The objective of inventory management has been to keep enough inventory to meet customer demand and also be cost-effective. However, inventory has not always been perceived as an area to control cost. Companies maintained "generous" inventory levels to meet long-term customer demand because there were fewer competitors and products in a generally sheltered market environment. In the current international business environment with more competitors and highly diverse markets, in which new products and new product features are rapidly and continually introduced, the cost of inventory has increased due in part to quicker product obsolescence. At the same time, companies are continuously seeking to lower costs so they can provide a better product at a "lower" price. Inventory is an obvious candidate for cost reduction. It is estimated that the average cost of manufacturing goods inventory in the United States is approximately 30 percent of the total value of the inventory. That means if a company has $10 million worth of products in inventory, the cost of holding the inventory (including insurance, obsolescence, depreciation, interest, opportunity costs, storage costs, and so on) is approximately $3 million. If inventory could be reduced by half, to $5 million, then $1.5 million would be saved, a significant cost reduction. 

The high cost of inventory has motivated companies to focus on efficient supply chain management and quality management. They believe that inventory can be significantly reduced by reducing uncertainty at various points along the supply chain. In many cases uncertainty is created by poor quality on the part of the company or its suppliers or both. This can be in the form of variations in delivery times, uncertain production schedules caused by late deliveries or large numbers of defects that require higher levels of production or service than what should be necessary, large fluctuations in customer demand, or poor forecasts of customer demand. 

In a continuous replenishment system of inventory management, products or services are moved from one stage in the supply chain to the next according to a system of constant communication between customers and suppliers. Items are replaced as they are diminished without maintaining larger buffer stocks of inventory at each stage to compensate for late deliveries, inefficient service, poor quality, or uncertain demand. An efficient, well-coordinated supply chain reduces or eliminates these types of uncertainty so that this type of system will work. In a JIT system, products are moved from one stage to the next in the production process as they are needed, with only minimal buffer inventories between stages. While some companies maintain in-process, buffer inventories between production stages to offset irregularities and problems and keep production flowing smoothly, quality-oriented companies consider large buffer inventories to be a costly crutch that masks problems and inefficiency primarily caused by poor quality. 

Adherents of quality management believe that inventory should be minimized. However, this works primarily for a production or manufacturing process. For the retailer who sells finished goods directly to the consumer or the supplier who sells parts or materials to the manufacturer, inventory is a necessity. Few shoe stores, discount stores, or department stores can stay in business with only one or two items on their shelves or racks. For these operations the traditional inventory decisions of how much to order and when to order continue to be important. In addition, the traditional approaches to inventory management are still widely used by most companies. 

In this chapter we review the basic elements of traditional inventory management and discuss several of the more popular models and techniques for making cost-effective inventory decisions. These decisions are basically how much to order and when to order to replenish inventory to an optimal level. 
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The Elements of Inventory Management
Inventory is a stock of items kept by an organization to meet internal or external customer demand. Virtually every type of organization maintains some form of inventory. Department stores carry inventories of all the retail items they sell; a nursery has inventories of different plants, trees, and flowers; a rental-car agency has inventories of cars; and a major league baseball team maintains an inventory of players on its minor league teams. Even a family household maintains inventories of items such as food, clothing, medical supplies, and personal hygiene products. 

Most people think of inventory as a final product waiting to be sold to a retail customer--a new car or a can of tomatoes. This is certainly one of its most important uses. However, especially in a manufacturing firm, inventory can take on forms besides finished goods, including: 

· Raw materials 

· Purchased parts and supplies 

· Labor 

· In-process (partially completed) products 

· Component parts 

· Working capital 

· Tools, machinery, and equipment 

The purpose of inventory management is to determine the amount of inventory to keep in stock--how much to order and when to replenish, or order. In this chapter we describe several different inventory systems and techniques for making these determinations. 

The Role of Inventory in Supply Chain Management
A company employs an inventory strategy for many reasons. The main one is holding inventories of finished goods to meet customer demand for a product, especially in a retail operation. However, customer demand can also be a secretary going to a storage closet to get a printer cartridge or paper, or a carpenter getting a board or nail from a storage shed. 

Since demand is usually not known with certainty, an additional amount of inventory, called safety, or buffer, stocks, is kept on hand to meet excess demand. Additional stocks of inventories are sometimes built up to meet demand that is seasonal or cyclical. Companies will continue to produce items when demand is low to meet high seasonal demand for which their production capacity is insufficient. For example, toy manufacturers produce large inventories during the summer and fall to meet anticipated demand during the holiday season. Doing so enables them to maintain a relatively smooth supply chain flow throughout the year. They would not normally have the production capacity or logistical support to produce enough to meet all of the holiday demand during that season. In the same way retailers might find it necessary to keep large stocks of inventory on their shelves to meet peak seasonal demand, or for display purposes to attract buyers. 

At the other end of the supply chain from finished goods inventory, suppliers might keep large stocks of parts and material inventory to meet variations in customer demand. This is especially true of manufacturing suppliers who are under pressure to meet the exacting demands of continuous replenishment with frequent, on-time delivery of small lots. When JIT was introduced in the automobile industry, it was reported that suppliers created a boom in the warehousing business in Detroit, creating huge stocks of inventory to meet JIT schedules. 

A company will purchase large amounts of inventory to take advantage of price discounts, as a hedge against anticipated price increases in the future, or because it can get a lower price by purchasing in volume. Wal-Mart stores have been known to purchase a manufacturer's entire stock of soap powder or other retail item because they can get a very low price, which they subsequently pass on to their customers. Companies purchase large stocks of low-priced items when a supplier liquidates. In some cases large orders will be made simply because the cost of an order may be very high and it is more cost-effective to have higher inventories than to order frequently. 

Many companies find it necessary to maintain buffer inventories at different stages of their supply chain to provide independence between stages and to avoid work stoppages or delays. Inventories of raw materials and purchased parts are kept on hand so that the production process will not be delayed as a result of missed or late deliveries or shortages from a supplier. Work-in-process inventories are kept between stages in the manufacturing process so that production can continue smoothly if there are temporary machine breakdowns or other work stoppages. Similarly, a stock of finished parts or products allows customer demand to be met in the event of a work stoppage or problem with transportation or distribution. 

Demand
The starting point for the management of inventory is customer demand. Inventory exists to meet customer demand. Customers can be inside the organization, such as a machine operator waiting for a part or partially completed product to work on. Customers can also be outside the organization--for example, an individual purchasing groceries or a new VCR. In either case an essential determinant of effective inventory management is an accurate forecast of demand. For this reason the topics of forecasting (Chapter 10) and inventory management are directly interrelated. 

In general, the demand for items in inventory is either dependent or independent. Dependent demand items are typically component parts or materials used in the process of producing a final product. If an automobile company plans to produce 1,000 new cars, then it will need 5,000 wheels and tires (including spares). The demand for wheels is dependent on the production of cars--the demand for one item depends on demand for another item. 

Cars are an example of an independent demand item. Independent demand items are final or finished products that are not a function of, or dependent upon, internal production activity. Independent demand is usually external and, thus, is beyond the direct control of the organization. In this chapter we focus on the management of inventory for independent demand items; Chapter 13 is devoted to inventory management for dependent demand items. 

Inventory and Quality Management
A company maintains inventory to meet its own demand and its customers' demand for items. The ability to meet effectively internal organizational demand or external customer demand in a timely, efficient manner is referred to as the level of customer service. A primary objective of supply chain management is to provide as high a level of customer service in terms of on-time delivery as possible. This is especially important in today's highly competitive business environment, where quality is such an important product characteristic. Customers for finished goods usually perceive quality service as availability of goods they want when they want them. (This is equally true of internal customers, such as company departments or employees.) To provide this level of quality customer service, the tendency is to maintain large stocks of all types of items. However, there is a cost associated with carrying items in inventory, which creates a cost trade-off between the quality level of customer service and the cost of that service. 

As the level of inventory increases to provide better customer service, inventory costs increase, whereas quality-related customer service costs, such as lost sales and loss of customers, decreases. The conventional approach to inventory management is to maintain a level of inventory that reflects a compromise between inventory costs and customer service. However, according to the contemporary "zero defects" philosophy of quality management, the long-term benefits of quality in terms of larger market share outweigh lower short-run production-related costs, such as inventory costs. Attempting to apply this philosophy to inventory management is not simple because one way of competing in today's diverse business environment is to reduce prices through reduced inventory costs. Nevertheless, it is an area where the traditional approach requires scrutiny in light of contemporary trends relative to TQM. 

Inventory Costs
There are three basic costs associated with inventory: carrying, or holding, costs; ordering costs; and shortage costs. 

Carrying costs are the costs of holding items in inventory. These costs vary with the level of inventory and occasionally with the length of time an item is held; that is, the greater level of inventory over a period of time, the higher the carrying costs. Carrying costs can include the cost of losing the use of funds tied up in inventory; direct storage costs such as rent, heating, cooling, lighting, security, refrigeration, record keeping, and transportation; interest on loans used to purchase inventory; depreciation; obsolescence as markets for products in inventory diminish; product deterioration and spoilage; breakage; taxes; and pilferage. 

Carrying costs are normally specified in one of two ways. The usual way is to assign total carrying costs, determined by summing all the individual costs just mentioned, on a per-unit basis per time period, such as a month or year. In this form, carrying costs are commonly expressed as a per-unit dollar amount on an annual basis; for example, $10 per unit per year. Alternatively, carrying costs are sometimes expressed as a percentage of the value of an item or as a percentage of average inventory value. It is generally estimated that carrying costs range from 10 to 40 percent of the value of a manufactured item. 

Ordering costs are the costs associated with replenishing the stock of inventory being held. These are normally expressed as a dollar amount per order and are independent of the order size. Ordering costs vary with the number of orders made--as the number of orders increases, the ordering cost increases. Costs incurred each time an order is made can include requisition and purchase orders, transportation and shipping, receiving, inspection, handling and storage, and accounting and auditing costs. 

Ordering costs generally react inversely to carrying costs. As the size of orders increases, fewer orders are required, reducing ordering costs. However, ordering larger amounts results in higher inventory levels and higher carrying costs. In general, as the order size increases, ordering costs decrease and carrying costs increase. 

Shortage costs, also referred to as stockout costs, occur when customer demand cannot be met because of insufficient inventory. If these shortages result in a permanent loss of sales, shortage costs include the loss of profits. Shortages can also cause customer dissatisfaction and a loss of goodwill that can result in a permanent loss of customers and future sales. In some instances, the inability to meet customer demand or lateness in meeting demand results in penalties in the form of price discounts or rebates. When demand is internal, a shortage can cause work stoppages in the production process and create delays, resulting in downtime costs and the cost of lost production (including indirect and direct production costs). 

Costs resulting from lost sales because demand cannot be met are more difficult to determine than carrying or ordering costs. Therefore, shortage costs are frequently subjective estimates and some times an educated guess. 

Shortages occur because carrying inventory is costly. As a result, shortage costs have an inverse relationship to carrying costs--as the amount of inventory on hand increases, the carrying cost increases, whereas shortage costs decrease. 

The objective of inventory management is to employ an inventory control system that will indicate how much should be ordered and when orders should take place so that the sum of the three inventory costs just described will be minimized. 

PRIVATE


Managing Inventory with Bar Codes and Computers at Lands' End

Efficient inventory management at Lands' End that enables the company to meet its promise of two-day service is achieved using bar codes and computers. The system begins in the receiving area where the night before an order is due to be trucked in, a bar code slip is printed for each box of items in the order. When the order arrives and is unloaded the bar code label is attached to each box. Operators unload each box and enter its contents into the computer, then compare the results with the original purchase order to make sure everything arrived. The bar code is then used to track the merchandise throughout the distribution center. 

Based on current demand, the computer determines if a box will be sent to reserve storage, to active bins to meet that day's demand, to quality assurance, or straight to packing and shipping to meet back orders. Most merchandise goes to reserve storage, a warehouse area encompassing three large rooms, eight stories high, that can accommodate more than 200,000 boxes. Using a special telescoping crane with a "fork-lift"-like apparatus on top, boxes are placed in storage wherever there is a vacant space, which is indicated by the computer. Thus, a box of men's green socks may be stacked on top of a box of lady's blue sweaters and next to a box of children's white shorts. The crane operator scans the bar code on the box and then the bar code on the shelf where the box is being put. These two numbers allow the computer to keep track of the precise location of each box. When items are needed to fill an order, the computer can quickly locate them in reserve storage using the matched set of shelf and box bar codes. 

Arriving items and items pulled from storage that are needed to meet the immediate day's demand are routed to the correct aisle in the active-bin area by scanning bar codes. A stock keeper in each area puts merchandise into the correct active bins; when a bin gets low, the computer knows to send more of that item from reserve storage. Beginning at 7:30 a.m. order-fillers are given a stack of "pick" tickets that tell them what bins to pick items from to fill their orders. They have a one-hour period to fill their stack of orders. These order-fillers move rapidly up one aisle and down the next picking items from the bins to fill their stack of orders, never backtracking because the computer has given them their tickets in sequence. As each item is picked from a bin the order-filler places a pressure-sensitive ticket with a bar code onto the merchandise. When order-fillers' carts are filled, the merchandise is emptied onto a conveyor that takes it to packing. 

As merchandise enters the packing department, operators place each item on a conveyorized tilting tray with the bar code up. As the conveyorized trays move toward the packing bin area a scanner (similar to a grocery-store scanner) reads the item bar code label on the pick ticket originally attached by the order-filler. When the tray arrives at the proper station to be joined with the rest of an order, the tray tips and the merchandise slides down into the proper bin with the other items that make up the order. The bar code on the pick ticket is actually the number of the packing bin and all items in an order have that same three-digit bar code. Packers then place items in mailing boxes or bags and check each item from the bin for accuracy against a packing list that also tells them the size box or bag to use. After the merchandise is packed, packages are placed on a conveyor and routed to shipping sorters where, once again, the computer scans the bar code on the address label and the conveyor tray tips to send the package down a chute for the appropriate shipper. The bar code on each package is scanned as it is loaded so that Lands' End always knows when an order left and what truck it went on. 

Inventory Control Systems
An inventory system controls the level of inventory by determining how much to order (the level of replenishment), and when to order. There are two basic types of inventory systems: a continuous (or fixed-order-quantity) system and a periodic (or fixed-time-period) system. In a continuous system, an order is placed for the same constant amount whenever the inventory on hand decreases to a certain level, whereas in a periodic system, an order is placed for a variable amount after specific regular intervals. 

Continuous Inventory Systems
In a continuous inventory system (also referred to as a perpetual system and a fixed-order-quantity system), a continual record of the inventory level for every item is maintained. Whenever the inventory on hand decreases to a predetermined level, referred to as the reorder point, a new order is placed to replenish the stock of inventory. The order that is placed is for a fixed amount that minimizes the total inventory costs. This amount, called the economic order quantity, is discussed in greater detail later. 

A positive feature of a continuous system is that the inventory level is continuously monitored, so management always knows the inventory status. This is advantageous for critical items such as replacement parts or raw materials and supplies. However, maintaining a continual record of the amount of inventory on hand can also be costly. 

A simple example of a continuous inventory system is a ledger-style checkbook that many of us use on a daily basis. Our checkbook comes with 300 checks; after the 200th check has been used (and there are 100 left), there is an order form for a new batch of checks. This form, when turned in at the bank, initiates an order for a new batch of 300 checks. Many office inventory systems use reorder cards that are placed within stacks of stationery or at the bottom of a case of pens or paper clips to signal when a new order should be placed. If you look behind the items on a hanging rack in a Kmart store, there will be a card indicating it is time to place an order for the item for an amount indicated on the card. 

A more sophisticated example of a continuous inventory system is the computerized checkout system with a laser scanner used by many supermarkets and retail stores. The laser scanner reads the universal product code (UPC), or bar code, from the product package; the transaction is instantly recorded, and the inventory level updated. Such a system is not only quick and accurate, it also provides management with continuously updated information on the status of inventory levels. Many manufacturing companies' suppliers and distributors also use bar code systems and handheld laser scanners to inventory materials, supplies, equipment, in-process parts, and finished goods. 

Periodic Inventory Systems
In a periodic inventory system (also referred to as a fixed-time-period system or a periodic review system), the inventory on hand is counted at specific time intervals; for example, every week or at the end of each month. After the inventory in stock is determined, an order is placed for an amount that will bring inventory back up to a desired level. In this system the inventory level is not monitored at all during the time interval between orders, so it has the advantage of little or no required record keeping. The disadvantage is less direct control. This typically results in larger inventory levels for a periodic inventory system than in a continuous system to guard against unexpected stockouts early in the fixed period. Such a system also requires that a new order quantity be determined each time a periodic order is made. 

An example of a periodic inventory system is a college or university bookstore. Textbooks are normally ordered according to a periodic system, wherein a count of textbooks in stock (for every course) is made after the first few weeks of a semester or quarter. An order for new textbooks for the next semester is then made according to estimated course enrollments for the next term (i.e., demand) and the amount remaining in stock. Smaller retail stores, drugstores, grocery stores, and offices sometimes use periodic systems--the stock level is checked every week or month, often by a vendor, to see how much should be ordered. 

The ABC Classification System
The ABC system classifies inventory according to its dollar value to the firm. Typically thousands of independent demand items are held in inventory by a company, especially in manufacturing, but a small percentage is of such a high dollar value to warrant close inventory control. In general, about 5 to 15 percent of all inventory items account for 70 to 80 percent of the total dollar value of inventory. These are classified as A, or Class A, items. B items represent approximately 30 percent of total inventory units but only about 15 percent of total inventory dollar value. C items generally account for 50 to 60 percent of all inventory units but represent only 5 to 10 percent of total dollar value. For example, a discount store such as Wal-Mart normally stocks only a few television sets, a somewhat larger number of bicycles or sets of sheets, and hundreds of boxes of soap powder, bottles of shampoo, and AA batteries. 

In ABC analysis each class of inventory requires different levels of inventory control--the higher the value of the inventory, the tighter the control. Class A items should experience tight inventory control; B and C require more relaxed (perhaps minimal) attention. 

The first step in ABC analysis is to classify all inventory items as either A, B, or C. Each item is assigned a dollar value, which is computed by multiplying the dollar cost of one unit by the annual demand for that item. All items are then ranked according to their annual dollar value, with, for example, the top 10 percent classified as A items, the next 30 percent, as B items, and the last 60 percent, as C items. These classifications will not be exact, but they have been found to be close to the actual occurrence in firms with remarkable frequency. 

The next step is to determine the level of inventory control for each classification. Class A items require tight inventory control because they represent such a large percentage of the total dollar value of inventory. These inventory levels should be as low as possible, and safety stocks minimized. This requires accurate demand forecasts and detailed record keeping. The appropriate inventory control system and inventory modeling procedure to determine order quantity should be applied. In addition, close attention should be given to purchasing policies and procedures if the inventory items are acquired from outside the firm. B and C items require less stringent inventory control. Since carrying costs are usually lower for C items, higher inventory levels can sometimes be maintained with larger safety stocks. It may not be necessary to control C items beyond simple observation. In general, A items frequently require a continuous control system, where the inventory level is continuously monitored; a periodic review system with less monitoring will suffice for C items. 

PRIVATE
EXAMPLE
12.1
ABC System Classification

The maintenance department for a small manufacturing firm has responsibility for maintaining an inventory of spare parts for the machinery it services. The parts inventory, unit cost, and annual usage are as follows: 



The department manager wants to classify the inventory parts according to the ABC system to determine which stocks of parts should most closely be monitored. 

SOLUTION: 

First rank the items according to their total value and also compute each item's percentage of total value and quantity. 



Based on simple observation, it appears that the first three items form a group with the highest value, the next three items form a second group, and the last four items constitute a group. Thus, the ABC classification for these items is as follows: 
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Economic Order Quantity Models
In a continuous, or fixed-order-quantity, system when inventory reaches a specific level, referred to as the reorder point, a fixed amount is ordered. The most widely used and traditional means for determining how much to order in a continuous system is the economic order quantity (EOQ) model, also referred to as the economic lotsize model. The earliest published derivation of the basic EOQ model formula in 1915 is credited to Ford Harris, an employee at Westinghouse. 

The function of the EOQ model is to determine the optimal order size that minimizes total inventory costs. There are several variations of the EOQ model, depending on the assumptions made about the inventory system. We will describe two model versions, including the basic EOQ model and the EOQ model with noninstantaneous receipt. 

The Basic EOQ Model
The basic EOQ model is a formula for determining the optimal order size that minimizes the sum of carrying costs and ordering costs. The model formula is derived under a set of simplifying and restrictive assumptions, as follows: 

· Demand is known with certainty and is constant over time. 

· No shortages are allowed. 

· Lead time for the receipt of orders is constant. 

· The order quantity is received all at once. 

These basic model assumptions are reflected in Figure 12.1, which describes the continuous-inventory order cycle system inherent in the EOQ model. An order quantity, Q, is received and is used up over time at a constant rate. When the inventory level decreases to the recorder point, R, a new order is placed; a period of time, referred to as the lead time, is required for delivery. The order is received all at once just at the moment when demand depletes the entire stock of inventory--the inventory level reaches 0--so there will be no shortages. This cycle is repeated continuously for the same order quantity, reorder point, and lead time. 

As we mentioned, the economic order quantity is the order size that minimizes the sum of carrying costs and ordering costs. These two costs react inversely to each other. As the order size increases, fewer orders are required, causing the ordering cost to decline, whereas the average amount of inventory on hand will increase, resulting in an increase in carrying costs. Thus, in effect, the optimal order quantity represents a compromise between these two inversely related costs. 

The total annual ordering cost is computed by multiplying the cost per order, designated as Co, times the number of orders per year. Since annual demand, D, is assumed to be known and to be constant, the number of orders will be D/Q, where Q is the order size and 
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The only variable in this equation is Q; both Co and D are constant parameters. Thus, the relative magnitude of the ordering cost is dependent upon the order size. 

Total annual carrying cost is computed by multiplying the annual per-unit carrying cost, designated as Cc, times the average inventory level, determined by dividing the order size, Q, by 2: Q/2; 
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The total annual inventory cost is the sum of the ordering and carrying costs: 
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The graph in Figure 12.2 shows the inverse relationship between ordering cost and carrying cost, resulting in a convex total cost curve. 

The optimal order quantity occurs at the point in Figure 12.2 where the total cost curve is at a minimum, which coincides exactly with the point where the carrying cost curve intersects the ordering cost curve. This enables us to determine the optimal value of Q by equating the two cost functions and solving for Q: 
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Alternatively, the optimal value of Q can be determined by differentiating the total cost curve with respect to Q, setting the resulting function equal to zero (the slope at the minimum point on the total cost curve), and solving for Q: 
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The total minimum cost is determined by substituting the value for the optimal order size, Qopt, into the total cost equation: 


PRIVATE
EXAMPLE
12.2
The Economic Order Quantity

The I-75 Carpet Discount Store in North Georgia stocks carpet in its warehouse and sells it through an adjoining showroom. The store keeps several brands and styles of carpet in stock; however, its biggest seller is Super Shag carpet. The store wants to determine the optimal order size and total inventory cost for this brand of carpet given an estimated annual demand of 10,000 yards of carpet, an annual carrying cost of $0.75 per yard, and an ordering cost of $150. The store would also like to know the number of orders that will be made annually and the time between orders (i.e., the order cycle) given that the store is open every day except Sunday, Thanksgiving Day, and Christmas Day (which is not on a Sunday). 

SOLUTION: 

Cc = $0.75 per yard 

Co = $150 

D = 10,000 yards 

The optimal order size is 


The total annual inventory cost is determined by substituting Qopt into the total cost formula: 


The number of orders per year is computed as follows: 


Given that the store is open 311 days annually (365 days minus 52 Sundays, Thanksgiving, and Christmas), the order cycle is 




[image: image10.png]Dot 2
(150)(10, 000)
2,000
= 750+ 750

$1500

0.75)(2, 000)

2z




[image: image11.png]Numher of orders per year = ———
a0

_ loom
2,000
= 5 orders per year




[image: image12.png]311 days
HfQent
311
oS
= 62.2 store days

Onders cycle time =




[image: image13.png]where

P = perunit price of iterm
D = anmual derand




The optimal order quantity, determined in this example, and in general, is an approximate value, since it is based on estimates of carrying and ordering costs as well as uncertain demand (although all of these parameters are treated as known, certain values in the EOQ model). In practice it is acceptable to round the Q values off to the nearest whole number. The precision of a decimal place is generally not necessary. In addition, because the optimal order quantity is computed from a square root, errors or variations in the cost parameters and demand tend to be dampened. For instance, in Example 12.2, if the order cost had actually been 30 percent higher, or $200, the resulting optimal order size would have varied only by a little under 10 percent (i.e., 2,190 yards instead of 2,000 yards). Variations in both inventory costs will tend to offset each other, since they have an inverse relationship. As a result, the EOQ model is relatively resilient to errors in the cost estimates and demand, or is robust, which has tended to enhance its popularity. 

Quantity Discounts
A quantity discount is a price discount on an item if predetermined numbers of units are ordered. In the back of a magazine you might see an advertisement for a firm stating that it will produce a coffee mug (or hat) with a company or organizational logo on it, and the price will be $5 per mug if you purchase 100, $4 per mug if you purchase 200, or $3 per mug if you purchase 500 or more. Many manufacturing companies receive price discounts for ordering materials and supplies in high volume, and retail stores receive price discounts for ordering merchandise in large quantities. 

The basic EOQ model can be used to determine the optimal order size with quantity discounts; however, the application of the model is slightly altered. The total inventory cost function must now include the purchase price of the item being ordered: 
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Purchase price was not considered as part of our basic EOQ formulation earlier because it had no impact on the optimal order size. In the preceding formula PD is a constant value that would not alter the basic shape of the total cost curve; that is, the minimum point on the cost curve would still be at the same location, corresponding to the same value of Q. Thus, the optimal order size is the same no matter what the purchase price is. However, when a discount price is available, it is associated with a specific order size, which may be different from the optimal order size, and the customer must evaluate the trade-off between possibly higher carrying costs with the discount quantity versus EOQ cost. As a result, the purchase price does affect the order-size decision when a discount is available. 

Quantity Discounts with Constant Carrying Cost
The EOQ cost model with constant carrying costs for a pricing schedule with two discounts, d1 and d2, is illustrated in Figure 12.4 for the following discounts: 
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Notice in Figure 12.4 that the optimal order size, Qopt, is the same regardless of the discount price. Although the total cost curve decreases with each discount in price (i.e., d1 and d2), since ordering and carrying cost are constant, the optimal order size, Qopt, does not change. 

The graph in Figure 12.4 reflects the composition of the total cost curve resulting from the discounts kicking in at two successively higher order quantities. The first segment of the total cost curve (with no discount) is valid only up to 99 units ordered. Beyond that quantity, the total cost curve (represented by the topmost dashed line) is meaningless because above 100 units there is a discount (d1). Between 100 and 199 units the total cost drops down to the middle curve. This middle-level cost curve is valid only up to 199 units because at 200 units there is another, lower discount (d2). So the total cost curve has two discrete steps, starting with the original total cost curve, dropping down to the next level cost curve for the first discount, and finally dropping to the third-level cost curve for the final discount. 

Notice that the optimal order size, Qopt, is feasible only for the middle level of the total cost curve, TC(d1)--it does not coincide with the top level of the cost curve, TC, or the lowest level, TC(d2). If the optimal EOQ order size had coincided with the lowest level of the total cost curve, it would have been the optimal order size for the entire discount price schedule. Since it does not coincide with the lowest level of the total cost curve, the total cost with Qopt must be compared to the lower-level total cost using Q(d2) to see which results in the minimum total cost. 

PRIVATE
EXAMPLE
12.4
A Quantity Discount with Constant Carrying Cost

Comptek Computers wants to reduce a large stock of PCs it is discontinuing. It has offered the University Bookstore at Tech a quantity discount pricing schedule, below. 


The annual carrying cost for the bookstore for a PC is $190, the ordering cost is $2,500, and annual demand for this particular model is estimated to be 200 units. The bookstore wants to determine if it should take advantage of this discount or order the basic EOQ order size. 

SOLUTION: 

First determine the optimal order size and total cost with the basic EOQ model. 


Although we will use Qopt = 72.5 in the subsequent computations, realistically the order size would be 73 computers. This order size is eligible for the first discount of $1,100; therefore, this price is used to compute total cost: 


Since there is a discount for a larger order size than 50 units (i.e., there is a lower cost curve), this total cost of $233,784 must be compared with total cost with an order size of 90 and a discounted price of $900: 


Since this total cost is lower ($194,105 < $233,784), the maximum discount price should be taken, and 90 units should be ordered. We know that there is no order size larger than 90 that would result in a lower cost, since the minimum point on this total cost curve has already been determined to be 73. 
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[image: image17.png]where
4 = demand rate per period (e.g, daily)
I = lead time




Reorder Point
In our description of the EOQ models in the previous sections, we addressed how much should be ordered. Now we will discuss the other aspect of inventory management, when to order. The determinant of when to order in a continuous inventory system is the reorder point, the inventory level at which a new order is placed. 

The reorder point for our basic EOQ model with constant demand and a constant lead time to receive an order is equal to the amount demanded during the lead time, 
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PRIVATE
EXAMPLE
12.5
Reorder Point for the Basic EOQ Model


The I-75 Discount Carpet Store in Example 12.2 is open 311 days per year. If annual demand is 10,000 yards of Super Shag carpet and the lead time to receive an order is 10 days, determine the reorder point for carpet. 

SOLUTION: 

When the inventory level falls to approximately three hundred twenty one yards of carpet, a new order is placed. Notice that the reorder point is not related to the optimal order quantity or any of the inventory costs.

 

Safety Stocks
In Example 12.5, an order is made when the inventory level reaches the reorder point. During the lead time, the remaining inventory in stock will be depleted at a constant demand rate, such that the new order quantity will arrive at exactly the same moment as the inventory level reaches zero. Realistically, demand--and, to a lesser extent lead time--are uncertain. The inventory level might be depleted at a slower or faster rate during lead time. This is depicted in Figure 12.5 for uncertain demand and a constant lead time. 

Notice in the second order cycle that a stockout occurs when demand exceeds the available inventory in stock. As a hedge against stockouts when demand is uncertain, a safety (or buffer) stock of inventory is frequently added to the expected demand during lead time. The addition of a safety stock to the stockout occurrence shown in Figure 12.5 is displayed in Figure 12.6. 

Service Level
There are several ways to determine the amount of the safety stock. One popular method is to establish a safety stock that will meet a specified service level. The service level is the probability that the amount of inventory on hand during the lead time is sufficient to meet expected demand--that is, the probability that a stockout will not occur. The term service is used, since the higher the probability that inventory will be on hand, the more likely that customer demand will be met; that is, that the customer can be served. A service level of 90 percent means that there is a 0.90 probability that demand will be met during the lead time, and the probability that a stockout will occur is 10 percent. The service level is typically a policy decision based on a number of factors, including carrying costs for the extra safety stock and lost sales if customer demand cannot be met. 

Order Quantity for a Periodic Inventory System
We defined a continuous, or fixed-order-quantity, inventory system as one which the order quantity was constant and the time between orders varied. So far this type of inventory system has been the focus of our discussion. The less common periodic, or fixed-time-period, inventory system is one in which the time between orders is constant and the order size varies. Drugstores are one example of a business that sometimes uses a fixed-period inventory system. Drugstores stock a number of personal hygiene- and health-related products such as shampoo, toothpaste, soap, bandages, cough medicine, and aspirin. 

Normally, the vendors who provide these items to the store will make periodic visits--every few weeks or every month--and count the stock of inventory on hand for their product. If the inventory is exhausted or at some predetermined reorder point, a new order will be placed for an amount that will bring the inventory level back up to the desired level. The drugstore managers will generally not monitor the inventory level between vendor visits but instead will rely on the vendor to take inventory. 

Unfortunately, inventory might be exhausted early in the time period between visits, resulting in a stockout that will not be remedied until the next scheduled order. As a result of this drawback, a larger safety stock is normally required for the fixed-interval system. 

PRIVATE
THE COMPETITIVE EDGE

Inventory Control at Hewlett-Packard

The Vancouver division of Hewlett-Packard (HP) Company manufacturers Deskjet-Plus printers and ships them to distribution centers in North America, Europe, Asia, and the Pacific Rim. HP dealers like to carry very little inventory, but because of the highly competitive nature of the printer industry, they must supply printers to end users quickly. To accomplish a high customer service level, HP operates its distribution centers as inventory stocking points with large safety stocks to meet end-user demand. Because of uncertainties in material and parts acquisition and the manufacturing process at Vancouver, and customer demand, HP must maintain large safety stocks, especially at its European and Far East distribution centers where transit time (by sea) is approximately one month. To minimize inventory levels, HP ships finished printers to its U.S. distribution center and generic printers without the power supply and manual to its overseas distribution centers. The overseas printers are subsequently "finished" at the distribution centers according to customer demand. The inventory system used at the HP distribution centers establishes a target inventory level based on the length and variability of lead time to replenish the stock from the factory and the length and variability of demand. The inventory safety stock level is expressed in terms of weeks of stock on hand. The inventory level (plus the amount on order) is reviewed each week; when the reorder point is reached, the quantity ordered is the actual production requirement at the factory. 



Source: H. Lee, C. Billington, and B. Carter "Hewlett-Packard Gains Control of Inventory and Service Through Design for Localization," Interfaces 23, no. 4 (July-August 1993): 1-11.

