orders. Every item must have a lot size rule assigned. Lot size rules are important because they determine the frequency of setups and the inventory holding costs for an item. We describe three types of lot size rules: fixed order quantity, periodic order quantity, and lot for lot.


  Fixed Order Quantity Fixed order quantity (FOQ) lot sizes involve a constant order size, where the same quantity is ordered every time. Often the quantity is determined by equipment capacity, such as when a certain machine has a capacity limit. For example, if the bread baking oven at a Subway restaurant has a capacity of 80 loaves (8 trays * 10 loaves per tray), then it makes sense to make the order quantity 80 in order to fully utilize the oven. Other reasons for choosing a certain FOQ are to mimic the EOQ (discussed in Chapter 6) or to make planning consistent. For purchased items, an FOQ may be chosen in order to receive a quantity discount, to minimize shipping costs, or to reach a minimum purchase quantity. For example, the lot size for buying screws is likely to be a multiple of the number of screws in one box; thus, if a box contains 500 screws, the FOQ will be a multiple such as 500, 1,000, or 1,500. Table 7.4 illustrates the FOQ rule. If an item’s gross requirements within a given period are very large, then the order quantity becomes an integer multiple of the FOQ. This is shown in Table 7.5, which is identical to Table 7.4 except that the gross requirements in the week of March 8 and the corresponding planned receipt have changed. The planned order release is 400 (2 * 200) in the week of March 8.


  



  Periodic Order Quantity Periodic order quantity (POQ) lot sizes are variable and are designed to order exactly the amount required for a specified period of time.Specifically, the POQ is:


  POQ Lot Size to Arrive in Period t = (Gross Requirements for P Periods, Including Period t) – (Projected On Hand Inventory at End of Period t – 1) + (Safety Stock)


  or


  



  This is the amount that will exactly cover P periods of gross requirements and finish with exactly the amount of safety stock required. Table 7.6 shows the MRP record from Table 7.4 with the lot size rule changed to P = 3.

  

  This means that we need to place an order, we should order enough for three weeks’ gross requirements. As in the previous example, the first planned receipt is due in the week of February 22; otherwise, planned on-hand inventory will be less than the required amount of safety stock. Thus, we plan a receipt of


  POQFeb22 = (Gross Requirements for Weeks of Feb. 22, Mar. 1, and Mar. 8) – (Inventory at End of Feb. 15 Week) + (Safety Stock)


              = (176 + 100 + 70) – 116 + 15 = 245 units


  



  The second planned receipt is for the week of March 15, for a quantity of (100 + 70 + 0) − 15 + 15 = 170 units.


  It is important to note that a P = 3 lot size does not mean that you must order every 3 weeks; instead, it means that if you order, then you should order enough for 3 weeks. For example, if the gross requirements were 0 in the week of March 15 and were 100 in the week of March 29, then there would not be an order in the week of March 15, but there would be an order in the week of March 22. This situation is illustrated in Table 7.7.


  Generally, periodic lot sizes are chosen to be a convenient time period e.g. every two weeks, every three weeks, once a month, or some similar interval. Another method is to take the EOQ (see Chapter 6) and divide it by the average demand per period. In other words, express the lot size in terms of desired periods of supply rounded to the nearest integer.


  Lot for Lot (L4L)  lot sizes are a special case of the periodic order quantity with the period equal to 1. The primary objective is to minimize inventory levels by ordering only what is needed. The L4L lot size is calculated as the period equal to 1


  



  Using a L4L order size means that the planned on-hand inventory should exactly equal the safety stock level at the end of each period.


  Table 7.8 shows the results when a L4L rule is used for the bicycle wheel in Tables 7.4 and 7.5. The first order is still needed during the week of February 22, but that order quantity is calculated as


  



    



  



  Additional orders will be planned for receipt on March 1, March 8, March 22, and March 29.


  Advantages/Disadvantages of Lot Size Rules The choice of lot size rule has a large impact on the efficacy of the MRP system. Lot size choice affects inventory and setup/order costs and also has an impact on capacity availability. To illustrate, let us examine the average on hand inventory and the number of orders placed for each rule. Table 7.9 provides a summary of the average OH inventory during the weeks of February 22 to March 29 using three different rules for the same part.


    



  The L4L rule always has the lowest average inventory because of the ability to order exactly what is needed for a single period, but this comes at the cost of more frequent orders. Each rule has its advantages and disadvantages:


  
    	The FOQ rule has the highest average inventory because its fixed nature creates inventory remnants. For example, in Table 7.4, a planned receipt for 200 units is scheduled in the week of February 22, but this results in excess inventory or remnants of 140 – 15 (safety stock). In the worst case, if planned on hand inventory was going to be 14 units without an order being placed for February 22, we would have to order 200 units, resulting in remnants of 199. FOQ lot sizes benefit from the predictability and ability to fit to a fixed unit of capacity, but generally increase inventory. The added inventory does lend some stability by protecting against unexpected scrap losses, late orders, inaccurate inventory records, and changing gross requirements.

    



    	The POQ rule reduces the amount of OH inventory by matching gross requirements with planned receipts. In Table 7.6, the planned OH inventory in the week of March 8 is 15 units, or exactly the safety stock desired, there are no remnants.

    



    	The L4L rule always minimizes inventory, but also requires more frequent setups/orders. This rule works well for expensive items and for items with low setup/ordering costs.


  


  Both the POQ and L4L rules are prone to instability, if the gross requirements for a parent item change, then the lot size may change. This can lead to shortages of component items as such changes ripple through multiple levels of a BOM. This type of MRP uncertainty is a major problem and must be watched carefully.


  Safety Stock


  On first thought, it would seem that an MRP inventory system should not require safety stock. After all, computers don’t make “mistakes.” Unfortunately, this is not completely true; there are several reasons why some amount of safety stock is necessary. First, there may be bottlenecks or blockages that prevent orders from being completed on a timely basis. Second, quality problems often arise where an order will be only 95 percent filled. Third, humans may enter incorrect information into the system. Fourth, there is variability in demand, and the master schedule is made to match forecasts. When these forecasts are significantly off, the system may be short of some types of parts and have an excess of others. In short, just because the system is automated is no guarantee that it works perfectly. Holding extra safety stock to cover these unpredictable occurrences is one way in which managers can buffer against uncertainty.


  Another cause of inventory shortages is MRP nervousness in items with multiple levels of component parts. A net change at one part level can ripple down to lower level parts. This is one of the more challenging aspects of managing an MRP system, and it will be examined in more detail later in the chapter.


  Managers have a variety of methods for managing uncertainty with regard to inventory amounts. A vital first step is to identify the activities that are most variable or limited in terms of capacity, then to monitor these activities closely for early signs of problems. Alternatively, additional safety stock can be carried; this is particularly useful for end items that have highly variable demand and for lower level items that are inexpensive and low cost. A third approach involves using safety lead time, i.e. inflating the expected lead time in order to allow a margin for error. In all of these approaches, managers must balance the cost of carrying extra inventory against the protection provided.


  M ULTIPLE-LEVEL  PROCESSING AND OUTPUT GENERATION

  


  MRP systems provide a wealth of data, including reports, schedules, and notices, to help managers control the flow of inventory and ensure efficient and accurate operations. It is important to note that these systems are run by computers and process/generate a huge amount of data. The goal of these systems is to make the processing of data and information simple and easy for the humans who use the system. The best systems are designed to remove the need for extensive human involvement, but also to clearly highlight the points at which human involvement is necessary or beneficial. In this section, we show how the inventory records for the component parts that make up a single end item are developed and linked to each other. We also examine the data and outputs generated via an MRP system.


  
      MRP Explosion
  


  MRP explosion is the process of translating MRP inputs into a plan that specifies the required quantities and timing of all subassemblies, components, and raw materials required to produce parent items. An MRP record is generated for every item or part that a company works with. The gross requirements for an item are derived from three sources:


  



  We will use the BOM from Figure 7.5 to illustrate MRP explosion. 


  



  This BOM is repeated in Figure 7.8, with the items in blue denoting the parts for which we show MRP records (we exclude some parts in order to make the example easy to follow). For every bicycle produced, we need 1 set of handlebars, 1 frame assembly, and 1 seat. For every frame assembly, 2 wheels are required. In turn, 12 spokes and 1 tire rim are required for every wheel.


  



  To answer these questions, we will explode the BOM by working from top to bottom. Figure 7.9 shows the end results. The first step is to derive the gross requirements for the highest level items. In this BOM, the bicycle is the only Level 0 item, the frame assembly is a Level 1 item, wheels are a Level 2 item, and spokes and tire rim are both Level 3 items. We work from the highest level (Level 0) down to the lowest level (Level 3 in this case). The gross requirements for the frame assembly are derived by multiplying the master schedule for the Speedy Road Bicycle by 1. The quantity of 45 units in week 1 of the master schedule means that all of the parts necessary to produce 45 bicycles must be available at the beginning of that week. Although this is not shown in Figure 7.9, there is a lead time for assembling the bicycle from these parts, so the 45 bicycles will not be ready until sometime after the beginning of week 1 (we will see an example of lead times for master schedules later in this chapter). We obtain the gross requirements for the frame assembly by multiplying 1 * the master schedule quantities. Thus, 45 units of the frame assembly will be needed in week 1, 62 in week 3, 88 in week 5, 50 in week 6, 35 in week 7, 50 in week 8, and 35 in week 9. Once the gross requirements are obtained, the planning factors (lot size, lead time, and safety stock) and inventory records (beginning inventory and scheduled receipts) are used to calculate the completed MRP record for the frame assembly.


  Following completion of the records for the frame assembly, all of the parent items for the bicycle wheel have been processed. In this case, the bicycle wheel is used in only one parent item, but we will see later that a single part can be used in many different products (e.g. multiple bike models) and in several places on one BOM (e.g. a bolt that is used in several places on a single bike). In this case, all of the parent items of that part must be processed before processing that item we will see an example of this later. The gross requirements for the bicycle wheel are derived by multiplying the bottom row (planned order release) for the frame assembly by the required quantity in this case, 2 wheels per frame. This produces gross requirements of 124 in week 2 (2 * 62), 176 in week 4 (2* 88), 100 in week 5, 70 in week 6, 100 in week 7, and 70 in week 8. Once the gross requirements are obtained, the remainder of the MRP record is completed by working from top to bottom and left to right.


  Figure 7.8 shows that the gross requirements for spokes are calculated by multiplying the planned order release row for bicycle wheels by 12. Similarly, the gross requirements for tire rims are obtained by multiplying the planned order release row for bicycle wheels by 1.


  
      Action Notices
  


  An action notice is generated when an order needs to be released or placed or when the quantity or timing of an order needs to be changed. In Figure 7.9, there should be an action notice issued to release the order for 390 tire rims because this is the quantity in the planned order release row in week 1. Likewise, there should be an action notice to release the order for 2,500 spokes. As soon as these orders are released, the planned order release changes status (becomes 0) and a scheduled receipt in the same amount is recorded with the lead time added to the planned release time.


  



   Action notices can be printed and mailed to a supplier or printed and placed in a queue within a manufacturing plant. Alternatively, action notices may involve sending an electronic order and calling it to the attention of the planner using the computer system. The vast majority of action notices are handled electronically in this manner, with little need for human intervention. For most transactions, the computer does the calculations and releases the order. Humans can access whatever information they need, but they do not need to actually push a button for the order to be released. In contrast, an action notice may occur if an item is late or early or if an incorrect quantity is ordered.


  Suppose that the 200 units of wheels scheduled to be received in week 2 were delayed and were not received until week 3. This would be a problem because then there would not be enough wheels available to produce the 62 frame assemblies that are scheduled to be started in week 2. In this case, an action notice would alert the planner to the problem. The planner might go to the work area where the bicycle wheels were being produced and determine that the delay was due to the order for wheels being tenth in line to be produced. The planner might then expedite the order by asking the employee at the work station to move the wheel order ahead in line (say, from tenth to fourth), thus getting the scheduled receipt back on time in week 2.


  



  
      MRP as a Dynamic System
  


  One of the most important things to understand about MRP is that it is a dynamic system as orders are received, forecasts or the master schedule is updated, and so on; the MRP records are also changed. Typically MRP


  



  records are updated using one of two approaches. A periodic update involves collecting all new or updated information and processing it once a week or once a day. A net change update makes changes as soon as they occur. Twenty or thirty years ago, it was common to have periodic updates because a large amount of computer power was necessary to perform the thousands of calculations necessary for a company with hundreds of products and parts. Typically, the MRP system would be set to process updates late on a Friday or Saturday night. Today, your laptop computer is probably more powerful than a mainframe computer in 1980, so computing time is not a major issue. Some companies still use periodic updates because they provide greater stability, and it is easy to know when things are going to change. In contrast, net change updates are much more responsive to changes but may be disruptive in some cases.


  Figure 7.10 provides an illustration of how updates work by updating the MRP records from Figure 7.9 after a week has gone by. In other words, Figure 7.9 was planned at the beginning of week 1, and it is now the beginning of week 2. The dark blue shading for week 1 of Figure 7.10 illustrates that this week is over. All of the planned order releases have been released; thus, the planned receipt of 2,500 Z125 spokes in week 4 has become a scheduled receipt for week 4, and the planned receipt of 390 D200 tire rims in week 4 has become a scheduled receipt for week 4. The only other change is the addition of a 100unit order for the MS of the Speedy Road Bicycle in week 10 (shown in orange). This single change ripples down through all the lower level parts as shaded in green and connected by the red arrows. Although this change does not appear to cause any problems (because it doesn’t require a change to any already scheduled receipts just to planned receipts that have not had their orders released yet), it may affect capacity; thus, we want to estimate its effect on capacity.


  Figure 7.10 also illustrates the effects of MRP nervousness one change at a high level ripples down to affect a number of lower level parts. We changed the MS in week 10, but that one change resulted in a new planned order release for Z125 spokes in week 4. What would have happened if the MS quantity for 50 speedy road bicycles in week 6 had changed to 75? This would result in orders for items at the lowest levels (Z125 and D200) that are impossible to fill because their planned order release date was in the past. This is why MRP systems typically have a planning horizon that is as long as or longer than the longest lead time for all parts in the BOM.


  
      Capacity Planning
  


  While the steps underlying the processing of MRP records are logical and systematic, there is a major assumption that is critical to remember. The records developed assume that there is sufficient capacity available to produce the planned orders. This assumption is necessary to allow the development of inventory records, but it is often untrue. Individual machines or work centers will frequently have substantial capacity shortages and backlogs of work in process waiting to be completed. Consider the situation if there was a specific machine that was used to produce bicycle wheels and several other parts. If there was a capacity shortage such that several different orders were waiting in a queue at this machine, then the lead time for item B100 (bicycle wheels) in Figure 7.10 would probably increase above 2 weeks. This is one of the reasons that lead times for dependent demand items are typically padded with safety lead time (e.g. the production time to produce 200 bicycle wheels might be only 4 hours, but the lead time used is 2 weeks). When there are substantial problems with capacity, the MRP output must be adjusted.


  The MRP system does not include capacity constraints when developing the production plan, instead assuming that whatever is needed can be produced.


  



  This can be a problem if a single machine, person, or resource becomes overloaded and falls behind. A critical role for managers is to evaluate the production plan developed by the MRP system and assess where capacity constraints might pose problems. Notice that we say where rather than if. With the increasing leanness of most production systems, most systems are operating increasingly close to 100 percent of capacity. This can save substantial amounts of money by fully utilizing resources, but also risks major problems if there are large backlogs and capacity imbalances. There are three approaches for managing capacity and ensuring that the MRP plan is feasible; for simplicity, we focus on the first, capacity requirements planning:


  



  Capacity requirements planning is the process of determining short range capacity requirements. Short range generally refers to the next one to three months. Inputs include the planned order releases generated from the MRP system, work- loads at each work center/piece of equipment in the manufacturing plant, routing information, and job setup/processing times. For each work center, the system generates a load report that shows required capacity and available capacity and highlights any underloads or overloads. If a work center has a substantial overload (underloads are also a problem, but generally are not as critical), then managers can take a number of steps to address the issue. The master schedule can be changed by moving order quantities forward or backward in time, by changing the size of orders, by changing the routing of parts, or by changing safety stock requirements. Changing production schedules can become very challenging because one change may have unintended consequences in another area of the plant.


  The master schedule and the MRP plan are usually generated primarily by looking at what is needed to support sales, rather than what is possible. Once capacity requirements are estimated, the MRP plan often needs to be changed to address capacity limitations. Alternatively, management can add overtime or subcontracting in areas where there are capacity shortages. In short, capacity requirements planning often involves several iterations between the master schedule/MRP plan and the estimation of capacity loads. During each iteration, the master schedule and MRP plan are changed in order to decrease the amount and number of underloads and overloads. Once an MRP plan without major capacity problems is developed, then the first few periods of the MRP plan may be frozen, meaning that no changes can then be made to that portion of the schedule. Figure 7.11 presents an overview of the capacity planning process. Note that it is often necessary to go through several iterations of the MRP explosion/capacity planning cycle in order to arrive at a feasible schedule. Even then, this is a rough estimate, and there are likely to be some small capacity shortages and bottlenecks. Overall, this process works pretty well.


  

  



  An important tool for capacity planning is the load report, which is a report for a department or work center that projects already scheduled and expected future capacity requirements against capacity availability. An example of a load re- port is shown in Table 7.10. The weekly capacity for each of the four grinding machines in department B is 80 hours per week (2 shifts * 40 hours per shift). The load report shows the planned hours of work, estimated from the MRP system for all future orders that will need to be routed through that grinding machine. The actual hours represent the existing queue of work that is already scheduled to be completed at the grinding machine (i.e., scheduled receipts). Combining these requirements provides the total hours for each of the four grinding machines. The load report highlights where demand will exceed available capacity. Based on this report, the manager for this department might (a) schedule some overtime for the weeks where there is insufficient capacity, (b) make a change to the MRP records to distribute demand more evenly, or (c) change the routing of some items.


  



  


  The bulk of this chapter has been devoted to defining basic concepts and illustrating computational methods. It is important to develop an understanding and appreciation of several more strategic, less tactical issues. First, the early systems that allowed automatization of MRP in the 1970s have grown substantially in complexity and capability, so that the functions that form the core of a company’s operations have been built into ERP systems. Second, while MRP started out as primarily a technique for manufacturing companies, the concepts and tools can and often are applied to service businesses. Finally, there are several important keys to making MRP work effectively. Each of these is examined here.


  
      Evolution of MRP to Enterprise Resource Planning
  


  While material requirements planning is limited in scope to physical products in a manufacturing environment, the basic techniques and tools have been expanded over time. Manufacturing resource planning (MRP II) is a system that links the basic MRP system to other company systems, including finance, accounting, purchasing, and logistics. The driver for MRP II was the increasing capabilities of computer hardware in the late 1970s and early 1980s. MRP II employed a common database and an integrated platform where sales, inventory, and purchasing transactions were updated in both inventory and accounting applications. This was a substantial improvement over the stand alone systems that many companies possessed at the time. Two substantial problems with using separate stand alone systems were the duplication of data entry (the same data often had to be entered multiple times into multiple systems) and errors in communication caused by mistakes when reentering data. MRP II provided an integrated system that reduced data entry and provided relatively quick access to data.


  The primary limitation of MRP II was the manual linkage between opera- tional activities and matching accounting transactions. For example, while the MRP II system tracked the movement of inbound and outbound inventory, as well as production from raw materials to finished goods and shipping/receiving transactions, it did not reflect the accounting implications of these transactions in the general ledger. Accounting transactions were typically summarized and applied to the general ledger at the end of the month. This led to a mismatch between operational and accounting data. To address this limitation, MRP II has in turn evolved into enterprise resource planning (ERP), which provides a complete linkage of all functional areas of a business. ERP allows manufacturing to see new orders as soon as marketing or sales enters them into the system. In turn, sales can continuously track the status of an order. Sourcing has visibility into the materials that manufacturing needs, and distribution has data on when and where materials and orders need to be delivered. Accounting gets all financial data as soon as the relevant transaction occurs. In the early 1990s, several software companies offered packages that integrated substantially all areas of a business. The market position of the leading companies by 1999 was as follows:


  


  
      Service Resource Planning
  


  Planning and control for manufacturing firms is focused primarily on tangible goods, whereas services generally require more of a mix of intangible and tangible goods. Yet the concept of dependent demand also applies to services where the demand for a service is based on the demand for a parent item.


  Airlines plan for supporting items such as snacks, drinks, napkins, magazines, and fuel based on the master plan or flight schedule. Resources such as


  



  gates, planes, and ground equipment are closely tied to the flight schedule, as are labor requirements for pilots, flight attendants, mechanics, and ground crews. The airline uses information on the timing and number of flights, as well as the number of passengers on each flight. A flight that is 90 percent full and traveling 1,500 miles will have a larger amount of snacks and drinks onboard than a flight that is only 70 percent full and traveling 600 miles.


  



  Grocery stores also must deal with a range of tangible and intangible items. Intangible resources include things like cash registers, parking, scales in the deli area, baggers, and stock clerks. Each of these items is necessary for the business, but not something that customers buy from the store yet the demand for them is closely tied to the number of customers who shop in the store. Demand for groceries varies widely by day of the week and by time of the day. Stores in different neighborhoods have very different demand patterns, and resources need to be allocated accordingly. Labor costs are one of the major drivers for the use of self checkout systems. Other materials that can be planned based on customer demand include maintenance, repair, and operating supplies (MRO), which consist of items that a store or business requires to run the business. In grocery stores, this may include bags (paper or plastic?), cleaning supplies, disposable gloves for the delicatessen workers, lights,


  



  and other such expenses. Each of these items can also be tied to overall customer demand.


  Restaurants typically use forecasts of customer demand to plan for both food items and nonfood items that are not sold to the customer. This includes tangible items like silverware (plastic or metal), napkins, tablecloths, cooking utensils,and dishwashers. Staffing levels, including those for chefs, waiters and waitresses, cashiers, valets, and busboys, are also highly dependent on demand forecasts. Often restaurants will offer specials for dining early (early bird specials) or on slow days (typically Monday or Tuesday). These are a form of yield management,which involves offering customers incentives to shape their demand patterns.


  Hospitals need to plan both labor (doctors, nurses, technicians, maintenance crew, receptionists, and cleaning crew) and materials (bedpans, needles, IV tubes, scalpels for surgery, and other such items). While tracking of drugs is clearly important, it is also important to track numerous nonmedical items. Quantities needed for many of these items can be planned based on forecasts of the number of admissions for a certain condition and the number of forecasted surgeries of a specific type. The cost of materials and supplies accounts for about 30 percent of the annual budget, and improved inventory techniques can result in a 20 percent annual cost savings. Many hospitals use a variation of basic ABC inventory analysis that classifies medicines as vital, essential, or desirable (VED).


  Customer relationship management (CRM) is a system of planning and control activities and information systems that link an organization with its downstream customers. In a broad sense, CRM is the services equivalent of MRP, helping to plan the activities of company personnel and resources in order to maximize customer satisfaction. CRM consists of three components that can be implemented independently of each other or in an integrated fashion. Operational CRM supports front office business processes such as sales, marketing, and service. Software is used to document each interaction with a customer, and employees can retrieve this information whenever necessary. This allows customers to interact with different employees without having to repeat their story each time. Many call centers employ CRM to support their agents. Collaborative CRM supports direct interaction with customers using a variety of contact channels, including the Internet, e-mail, and automated phone. Often this type of CRM is employed to allow self service by customers and to reduce cost. Analytical CRM facilitates the analysis of customer data to maximize marketing effectiveness; to support product and service design; and to improve customer acquisition, cross-selling, and retention.


  
      Making MRP/ERP Work
  


  Dependent demand planning and material requirements planning are critical components for numerous businesses, but especially for manufacturing businesses that work in a batch or job shop environment. The concepts of MRP are fairly simple, yet the application can be quite challenging because of the broad scope and breadth of the organization affected. Today’s supply chains often call for applying these principles across multiple companies, such as when Dell passes its forecasts and higherlevel records to its suppliers so that they can plan for the delivery of component parts to Dell’s factories on a just-in-time basis. MRP and ERP can contribute greatly to an organization’s success or drag it down. Three key factors contribute to success. First, the hardware and software have to be carefully set up
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  to fit with the organization’s method of doing business. Often companies try to speed this process up and suffer serious problems. Second, the users of the system (employees) need to be thoroughly trained in the system, including allowing them some time to practice in a low pressure situation. Finally, the input data need to be close to 100 percent accurate because MRP will magnify any inconsistencies.


  



  



  1. Contrast dependent and independent demand, and trace the development of material requirements planning (MRP).


  
    	Independent demand is the demand for any item that is sold to an end customer and not used as a part or input to another item.



    	Dependent demand is the demand for any item that is used as a part or component in another item.



    	The development of computer hardware and software beginning in the 1960s facilitated the use of planning systems for dependent demand that capitalized on the ability to derive demand requirements based on the demand for parent items and to account for planned lead times in the bill of materials.



    	The capabilities and breadth of application of computerized inventory systems across the organization expanded as MRP evolved into MRP II in the 1980s, which in turn evolved into ERP in the 1990s.


  


  


  2. Explain the inputs to an MRP system.


  
    	A bill of materials database provides data on relationships between component parts and finished end items.


    	A master schedule details the quantity of end items to be produced within a specified period of time.


    	An inventory records database provides details on inventory levels and all transactions involving inventory.


    	Requirements for each part or subassembly are derived from the demand for the parent items it goes into.


    	Production of each part or subassembly is offset by the lead time necessary to produce it.


    	MRP records are processed on a top-down basis, while physical production (assembly) occurs on a bottom-up basis.

  


  3. Compute single-level MRP records.


  
    	Planned on-hand inventory is calculated a (Projected On-Hand Inventory at End of Period t + 1) = (Projected On-Hand Inventory at End of Period t) + (Scheduled Receipts in Period t + 1) – (Gross Requirements in Period t + 1).


    	A planned receipt is scheduled when planned on-hand inventory is equal to or less than safety stock.


    	A planned order release is scheduled for L weeks (months, days) prior to the planned receipt, where L = lead time for that part.

  


  4. Compute multiplelevel MRP records and explain the outputs generated.


  
    	The process involves computing the number of parts needed on a top-down basis, after all of an item’s parent parts have already been processed.


    	When multiple levels are involved, the system is prone to MRP nervousness, where changes at one level ripple down to other levels.

  


  5. Describe the evolution of MRP to ERP and identify ways in which ERP is utilized to integrate all of the functions of an organization.


  
    	Developed originally for planning within a single company, MRP can now be applied across multiple organizations that produce components for a single end product.


    	This process requires accurate and timely information sharing to work effectively.

  


  6. Explain how dependent demand is handled in service organizations and describe the use of technology.


  
    	Service organizations use computer software to plan for the scheduling of equipment, personnel, and facilities. The requirements are derived from forecasts of aggregate demand. Service organizations also use computer software to plan the inventory of MRO supplies and tangible goods that are used to run the business.


    	CRM allows organizations to link with customers to provide improved service and lower costs.

  


  7. Define three critical features for success with ERP.


  
    	Hardware and software must be carefully matched with an organization’s business model.


    	Users of electronic inventory systems must be extensively trained.


    	Input data accuracy for electronic inventory systems must be close to 100 percent.

  


  



  Refer to the bill of materials for product C shown in Figure 7.12. If there is no inventory to start with, how many units of items E, G, and I must be ordered or purchased to produce 8 units of end item C?


  SOLUTION


  We start by determining the number of units of D required (notice that F is a component of D, so its requirements must be computed after those of D). Because 2 units of D are required for each unit of C, a total of 16 (8 * 2) units of D are required. Next, we compute the required units of G as 1 * 16 = 16 (1 unit of G for each unit of D). Next, we compute that 1 unit of F is required for unit of C and


  



  2 units of F are required for each unit of D. Thus, 40 units of F (2 F for each of 16 D plus 1 F for each of 8 C = 2 * 16 + 1 * 8) are needed. Next, because 1 unit of E is required for each unit of F, a total of 40 units of E are required (1 * 40). Finally, we compute that we need 5 * 16 = 80 units of I (5 units of I for each unit of G). Thus, a total of 40 E, 16 G, and 80 I are required to produce 8 units of C.


  



  Using the data shown in the MRP record in Table 7.11, complete the record.


  SOLUTION


  We begin with the planned OH inventory in week 1 and work to the right and down. Projected OH inventory at the end of week 1 will equal


  I1 = Beginning Inventory + SR1 – GR1 = 200 + 0 – 150 = 50


  Because this inventory is equal to or greater than the safety stock, we do not plan an order.


  Projected OH inventory at the end of week 2 will be negative if we do not order:


  I2 = I1 + SR2 – GR2 = 50 + 0 – 100 = –50


  Therefore, we plan an order of Q = 200 to be received in week 2. The projected OH inventory is then


  I2 = I1 + SR2 – GR2 + PR2 = 50 + 0 – 100 + 200 = 150


  In order to receive an order of 200 in week 2, we plan an order release of 200 in week 1, to account for the 1-week lead time. The remainder of the MRP record is calculated as follows:


  I3 = I2 + SR3 – GR3 + PR3 = 150 + 0 – 0 + 0 = 150

  I4 = I3 + SR4 – GR4 + PR4 = 150 + 0 – 150 + 200 = 200

  I5 = I4 + SR5 – GR5 + PR5 = 200 + 0 – 50 + 0 = 150

  I6 = I5 + SR6 – GR6 + PR6 = 150 + 0 – 100 + 0 = 50

  I7 = I6 + SR7 – GR7 + PR7 = 50 + 0 – 200 + 200 = 50

  I8 = I7 + SR8 – GR8 + PR8 = 50 + 0 – 0 + 0 = 50

  I9 = I8 + SR9 – GR9 + PR9 = 50 + 0 – 40 + 200 = 210


  The answers are summarized in Table 7.12.


  


  
    

  


  
    

  


  
    

  


  
    

  


  
    

  


  
    

  


  
    

  


  The master schedule for item A calls for 150 units in week 3, 100 units in week 4,200 units in week 6, and 175 units in week 8. The bill of materials is shown in Figure 7.13, and the inventory record data are given in Table 7.13. Develop a material requirements plan for the next 8 weeks.


  


  



  
    

  


  
    

  


    


  SOLUTION


  The first two items to be planned are B and C. Once C is completed, E can be planned. The MS for item A is multiplied by 2 to derive the gross requirements for B and multiplied by 3 to get the gross requirements for C. The gross require- ments for E are calculated by multiplying the planned order releases of C by 2. Table 7.14 provides the completed MRP record.


  
    

  


  



  1. For the bill of materials (BOM) in Figure 7.14:


  
    	How many immediate parents does item B have? How many immediate parents does item E have?


    	How many unique components does item A have at all levels?


    	How many units of item F will be required to produce 10 units of item A?


    	Based on the lead times provided, what should the planning horizon be (i.e., what is the longest lead time from top to bottom)?

  


  
    
      2. A table is made from one tabletop, four legs, and four hangers. Each of the legs is made from 4 feet of hickory wood and ¼ gallon of varnish. Each of the hangers is made from a brace and 4 bolts and 4 nuts. Draw the BOM for the table.
    


    
      

    


    
      
        3. Product C is assembled from components D and E. Item D is made from item F and Item G. Item F is made from item J and item K. Item E is made from item H and item I. Item H is made from Item J. All parent items require 1 unit of their respective component items. The lead times for
      


      
        each item are listed in Table 7.15
      


      
        
          	What is the lead time required to respond to a customer order for product C, assuming that there are no existing inventories or scheduled receipts?


          	What is the customer response time if items J and K are in stock (i.e., do not need to be ordered)?



          	If you are allowed to keep either item G or item I in stock (along with items J and K from part b), which one would you choose?

        

      

    

  


  



  
    

  


  



  



  4. The partially completed MRP record in Table 7.16 provides gross requirements, scheduled receipts, lead time, and beginning on hand inventory.


  
    	Complete the record for a lot size of FOQ = 1,500 units.


    	Complete the record for a lot size of P = 3.


    	Complete the record for an L4L lot size.


    	Which lot size rule results in the lowest aver- age inventory?


    	Which lot size rule results in the fewest/most orders?

  


  



  5. The partially completed MRP record in Table 7.17 provides gross requirements, scheduled receipts, lead time, and beginning on hand inventory.


  
    	Complete the record for a lot size of FOQ = 250 units.


    	Complete the record for a lot size of P = 2.


    	Complete the record for an L4L lot size.


    	Which lot size rule results in the lowest average inventory?


    	Which lot size rule results in the fewest/most orders?

  


  


  
    6. The partially completed MRP record in Table 7.18 provides gross requirements, scheduled receipts, lead time, and beginning on hand inventory.


    a. Complete the record for a lot size of FOQ = 2,000 units.


    b. Complete the record for a lot size of P = 4.


    c. Complete the record for an L4L lot size.


    d. Which lot size rule results in the lowest average inventory?


    e. Which lot size rule results in the fewest/most orders?


    


    7. The data in Figure 7.15, Table 7.19, and Table 7.20 are provided for end items A and H. Develop


    MRP records for items B, C, I, and E. Are there any action notices for the first week?


    



    
      



      



      



      



      



      



      



      



      8. Develop MRP records for the items in Figure 7.16, Table 7.21, and Table 7.22.


      The lead time to complete item A is 2 weeks, and the lead time to complete item H is 1 week.

    


    
      

    


    
      

    


    
      

    


    


    
      
        9. Develop MRP records for the items in Figure 7.17,Table 7.23, and Table 7.24.


        Forty units of D are required as spare parts in week 4, and 85 units of D are required in week 7.


      


      
        

      


      


      


      
        

      


      
        Doug Johnson is a 25-year-old entrepreneur who started his own business while in college. He responded to an ad in the college newspaper seeking a student who was willing to build a doghouse for a family’s Brittany spaniel. The job went well—he designed and built a doghouse that any dog would love. More importantly, the pet’s owners were very impressed and referred Doug to several of their friends. Soon, Doug had more orders than he could keep up with, so he hired a friend of his. Within a year of graduating from college, Doug was running a business with annual revenues of $800,000 and two employees. At present, the business has annual revenues of $3.2 million and has built dens not only for dogs, but also for cats, snakes, lizards, gerbils, rabbits, and even one llama!

      


      Recently, Doug has been noticing more and more problems with inventory shortages and late delivery times. The promised lead time for a final product is usually 3 weeks, but in the past year lead times have skyrocketed to an average of 8 weeks. Doug decided it was time to investigate, so he chose two of his more popular designs, the entry-level Fido’s Favorite and the more upscale Charlie’s Castle. He met with his various employees to discuss potential causes of inventory problems with these two products.


      
        Marketing
      


      Cathy Franks ran the marketing area of Doug’s Dens. When Doug came to talk to her, she showed him the marketing plan and forecast for the following 12 months. The plans show the master schedule for the two items for the coming 12 months and are shown in Table 7.25. Cathy told Doug, “We generally are pretty accurate on yearly sales for each of these products, but there is more inaccuracy regarding when these sales occur. To level demand out, we will occasionally run specials and discount Charlie’s Castle to spur more sales.”


      
        Production
      


      The production department was supervised by Doug’s best friend, Kevin Jones, who had studied entomology in college. All products were custom assembled for a particular customer order, typically in batches of one. There was a high degree of commonality in parts because roofs were made from one of five types of shingle, siding consisted of one of three types, and floors were one of four types. Dens were assembled from three main subassemblies: floor and foundation, frame, and roof. When a customer order was received, a production order was generated for each of the three subassemblies. Once each of the three subassemblies was finished, assembly of the final product was started. This system had worked well for the first two years of the business but had seemed to be less effective in the past six months.


      
        Purchasing
      


      Denise Mina was in charge of the purchasing department. Because of the fast growth of Doug’s Dens and its relatively small size, most of the purchasing was done from the closest Home Depot store. Denise would check the inventory of every item used and compile an order to be placed on Thursday. Home Depot would then deliver the order on Friday. When there was a shortage of a critical item, Denise often found herself driving to the Home Depot, buying the necessary item, and carrying it back to work in the back of her pickup truck. Because Doug’s did $1.5 million worth of business with Home Depot per year,it had negotiated a contract that provided the company with a 10 percent discount off the normal, walk up price.

    


    
      
                                    
      


      
        QUESTIONS               
      


      
        	Is Doug’s Dens a business that can effectively utilize MRP for planning its inventory? Why or why not?


        	Develop a material requirements plan for the next 8 weeks using the information in Table 7.25 and, on the next page, Table 7.26 and Figure 7.18.



        	Discuss how Doug should go about implementing MRP. What type of training should he provide? What kind of software and equipment? How long should he allow for the implementation?


        	A business consultant suggested that Doug’s Dens build a master schedule at the subassembly level (i.e., for the floor, roof, and frame assemblies) rather than at the finished product level (i.e., Fido’s Favorite and Charlie’s Castle). The consultant said that this is the approach used by Dell (Doug idolizes Michael Dell as a role model). Discuss whether this approach makes sense and explain why or why not.
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» JD Edwards had more than 4,700 customers in over 100 countries. Note that
in this case a customer is not an individual, but an entire business organiza-
tion or business unit.

» Oracle had over 40,000 customers in the world and 16,000 in the United States.

» PeopleSoft was the software of choice for more than 50 percent of the human
resources market.

» SAP was the world’s largest interenterprise software company, employing
more than 20,000 people in more than S0 countries.

» Baan had installed more than 2,800 systems at approximately 4,800 sites
around the world.

By January 2005, mergers and acquisitions among this group of five had left
the industry with two major players: Oracle and SAP.
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FIGURE 7.1A Production Plan for Kellogg's Pop-Tarts (November-December 2006)
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FIGURE 7.18  Partial BOM for Fido’s Favorite and Charlie’s Castle
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Part/Subassembly Order Quantity/Reorder Point
Corner brackets Q=1,000; R =500
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2-inch nails Q=10,000; R =1,000
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When Kevin Plank founded Under Amour in 1996
with a single product—a T-shirt that provided com-
pression and wicked perspiration off the skin—he
had litle need for an ERP system to manage produc-
tion, distribution, and sales. Yet the marketplace em-
braced Under Amour's producs for keeping athletes.
<ool, dry, and light during practices, workouts, and
‘games. Sales increased rapidly to 520
103430 million in 2006, and to 8606 million in 2007.
Soon after the company went public with a very suc-
cessful IPO in November 2005, supply chain execu-
fives recognized the need to invest in an ERP system
to support its growing line of over 100 products in
numerous sizes and colors, retal sales in numerous
countries, and the increased compliance with federal
regulations required for a publicly traded company.
The company chose SAP's Apparel and Footwear
Solution and implemented the system within an
eight-month time frame. More than 120 Under Ar-
mour employees were involved in the implementa-
tion, which occurred while the company was growing
its business by 40 percent. The implementation has
provided key benefits and capabiliies that were pre-
viously lacking. Sales and customer service represen-

TECHNOLOGY IN OPERATIONS MANAGEMENT

tatives now know not only inventory is on hand, but
what inventory is “available to promise,” or sched-
uled for production but not yet commitied to a par-
ficular customer. This is important because while
individual athletes are the ultimate end customers,
Under Armours direct customers are typically big-
box retailers such as Sports Authority and Dick's
Sporting Goods. These retailers place large orders for
multple SKUs in several sizes and colors, and geting
afull rather than a partial order s a significant advan-
tage to their supply chain operations. The system
ensures that the correct sizes, colors, and styles are.
shipped, leading to satisfied customers and a sub-
stantial reduction in chargebacks and returned or un-
salable inventory. Another key advantage of the
system s the abiliy to collaborate with suppliers and
retailers to forecast sales and develop new products
to match consumer tastes. In short, the ERP system
forms the underarmor for Under Armour's continued

growth and prosperity.

Soutce: . Kusterback, “Under Amour's Foundation for Fuure Growth,”
‘Apparel 46,no. & (Rbruary 2007), 12-15.

* An excellent review of the development of MRP Il and ERP i provided by & R Jacobs and T. W.
‘Weston, “Enterprie Resoutce Planning (ERP)—A Brif History,” ournal of Opeations Manase-
ment 25, no. 2 (2007), 357-363.
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TABLE 7.16
Item: F200 Lot size:
Description: iPod ear buds Lead time: 2 weeks
Bey 00 Safety stock: 10

Week 1 2 3 a 5 6 7 8 9
Gross requirements 1,000 1,00 750 900 1,200 O 400 0 1300
Scheduled receipts. 2,100

Planned OH inventory
Planned receipts

Planned order release





17052010/OEBPS/Images/Horseradish Production.png
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‘ :l ":z. MRP Record for Bicycle Wheel with P =3 Lot Size

Item: B100 Lot size: P=3
Description:  Bicycle wheel Lead time: 2 weeks
Beg. inv.: 40 Safety stock: 15

Week Feb. 1 Feb.8 Feb.15 Feb.22 Mar1 Mar.8 Mar. 15 Mar.22 Mar.29
Gross 0 124 0 176 100 70 100 70 0
requirements.
Scheduled
e 0 200 0 0 0 0 0 0 0
Planned OH
. 40 116 116 185 85 15 85 15 15
Planned
receipts L Lo
Planned 245 170

order release
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LAL Lot Size to Arrive in Period t = (Gross Requirements in Period f) - (Projected
On-Hand Inventory at End of Period t - 1) +

(Safety Stock)

or
Q,=GR,~1_, +SS (Equation 2)
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Lot siz 200
Lead time: 1 week
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On first thought, producing something like horseradish
sauce shouldn't be that difficult. The annual consump-
tion in the United States is 24 million pounds of horse-
radish roots to prepare & million gallons of horseradish
sauce. Silver Spring Gardens, one of the leading manu-
facturers of horseradish, mustards, and other food prod-
udts, faced some challenges. The company has two
plants, one that makes horseradish sauce and mustard
to order, and another that makes sauces, syrups, jams,
and jellies. While the end produds are different, the two
plants share many of the same raw ingredients and sup-
pliers/farmers. The production planners at each plant
had to look at sales and inventory levels and prepare
production orders manually. Production orders and re-
quirements were exchanged between the two plants
overthe telephone, resulting in numerous miscommuni-
cations, mistakes, and inefficiendies.

In addition to standard production planning, the
company needs to be able to track the ingredients
from a specific batch of production backward to the

BEST PRACTICES IN OPERATIONS MANAGEMENT

source (i, a particular farm or shipment) and for-
ward to the distribution center or retailer. When it
must issue a recall of a product for health or safety
reasons, the company is required by the Food and
Drug Administration to be able to locate the shipped
product within two hours. In addition, Controller Dan
Kelm notes that “shelf lfe management was another
important consideration. Because of the expiration
date on our products, it is very important to properly
rotate stock to get the oldest product out first”

The solution to these problems involved installing
an MRP system, with additional components to track
finandial, sales, logistics, and plant maintenance data.
The result was much more accurate and responsive
inventory levels, as well as a substantial cost reduc-
tion. The MRP system helped make the entire pro-
duction process less spicy!

Source: *Software Takes the Sting out of Horseradish Production;” Food
Engineering 75, no. 4 (2003): 78
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An independent provider of prescription benefits, Rx-
America senves more than 6 million individuals through
more than 55,000 pharmacies. The company faced a
aisis during the fall of 2005 as many senior ciizens
grappled with the complications of a new prescription
program from Medicare. RxAmerica realized that ts sin-
gle call center would not provide sufficent capacity to
handle the expected surge in call. The solution that ex-
ecutives devised was to employ outsourced call centers
in various states throughout the United States. Yet the
company still required a method “to deliver calls to
multple centers across the UsS. cost effectively,” accord-
ing to Ef Fllmore, manager of ineligent call routing.
o facitate the routing of calls to centers, RiAmerica
implemented UCN inContact, an on-demand suite of
contact-handling applications. The software allows calls
to be switched between locations—if a particular center
has few available agents, Filmore can lower the number
of lls routed there and raise the number routed to
other centers. The company's peak period was January
2006, when inContact was handling more than 40,000
alls per day. At times, RxAmerica was not able to “phys-
aally answer" all of the cals, but the CRM system allowed

‘automatic addressing, greeting, and information on the
status of the quee. It also presented an option for call-
ers to leave a phone number and receive a call back The
CRM system also conducts automatic surveys linked to
call frequency. Once a call senvice agent disconnedts, the
calleris linked to an automatic survey with 10 questions.
‘The data are forwarded via e-mail within 10 seconds. Ac-
cording to Fillmore, “f it were ratings that were not too
attractive for us and would merit some additional atten-
tion quickly for a customer retention effort or customer
satisfaction effort, | can have a call back to that customer
within 15 minutes!”

The CRM system has saved RxAmerica in excess of
$1 million in terms of reduction of hardware and person-
nel to support it. The system has also provided much
more accurate and complete customer satisfaction data
and an increased abilit to respond to customer com-
plaints. Finally, the system allows the work force to be
scaled up or down to handle fluctuating call volumes.

Source: C Baior, “Col-Roting Headaches Toke a Powder”Customer
Relationship Management 10, r. 3 (2006), 24-32
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FIGURE 7.2 Material Requirements Plan for Muncy Pop-Tart Plant
Copige © 200 Keog o Bred o persin.





17052010/OEBPS/Images/Fig 7.10 Illustration of Rolling.png
FIGURE 710 lustration of a Rolling MRP Schedule
An update of Figure 7.9 one week later.
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»> Solved Example 1
Use the data presented in Figure 7.6 to

A. Determine the quantities of parts B, C, D, E, F, and G required in
order to complete one unit of A.

B. Determine the quantities of component parts B through G that
would be required to produce 100 units of A.

(continued)
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m MRP Record for Bicycle Wheel with Planned Receipts

Item: B100 Lot size: 200
Description:  Bicycle wheel Lead time: 2 weeks
Beg. inv.: 40 Safety stock: 15

Week Feb.1 Feb.8 Feb.15 Feb.22 Mar1 Mar.8 Mar.15 Mar.22 Mar.29
Gross
e 0 124 0 176 100 70 100 70 0
Scheduled

= 0 200 0 0 0 0 0 0 0
Planned OH
s 40 116 116 140 40 170| 70 200 200
Planned
recelpts 200 200 200
Planned 200 200 200
order release

Note: The planned recelpt of 200 for March 22 s entered because without this, plannied OH inventory would equal 0 and thus be less than the safety
stock of 15,
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FIGURE 7.11 MRP with Capacity Planning Requirements
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Quantity  Quantity to

Component Level toProduce Produce
1A 100A
B 2Bsper A 1 2 200
c 3CsperA 1 3 300
D 1D per A 1 1 100
B T 2 6 600
G 3GsperBx2Bs 3 6+18= 2,400
per A+3Gs perE 24
X 2EsperCx 3
Cs per A
F 1FperEx2Es 3 6 600
perCx 3Csper A

Note that G appears in two places. The total requirements for G are 6
plus 18 equals 24 units of G to produce 1 unit of A. The last column shows
that to produce 100 units of A, we need to multiply each quantity in the
third column by 100. Thus, if 6 units of E are needed to produce 1 unit of
A, then producing 100 units of A requires 6 + 100 = 600 units of G.
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FIGURE 7.5 Partial Bill of Materials for a Bicycle
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» The MS for immediate parents that are end items
» The planned order releases for parents that are below the MS level
» Any other requirements, typically for spare parts
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FIGURE 7.9
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Item: L100

Lot size: 200
Lead time: 1 week

Safety stock: 50

1 2 3 4 5 6 7 8 9

Gross requirements 150 100 0 150 50 100 200 0 40
Scheduled receipts

Planned OH inventory 50 150 150 200 150 50 50 50 210
Planned receipts 200 200 200 200

Planned order release 200 200 200 200
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ML AT Master Schedule for a Family of Bicycles

February March
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LLUIER AT Planning Data

Data Category B c D H 1
Lot size rule P=4 450 4L 1,000  P=2
Lead time lweek 1week 1week 2weeks 2weeks
Safety stock 15 30 10 45 75

450 2,900 1,000 2,950

Eisduidisses None k2 weekl week2 week 1

Beginning inventory 30 40 20 60 90
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FIGURE 7.18 Production Plan for Kellogg's Pop-Tarts (November-December 2006)
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m Inventory Record Data

B c E
Lot size L4L 500 P=3
Lead time 2 weeks 3 weeks 1 week
Scheduled receipts None 500 (week 3) 1,000 (week 1)
Beginning inventory 100 150 200

Safety stock 20 10 100
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The entry for the first week (February 1) is the projection for the current week, while the entries for the remaining
weeks are projections for the future. These entries are calculated as:

(Projected On-Hand Inventory at End of Week t + 1) = (Projected On-Hand Inventory at End of Week ) +
(Scheduled Receipts in Week t + 1) — (Gross Requirements in Week t + 1)
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. Contrast dependent and independent demand, and trace the
development of material requirements planning (MRP).

. Explain the inputs to an MRP system.

. Compute single-level MRP records.

. Compute multiple-level MRP records and explain the outputs
generated.

. Describe the evolution of MRP to enterprise resource
planning (ERP) and identify ways in which ERP is utilized to
integrate all the functions of an organization.

. Explain how dependent demand is handled in service
organizations and describe the use of technology.

. Define three critical features for success with ERP.
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LLUIER AT Planning Data

Data Category B c E 1
Lot size rule 300 P=2 L4L 200
Lead time Tweek  2weeks  2weeks  1week
Safety stock 25 10 10 45
Scheduled receipts None  690week2  None 200 week 1
Beginning inventory 75 10 30 120





17052010/OEBPS/Images/img0135.png
/672006 1171372006 11/20/2006 11/27/2006 _12/4/3006 _13/11/3006 13872006 13572006 /173007

10661 02 opas o /e TF
siomsesz [ESE——
stlomsesz w2 rop Tt pple Cinmamon TEA 4

FIGURE 7.1 Production Plan for Kellogg's Pop-Tarts (November-December 2006) (continued)
Copyright © 2006 Kellogg NA Co. Reprinted with permission.
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MEZETEET tustration of Projected On-Hand Inventory

R~ T
Inventory
February 1 40 +0 -0 =40
February 8 0 4200 124 ~116
re";‘s’“y 116 +0 -0 =116
re";‘z’“y 116 +0 176
March 1 —60 40 -100
March 8 -160 40 70
March 15 230 40 -100
March 22 40 B

March 29 -400 +0 -0 =400
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Data Category D E 3 @ 1
Lot size rule L4L L4L 400 L4L
Lead time 2weeks 1 week 1week 2weeks 2 weeks
Safety stock 15 25 20 35 0
Scheduled receipts  None  None 200 800 - 1200

50 0

Beginning inventory 30 40 20
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L4L Lot Size to Arrive in Period t = (Gross Requirements in Period f) - (Projected
On-Hand Inventory at End of Period ¢~ 1) +
(Safety Stock)

L4l =176 -116+15=75
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COMPANY ILLUSTRATION

McDonald's achieved much of its success based on
its ability to help its franchisees plan and schedule
their employees and materials. Labor is one of the
primary costs of a fast-food restaurant. McDonald's
worked closely with its franchisees in the 19505 and
19605 to develop a system for planning the number

| of workers required for a given day, a given time, and
a given job. The guidelines take into account the size
of the restaurant, the average and projected sales,
and the availabilit of the restaurant’s work force to
develop a staffing plan for each week. The guidelines
help the manager determine not only how many
employees are needed at a given time, but also what

specific jobs they should be doing. The planning sys-
tems also provide a form of MRP for taking forecasts
of daily sales and translating them into a plan for the
amount of hamburgers, French fries, napkins, wrap-
ping materials, leaning supplies, and all the other
materials needed to keep the restaurant running
smoothly. McDonald's was a pioneer in developing
such guidelines, and today most fastfood companies
that operate using a franchise system employ similar
gidelines. Today the guidelines are programmed into
a simple-to-use computer program that managers
can operate from anywhere:2

2 Labor planning systems for McDonald's have been widely examined in a number of sources.
Basic overviews can be found in . E. Love, McDonald’: Behind the Arches, Bantam, New York,

1995,
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(MEZEITEER MiRe Record for Bicycle Wheel Without Planned Receipts

Item: B100 Lot size: 200
Description:  Bicycle wheel Lead time: 2 weeks
Beg. inv. 40 Safety stock: 15

Week Feb.1 Feb.8 Feb.15 Feb.22 Marl Mar8 Mar.15 Mar22 Mar.29
Gross 0 124 0 176 100 70 100 70 0
requirements
Scheduled 0 200 0 0 0 0 0 0 0
receipts
Rlenned oH 40 116 116 -60  -160 230  -330 400
inventory
Planned
receipts
Planned

order release
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[The questions we want to answer are:

» How many frame assemblies/wheels/spokes/tire rims do we need?

» When do we need them?
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‘:l "::. Alternative MRP Record

Item: B100 Lot size: P=3
Description:  Bicycle wheel Lead time: 2 weeks
Beg. inv.: 40 Safety stock: 15

Week Feb.1 Feb.8 Feb.15 Feb.22 Mar1 Mar.8 Mar.15 Mar.22 Mar.29
Gross
tequirements [ 124 0 176 100 70 0 70 100
Scheduled

= 0 200 0 0 0 0 0 0 0
Planned OH 40 116 116 185 85 15 15 115 15
inventory
Planned e
e 245 170

Planned
order release 25 =]
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Top Trts Frosted Wildbemry 40| 7,500
Pop Tarts Frosted Wildberry TF

Pop Tarts Frosted Choc/Fudge 4 15000
PopTarts Frosted Choc/Fudge TF

Pop Tars Apple Cinnamon 400gm

Pop Tarts Apple Cinnamon TFA 4

Pop Tarts Frosted Blucberry 40

Pop Tarts Frosted Blusberry T

Pop Tarts Frosted Szswberry

Pop Tarts Frosted Seane TEA 4

Pop Tarts Frosted Raspberry 40

Pop Tarts Frosted Raspberry TF

Iiems highlighted in green indicate new items for 3 plant (> or < 6 months of ranning)

FIGURE 7.1

Copyright © 2006 Kellogg NA Co. Reprinted with permiss

Production Plan for Kellogg's Pop-Tarts (November-December 2006) (continued)
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e

Trem: A100 Tot size:
Description: Pontiac Leadtime:  1week
Beg inv.: 250 Safety stocki 20

Week 1 2 3 4 5 6 7 8 9
Gross requirements 200 150 300 100 150 200 250 0 200
Scheduled receipts

Planned OH inventory
Planned receipts

Planned order release
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FIGURE 7.16
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m Example of a Load Report

Date: Week 13

Department B,
Grinder station

Capacity: 80 hours/
week per machine
Planned hours

Actual hours
Total hours

Machine 100

Planned hours
Actual hours
Total hours

Machine 200

Planned hours
Actual hours
Total hours

Machine 300

Planned hours
Actual hours
Total hours

Machine 400

13
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TABLE 7.18

Item: F440 Lot size:

Description: “Talk” key Lead time: 4 weeks

for cell phone
Beg. inv.: 1,000 Safety stock: 150

Week 1 2 3 4 5 6 7 8 9
Gross requirements 1,500 1,200 1,200 1,800 1,200 1,200 300 1,800
Scheduled receipts 5,000

Planned OH inventory
Planned receipts

Planned order release
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TABLE SLI s start

Product 1 2 3 a 5 6 7 8

A 25 10 10 50 70
H 90 20 30 15 45
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(EZTTEER MR Record for Bicycle Wheel with Fixed Order Quantity

Item: B100 Lot size: 200
Description:  Bicycle wheel Lead time: 2 weeks
Beg. inv.: 40 Safety stock: 15

Week Feb.1 Feb.8 Feb.15 Feb.22 Mal Mar8 Mar15 Mar22 Mar29
Gross
s 0 124 0 176 100 260 100 70 0
pcheduss 0 200 0 0 0 0 0 0 0
receipts
Penor 40 116 116 140 40 180 80 210 210
inventory
Planned
receipts 2 g 2
Planned
order release 200 L 200
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'IABI.E 22 1| MRP Record with L4L order

Item: B100 Lot size: L4L
Description:  Bicycle wheel Lead time: 2 weeks
Beg. inv.: 40 Safety stock: 15

Week Feb. 1 Feb.8 Feb.15 Feb.22 Mar1 Mar.8 Mar. 15 Mar.22 Mar.29
Gross 0 124 0 176 100 70 0 70 100
requirements.
Scheduled
e 0 200 0 0 0 0 0 0 0
Planned OH 40 116 116 15 15 15 15 15 15
inventory
Planned
e 75 100 70 70 100
Planned 75 100 70 70 100

order release
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CASE STUDY
Doug’s Dens

A custom-built doghouse.
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MEIEEETY vaster scheduie

Month Week Fido’s Favorite Charlie’s Castle
1 1 1 3
i 5 2
k) 3 2
4 3 5
2 5 1 1
6 6 2
7 3 2
8 3 3
3 15 12
4 10 8
5 10 8
6 20 10
7 15 9
8 12 9
9 10 8
10 12 8
11 10 10

12 10 11





17052010/OEBPS/Images/5-17-2010 12-09-23 PM.png
([ m independen domand (icycs) m Dependent demand iy )

FIGURE 7.3 Demand Pattern for Independent versus Dependent Items
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FIGURE 7.13





