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>ĞĂƌŶŝŶŐ�KďũĞĐƟǀĞƐ


After completing this chapter, you should be able to:


• List the purposes that inventory serves.


• Describe the different types of inventory.


• Explain the differences between perpetual and periodic inventory systems.


• Use the EOQ model to calculate order size.


• Calculate economic order quantities with quantity discounts.


• Determine the order point.


• Calculate safety stock.
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CHAPTER 10Section 10.1 Inventory


10.1 /ŶǀĞŶƚŽƌǇ


Inventory represents a sig-nificant investment of work-ing capital for manufactur-
ing companies such as Sony, 
wholesale and retail organiza-
tions such as Walmart, and food 
service providers such as Red 
Lobster. Firms like these should 
carefully consider the costs and 
benefits of holding inventory. 
When firms hold large amounts 
of inventory, they increase the 
costs associated with holding 
inventory including working 
capital, storage, and inventory 
management. Conversely, when 
firms hold small amounts of 
inventory, they must make fre-
quent orders and accept the risk 
of being unable to satisfy cus-
tomer demand. Making small 
and frequent orders tends to increase transaction, transportation, and equipment set-up 
costs. This is a fundamental trade-off in managing inventory.


Multiple elements that impact this trade-off are discussed throughout the chapter and 
are relevant in the following chapters. This chapter also discusses methods for control-
ling independent demand inventory. The previous chapter addressed dependent demand 
items. Different systems for controlling and monitoring independent demand inventory 
are discussed and several mathematical models are described in this chapter. These sys-
tems help companies determine how much inventory should be ordered to minimize costs 
and also when to order inventory so that the desired level of customer service can be pro-
vided. Determining how much inventory to order and when is key to managing inventory.


WƵƌƉŽƐĞ�ŽĨ�/ŶǀĞŶƚŽƌǇ
Inventory can help businesses meet demand and work more efficiently. For many items, 
it does not make sense to produce them only when there is demand. When a customer 
walks into a retail store to buy groceries or cosmetics, they expect to walk out of the store 
with the item. When customers walk into a dealer’s showroom to buy a car, they do not 
want to wait until the car is produced; they want to drive it away. There are also advan-
tages to maintaining a stable level of production. Employment levels must be changed 
and equipment must be activated or shut down to allow production rates to fluctuate. 
These changes incur cost. In some cases, there simply is not enough capacity to meet the 
high level of demand, therefore, an alternative must be found. During low-demand times, 
firms can produce more product than they can currently sell with the unused portion 
going to inventory. The inventory can be used when demand accelerates and increasing 
the production level is not possible or is not economically feasible.


Many firms keep a cushion or “safety stock” of inventory to protect against unexpected 
demand. In this way, they can continue to meet customer demand without delays. Keeping 


.John McBride & Company Inc./Getty Images


&Žƌ�ŵĂŶƵĨĂĐƚƵƌŝŶŐ�ĐŽŵƉĂŶŝĞƐ͕�ǁŚŽůĞƐĂůĞ�ĂŶĚ�ƌĞƚĂŝů�
ŽƌŐĂŶŝǌĂƚŝŽŶƐ͕�ĂŶĚ�ĨŽŽĚ�ƐĞƌǀŝĐĞ�ƉƌŽǀŝĚĞƌƐ͕�ŝŶǀĞŶƚŽƌǇ�ƌĞƉƌĞƐĞŶƚƐ�
Ă�ƐŝŐŶŝĨŝĐĂŶƚ�ŝŶǀĞƐƚŵĞŶƚ�ŝŶ�ǁŽƌŬŝŶŐ�ĐĂƉŝƚĂů�ĂŶĚ�Ă�ƐƵďƐƚĂŶƚŝĂů�
ĐŽƐƚ�ƚŽ�ƐƚŽƌĞ�ĂŶĚ�ŵĂŶĂŐĞ͘
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CHAPTER 10Section 10.2 Information Systems for Inventory Management


a safety stock of inventory is also useful when shipments from suppliers are delayed. This 
allows the firm to meet customer demand even though the supplier cannot meet its lead 
time commitment.


When producing goods, it is often important to separate steps in the production process 
that operate at different speeds. For example, a manufacturing part may be machined at 
one rate—one part in five minutes. The next step is to heat treat the machined parts in a 
furnace that operates in a batch mode—the furnace can hold up to 100 parts and take eight 
hours for heat treating. Therefore, a inventory of up to 100 parts should be accumulated 
before heat treatment.


In many situations, discounts are available to purchase a certain quantity. These can be 
quantity discounts or transportation discounts. A firm may need a certain amount of 
parts, but it may decide to buy more because a supplier is offering a discount for purchas-
ing the larger amount. This is similar to buying a larger box of laundry detergent because 
it cost less per unit than the smaller box. Shipping in a certain amount may substantially 
reduce transportation costs. The best known transportation discount involves shipping in 
full truck load quantities rather than less than truck load amounts. The same can be said 
for shipping a full rail car versus less than a full rail car.


A company may try to hedge against possible price increases. When an increase in the pur-
chase price is anticipated by the company or announced by the supplier, the company may 
order additional materials prior to the increase. This is similar to the quantity discount. Other 
times, firms may want to hedge against uncertainty in supply. A supplier may announce 
down time for its operations, or a supplier may have an upcoming contract negotiation with 
its labor union. Maintaining some extra inventory on hand may be prudent.


dǇƉĞƐ�ŽĨ�/ŶǀĞŶƚŽƌǇ
Several common types of inventory are:


1. Raw materials: These parts and materials are obtained from suppliers and are 
used in the production process.


2. Work-in-process (WIP): These are partly finished parts, components, subassem-
blies, or modules.


3. Finished goods: Items are ready to ship to the customer. No more work is 
required.


4. Replacement parts: These are maintained to replace other parts in machinery or 
equipment as those parts wear out.


5. Supplies: Parts or materials are used to support the production process, but not 
usually a component of the product. These items, such as lubricant and cutting 
tools, are consumed in the production process.


6. Transportation (pipeline): The portion of inventory that is in the process of being 
shipped through the distribution system.


10.2 /ŶĨŽƌŵĂƚŝŽŶ�^ǇƐƚĞŵƐ�ĨŽƌ�/ŶǀĞŶƚŽƌǇ�DĂŶĂŐĞŵĞŶƚ


The purpose of inventory management systems is to provide information so that suf-ficient inventory will exist to meet the company’s objectives. Of course, too much inventory can mean extra costs. Thus, the inventory management system is designed 
to ensure that inventory levels are maintained within a desired range for each item.


von70154_10_c10_303-338.indd   305 2/22/13   3:48 PM








CHAPTER 10Section 10.2 Information Systems for Inventory Management


Today’s computer systems and the widespread use of bar codes (as shown in Figure 10.1), 
have made inventory control more automated. It is not always be possible, or even desir-
able, to computerize all inventory control. This section describes different systems and 
how they can be used, either with or without computers. All these systems focus on help-
ing companies determine what, when, and how much to order.


&ŝŐƵƌĞ�ϭϬ͘ϭ͗��Ăƌ�ĐŽĚĞƐ�ƵƐĞĚ�ĨŽƌ�ŝŶǀĞŶƚŽƌǇ�ŵĂŶĂŐĞŵĞŶƚ


PART NO.
(P)


QUANTITY
(Q)


(0000000000)


DESCRIPTION


SERIAL


COLOR


S U P P L I E R
C A P I T O L  P L A S T I C S
3 3 3  V A N  C A M P  R O A D
B O W L I N G  G R E E N ,  O H .   4 3 4 0 2


50327–MG9–0000


420


00134


BLK
BATTERY CUSHION UPPER
DELIVERY INFORMATION FORM


PART NO.
(P)


QUANTITY
(Q)


(0000000000)


DESCRIPTION


SERIAL
(S)


COLOR


S U P P L I E R
C A P I T O L  P L A S T I C S
3 3 3  V A N  C A M P  R O A D
B O W L I N G  G R E E N ,  O H .   4 3 4 0 2


50328–MG9–0000


120


00134


BLK
BATTERY CUSHION LOWER


DELIVERY INFORMATION FORM
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dŽ�ŬĞĞƉ�ƚƌĂĐŬ�ŽĨ�ŝŶǀĞŶƚŽƌǇ͕�ƌĞƚĂŝůĞƌƐ�ƵƐĞ�Ă�ƉŽŝŶƚͲŽĨͲƐĂůĞ�;WK^Ϳ�
ƐǇƐƚĞŵ�ƚŚĂƚ�ƌĞĐŽƌĚƐ�ĞĂĐŚ�ƚƌĂŶƐĂĐƚŝŽŶ�ĂƐ�ƚŚĞ�ŝƚĞŵƐ�ĂƌĞ�ƌĞĂĚ�ďǇ�Ă�
ďĂƌ�ĐŽĚĞ�ƐĐĂŶŶĞƌ͘


WĞƌƉĞƚƵĂů�/ŶǀĞŶƚŽƌǇ�^ǇƐƚĞŵƐ
A perpetual inventory system continuously monitors inventory levels. It is also known 
as a continuous review system. Under such a system, inventory transactions are recorded 
as they occur. If the number of transactions is small, this recording can be done by hand, 
which is how inventory was recorded before computerized systems. This non-computer-
ized approach makes sense if there are only a handful of items to inventory. Computers, 
however, have made the process much easier and faster for a larger number of items. For 
example, grocery stores and retailers such as Walmart use point-of-sale systems that record 


the transaction as each item is 
read by the bar code scanner. As 
at Toys “R” Us, this information 
is passed along to the supplier, 
so replenishment can take place. 
An ATM is another example of a 
perpetual inventory system; this 
system updates the balance in a 
patron’s bank account as with-
drawals are made. Debit cards 
are one way for the bank to 
move the money from the user’s 
account at the time of transac-
tion. These cards also allow the 
bank to determine if there is suf-
ficient money to cover the trans-
action, which is good for the 
bank and the retailer.


Companies use bar codes for 
raw material and work-in-process inventories as a way to computerize these inventory 
records. The bar codes shown in Figure 10.1 are used on a component part ordered from 
a supplier. Using bar codes or other similar technologies allow the firm to be constantly 
aware of inventory levels. When inventory drops to a predetermined level (the order 
point) an order for more can be generated. Often, this ordering is completed automati-
cally by the same computer system that maintains the inventory records. The quantity 


ZĞĂů�tŽƌůĚ�^ĐĞŶĂƌŝŽƐ͗�dŽǇƐ�͞Z͟�hƐͶ�ĞĂůŝŶŐ�ǁŝƚŚ�&ĂĚƐ�ŝŶ�ƚŚĞ�dŽǇ��ƵƐŝŶĞƐƐ


��ŵĂũŽƌ�ƉƌŽďůĞŵ�ŝŶ�ƚŚĞ�ƚŽǇ�ŝŶĚƵƐƚƌǇ�ŝƐ�ŝĚĞŶƟĨǇŝŶŐ�ǁŚĞŶ�ĨĂĚƐ�ďĞŐŝŶ�ĂŶĚ�ĞŶĚ͘�dŚĞƌĞ�ŝƐ�Ă�ůŽŶŐ�ŚŝƐƚŽƌǇ�ŽĨ�
ĨĂĚƐ�ŝŶĐůƵĚŝŶŐ�'/�:ŽĞƐ͕�^ŵƵƌĨƐ͕�&ƵƌďŝĞƐ͕�ĂŶĚ�dƌĂŶƐĨŽƌŵĞƌƐ͕�ǁŚŝĐŚ�ŚĂǀĞ�ƌĞĐĞŶƚůǇ�ŵĂĚĞ�Ă�ĐŽŵĞďĂĐŬ͘�/Ŷ�
ŵĂŶǇ�ĐĂƐĞƐ͕�ƚŚĞƐĞ�ŝƚĞŵƐ�ĂƌĞ�ŚŽƚ�ŽŶĞ�ǇĞĂƌ�ĂŶĚ�ŐŽŶĞ�ƚŚĞ�ŶĞǆƚ͘�dŽǇƐ�͞Z͟�hƐ�ĐĂƌƌŝĞƐ�ŵŽƌĞ�ƚŚĂŶ�ϮϬ͕ϬϬϬ�
ĚŝīĞƌĞŶƚ�ŝƚĞŵƐ͘�dŽ�ŵĂǆŝŵŝǌĞ�ƉƌŽĮƚƐ͕�ƚŚĞ�ĐŽŵƉĂŶǇ�ŵƵƐƚ�ďĞ�ƐƵƌĞ�ŝƚ�ŵĂŝŶƚĂŝŶƐ�ũƵƐƚ�ƚŚĞ�ƌŝŐŚƚ�ĂŵŽƵŶƚ�
ŽĨ�ĞĂĐŚ�ŝƚĞŵ͘�KŶĞ�ǁĂǇ�ŝƚ�ĚŽĞƐ�ƚŚŝƐ�ŝƐ�ďǇ�ƵƐŝŶŐ�ĐŽŵƉƵƚĞƌƐ�ƚŽ�ŵŽŶŝƚŽƌ�ƐĂůĞƐ�ĚĂƚĂ�ĂŶĚ�ƚŽ�ŽƌĚĞƌ�;Žƌ�ƐƚŽƉ�
ŽƌĚĞƌŝŶŐͿ�ĂƐ�ƉŽŝŶƚͲŽĨͲƐĂůĞ�;WK^Ϳ�ĚĞŵĂŶĚ�ŝŶĨŽƌŵĂƟŽŶ�ŝŶĚŝĐĂƚĞƐ͘�dŚŝƐ�ŝŶĨŽƌŵĂƟŽŶ�ŝƐ�ƚƌĂŶƐŵŝƩĞĚ�ĞĂĐŚ�
ĚĂǇ�ƚŽ�ƚŚĞ�ĐŽŵƉĂŶǇ Ɛ͛�ŚĞĂĚƋƵĂƌƚĞƌƐ�ǁŚĞƌĞ�ŝƚ�ŝƐ�ĂƵƚŽŵĂƟĐĂůůǇ�ŵŽŶŝƚŽƌĞĚ͘�dŚƵƐ͕�ǁŚĞŶ�ĚĞŵĂŶĚ�ĨŽƌ�
ƐĐŽŽƚĞƌƐ�ƉŝĐŬƐ�ƵƉ͕�ƚŚĞ�ĐŽŵƉƵƚĞƌƐ�ĐĂŶ�ĐĂƚĐŚ�ƚŚĞ�ƚƌĞŶĚ�ĂŶĚ�ďĞŐĂŶ�ƉůĂĐŝŶŐ�ůĂƌŐĞƌ�ŽƌĚĞƌƐ͘�>ŝŬĞǁŝƐĞ͕�ĚƌŽƉƐ�
ŝŶ�ƐĂůĞƐ�ǁŚĞŶ�Ă�ĨĂĚ�ŚĂƐ�ĞŶĚĞĚ�ĐĂŶ�ďĞ�ĐĂƵŐŚƚ�ĂŶĚ�ƌĞƉůĞŶŝƐŚŵĞŶƚ�ŽƌĚĞƌƐ�ŚĂůƚĞĚ͘
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ordered is usually a fixed amount, often the economic order quantity, which is discussed 
later in this chapter.


WĞƌŝŽĚŝĐ�/ŶǀĞŶƚŽƌǇ�^ǇƐƚĞŵƐ
For the continuous review system to work, it is necessary to know the inventory level 
constantly, and to have a supplier who will replenish inventory at any time. In this way, 
when the order point in the continuous review system is reached, an order can be sent and 
delivery can take place.


When a company does not know the level of inventory or the supplier will only deliver 
at a specific interval such as monthly or weekly, the periodic review system can be used. 
A meaningful order cannot be placed if the on-hand level of inventory is unknown. Also, 
ordering after the supplier’s order window has closed will not generate an immediate 
response. The supplier will not process and deliver the order until the order window is 
open.


To be effective, the periodic review system is designed to place an order only when on-
hand inventory information is available and the supplier is willing to deliver, in other 
words, when the order window is open. The local concrete plant uses cement, which it 
stores in large tanks. It takes a physical inventory only on Monday because it is time con-
suming, so it does not know if or how much it needs to order except on Monday. The stor-
age tanks at most gasoline service stations are refilled on a preset schedule, for example, 
once each week on Friday. Monitoring inventory continuously and placing an order on 
Saturday does not help because the delivery will not be made until the following Friday.


In these cases, the order point must be set at a level that will allow the company to meet 
expected demand until the next order window occurs plus demand during the lead time. 
If the on-hand inventory is less than this order point, an order is generated that will push 
on-hand inventory back to a predetermined level. The periodic review system, also called 
the fixed order interval system, can be run without a computerized system to monitor 
inventory levels, but it is more likely to run out of stock because the system is unable to 
react quickly to changes in demand because inventory level is not continually monitored. 
If the firm wishes to keep the chance of stockouts low, it must increase the level of safety 
stock inventory.


�ŐŐƌĞŐĂƚĞ�WĞƌĨŽƌŵĂŶĐĞ�DĞĂƐƵƌĞƐ
Inventory represents a tremendous capital investment. In general, the companies that can 
operate with less inventory are the companies that operate more efficiently. Aggregate 
performance measures can be used to judge how well a company is utilizing its inven-
tory resources. One of the most common measures is average inventory investment—the 
dollar value of a company’s average level of inventory. The primary disadvantage of this 
measure is that it makes comparisons between companies difficult. For example, larger 
companies will generally have more inventory than smaller companies. Thus, a large mul-
tinational company may have a larger average inventory investment than a small busi-
ness, but the larger company may be using its inventory more efficiently.
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Inventory turnover ratio is a measure that allows for better comparison among compa-
nies. This ratio is calculated by comparing a company’s sales to its average inventory 
investment, as follows:


Inventory turnover 5 annual cost of goods sold/average inventory investment


The inventory turnover ratio indicates how many times the inventory turns over or is sold 
during one year. Because this ratio is a relative measure, companies of different sizes can 
be more easily compared. In general, a company with a higher turnover ratio will be using 
its inventory more efficiently. For example, automobile companies using just-in-time (JIT) 
often have very high inventory turnover ratios of 30 or more, while those not using JIT 
may be in the range of 6 to 12. JIT is providing only the items that are needed at the time 
they are needed. One disadvantage of this ratio is that figures among industries may not 
be comparable.


A measure closely related to inventory turnover is days of inventory. The calculation 
procedure is as follows:


Days of Inventory 5 average inventory investment/(annual cost of  
goods sold/days per year)


The days of inventory indicate approximately 
how many days of sales can be supplied solely 
from inventory. The lower this value, the more 
efficiently inventory is being used. In general, 
inventory turnover can be converted to days of 
inventory by using the following calculation:


Days of inventory 5 days per year/inventory 
turnover rate


�����ůĂƐƐŝĨŝĐĂƚŝŽŶ
Interestingly, companies do not need to keep accu-
rate track of all inventory items. For instance, cer-
tain parts may have a relatively low value and be 
used infrequently; those items can often be moni-
tored very loosely. On the other hand, high-value 
and high-usage items must be tracked carefully 
and continuously. ABC analysis has been devel-
oped to determine which inventory items should 
receive the highest level of control. By multiplying 
the dollar value of each item by its annual usage, 
a dollar usage value can be obtained. Dollar usage 
follows the Pareto Principle (see Chapter 4) in that 
typically, only 20% of all the items account for 
80% of the total dollar usage, while the remaining 
items typically account for only 20% of the dollar 


.Stockbyte/Thinkstock


����ĂŶĂůǇƐŝƐ�ŝƐ�ƵƐĞĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚŝĐŚ�
ŝŶǀĞŶƚŽƌǇ�ŝƚĞŵƐ�ƐŚŽƵůĚ�ƌĞĐĞŝǀĞ�ƚŚĞ�ŚŝŐŚĞƐƚ�
ůĞǀĞů�ŽĨ�ĐŽŶƚƌŽů͘�dŚŝƐ�ŵĞƚŚŽĚ�ĨŽĐƵƐĞƐ�
ĞĨĨŽƌƚƐ�ǁŚĞƌĞ�ƚŚĞ�ƉĂǇŽĨĨ�ŝƐ�ŚŝŐŚĞƐƚ͘
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usage. This principle leads to the ABC classification, which is based on focusing efforts 
where the payoff is highest.


After calculating the dollar usage for each inventory item, the items are ranked by dollar 
usage, from highest to lowest. The first 20% of the items are assigned to class A, as shown 
in Table 10.1. These are the items that warrant closest control and monitoring through a 
perpetual inventory system. Accurate inventory records are important, and there is a high 
potential for cutting costs through careful buying and close scrutiny of safety stocks.


dĂďůĞ�ϭϬ͘ϭ͗�����ĐůĂƐƐŝĨŝĐĂƚŝŽŶ�ŽĨ�ŝŶǀĞŶƚŽƌǇ�ŝƚĞŵƐ


/ƚĞŵ �ŶŶƵĂů�
�ĞŵĂŶĚ


hŶŝƚ��ŽƐƚ �ŶŶƵĂů��ŽůůĂƌ�
hƐĂŐĞ


й��ŶŶƵĂů�
�ŽůůĂƌ�hƐĂŐĞ


�ƵŵƵůĂƟǀĞ�й�
�ŶŶƵĂů��ŽůůĂƌ�
hƐĂŐĞ


�ůĂƐƐŝĮĐĂƟŽŶ


1 ϱ͕ϬϬϬ ΨϯϬ ΨϭϱϬ͕ϬϬϬ ϰϴ͘ϵϭ ϰϴ͘ϵϭ A


Ϯ ϮϬϬ ϰϱϬ ϵϬ͕ϬϬϬ Ϯϵ͘ϯϰ ϳϴ͘Ϯϱ A


3 Ϯ͕ϬϬϬ ϭϬ ϮϬ͕ϬϬϬ ϲ͘ϱϮ ϴϰ͘ϳϳ B


4 ϴϬϬ ϮϬ ϭϲ͕ϬϬϬ ϱ͘ϮϮ ϴϵ͘ϵϵ B


5 ϭ͕ϬϬϬ ϭϬ ϭϬ͕ϬϬϬ ϯ͘Ϯϲ ϵϯ͘Ϯϱ B


6 ϭ͕ϮϬϬ 5 ϲ͕ϬϬϬ ϭ͘ϵϲ ϵϱ͘Ϯϭ C


7 ϭ͕ϯϬϬ 4 ϱ͕ϮϬϬ ϭ͘ϲϵ ϵϲ͘ϵϬ C


8 Ϯ͕ϱϬϬ Ϯ ϱ͕ϬϬϬ ϭ͘ϲϯ ϵϴ͘ϱϯ C


ϵ ϯ͕ϱϬϬ 1 ϯ͕ϱϬϬ ϭ͘ϭϰ ϵϵ͘ϲϳ C


ϭϬ ϱϬϬ Ϯ ϭ͕ϬϬϬ Ϭ͘ϯϯ ϭϬϬ͘ϬϬ C


ϯϬϲ͕ϳϬϬ


The next 30% of the items are classified as B items. These deserve less attention than A 
items. Finally, the last 50% of stocked items are C items. These have the lowest dollar usage 
and can be monitored loosely, with larger safety stocks maintained to avoid stockouts.


10.3 �ĐŽŶŽŵŝĐ�KƌĚĞƌ�YƵĂŶƚŝƚǇ�DŽĚĞů


Inventory decisions involve trade-offs: Keeping more inventory may decrease the amount of stockouts as well as reduce the ordering and set-up costs, but keeping more inventory requires more investment, storage, and management costs. One model that 
seeks to minimize these costs is the economic order quantity (EOQ). The EOQ model is 
concerned primarily with the cost of ordering and the cost of holding inventory, but the 
basic model can be expanded to address several issues.
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�ŽƐƚƐ�ŽĨ�KƌĚĞƌŝŶŐ�ĂŶĚ�,ŽůĚŝŶŐ
One major component of cost associated with inventory is the cost of replenishing it, usu-
ally called ordering cost. If a part or raw material is ordered from outside suppliers, an 
ordering cost is incurred. Conversely, parts, subassemblies, or finished products may be 
produced in-house. In that case, ordering cost is represented by the costs associated with 
changing over equipment from producing one item to producing another, and is referred 
to as set-up cost. To simplify, this text will refer to both ordering costs and set-up costs as 
ordering costs.


Ordering costs may include many different items. Some of these will be relatively fixed, 
and others may vary. It will be important to differentiate between the ordering costs that 
do not change much and those that are incurred each time an order is placed. For example, 
suppose a company currently places orders for a given part with its supplier five times 
per year. If, instead, the company ordered six times per year, which costs would probably 
change (variable costs), and which would probably not (fixed costs)? The general break-
down between fixed and variable ordering costs is listed in Table 10.2.


dĂďůĞ�ϭϬ͘Ϯ͗�&ŝǆĞĚ�ĐŽƐƚƐ�ĂŶĚ�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ


&ŝǆĞĚ��ŽƐƚƐ sĂƌŝĂďůĞ��ŽƐƚƐ


^ƚĂĸŶŐ�ĐŽƐƚƐ�;ƉĂǇƌŽůů͕�ďĞŶĞĮƚƐ͕�ĞƚĐ͘Ϳ�
KĸĐĞ�ĨƵƌŶŝƚƵƌĞ�ĂŶĚ�ĞƋƵŝƉŵĞŶƚ


^ŚŝƉƉŝŶŐ�ĐŽƐƚƐ
�ŽƐƚ�ŽĨ�ƉůĂĐŝŶŐ�ĂŶ�ŽƌĚĞƌ�;ƉŚŽŶĞ͕�ƉŽƐƚĂŐĞ͕�ŽƌĚĞƌ�ĨŽƌŵƐͿ
�ŽƐƚ�ŽĨ�ůŽƐƚ�ƉƌŽĚƵĐƟŽŶ�ĚƵƌŝŶŐ�ƐĞƚͲƵƉ�
�ŽƐƚ�ŽĨ�ŵĂƚĞƌŝĂůƐ�ƵƐĞĚ�ĚƵƌŝŶŐ�ƐĞƚͲƵƉ
ZĞĐĞŝǀŝŶŐ�ĂŶĚ�ŝŶƐƉĞĐƟŽŶ�ĐŽƐƚƐ


Although it costs money to replenish inventory, it also costs money to hold that inventory. 
Such inventory holding costs, also called carrying costs, may include costs paid for storage 
space, interest paid on borrowed money to finance the inventory, and any losses incurred 
due to damage or obsolescence. Once again, it is important to differentiate between fixed 
and variable costs of holding inventory. To understand this difference, consider this ques-
tion: What happens if an inventory level is increased by one unit? Which costs would not 
change (fixed costs), and which costs would change (variable costs)? The general break-
down for inventory holding is shown in Table 10.3.


dĂďůĞ�ϭϬ͘ϯ͗�/ŶǀĞŶƚŽƌǇ�ŚŽůĚŝŶŐ


&ŝǆĞĚ��ŽƐƚƐ sĂƌŝĂďůĞ��ŽƐƚƐ


�ĂƉŝƚĂů�ĐŽƐƚƐ�ŽĨ�ǁĂƌĞŚŽƵƐĞ�
dĂǆĞƐ�ŽŶ�ǁĂƌĞŚŽƵƐĞ�ĂŶĚ�ƉƌŽƉĞƌƚǇ
�ŽƐƚƐ�ŽĨ�ŽƉĞƌĂƟŶŐ�ǁĂƌĞŚŽƵƐĞ
WĞƌƐŽŶŶĞů�ĐŽƐƚƐ


�ŽƐƚ�ŽĨ�ĐĂƉŝƚĂů�ŝŶ�ŝŶǀĞŶƚŽƌǇ
/ŶƐƵƌĂŶĐĞ�ŽŶ�ŝŶǀĞŶƚŽƌǇ�ǀĂůƵĞ
>ŽƐƐĞƐ�ĚƵĞ�ƚŽ�ŽďƐŽůĞƐĐĞŶĐĞ͕�ƚŚĞŌ͕�ƐƉŽŝůĂŐĞ
dĂǆĞƐ�ŽŶ�ŝŶǀĞŶƚŽƌǇ�ǀĂůƵĞ
�ŽƐƚ�ŽĨ�ƌĞŶƟŶŐ�ǁĂƌĞŚŽƵƐĞ�ƐƉĂĐĞ
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In the next section, the most basic approach to determining order quantity, called the eco-
nomic order quantity (EOQ) model, is discussed. The goal of firms using the EOQ model is 
to minimize the total annual costs of ordering and holding inventory by varying the order 
quantity. Only variable costs are considered because fixed costs are not affected by short-
term variation in order quantity. To understand EOQ, it is important to understand the 
differences between the fixed and variable costs that are listed above. Also, it is important 
to realize that the division between fixed and variable costs may change depending on the 
context. If additional personnel must be hired, staffing costs may be considered variable.


Ordering cost and holding cost can be described with the analogy of two children sit-
ting on a seesaw. When one goes up, the other goes down, and vice versa. This trade-off 
appears to present somewhat of a quandary: If an effort is made to decrease total annual 
variable holding costs, total annual variable ordering costs will increase—and vice versa. 
A solution to this dilemma is to combine the two costs as total annual variable costs and 
minimize only that cost. As Figure 10.2 indicates, there is just one point at which total 
costs are minimized. The order quantity associated with that point is called the economic 
order quantity (EOQ).


&ŝŐƵƌĞ�ϭϬ͘Ϯ͗�dŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ
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Total costs
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�ƐƐƵŵƉƚŝŽŶƐ�ŽĨ�ƚŚĞ��KY
Figure 10.2 indicates the economic order quantity point. A set of simplifying assumptions 
can be made because the EOQ model is a simplification of real ordering processes. Those 
assumptions are described here. Later, variations of the EOQ model will be considered 
when some of these assumptions are not necessary.


1. Constant known demand: The first assumption is that demand is fairly stable, or 
constant, and reasonably known.


2. Cost per unit is not dependent on order quantity: Most things can be purchased at a 
lower cost per unit if they are purchased in larger quantities. For instance, large 
sizes of laundry detergent usually cost less per ounce than smaller sizes. This 
example, however, makes purchase cost a variable cost—something for which 
the EOQ model does not account. Thus, the assumption is that purchase cost per 
unit remains the same, regardless of whether the amount is one, 100, or 1,000 
units each time.


3. Entire order delivered at once: This assumption relates to how inventory is replen-
ished. Gradually building up inventory, as would happen in a clothing factory, 
is one possibility. As a particular model of jacket is produced, the inventory of 
that jacket builds up gradually. Another possibility is for all units in an order 
to arrive at one time, which is what happens when a retail store orders from a 
factory. The factory ships an entire order of the jacket at one time and the store’s 
inventory is replenished all at once. It is this latter, instantaneous replenishment 
that is assumed by the EOQ. This assumption, combined with the assumption of 
constant demand, results in the inventory pattern depicted in Figure 10.3.


4. Ordering and carrying costs known and independent: The final assumption is that the 
variable costs of ordering and carrying inventory are known. In many cases, such 
costs can be determined from company records or from the accounting depart-
ment; however, they are sometimes not readily available and must be estimated. 
Also, the assumption is made that these two costs are not related in any way, and 
that only variable costs are effected by the order quantity.


These assumptions may seem restrictive, and possibly unrealistic. Recall, however, that 
the EOQ model is the basic starting point. This model may be altered to relax some of 
these assumptions—and more closely match reality.
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&ŝŐƵƌĞ�ϭϬ͘ϯ͗��ĂƐŝĐ��KY�ŝŶǀĞŶƚŽƌǇ�ƉĂƚƚĞƌŶ
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DĂƚŚĞŵĂƚŝĐƐ�ŽĨ��KY
Stating the EOQ formula in mathematical terms requires the use of variables to represent 
the parameters. The variables are:


 D 5 demand rate (units/year)


 Q 5 order quantity or lot size (units)


 Co 5 variable ordering cost ($/order)


 Ch 5 variable holding cost ($/unit/year)


Once again, please note that these are the variable costs and that the variable ordering 
costs will represent additional costs incurred when another order is placed. Holding costs 
also include only the variable costs associated with keeping one more unit in inventory. 
These variables are stated as cost per unit per year because the model is illustrating annual 
costs.


Another way of stating inventory holding costs is to divide Ch into two components. The 
elements that make up variable holding costs depend on the number of units in inventory 
and the value of each unit. In most instances, it is possible to state inventory holding cost, 
Ch, as a percentage of unit cost per year ($/year). The greatest part of this percentage is 
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accounted for by capital tied up in the inventory. Because capital cost is usually stated as 
a percentage, it is especially convenient to state holding cost in this form. To do so, the 
following variables are used:


 v 5 cost or value of item ($/unit)


 r 5 holding-cost percentage of unit value ($/$/year)


Then Ch 5 vr.


Regardless of how many units are ordered at a time, the number of orders can be deter-
mined by dividing annual demand, D, by the order quantity, Q. Thus,


Orders placed per year 5 
D
Q


Since the cost per order is Co, annual variable ordering costs can be easily calculated as 
follows:


Annual variable ordering costs 5 
D
Q


Co


Annual Variable Holding Costs 


Notice in Figure 10.3 that if the order quantity is set equal to the EOQ, the theoretical 
inventory pattern is a straight line between the EOQ and zero. Remember the assumption 
is that demand is constant over time, which makes the drawdown of inventory a straight 
line. Suppose, instead, that the variable Q represents the quantity ordered each time. In that 
case, the maximum inventory level would be Q, assuming inventory is replenished just as 
it reaches zero. Minimum inventory would still be zero. This fluctuation in the inventory 
level makes the calculation of annual holding costs somewhat difficult because there will 
be a different number of units in inventory at any one time. To make matters worse, each 
unit will be in inventory for a different length of time—some for a very short period, oth-
ers longer. There is also an easier, but equivalent, way to determine annual holding costs.


The method used to determine annual holding costs is based on average inventory level. 
Because inventory follows a uniform pattern, with a maximum of Q and a minimum of 
zero, the average level will be halfway between the maximum and minimum values, or 
Q/2. In terms of the number of units in inventory, and the time each unit spends there, the 
fluctuating system shown in Figure 10.3 is actually equivalent to maintaining Q/2 units at 
all times, as shown in Figure 10.4. This simplifies the calculation of annual variable hold-
ing costs to:


Annual variable holding costs 5 
Q
2


Ch
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&ŝŐƵƌĞ�ϭϬ͘ϰ͗��ǀĞƌĂŐĞ�ŝŶǀĞŶƚŽƌǇ
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Economic Order Quantity Formula


Total annual variable costs will be the sum of holding costs and ordering costs. Using the 
formulas noted above, this will be:


Total annual variable costs 5 
Q
2


Ch + 
D
Q


Co


The economic order quantity will be the point at which the total cost function is mini-
mized. An easy way to find this point is by identifying that the EOQ occurs where annual 
holding costs and annual ordering costs are equal, as shown in Figure 10.2. In mathemati-
cal terms, this is


Q*
2


Ch 5 
D
Q*


Co


Note that Q* has been used to designate the optimal value of Q, which is the economic 
order quantity. Solving the above equation for Q* we obtain


1Q*22 5
2DCo


Ch
and by taking the square root of each side,


Q* 5
Å


2DCo
Ch
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^ĞŶƐŝƚŝǀŝƚǇ�ŽĨ�ƚŚĞ��KY�sĂůƵĞ
The EOQ in the preceding example did not result in an even value; rounding down to the 
nearest whole number still provided a result that was somewhat unusual. It would be far 
more likely that Bill Green could order 90 gallons at a time than 89. But, suppose this clari-
fying agent is only available in 55-gallon drums. In that case, the closest order quantity 
would be two drums, or 110 gallons. What impact will this have on total annual variable 
costs if Poolco must order 110 gallons of clarifying agent at a time?


The total annual variable cost function is rather “flat” around the EOQ, as shown in Figure 
10.5. That is, order quantities can be varied considerably from the EOQ, especially above 
it, without greatly increasing costs.


WƌŽďůĞŵ


�ŝůů�'ƌĞĞŶ͕�ŐĞŶĞƌĂů�ŵĂŶĂŐĞƌ�ĨŽƌ�WŽŽůĐŽ͕�Ă�ĐŽŵƉĂŶǇ�ƚŚĂƚ�ƉƌŽǀŝĚĞƐ�ŚŽŵĞ�ƉŽŽů�ŵĂŝŶƚĞŶĂŶĐĞ�ƐĞƌǀŝĐĞƐ�ŝŶ�
ƚŚĞ�>ŽƐ��ŶŐĞůĞƐ�ĂƌĞĂ͕�ŝƐ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ĚĞǀĞůŽƉŝŶŐ�ŝŶǀĞŶƚŽƌǇ�ƉŽůŝĐŝĞƐ�ƌĞŐĂƌĚŝŶŐ�Ăůů�ŝƚĞŵƐ�ƚŚĞ�ĐŽŵƉĂŶǇ�
ƐƚŽĐŬƐ͘�KŶĞ�ŝƚĞŵ�ƚŚĂƚ�ŚĞ�ŝƐ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŵŽŶŝƚŽƌ�ŝƐ�Ă�ĐůĂƌŝĨǇŝŶŐ�ĂŐĞŶƚ�ƚŚĂƚ�ŝƐ�ĂĚĚĞĚ�ƚŽ�ƉŽŽů�ǁĂƚĞƌ�ƚŽ�
ŝŵƉƌŽǀĞ�ŝƚƐ�ĐůĂƌŝƚǇ͘�dŚŝƐ�ŝƚĞŵ�ĐŽƐƚƐ�ΨϱͬŐĂůůŽŶ͘�sĂƌŝĂďůĞ�ĐŽƐƚƐ�ŽĨ�ƐƚŽƌŝŶŐ�ŝƚ�ŝŶ�ŝŶǀĞŶƚŽƌǇ�ĂŵŽƵŶƚ�ƚŽ�Ϯϱй�
ŽĨ�ƵŶŝƚ�ĐŽƐƚ�ƉĞƌ�ǇĞĂƌ͘ �WĂƉĞƌǁŽƌŬ�ĂŶĚ�ƐŚŝƉƉŝŶŐ�ĐŽƐƚƐ�ĨŽƌ�ƉůĂĐŝŶŐ�ĂŶ�ŽƌĚĞƌ�ĂƌĞ�ΨϭϬ�ƉĞƌ�ŽƌĚĞƌ͘ ��ĂĐŚ�ǇĞĂƌ�
ƚŚĞ�ĐŽŵƉĂŶǇ�ƵƐĞƐ�ĂŶ�ĂǀĞƌĂŐĞ�ŽĨ�ϱϬϬ�ŐĂůůŽŶƐ͕�Ă�ƌĂƚĞ�ƚŚĂƚ�ŝƐ�ŶŽƚ�ĞǆƉĞĐƚĞĚ�ƚŽ�ĐŚĂŶŐĞ͘�,Žǁ�ŵĂŶǇ�ŐĂůůŽŶƐ�
ƐŚŽƵůĚ�ďĞ�ŽƌĚĞƌĞĚ�ĞĂĐŚ�ƟŵĞ�ƚŽ�ŵŝŶŝŵŝǌĞ�ƚŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ͍


            Ch 5 vr


Ch 5 ϱ;Ϭ͘ϮϱͿ�5 Ψϭ͘Ϯϱ�ƉĞƌ�ƵŶŝƚͬǇĞĂƌͿ


        EOQ 5 
Å


ϮDCo
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5
Å


Ϯ15ϬϬ2 11Ϭ2
1͘Ϯ5


� � � ������KY�5�ϴϵ͘ϰϰ�ŐĂůůŽŶƐ


�ĞĐĂƵƐĞ�ĂŶ�ŽƌĚĞƌ�ŵƵƐƚ�ďĞ�ƉůĂĐĞĚ�ĨŽƌ�ǁŚŽůĞ�ŐĂůůŽŶƐ͕��ŝůů�ǁŽƵůĚ�ƌŽƵŶĚ�ƚŚŝƐ�ĚŽǁŶ�ƚŽ�ϴϵ�ŐĂůůŽŶƐ�ƉĞƌ�ŽƌĚĞƌ͘
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&ŝŐƵƌĞ�ϭϬ͘ϱ͗�dŽƚĂů�ĂŶŶƵĂů�ĐŽƐƚ�ĐƵƌǀĞ�ŶĞĂƌ�ƚŚĞ��KY
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WƌŽďůĞŵ


^ƵƉƉŽƐĞ��ŝůů�'ƌĞĞŶ�ŽĨ�WŽŽůĐŽ�ǁĂŶƚƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŚŽǁ�ŵƵĐŚ�ŚŝŐŚĞƌ�ĐŽƐƚƐ�ǁŝůů�ďĞ�ŝĨ�ŚĞ�ŽƌĚĞƌƐ�ŝŶ�ůŽƚƐ�ŽĨ�
ϭϭϬ�ŐĂůůŽŶƐ�ŝŶƐƚĞĂĚ�ŽĨ�ƚŚĞ�ϴϵ͘ϰϰ�ŐĂůůŽŶƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŚĞ��KY�ĨŽƌŵƵůĂ͘


dŚĞ�ƚŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�ĨŽƌ�ƚŚĞ��KY�ŽĨ�ƚŚĞ�ƉƌĞĐĞĚŝŶŐ�ĞǆĂŵƉůĞ�ǁŝůů�ďĞ


dŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�5
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 Ch 1
D
Q


 Co


 5 
8ϵ͘44
Ϯ


;Ψϭ͘ϮϱͿ�1 
5ϬϬ


8ϵ͘44
;ΨϭϬϬͿ


 5 Ψϱϱ͘ϵϬ�1�Ψϱϱ͘ϵϬ�5 Ψϭϭϭ͘ϴϬ
;ĐŽŶƟŶƵĞĚͿ
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Starting with the basic EOQ 
model, it is possible to develop 
other models that have less 
restrictive assumptions, or are 
appropriate for other situa-
tions. One assumption from the 
example is that purchase price 
remained the same regardless 
of how many units were pur-
chased. In reality, this is usually 
not true. For example, things 
usually cost less per unit, when 
purchased by the case rather 
than individually. An entire 
truckload generally will cost less 
than each case. Order quantities 
directly influence the purchase 
price of an item.
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Ϯ͘ϭϱй�ŵŽƌĞ�ƚŚĂŶ�ƚŚĞ�ƚŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�ŽĨ�ŽƌĚĞƌŝŶŐ��KY�ƋƵĂŶƟƟĞƐ͘


�Ɛ�ƚŚŝƐ�ĞǆĂŵƉůĞ�ŝŶĚŝĐĂƚĞƐ͕�ƚŚĞ�ĐŽƐƚ�ĐŽŶƐĞƋƵĞŶĐĞƐ�ŽĨ�ǀĂƌǇŝŶŐ�ĨƌŽŵ�ƚŚĞ��KY�ĂƌĞ�ŶŽƚ�ǀĞƌǇ�ŐƌĞĂƚ͘�dŚĞ�
�KY�ǀĂůƵĞ�ƐŚŽƵůĚ�ďĞ�ĂŶ�ĞƐƟŵĂƚĞ�ƚŚĂƚ�ŝŶĚŝĐĂƚĞƐ�ĂƉƉƌŽǆŝŵĂƚĞ�ŵŝŶŝŵƵŵͲĐŽƐƚ�ŽƌĚĞƌ�ƋƵĂŶƟƟĞƐ͕�ŶŽƚ�Ă�
ǀĂůƵĞ�ƚŚĂƚ�ŵƵƐƚ�ďĞ�ƵƐĞĚ�ĞǆĂĐƚůǇ͘


,ŽůĚŝŶŐ�ĂŶĚ�ŽƌĚĞƌŝŶŐ�ĐŽƐƚ�ĮŐƵƌĞƐ�ĨŽƌ�ƚŚĞ��KY�ĨŽƌŵƵůĂ�ĂƌĞ�ƵƐƵĂůůǇ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ĂĐĐŽƵŶƟŶŐ�ǁŚĞŶ�
ŽƉĞƌĂƟŽŶƐ�ĚŽĞƐ�ŶŽƚ�ŚĂǀĞ�ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ĂǀĂŝůĂďůĞ͘�/Ŷ�ƐŽŵĞ�ĐŽŵƉĂŶŝĞƐ͕�ĂĐĐŽƵŶƟŶŐ�ŝƐ�ƌĞƐƉŽŶƐŝďůĞ�
ĨŽƌ�ĚĞƚĞƌŵŝŶŝŶŐ�ŝŶǀĞŶƚŽƌǇ�ŚŽůĚŝŶŐ�ĂŶĚ�ŽƌĚĞƌŝŶŐ�ĐŽƐƚƐ͘�̂ ƵĐŚ�ĐŽƐƚƐ�ĂƌĞ�ŽŌĞŶ�ďƵƌŝĞĚ�ĂƐ�ƉĂƌƚ�ŽĨ�ŽǀĞƌŚĞĂĚ�
ĞǆƉĞŶƐĞƐ�ĂŶĚ�ĂƌĞ�ŶŽƚ�ƌĞĂĚŝůǇ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ƵƐĞ�ŝŶ�ĐĂůĐƵůĂƟŶŐ�ƚŚĞ��KY͘��ĞƚĞƌŵŝŶŝŶŐ�ƚŚĞƐĞ�ĮŐƵƌĞƐ�ŽŌĞŶ�
ƌĞƋƵŝƌĞƐ�ƚŚĂƚ�ĚĞƉĂƌƚŵĞŶƚƐ�ǁŽƌŬ�ƚŽŐĞƚŚĞƌ�ƚŽ�ĐĂůĐƵůĂƚĞ�ŶƵŵďĞƌƐ�ƚŚĂƚ�ĂƌĞ�ƌĞĂůŝƐƟĐ͘
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Incorporating quantity discounts into the order quantity calculations requires modifica-
tion of the total-cost calculation to include purchase cost—which had not been included 
in the previous example because it was a fixed cost. The total annual cost of purchasing 
an item may vary due to quantity discounts. The optimal answer cannot be found by 
substituting numbers into a formula, as in the example for the EOQ. This situation occurs 
because quantity discounts occur in a stepwise manner, as shown in Figure 10.6. When 
this pattern of purchase costs is used to calculate total annual purchase cost and then com-
bined with ordering and holding costs, the total-cost curve appears (also shown in Figure 
10.6) A step-by-step procedure is required to determine the order quantity that generates 
the lowest total annual costs.


&ŝŐƵƌĞ�ϭϬ͘ϲ͗�dŽƚĂů�ĂŶŶƵĂů�ĐŽƐƚ�ǁŝƚŚ�ƋƵĂŶƚŝƚǇ�ĚŝƐĐŽƵŶƚƐ


Order quantity, Q


A
n


n
u


al
 v


ar
ia


b
le


 c
o


st
s


Price discount points


0


Total
costs


                    Purchase 
                   costs


Holding 
costs


Ordering 
costs


The procedure for calculating lot sizes when a quantity discount is available is based on 
using the unit cost, v, and holding-cost percentage, r, to calculate holding cost. In other 
words, Ch 5 vr


Notice that as the unit purchase cost varies, so does the holding cost.
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CHAPTER 10Section 10.3 Economic Order Quantity Model


Step 1. Start with the lowest unit price. Calculate the holding cost, Ch, for this price, and 
then determine the EOQ. If this EOQ is “feasible”—in other words, if it falls in the range of 
order quantities required for that unit price—this is the optimal order quantity. Stop here.


If the EOQ is not feasible, determine the minimum order quantity required for that unit 
price, and calculate the total annual variable costs (holding cost, ordering cost, and pur-
chase cost) associated with that minimum order quantity. Proceed to step 2.


Step 2. For the next higher unit price, calculate holding cost, and determine EOQ. If the 
EOQ is feasible, then calculate its total annual variable costs, and compare this with the 
total annual variable costs for order quantities calculated previously. That order quantity 
with the lowest total annual variable costs will be optimal. Stop here.


If the EOQ is not feasible, repeat this step until a feasible EOQ is found; then calculate its 
associated total annual costs, and compare these costs with all total annual costs previ-
ously calculated. The order quantity with the lowest associated total annual variable costs 
will be optimal.


WƌŽďůĞŵ


�ŝůů�'ƌĞĞŶ�ŽĨ�WŽŽůĐŽ�ŚĂƐ�ůĞĂƌŶĞĚ�ƚŚĂƚ�ƚŚĞ�ƐƵƉƉůŝĞƌ�ŽĨ�ƚŚĞ�ĐůĂƌŝĨǇŝŶŐ�ĂŐĞŶƚ�ǁŝůů�ďĞŐŝŶ�ŽīĞƌŝŶŐ�ƋƵĂŶƟƚǇ�
ĚŝƐĐŽƵŶƚƐ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƐĐŚĞĚƵůĞ͗


'ĂůůŽŶƐ�KƌĚĞƌĞĚ hŶŝƚ�WƌŝĐĞ


54 or less Ψϱ͘ϬϬ


ϱϱʹϮϳϰ ϰ͘ϴϬ


Ϯϳϱʹϱϰϵ ϰ͘ϲϬ


ϱϱϬ�Žƌ�ŵŽƌĞ ϰ͘ϱϬ


�ŝůů�ǁŽŶĚĞƌƐ�ǁŚĞƚŚĞƌ�ŚĞ�ƐŚŽƵůĚ�ĐŚĂŶŐĞ�ŚŝƐ�ůŽƚ�ƐŝǌĞ�ĨŽƌ�ŽƌĚĞƌŝŶŐ�ƚŚĞ�ĐůĂƌŝĨǇŝŶŐ�ĂŐĞŶƚ͘�dŽ�ĂŶƐǁĞƌ�ŚŝƐ�
ƋƵĞƐƟŽŶ͕�ŚĞ�ƉƌŽĐĞĞĚƐ�ƚŚƌŽƵŐŚ�ƚŚĞ�ƐƚĞƉƐ�ĚĞƐĐƌŝďĞĚ�ƉƌĞǀŝŽƵƐůǇ͘


^ƚĞƉ�ϭ͘��ĂůĐƵůĂƚĞ�ƚŚĞ�ŚŽůĚŝŶŐ�ĐŽƐƚ�ĂŶĚ��KY�ĐŽƌƌĞƐƉŽŶĚŝŶŐ�ƚŽ�ƚŚĞ�ůŽǁĞƐƚ�ƵŶŝƚ�ƉƌŝĐĞ͘�dŚŝƐ�ƵŶŝƚ�ƉƌŝĐĞ�ǁŝůů�
ďĞ�Ψϰ͘ϱϬ͕�ĂŶĚ�ŝƚƐ�ĂƐƐŽĐŝĂƚĞĚ�ŚŽůĚŝŶŐ�ĐŽƐƚ�ŝƐ�;Ϭ͘ϮϱͿ;Ψϰ͘ϱϬͿ�5�Ψϭ͘ϭϮϱͬŐĂůůŽŶͬǇĞĂƌ͘


   EOQ 5
Å


Ϯ15ϬϬ2 11Ϭ2
1͘1Ϯ5


5�ϵϰ�ŐĂůůŽŶƐ�;ƌŽƵŶĚŝŶŐ�ƚŽ�ƚŚĞ�ŶĞĂƌĞƐƚ�ǁŚŽůĞ�ŶƵŵďĞƌͿ ;ĐŽŶƟŶƵĞĚͿ
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CHAPTER 10Section 10.3 Economic Order Quantity Model


WƌŽďůĞŵ�;ĐŽŶƟŶƵĞĚͿ


,ŽǁĞǀĞƌ͕ �ƚŚŝƐ�ŝƐ�ŶŽƚ�ĨĞĂƐŝďůĞ�ďĞĐĂƵƐĞ�Ăƚ�ůĞĂƐƚ�ϱϱϬ�ŐĂůůŽŶƐ�ŵƵƐƚ�ďĞ�ƚŚĞ�ŽƌĚĞƌĞĚ�ƋƵĂŶƟƚǇ�ĞĂĐŚ�ƟŵĞ�
ĂŶ�ŽƌĚĞƌ�ŝƐ�ƉůĂĐĞĚ�ǁŝƚŚ�ƚŚĞ�ƐƵƉƉůŝĞƌ�ƚŽ�ŽďƚĂŝŶ�ƚŚĞ�Ψϰ͘ϱϬ�ƵŶŝƚ�ƉƌŝĐĞ͘�ZĞĐĂůů�ƚŚĂƚ��ŝůů Ɛ͛�ƐƵƉƉůŝĞƌ�ƌĞƋƵŝƌĞƐ�
ĂŶ�ŽƌĚĞƌ�ŽĨ�Ăƚ�ůĞĂƐƚ�ϱϱϬ�ŐĂůůŽŶƐ�ƚŽ�ŚĂǀĞ�ƚŚĞ�ƉƌŝĐĞ�ďĞ�Ψϰ͘ϱϬ͘��ĞĐĂƵƐĞ�ƚŚŝƐ�ƐŽůƵƟŽŶ�ŝƐ�ŶŽƚ�ĨĞĂƐŝďůĞ͕�ƚŚĞ�
ƐĞĐŽŶĚ�ƉĂƌƚ�ŽĨ�^ƚĞƉ�ϭ�ŝƐ�ŝŵƉůĞŵĞŶƚĞĚ͘�dŚĞ�ŵŝŶŝŵƵŵ�ŽƌĚĞƌ�ƋƵĂŶƟƚǇ�ƌĞƋƵŝƌĞĚ�ƚŽ�ŽďƚĂŝŶ�ƚŚĞ�ƵŶŝƚ�ƉƌŝĐĞ�
ŽĨ�Ψϰ͘ϱϬ�ŝƐ�ƵƐĞĚ�ƚŽ�ĐĂůĐƵůĂƚĞ�ƚŚĞ�ƚŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�;ŚŽůĚŝŶŐ�ĐŽƐƚ͕�ŽƌĚĞƌŝŶŐ�ĐŽƐƚ͕�ĂŶĚ�ƉƵƌĐŚĂƐĞ�
ĐŽƐƚͿ͘�/Ŷ�ƚŚŝƐ�ĐĂƐĞ͕�ƚŚĂƚ�ŵŝŶŝŵƵŵ�ŽƌĚĞƌ�ƋƵĂŶƟƚǇ�ŝƐ�ϱϱϬ�ŐĂůůŽŶƐ͘


������dŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�5
Q
Ϯ


 Ch 1
D
Q


 Co 1 Dv


5 
55Ϭ
Ϯ


Ψϭ͘ϭϮϱ 1 
5ϬϬ
55Ϭ


ΨϭϬ 1 ϱϬϬ;Ψϰ͘ϱϬͿ


        5�ΨϯϬϵ͘ϯϴ 1 Ψϵ͘Ϭϵ 1 ΨϮ͕ϮϱϬ͘ϬϬ


        5�ΨϮ͕ϱϲϴ͘ϰϳ


^ƚĞƉ�Ϯ͘�&Žƌ�ƚŚĞ�ŶĞǆƚ�ŚŝŐŚĞƌ�ƵŶŝƚ�ƉƌŝĐĞ͕�ĐĂůĐƵůĂƚĞ�ŚŽůĚŝŶŐ�ĐŽƐƚ͕�ĂŶĚ�ĚĞƚĞƌŵŝŶĞ��KY͘�dŚŝƐ�ŶĞǆƚ�ŚŝŐŚĞƌ�
ƵŶŝƚ�ƉƌŝĐĞ�ǁŝůů�ďĞ�Ψϰ͘ϲϬ͕�ŽďƚĂŝŶĞĚ�ďǇ�ŽƌĚĞƌŝŶŐ�ďĞƚǁĞĞŶ�ĂŶĚ�ŝŶĐůƵĚŝŶŐ�Ϯϳϱ�ĂŶĚ�ϱϰϵ�ŐĂůůŽŶƐ�ĞĂĐŚ�ƟŵĞ͘


,ŽůĚŝŶŐ�ĐŽƐƚ�ǁŝůů�ďĞ�;Ϭ͘ϮϱͿ;Ψϰ͘ϲϬͿ�5�Ψϭ͘ϭϱͬŐĂůůŽŶͬǇĞĂƌ�ĂŶĚ


     EOQ 5
Å


Ϯ15ϬϬ2 11Ϭ2
1͘15


       5 ϵϯ�ŐĂůůŽŶƐ
dŚŝƐ�ĂůƐŽ�ŝƐ�ŶŽƚ�ĨĞĂƐŝďůĞ�ďĞĐĂƵƐĞ�ϵϯ�ŝƐ�ŶŽƚ�ďĞƚǁĞĞŶ�Žƌ�ŝŶĐůƵĚŝŶŐ�Ϯϳϱ�ƚŽ�ϱϰϵ�ŐĂůůŽŶƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚŚĞ�
Ψϰ͘ϲϬ�ƵŶŝƚ�ƉƌŝĐĞ͘�dŚƵƐ͕�ƚĂŬŝŶŐ�ƚŚĞ�ŵŝŶŝŵƵŵ�ǀĂůƵĞ�ŝŶ�ƚŚĂƚ�ƌĂŶŐĞ�ŽĨ�Ϯϳϱ͕�ƚŚĞ�ĂƐƐŽĐŝĂƚĞĚ�ƚŽƚĂů�ĂŶŶƵĂů�
ǀĂƌŝĂďůĞ�ĐŽƐƚ�ŝƐ�ĐĂůĐƵůĂƚĞĚ͘


�����������������dŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�5 
Q
Ϯ


 Ch 1
D
Q


 Co 1 Dv


5
Ϯ75
Ϯ


Ψϭ͘ϭϱ 1 
5ϬϬ
Ϯ75


ΨϭϬ 1 ϱϬϬ;Ψϰ͘ϲϬͿ


              5 Ψϭϱϴ͘ϭϯ 1 Ψϭϴ͘ϭϴ 1 ΨϮ͕ϯϬϬ͘ϬϬ


              5�ΨϮ͕ϰϳϲ͘ϯϭ


�ĞĐĂƵƐĞ�ƚŚĞ��KY�ĨŽƌ�ƚŚŝƐ�ƵŶŝƚ�ƉƌŝĐĞ�ǁĂƐ�ŶŽƚ�ĨĞĂƐŝďůĞ͕�ƚŚĞ�ƉƌŽĐĞƐƐ�ŵŽǀĞƐ�ƚŽ�ƚŚĞ�ŶĞǆƚ�ŚŝŐŚĞƌ�ƉƌŝĐĞ�ŽĨ�
Ψϰ͘ϴϬͬŐĂůůŽŶ͘�/ƚƐ�ŚŽůĚŝŶŐ�ĐŽƐƚ�ǁŝůů�ďĞ�Ψϭ͘ϮϬͬŐĂůůŽŶͬǇĞĂƌ͕ �ĂŶĚ�ƚŚĞ��KY�ŝƐ�ϵϭ�ŐĂůůŽŶƐ͘


dŚŝƐ��KY�ŝƐ�ĨĞĂƐŝďůĞ͕�ƐŽ�ƚŚĞ�ƚŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�ĂƌĞ�ĐĂůĐƵůĂƚĞĚ͘


� ��dŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�5 
Q
Ϯ


 Ch 1
D
Q


 Co 1 Dv


5
ϵ1
Ϯ
Ψϭ͘ϮϬ 1 


5ϬϬ
ϵ1


ΨϭϬ 1 ϱϬϬ;Ψϰ͘ϴϬͿ


            5 Ψϱϰ͘ϲϬ 1 Ψϱϰ͘ϵϱ 1 ΨϮ͕ϰϬϬ͘ϬϬ


            5�ΨϮ͕ϱϬϵ͘ϱϱ ;ĐŽŶƟŶƵĞĚͿ
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.Associated Press/AP Images


�ƉƉůĞ�ĞǆƉĞƌŝĞŶĐĞĚ�Ă�ƐƚŽĐŬŽƵƚ�ǁŚĞŶ�ƚŚĞ�ŝWŚŽŶĞ�ϰ�ǁĂƐ�ƌĞůĞĂƐĞĚ͘�
��ƐƚŽĐŬŽƵƚ�ŽĐĐƵƌƐ�ǁŚĞŶ�ĂŶ�ŽƌŐĂŶŝǌĂƚŝŽŶ�ƵŶĚĞƌĞƐƚŝŵĂƚĞƐ�
ĚĞŵĂŶĚ�Žƌ�ŚĂƐ�ĚĞůĂǇƐ�ŝŶ�ƉƌŽĚƵĐƚŝŽŶ�ǁŚŝĐŚ�ůĞĂĚ�ƚŽ�ůĂƚĞ�ĚĞůŝǀĞƌǇ�
ŽĨ�ƚŚĞ�ƉƌŽĚƵĐƚ͘


10.4 ^ƚŽĐŬŽƵƚƐ�ĂŶĚ�^ĂĨĞƚǇ�^ƚŽĐŬ


In the EOQ model, it is assumed that demand is constant and known, however, in prac-tice this is rarely true for independent demand items. This section discusses ways to ensure that uncertainty about actual demand does not result in lost sales. The process 
begins by determining the point at which inventory must be replenished.


KƌĚĞƌͲWŽŝŶƚ��ĞƚĞƌŵŝŶĂƚŝŽŶ
In the calculations thus far, it was assumed that inventory would be replenished just as the 
inventory level hit zero. Thus, the minimum inventory level was treated as zero. In most 
situations, the replenishment of inventory requires some advance notice. For example, a 
company that orders materials from a supplier must account for (1) the time it takes that 
order to reach the supplier’s 
offices, (2) the time to fill the 
order, and (3) the shipping time. 
This is called lead time. Fail-
ing to account for lead time can 
cause an organization to run out 
of inventory. This situation is 
known as a stockout. Any time 
a stockout occurs, a disruption 
in production, idle employees, 
and unhappy customers will 
likely be the result. Most com-
panies try to avoid stockouts if 
possible.


The easiest way to account for 
lead time is to use what is called 
an order point. An order point 
is simply a level of inventory 
at which an order should be 
placed, accounting for lead time 


WƌŽďůĞŵ�;ĐŽŶƟŶƵĞĚͿ


dŽƚĂů�ĂŶŶƵĂů�ǀĂƌŝĂďůĞ�ĐŽƐƚƐ�ĐĂůĐƵůĂƚĞĚ�ĂƌĞ�ĐŽŵƉĂƌĞĚ�ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƚĂďůĞ͗


KƌĚĞƌ�YƵĂŶƟƚǇ�;'ĂůůŽŶƐͿ dŽƚĂů��ŶŶƵĂů�sĂƌŝĂďůĞ��ŽƐƚƐ


ϱϱϬ ΨϮ͕ϱϲϴ͘ϰϳ


Ϯϳϱ Ϯ͕ϰϳϲ͘ϯϭ


ϵϭ Ϯ͕ϱϬϵ͘ϱϱ


dŚĞ�ůŽǁĞƐƚͲĐŽƐƚ�ŽƌĚĞƌ�ƋƵĂŶƟƚǇ�ǁŝůů�ďĞ�Ϯϳϱ�ŐĂůůŽŶƐ͕�ĂŶĚ�WŽŽůĐŽ�ƐŚŽƵůĚ�ĐŚĂŶŐĞ�ŝƚƐ�ůŽƚ�ƐŝǌĞ�ĨŽƌ�ƚŚĞ�ĐůĂƌŝͲ
ĨǇŝŶŐ�ĂŐĞŶƚ�ĂĐĐŽƌĚŝŶŐůǇ͘
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and safety stock, so that the order will arrive before a stockout occurs. Figure 10.7 shows 
how the order point is determined.


&ŝŐƵƌĞ�ϭϬ͘ϳ͗�KƌĚĞƌͲƉŽŝŶƚ�ĚĞƚĞƌŵŝŶĂƚŝŽŶ


Lead time
Time


In
ve


n
to


ry
 le


ve
l


Quantity
used during


lead time


Order point


0


The graph depicted in Figure 10.7 indicates that the order point should be a level of inven-
tory that will be sufficient to last throughout the lead time, with inventory reaching zero 
just as the order arrives. Mathematically, the order point can be determined as follows.


 d 5 daily demand rate (units/day)


 L 5 lead time (days)


Then the order point, OP, can be determined by using the formula given below.


OP 5 dL
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^ĂĨĞƚǇ�^ƚŽĐŬ
The order-point determination described in the prior section works well when demand 
rate and lead time are known. It is much more common to find that demand and lead time 
are both variables. If either lead time or demand (or both) is less than expected, there will 
be no problem when the order arrives; some inventory will remain. But if either demand 
or lead time (or both) exceed our expected values, then a stockout will occur because 
inventory will hit zero before the order arrives, as shown in Figure 10.8. There is no mar-
gin of safety in the preceding order-point calculation.


&ŝŐƵƌĞ�ϭϬ͘ϴ͗�^ƚŽĐŬŽƵƚ�ŽĐĐƵƌƌĞŶĐĞ
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WƌŽďůĞŵ


^ƵƉƉŽƐĞ�ƚŚĂƚ�WŽŽůĐŽ�ǁĂŶƚƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ŽƌĚĞƌ�ƉŽŝŶƚ�ĨŽƌ�ŝƚƐ�ĐůĂƌŝĨǇŝŶŐ�ĂŐĞŶƚ͘��ĂŝůǇ�ĚĞŵĂŶĚ�ŝƐ�ƚǁŽ�
ŐĂůůŽŶƐ�ƉĞƌ�ĚĂǇ�;ϱϬϬ�ŐĂůůŽŶƐ�ƉĞƌ�ǇĞĂƌͬϮϱϬ�ǁŽƌŬŝŶŐ�ĚĂǇƐ�ƉĞƌ�ǇĞĂƌͿ͘�^ƵƉƉŽƐĞ�ƚŚĂƚ�ƚŚĞ�ůĞĂĚ�ƟŵĞ�ĨŽƌ�
ŽƌĚĞƌŝŶŐ�ƚŚĞ�ĐůĂƌŝĨǇŝŶŐ�ĂŐĞŶƚ�ŝƐ�ϭϬ�ǁŽƌŬŝŶŐ�ĚĂǇƐ͘�dŚĞ�ŽƌĚĞƌ�ƉŽŝŶƚ�ŝƐ͗


 OP 5 dL 


 5�Ϯ;ϭϬͿ


 5�ϮϬ�ŐĂůůŽŶƐ


dŚĞƌĞĨŽƌĞ͕�ǁŚĞŶ�ŽŶůǇ�ϮϬ�ŐĂůůŽŶƐ�ĂƌĞ�ůĞŌ�ŝŶ�ŝŶǀĞŶƚŽƌǇ͕ �ĂŶ�ŽƌĚĞƌ�ĨŽƌ�ŵŽƌĞ�ƐŚŽƵůĚ�ďĞ�ƉůĂĐĞĚ͘�dŚĂƚ�ŽƌĚĞƌ�
ƐŚŽƵůĚ�ĂƌƌŝǀĞ�ũƵƐƚ�ĂƐ�ŝŶǀĞŶƚŽƌǇ�ƌĞĂĐŚĞƐ�ǌĞƌŽ͘
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To avoid stockouts, most companies add a safety stock, which is an extra amount of 
inventory, to the order-point calculation so that


OP 5dL 1 s


where


s 5 safety stock


This adds a buffer of inventory that can be expected to remain when an order is received. 
Instead of allowing inventory be depleted before an order comes in, it only decreases to s, 
the amount of safety stock, as shown in Figure 10.9. Due to demand and lead-time vari-
ability, more or less stock may remain at any given time. The expectation is that this buffer 
of safety stock will be sufficient to prevent most stockouts.


&ŝŐƵƌĞ�ϭϬ͘ϵ͗�/ŶǀĞŶƚŽƌǇ�ůĞǀĞů�ǁŝƚŚ�ƐĂĨĞƚǇ�ƐƚŽĐŬ
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^ĞƌǀŝĐĞ�>ĞǀĞů
No matter how much safety stock a company carries, there is always some chance that a 
stockout will occur due to unusually high demand or an unexpected long lead time. It is 
not possible for a company to avoid stockouts altogether. The trade-off is easy to under-
stand. If a company adds more safety stock its inventory holding cost will increase, but 
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the probability of a stockout and lost sales decline. What is the “right” amount of safety 
stock to balance these two possibilities? Many companies choose to address this trade-off 
by selecting a level of stockouts that they are willing to accept, which is commonly called 
the service level. Service level is the percentage of replenishment orders that are received 
before a stockout occurs. For instance, a 95% service level would indicate that 95% of all 
orders placed to replenish inventory are received before a stockout occurs. But in 5% of 
the cases, inventory will hit zero before the order is received.


Inventory levels can greatly influence a company’s ability to fulfill customer orders. For 
companies such as Lands’ End, rapid delivery of customer orders can be so important that 
the extra cost incurred by carrying higher inventory is worthwhile. In other organizations, 
though, customers may not always expect the item they want to be in stock.


Because service level is so important, its determination must involve not only operations 
but also marketing, and sometimes finance. Considering the role of rapid delivery in the 
organization’s competitive strategy, and balancing this role against the added costs of car-
rying extra inventory, can allow an organization to determine the service level that will 
best meet its needs.


Determination of service level is a managerial decision that must be based on many fac-
tors. A company that competes for quality of service may choose a service level of 99% or 
higher. Another company may be in an industry where meeting customer demand from 
inventory is not important. For the latter, a service level of 80% or lower may be accept-
able. Once the service level has been determined, a company may proceed to calculate its 
safety stock.


With the rapid expansion of online shopping, an organization does not need to have the 
item on hand because the customer will not leave the store with the item. These compa-
nies can ship goods directly from the producer or the producer’s distribution center.


�ĂůĐƵůĂƚŝŶŐ�ƚŚĞ�^ĂĨĞƚǇ�^ƚŽĐŬ
The assumption will be made that demand during the lead time follows the normal prob-
ability distribution, which is often realistic and allows the use of the commonly available 
normal probability tables. The normal probability distribution is described by a mean and 
a standard deviation. For this problem, these values are


 DL 5 average demand during lead time


 sL 5 standard deviation of demand during lead time


The safety stock necessary to obtain a desired service level can be calculated as


Safety stock 5 zsL


where
z 5 number of standard deviations from the mean required  


to obtain desired service level
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The order point is then


 OP 5 DL 1 safety stock


 5 DL 1 zsL


As Figure 10.10 indicates, the service level—or probability of no stockout—will be equal 
to the area under the normal curve up to DL 1 zsL. The value of z is determined by the 
desired service level.


&ŝŐƵƌĞ�ϭϬ͘ϭϬ͗�EŽƌŵĂů�ƉƌŽďĂďŝůŝƚǇ�ĚŝƐƚƌŝďƵƚŝŽŶ


Mean Order point =
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Problem


��ĐŽŵƉĂŶǇ�ŚĂƐ�ĂǀĞƌĂŐĞ�ĚĞŵĂŶĚ�ĚƵƌŝŶŐ�ƚŚĞ�ŽƌĚĞƌŝŶŐ�ůĞĂĚ�ƟŵĞ�ƚŚĂƚ�ŝƐ�ŶŽƌŵĂůůǇ�ĚŝƐƚƌŝďƵƚĞĚ�ǁŝƚŚ�Ă�
ŵĞĂŶ�ŽĨ�ϯϱ�ĂŶĚ�Ă�ƐƚĂŶĚĂƌĚ�ĚĞǀŝĂƟŽŶ�ŽĨ�Ɛŝǆ͘�tŚĂƚ�ƐĂĨĞƚǇ�ƐƚŽĐŬ�ĂŶĚ�ŽƌĚĞƌ�ƉŽŝŶƚ�ĂƌĞ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ŽďƚĂŝŶ�
ĂƉƉƌŽǆŝŵĂƚĞůǇ�Ă�ϵϬй�ƐĞƌǀŝĐĞ�ůĞǀĞů͍


ZĞĨĞƌƌŝŶŐ�ƚŽ�ƚŚĞ�ŶŽƌŵĂů�ĚŝƐƚƌŝďƵƟŽŶ�ƚĂďůĞ�ŝŶ�dĂďůĞ�ϭϬ͘ϰ͕�ƚŚĞ�ƉƌŽďĂďŝůŝƚǇ�ĐůŽƐĞƐƚ�ƚŽ�Ϭ͘ϵϬ�ŝƐ�Ϭ͘ϴϵϵϳ͕�ǁŚŝĐŚ�
ŝƐ�ŝŶ�ƚŚĞ�ϭ͘Ϯ�ƌŽǁ�ĂŶĚ�Ϭ͘Ϭϴ�ĐŽůƵŵŶ͘�dŚƵƐ͕�Ă�z ǀĂůƵĞ�ŽĨ�ϭ͘Ϯϴ�ŝƐ�ŶĞĞĚĞĚ�ƚŽ�ŽďƚĂŝŶ�Ă�ϵϬй�ƐĞƌǀŝĐĞ�ůĞǀĞů͘


� ^ĂĨĞƚǇ�ƐƚŽĐŬ�5 zs
L


 5�ϭ͘Ϯϴ;ϲͿ


 5�ϳ͘ϲϵϮ�Žƌ�ϴ


 Order point 5 DL 1 ƐĂĨĞƚǇ�ƐƚŽĐŬ


 5 35 1 ϴ


 5�ϰϯ


Table 10.4: Areas under the standardized normal curve from 2ь�ƚŽ 1 z


z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Ϭ͘Ϭ Ϭ͘ϱϬϬϬ Ϭ͘ϱϬϰϬ Ϭ͘ϱϬϴϬ Ϭ͘ϱϭϮ Ϭ͘ϱϭϲϬ Ϭ͘ϱϭϵϵ Ϭ͘ϱϮϯϵ Ϭ͘ϱϮϳϵ Ϭ͘ϱϯϭϵ Ϭ͘ϱϯϱϵ
Ϭ͘ϭ Ϭ͘ϱϯϵϴ Ϭ͘ϱϰϯϴ Ϭ͘ϱϰϳϴ Ϭ͘ϱϱϭϳ Ϭ͘ϱϱϱϳ Ϭ͘ϱϱϵϲ Ϭ͘ϱϲϯϲ Ϭ͘ϱϲϳϱ Ϭ͘ϱϳϭϰ Ϭ͘ϱϳϱϯ
Ϭ͘Ϯ Ϭ͘ϱϳϵϯ Ϭ͘ϱϴϯϮ Ϭ͘ϱϴϳϭ Ϭ͘ϱϵϭϬ Ϭ͘ϱϵϰϴ Ϭ͘ϱϵϴϳ Ϭ͘ϲϬϮϲ Ϭ͘ϲϬϲϰ Ϭ͘ϲϭϬϯ Ϭ͘ϲϭϰϭ
Ϭ͘ϯ Ϭ͘ϲϭϳϵ Ϭ͘ϲϮϭϳ Ϭ͘ϲϮϱϱ Ϭ͘ϲϮϵϯ Ϭ͘ϲϯϯϭ Ϭ͘ϲϯϲϴ Ϭ͘ϲϰϬϲ Ϭ͘ϲϰϰϯ Ϭ͘ϲϰϴϬ Ϭ͘ϲϱϭϳ
Ϭ͘ϰ Ϭ͘ϲϱϱϰ Ϭ͘ϲϱϵϭ Ϭ͘ϲϲϮϴ Ϭ͘ϲϲϲϰ Ϭ͘ϲϳϬϬ Ϭ͘ϲϳϯϲ Ϭ͘ϲϳϳϮ Ϭ͘ϲϴϬϴ Ϭ͘ϲϴϰϰ Ϭ͘ϲϴϳϵ
Ϭ͘ϱ Ϭ͘ϲϵϭϱ Ϭ͘ϲϵϱϬ Ϭ͘ϲϵϴϱ Ϭ͘ϳϬϭϵ Ϭ͘ϳϬϱϰ Ϭ͘ϳϬϴϴ Ϭ͘ϳϭϮϯ Ϭ͘ϳϭϱϳ Ϭ͘ϳϭϵϬ Ϭ͘ϳϮϮϰ
Ϭ͘ϲ Ϭ͘ϳϮϱϳ Ϭ͘ϳϮϵϭ Ϭ͘ϳϯϮϰ Ϭ͘ϳϯϱϳ Ϭ͘ϳϯϴϵ Ϭ͘ϳϰϮϮ Ϭ͘ϳϰϱϰ Ϭ͘ϳϰϴϲ Ϭ͘ϳϱϭϳ Ϭ͘ϳϱϰϵ
Ϭ͘ϳ Ϭ͘ϳϱϴϬ Ϭ͘ϳϲϭϭ Ϭ͘ϳϲϰϮ Ϭ͘ϳϲϳϯ Ϭ͘ϳϳϬϰ Ϭ͘ϳϳϯϰ Ϭ͘ϳϳϲϰ Ϭ͘ϳϳϵϰ Ϭ͘ϳϴϮϯ Ϭ͘ϳϴϱϮ
Ϭ͘ϴ Ϭ͘ϳϴϴϭ Ϭ͘ϳϵϭϬ Ϭ͘ϳϵϯϵ Ϭ͘ϳϵϲϳ Ϭ͘ϳϵϵϱ Ϭ͘ϴϬϮϯ Ϭ͘ϴϬϱϭ Ϭ͘ϴϬϳϴ Ϭ͘ϴϭϬϲ Ϭ͘ϴϭϯϯ
Ϭ͘ϵ Ϭ͘ϴϭϱϵ Ϭ͘ϴϭϴϲ Ϭ͘ϴϮϭϮ Ϭ͘ϴϮϯϴ Ϭ͘ϴϮϲϰ Ϭ͘ϴϮϴϵ Ϭ͘ϴϯϭϱ Ϭ͘ϴϯϰϬ Ϭ͘ϴϯϲϱ Ϭ͘ϴϯϴϵ
ϭ͘Ϭ Ϭ͘ϴϰϭϯ Ϭ͘ϴϰϯϴ Ϭ͘ϴϰϲϭ Ϭ͘ϴϰϴϱ Ϭ͘ϴϱϬϴ Ϭ͘ϴϱϯϭ Ϭ͘ϴϱϱϰ Ϭ͘ϴϱϳϳ Ϭ͘ϴϱϵϵ Ϭ͘ϴϲϮϭ
ϭ͘ϭ Ϭ͘ϴϲϰϯ Ϭ͘ϴϲϲϱ Ϭ͘ϴϲϴϲ Ϭ͘ϴϳϬϴ Ϭ͘ϴϳϮϵ Ϭ͘ϴϳϰϵ Ϭ͘ϴϳϳϬ Ϭ͘ϴϳϵϬ Ϭ͘ϴϴϭϬ Ϭ͘ϴϴϯϬ
ϭ͘Ϯ Ϭ͘ϴϴϰϵ Ϭ͘ϴϴϲϵ Ϭ͘ϴϴϴϴ Ϭ͘ϴϵϬϳ Ϭ͘ϴϵϮϱ Ϭ͘ϴϵϰϰ Ϭ͘ϴϵϲϮ Ϭ͘ϴϵϴϬ Ϭ͘ϴϵϵϳ Ϭ͘ϵϬϭϱ
ϭ͘ϯ Ϭ͘ϵϬϯϮ Ϭ͘ϵϬϰϵ Ϭ͘ϵϬϲϲ Ϭ͘ϵϬϴϮ Ϭ͘ϵϬϵϵ Ϭ͘ϵϭϭϱ Ϭ͘ϵϭϯϭ Ϭ͘ϵϭϰϳ Ϭ͘ϵϭϲϮ Ϭ͘ϵϭϳϳ
ϭ͘ϰ Ϭ͘ϵϭϵϮ Ϭ͘ϵϮϬϳ Ϭ͘ϵϮϮϮ Ϭ͘ϵϮϯϲ Ϭ͘ϵϮϱϭ Ϭ͘ϵϮϲϱ Ϭ͘ϵϮϳϵ Ϭ͘ϵϮϵϮ Ϭ͘ϵϯϬϲ Ϭ͘ϵϯϭϵ
ϭ͘ϱ Ϭ͘ϵϯϯϮ Ϭ͘ϵϯϰϱ Ϭ͘ϵϯϱϳ Ϭ͘ϵϯϳϬ Ϭ͘ϵϯϴϮ Ϭ͘ϵϯϵϰ Ϭ͘ϵϰϬϲ Ϭ͘ϵϰϭϴ Ϭ͘ϵϰϮϵ Ϭ͘ϵϰϰϭ
ϭ͘ϲ Ϭ͘ϵϰϱϮ Ϭ͘ϵϰϲϯ Ϭ͘ϵϰϳϰ Ϭ͘ϵϰϴϰ Ϭ͘ϵϰϵϱ Ϭ͘ϵϱϬϱ Ϭ͘ϵϱϭϱ Ϭ͘ϵϱϮϱ Ϭ͘ϵϱϯϱ Ϭ͘ϵϱϰϱ
ϭ͘ϳ Ϭ͘ϵϱϱϰ Ϭ͘ϵϱϲϰ Ϭ͘ϵϱϳϯ Ϭ͘ϵϱϴϮ Ϭ͘ϵϱϵϭ Ϭ͘ϵϱϵϵ Ϭ͘ϵϲϬϴ Ϭ͘ϵϲϭϲ Ϭ͘ϵϲϮϱ Ϭ͘ϵϲϯϯ
ϭ͘ϴ Ϭ͘ϵϲϰϭ Ϭ͘ϵϲϰϵ Ϭ͘ϵϲϱϲ Ϭ͘ϵϲϲϰ Ϭ͘ϵϲϳϭ Ϭ͘ϵϲϳϴ Ϭ͘ϵϲϴϲ Ϭ͘ϵϲϵϯ Ϭ͘ϵϲϵϵ Ϭ͘ϵϳϬϲ
ϭ͘ϵ Ϭ͘ϵϳϭϯ Ϭ͘ϵϳϭϵ Ϭ͘ϵϳϮϲ Ϭ͘ϵϳϯϮ Ϭ͘ϵϳϯϴ Ϭ͘ϵϳϰϰ Ϭ͘ϵϳϱϬ Ϭ͘ϵϳϱϲ Ϭ͘ϵϳϲϭ Ϭ͘ϵϳϲϳ
Ϯ͘Ϭ Ϭ͘ϵϳϳϮ Ϭ͘ϵϳϳϴ Ϭ͘ϵϳϴϯ Ϭ͘ϵϳϴϴ Ϭ͘ϵϳϵϯ Ϭ͘ϵϳϵϴ Ϭ͘ϵϴϬϯ Ϭ͘ϵϴϬϴ Ϭ͘ϵϴϭϮ Ϭ͘ϵϴϭϳ
Ϯ͘ϭ Ϭ͘ϵϴϮϭ Ϭ͘ϵϴϮϲ Ϭ͘ϵϴϯϬ Ϭ͘ϵϴϯϰ Ϭ͘ϵϴϯϴ Ϭ͘ϵϴϰϮ Ϭ͘ϵϴϰϲ Ϭ͘ϵϴϱϬ Ϭ͘ϵϴϱϰ Ϭ͘ϵϴϱϳ
Ϯ͘Ϯ Ϭ͘ϵϴϲϭ Ϭ͘ϵϴϲϰ Ϭ͘ϵϴϲϴ Ϭ͘ϵϴϳϭ Ϭ͘ϵϴϳϱ Ϭ͘ϵϴϳϴ Ϭ͘ϵϴϴϭ Ϭ͘ϵϴϴϰ Ϭ͘ϵϴϴϳ Ϭ͘ϵϴϵϬ
Ϯ͘ϯ Ϭ͘ϵϴϵϯ Ϭ͘ϵϴϵϲ Ϭ͘ϵϴϵϴ Ϭ͘ϵϵϬϭ Ϭ͘ϵϵϬϰ Ϭ͘ϵϵϬϲ Ϭ͘ϵϵϬϵ Ϭ͘ϵϵϭϭ Ϭ͘ϵϵϭϯ Ϭ͘ϵϵϭϲ
Ϯ͘ϰ Ϭ͘ϵϵϭϴ Ϭ͘ϵϵϮϬ Ϭ͘ϵϵϮϮ Ϭ͘ϵϵϮϱ Ϭ͘ϵϵϮϳ Ϭ͘ϵϵϮϵ Ϭ͘ϵϵϯϭ Ϭ͘ϵϵϯϮ Ϭ͘ϵϵϯϰ Ϭ͘ϵϵϯϲ
Ϯ͘ϱ Ϭ͘ϵϵϯϴ Ϭ͘ϵϵϰϬ Ϭ͘ϵϵϰϭ Ϭ͘ϵϵϰϯ Ϭ͘ϵϵϰϱ Ϭ͘ϵϵϰϲ Ϭ͘ϵϵϰϴ Ϭ͘ϵϵϰϵ Ϭ͘ϵϵϱϭ Ϭ͘ϵϵϱϮ
Ϯ͘ϲ Ϭ͘ϵϵϱϯ Ϭ͘ϵϵϱϱ Ϭ͘ϵϵϱϲ Ϭ͘ϵϵϱϳ Ϭ͘ϵϵϱϵ Ϭ͘ϵϵϲϬ Ϭ͘ϵϵϲϭ Ϭ͘ϵϵϲϮ Ϭ͘ϵϵϲϯ Ϭ͘ϵϵϲϰ
Ϯ͘ϳ Ϭ͘ϵϵϲϱ Ϭ͘ϵϵϲϲ Ϭ͘ϵϵϲϳ Ϭ͘ϵϵϲϴ Ϭ͘ϵϵϲϵ Ϭ͘ϵϵϳϬ Ϭ͘ϵϵϳϭ Ϭ͘ϵϵϳϮ Ϭ͘ϵϵϳϯ Ϭ͘ϵϵϳϰ
Ϯ͘ϴ Ϭ͘ϵϵϳϰ Ϭ͘ϵϵϳϱ Ϭ͘ϵϵϳϲ Ϭ͘ϵϵϳϳ Ϭ͘ϵϵϳϳ Ϭ͘ϵϵϳϴ Ϭ͘ϵϵϳϵ Ϭ͘ϵϵϳϵ Ϭ͘ϵϵϴϬ Ϭ͘ϵϵϴϭ
Ϯ͘ϵ Ϭ͘ϵϵϴϭ Ϭ͘ϵϵϴϮ Ϭ͘ϵϵϴϮ Ϭ͘ϵϵϴϯ Ϭ͘ϵϵϴϰ Ϭ͘ϵϵϴϰ Ϭ͘ϵϵϴϱ Ϭ͘ϵϵϴϱ Ϭ͘ϵϵϴϲ Ϭ͘ϵϵϴϲ
ϯ͘Ϭ Ϭ͘ϵϵϴϳ Ϭ͘ϵϵϴϳ Ϭ͘ϵϵϴϳ Ϭ͘ϵϵϴϴ Ϭ͘ϵϵϴϴ Ϭ͘ϵϵϴϵ Ϭ͘ϵϵϴϵ Ϭ͘ϵϵϴϵ Ϭ͘ϵϵϵϬ Ϭ͘ϵϵϵϬ
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10.5 &ŝǆĞĚͲKƌĚĞƌͲ/ŶƚĞƌǀĂů�DŽĚĞů


The EOQ model is most often used when a company can continuously monitor its inventory level to determine when the order point is reached. Continuous monitor-ing may not be reasonable or necessary. In such cases, orders are often placed at a 
fixed interval of time, which is when the inventory is reviewed. In spite of this difference, 
the EOQ model can be used to determine an optimum interval for reviewing and replen-
ishing inventory. From any given review interval, a policy can be developed to determine 
how much to order.


ZĞǀŝĞǁ�/ŶƚĞƌǀĂů
Refer to the EOQ model and Figure 10.3. The time that elapses between replenishments 
depends on the order quantity, or lot size. The model can be used to determine the num-
ber of replenishment orders placed per year. In a periodic review system, the opposite 
will occur. That is, the time between reviews, or the review interval (R), will determine 
average order quantity because the annual demand must be met during one year. If orders 
are placed frequently, then each order will be smaller. Infrequent ordering means larger 
lot sizes.


Recall, though, that there is still a trade-off between variable ordering costs and variable 
inventory holding costs. Thus, the review interval that is chosen can directly affect total 
annual variable costs.


Fortunately, most of what is needed to calculate that optimal interval, R, was learned 
when the EOQ was calculated. This is because the relationship between order size and 
order interval means that an economic order quantity will also produce an economic order 
interval. In other words, the optimal review interval is simply the interval that results in 
ordering an EOQ quantity each time. This order interval is the EOQ divided by demand 
rate, D.


Optimal review interval, R 5 
EOQ


D


WƌŽďůĞŵ


dŚĞ�,ƵŶǌŝŬĞƌ�,ĂƌĚǁĂƌĞ�^ƚŽƌĞ�ĐĂƌƌŝĞƐ�ŵĂŶǇ�ĚŝīĞƌĞŶƚ�ŝƚĞŵƐ͕�ƌĂŶŐŝŶŐ�ĨƌŽŵ�ŶĂŝůƐ�ĂŶĚ�ƐĐƌĞǁƐ�ƚŽ�ĂƉƉůŝͲ
ĂŶĐĞƐ�ĂŶĚ�ŚŽƚͲǁĂƚĞƌ�ŚĞĂƚĞƌƐ͘�tŚŝůĞ�ƚŚĞ�Įƌŵ�ŚĂƐ�Ă�ƉŽŝŶƚͲŽĨͲƐĂůĞƐ�ĚĂƚĂ�ĐŽůůĞĐƟŽŶ�ƐǇƐƚĞŵ͕�ŝƚ�ĚŽĞƐŶ͛ƚ�
ŵĂŬĞ�ƐĞŶƐĞ�ĨŽƌ�ƚŚĞŵ�ƚŽ�ŽƌĚĞƌ�ĚŝīĞƌĞŶƚ�ŝƚĞŵƐ�Ăƚ�ĚŝīĞƌĞŶƚ�ƟŵĞƐ͕�ĞƐƉĞĐŝĂůůǇ�ǁŚĞŶ�ƚŚĞ�ŝƚĞŵƐ�ĂƌĞ�ƌĞůĂͲ
ƟǀĞůǇ�ůŽǁ�ĐŽƐƚ�ĂŶĚ�ĂƌĞ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�ƐĂŵĞ�ƐƵƉƉůŝĞƌ͘ �/ŶƐƚĞĂĚ͕�ƚŚĞ�ĐŽŵƉĂŶǇ�ǁŽƵůĚ�ůŝŬĞ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�
Ă�ƌĞǀŝĞǁ�ŝŶƚĞƌǀĂů�Ăƚ�ǁŚŝĐŚ�Ăůů�ŝƚĞŵƐ�ŽƌĚĞƌĞĚ�ĨƌŽŵ�ŽŶĞ�ƌĞŐƵůĂƌ�ƐƵƉƉůŝĞƌ�ĐĂŶ�ďĞ�ĐŚĞĐŬĞĚ�ĂŶĚ�ŽƌĚĞƌĞĚ�
Ăƚ�ŽŶĞ�ƟŵĞ͘


KŶĞ�ŐƌŽƵƉ�ĐŽŶƐŝƐƚƐ�ŽĨ�ďƌĂƐƐ�ŝƚĞŵƐ͕�ƐƵĐŚ�ĂƐ�ƐĐƌĞǁƐ͕�ŚŝŶŐĞƐ͕�ĂŶĚ�ĐƵƉďŽĂƌĚ�ŚĂŶĚůĞƐ͘��ĞĐĂƵƐĞ�Ăůů�ƐƵĐŚ�
ŝƚĞŵƐ�ĂƌĞ�ƐŝŵŝůĂƌ�ŝŶ�ĐŽƐƚ�ĂŶĚ�ĚĞŵĂŶĚ�ůĞǀĞů͕�ƚŚĞǇ�ŚĂǀĞ�ďĞĞŶ�ŐƌŽƵƉĞĚ�ƚŽŐĞƚŚĞƌ͘ �dŚĞ�ĂŶŶƵĂů�ĚĞŵĂŶĚ�
ƌĂƚĞ�ĨŽƌ�ƚŚĞƐĞ�ŝƚĞŵƐ�ŝƐ�ϭϬ͕ϬϬϬ�ƵŶŝƚƐ�ƉĞƌ�ǇĞĂƌ͘ �KƌĚĞƌŝŶŐ�ĐŽƐƚ�ŝƐ�ΨϮϱ�ƉĞƌ�ŽƌĚĞƌ͕ �ĂŶĚ�ŚŽůĚŝŶŐ�ĐŽƐƚ�ŝƐ�ΨϬ͘ϬϮ�
ƉĞƌ�ƵŶŝƚ�ƉĞƌ�ǇĞĂƌ͘ �hƐŝŶŐ�ƚŚĞ�ĂďŽǀĞ�ĚĂƚĂ͕�ƚŚĞ��KY�ŝƐ�ĚĞƚĞƌŵŝŶĞĚ�ĂƐ�ĨŽůůŽǁƐ͗�������������������������;ĐŽŶƟŶƵĞĚͿ
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KƌĚĞƌͲhƉͲƚŽ�>ĞǀĞů
The next value to be determined in a periodic review system is how much to order. Under 
continuous review, a replenishment order is always placed when inventory reached the 
order point. However, in a periodic review system, the inventory level at the time of 
review will vary, as depicted in Figure 10.11.


&ŝŐƵƌĞ�ϭϬ͘ϭϭ͗�KƌĚĞƌͲƵƉͲƚŽ�ůĞǀĞů�ŝŶ�Ă�ƉĞƌŝŽĚŝĐ�ƌĞǀŝĞǁ�ƐǇƐƚĞŵ
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WƌŽďůĞŵ�;ĐŽŶƟŶƵĞĚͿ


 EOQ 5 
Å


Ϯ11Ϭ͕ϬϬϬ2 1Ϯ52
Ϭ͘ϬϮ


 5�ϱ͕ϬϬϬ�ƵŶŝƚƐ


�ĂƐĞĚ�ŽŶ�ƚŚŝƐ͕�ƚŚĞ�ƌĞǀŝĞǁ�ŝŶƚĞƌǀĂů�ŝƐ͗


 R 5
EOQ
D


 5�ϱ͕ϬϬϬͬϭϬ͕ϬϬϬ


 5 
1


Ϯ
 year


dŚĞ�,ƵŶǌŝŬĞƌ�,ĂƌĚǁĂƌĞ�^ƚŽƌĞ�ƐŚŽƵůĚ�ƌĞǀŝĞǁ�ƚŚĞ�ŝŶǀĞŶƚŽƌǇ�ůĞǀĞůƐ�ŽĨ�ƚŚĞƐĞ�ƐŵĂůů�ŚĂƌĚǁĂƌĞ�ŝƚĞŵƐ�ƚǁŝĐĞ�
ƉĞƌ�ǇĞĂƌ�ĂŶĚ�ŽƌĚĞƌ�ƚŚĞ�ƌĞƋƵŝƌĞĚ�ƋƵĂŶƟƚǇ�ŽĨ�ĞĂĐŚ͘
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If a constant amount were ordered each time, it would be very difficult to recover from 
a low inventory level. Instead, the quantity ordered must increase inventory to a level 
sufficient to cover anticipated demand before the next order is received. This is called the 
order-up-to level, or M. A diagram of an order-up-to level is shown in Figure 10.11.


Another difference between continuous and periodic review systems relates to the period 
of time that must be covered by an order. Inventory levels are monitored continuously and 
an order is placed whenever the inventory reaches the order point if stock is continuously 
reviewed. A periodic review system only reviews inventory at the review point; once an 
order has been placed the inventory will not be checked again until the next review point. 
Each order must contain a sufficient amount to cover expected demand during the review 
interval plus demand during the lead time, as shown in Figure 10.12, or a stockout will 
occur. If the review interval, R, and the lead time, L, are stated for one year, then the order-
up-to level to cover demand during the review interval plus the lead time must be:


M 5 D(R 1 L)


&ŝŐƵƌĞ�ϭϬ͘ϭϮ͗�WĞƌŝŽĚ�ŽĨ�ƚŝŵĞ�ĂŶ�ŽƌĚĞƌ�ŵƵƐƚ�ĐŽǀĞƌ
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^ĂĨĞƚǇ�^ƚŽĐŬ�ĨŽƌ�ƚŚĞ�&ŝǆĞĚͲKƌĚĞƌ�/ŶƚĞƌǀĂů�DŽĚĞů
The order-up-to level described above is similar to the order point in a continuous review 
system. As with the basic order-point calculation, the preceding order-up-to formula does 
not include safety stock. Because of the nature of periodic review systems, safety stock is 
probably more important and necessary than in continuous review systems. It will also 
be larger. Under a continuous review system, the lead time following an order was the 
period of time when a stockout could occur. Therefore, safety stock was calculated using 
the standard deviation of demand during the lead time. However, with a periodic review 
system, a stockout could theoretically occur at any time between review periods and dur-
ing the lead time. Thus, safety stock for a periodic review system must be calculated based 
on the standard deviation of demand during the review interval plus the lead time. Except 
for this modification, the calculation is the same as for a continuous review system; safety 
stock will now be added to the order-up-to level.


WƌŽďůĞŵ


/ƚ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ŝŶ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĞǆĂŵƉůĞ�ƚŚĂƚ�ƚŚĞ�ƌĞǀŝĞǁ�ŝŶƚĞƌǀĂů�ĨŽƌ�ƚŚĞ�ĐŽŵŵŽŶ�ŐƌŽƵƉ�ŽĨ�ďƌĂƐƐ�
ŚĂƌĚǁĂƌĞ�ŝƚĞŵƐ�ǁŝůů�ďĞ�ŽŶĞͲŚĂůĨ�ŽĨ�ŽŶĞ�ǇĞĂƌ�ĨŽƌ�Ăůů�ŝƚĞŵƐ�ŝŶ�ƚŚĂƚ�ŐƌŽƵƉ͘�KŶĞ�ŽĨ�ƚŚĞ�ŚĂƌĚǁĂƌĞ�ŝƚĞŵƐ�
ŝŶ�ƚŚĂƚ�ŐƌŽƵƉ�ŝƐ�Ă�ďƌĂƐƐ�ŐĂƚĞ�ŚŝŶŐĞ�ƚŚĂƚ�ŚĂƐ�Ă�ĚĞŵĂŶĚ�ŽĨ�ϭ͕ϬϬϬ�ƵŶŝƚƐ�ƉĞƌ�ǇĞĂƌ͘ �>ĞĂĚͲƟŵĞ�ŝƐ�ŽŶĞͲƚĞŶƚŚ�
ŽĨ�ŽŶĞ�ǇĞĂƌ͘ �tŚĂƚ�ƐŚŽƵůĚ�ƚŚĞ�ŽƌĚĞƌͲƵƉͲƚŽ�ůĞǀĞů�ďĞ�ĨŽƌ�ƚŚŝƐ�ŚĂƌĚǁĂƌĞ�ŝƚĞŵ͍�tĞ�ĐĂŶ�ƵƐĞ�ƚŚĞ�ƉƌĞĐĞĚŝŶŐ�
ĨŽƌŵƵůĂ�ƚŽ�ĐĂůĐƵůĂƚĞ�ƚŚŝƐ�ůĞǀĞů�ĂƐ�ĨŽůůŽǁƐ͗


 M 5 D(R 1 L)


 5�ϭ͕ϬϬϬ;Ϭ͘ϱ 1 Ϭ͘ϭͿ


 5�ϲϬϬ�ƵŶŝƚƐ


dŚŝƐ�ŵĞĂŶƐ�ƚŚĂƚ�ǁŚĞŶ�ƚŚĞ�ŚĂƌĚǁĂƌĞ�ƐƚŽƌĞ�ƌĞǀŝĞǁƐ�ŝŶǀĞŶƚŽƌǇ�ĨŽƌ�ƚŚŝƐ�ŐƌŽƵƉ�ŽĨ�ŝƚĞŵƐ͕�ŝƚ�ƐŚŽƵůĚ�ŽƌĚĞƌ�
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ƉůĞ͕�ƐƵƉƉŽƐĞ�ƚŚĂƚ�ĚƵƌŝŶŐ�ƚŚĞ�ƐĞŵŝͲĂŶŶƵĂů�ŝŶǀĞŶƚŽƌǇ�ƌĞǀŝĞǁ͕�ϭϬϬ�ďƌĂƐƐ�ŐĂƚĞ�ŚŝŶŐĞƐ�ĂƌĞ�ŝŶ�ŝŶǀĞŶƚŽƌǇ͘�/Ŷ�
ƚŚĂƚ�ĐĂƐĞ͕�ϱϬϬ�ďƌĂƐƐ�ŐĂƚĞ�ŚŝŶŐĞƐ�;ϲϬϬ�ʹ�ϭϬϬͿ�ƐŚŽƵůĚ�ďĞ�ŽƌĚĞƌĞĚ͘
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dŚĞ�ďƌĂƐƐ�ŐĂƚĞ�ŚŝŶŐĞ�ĚŝƐĐƵƐƐĞĚ�ŝŶ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĞǆĂŵƉůĞ�ŚĂĚ�ĂŶ�ŽƌĚĞƌͲƵƉͲƚŽ�ůĞǀĞů�ŽĨ�ϲϬϬ�ǁŝƚŚ�ŶŽ�ƐĂĨĞƚǇ�
ƐƚŽĐŬ͘�^ƵƉƉŽƐĞ�ƚŚĂƚ�ĚĞŵĂŶĚ�ĚƵƌŝŶŐ�ƚŚĞ�ƌĞǀŝĞǁ�ŝŶƚĞƌǀĂů�ƉůƵƐ�ƚŚĞ�ůĞĂĚ�ƟŵĞ�ŚĂƐ�Ă�ƐƚĂŶĚĂƌĚ�ĚĞǀŝĂƟŽŶ�
ŽĨ�ϭϬϬ�ƵŶŝƚƐ͘�tŚĂƚ�ŵƵƐƚ�ƚŚĞ�ŽƌĚĞƌͲƵƉͲƚŽ�ůĞǀĞů�ďĞ�ƐĞƚ�Ăƚ�ƚŽ�ŽďƚĂŝŶ�Ă�ϵϱй�ƐĞƌǀŝĐĞ�ůĞǀĞů�ŝĨ�ĚĞŵĂŶĚ�ŝƐ�
ĞƋƵĂůůǇ�ĚŝƐƚƌŝďƵƚĞĚ͍


&ƌŽŵ�ƚŚĞ�ŶŽƌŵĂů�ƉƌŽďĂďŝůŝƚǇ�ƚĂďůĞƐ�;dĂďůĞ�ϭϬ͘ϰͿ͕�Ă�ƉƌŽďĂďŝůŝƚǇ�ŽĨ�ϵϱй�ĐŽƌƌĞƐƉŽŶĚƐ�ƚŽ�Ă�z�ǀĂůƵĞ�ŽĨ�
ϭ͘ϲϰϱ͘�dŚĞƌĞĨŽƌĞ͕�ƚŚĞ�ƐĂĨĞƚǇ�ƐƚŽĐŬ�ǁŝůů�ďĞ͗


� ^ĂĨĞƚǇ�ƐƚŽĐŬ�5 zsR 1 L


 5�ϭ͘ϲϰϱ;ϭϬϬͿ


 5�ϭϲϰ͘ϱ�Žƌ�ϭϲϱ�ŚŝŶŐĞƐ ;ĐŽŶƟŶƵĞĚͿ
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CHAPTER 10Case Studies


�ŚĂƉƚĞƌ�^ƵŵŵĂƌǇ�


• The purposes served by inventory include meeting expected demand, absorbing 
demand and lead time fluctuations, decoupling production processes, hedging 
against price increases, and protecting against delivery disruptions.


• The economic order quantity model is based on the assumptions that demand 
is constant and known. Cost per unit does not depend on order quantity, and an 
entire order is delivered at one time.


• Quantity discounts mean that the total-cost curve is discontinuous, requiring a 
stepwise procedure to find the minimum cost point.


• The order point is determined from expected demand during the lead time.
• If demand during the lead time is variable, then a safety stock may be added to 


the order point, based on a probability distribution.
• In a perpetual inventory system, inventory level is constantly monitored, and 


orders are placed whenever necessary.
• In a periodic system, inventory is checked at regular intervals, and enough is 


ordered to bring inventory up to a desired level.


�ĂƐĞ�^ƚƵĚŝĞƐ


�ůůŝĂŶĐĞ�^ƵƉĞƌŵĂƌŬĞƚƐ
Alliance Supermarkets has been using a point-of-sale (POS) system for some time to track 
its inventory. The system uses a laser scanner to read the universal product code (UPC) 
on each item at the checkout container. The UPC is a number that uniquely identifies the 
product on which it appears. Currently, Alliance is using the UPC information to update 
inventory records for each item. Although the system has greatly improved the compa-
ny’s ability to replenish inventory promptly, the company still has some problems. For 
example, sudden changes in demand for a particular item can catch the company by sur-
prise as it bases inventory replenishment on historical demand patterns. Further, demand 
patterns and preferences may vary from one store to another depending on the customers 
served by each, but the inventory system groups all demand information together and 
treats each store equally. Finally, the manufacturers that make the products stocked by 
Alliance Supermarkets are always pressuring Alliance to help them target appropriate 
customers for special promotions and sales.


The chief information officer (CIO) of Alliance realizes that much more could probably 
be done with the data collected from its POS system. For example, the company could 
analyze the relationship between each product’s sales and weather patterns. It is even 


WƌŽďůĞŵ�;ĐŽŶƟŶƵĞĚͿ


�ĚĚŝŶŐ�ƚŚŝƐ�ƚŽ�ƚŚĞ�ĞǆƉĞĐƚĞĚ�ĚĞŵĂŶĚ�ĚƵƌŝŶŐ�ƚŚĞ�ƌĞǀŝĞǁ�ŝŶƚĞƌǀĂů�ƉůƵƐ�ƚŚĞ�ůĞĂĚ�ƟŵĞ�;ƚŚĞ M�ĐĂůĐƵůĂƚĞĚ�
ŝŶ�ƚŚĞ�ƉƌĞĐĞĚŝŶŐ�ĞǆĂŵƉůĞͿ͕�ƚŚĞ�ŶĞǁ�ŽƌĚĞƌͲƵƉͲƚŽ�ůĞǀĞů�ďĞĐŽŵĞƐ͗


 M 5 D(R+L) 1 ƐĂĨĞƚǇ�ƐƚŽĐŬ


 5�ϭ͕ϬϬϬ;Ϭ͘ϱ 1 Ϭ͘ϭͿ 1 165


 5 765
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CHAPTER 10Problems


possible to analyze an individual customer’s buying habits and identify instances when a 
customer may be persuaded to try a different brand of a certain product.


Suppose you have been asked to study this situation and suggest possible new and inno-
vative uses for the information generated by the POS system. Ideally, these ideas should 
help Alliance better serve its customers by ensuring that adequate quantities of each item 
are available, that costs are kept low, and that customers are made aware of new products 
that may interest them.


1. What information may help Alliance reduce costs while providing better service?
2. If purchase information can be obtained on individual customers, what new 


approach could be used by Alliance?


�ŝƐĐƵƐƐŝŽŶ�YƵĞƐƚŝŽŶƐ


1. Describe the reasons why an organization would keep inventory.
2. What are the different types of inventory, and what are the uses of these types?
3. Describe the perpetual and the periodic inventory systems. How are they differ-


ent? Are there circumstances in which one system better than the other?
4. How does the ABC classification system work, and how does it help to control 


costs?
5. The economic order model is based on the trade-off between holding and order-


ing costs. Describe these two different types of costs and how each depends on 
order size.


6. How do quantity discounts impact the decision about amounts ordered?
7. What is safety stock, and what is the basis for determining the amount of inven-


tory to hold as safety stock?


WƌŽďůĞŵƐ


1. Fast-Mart is a discount retailer that uses a POS system to maintain continuous 
inventory records. A particular item has an average annual demand of 40,000 
units. It costs $25 to replenish inventory of that item, which has a value of $10 
per unit. If the inventory carrying cost is 20% of the unit value, how many units 
should be ordered each time to minimize total annual variable costs?


2. Suppose Fast-Mart has found that the item described in Problem 1 has a lead 
time of two working days. If the company operates 250 days per year, determine 
the order point for that item.


3. The Fill-er-Up gas station has found that demand for its unleaded gasoline is 
fairly constant and uniform at the rate of 100,000 gallons per year. Fill-er-Up 
must pay $100 for shipping per order of gasoline, which it currently buys for 
$3.75/gallon. Inventory carrying cost is 10% of unit cost per year. How many gal-
lons should be ordered at a time?


4. Suppose that in Problem 3, Fill-er-Up’s underground storage tanks can hold only 
10,000 gallons of unleaded gasoline. What is the extra cost incurred by ordering 
this quantity each time instead of the EOQ?
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5. The Slick Oil Company buys crude oil from a supplier that has recently offered 
the following quantity discounts:


Barrels Ordered Price per barrel


1–999 $110


1,000–2999 $105


3,000 or more $102


If inventory holding cost is 25% of the unit price and it costs $100 for each order, 
regardless of order size, how many barrels should Slick order each time to satisfy 
its annual demand of 10,000 barrels?


6. Burger-Farm is a fast-food restaurant that buys hamburger buns from a local bak-
ery. Those buns are used at the rate of 50,000 per year. The baker has just offered 
Burger-Farm the following quantity discounts:


Buns Ordered Price per bun


1–999 $.030


1,000–1,999 $.028


2,000 or more $.027


If it costs Burger-Farm $1 for each order placed and the inventory holding cost is 
25% of the unit cost, determine how much should be ordered each time to mini-
mize total annual variable costs.


7. Referring to Problem 6, suppose Burger-Farm is limited to ordering only one 
week’s worth of buns at a time due to storage space limitations and spoilage 
problems. What impact will this have on total annual variable cost?


8. The Young Professionelle Shoppe is a boutique for professional women. A peri-
odic system is used to control inventory. Suppose that a certain blazer has an 
average annual demand of 1,000 units. The ordering cost is $5, and the inventory 
carrying cost is $10 per unit per year. What should the review interval be for this 
blazer?


9. Suppose that the Young Professionelle Shoppe in Problem 8 prefers to review its 
inventory weekly. Estimate the effect on total annual variable costs of following 
this procedure.


10. A discount retail store uses a periodic inventory system through which each 
item’s inventory level is reviewed twice monthly. Suppose it has been deter-
mined that a particular item has an average annual demand of 6,000 units, with a 
standard deviation of 100 units per month. If lead time is one-half month and the 
store wants a service level of 85%, determine the order-up-to level for this item.


11. The Goodstone Tire Store has been using a periodic review system to control its 
inventory. For one tire model, the annual demand averages 5,000 units. In the 
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CHAPTER 10Problems


past, inventory was reviewed so that the review interval plus lead time was one 
month. The standard deviation of demand during this period was 50 units. The 
company is now planning to use a continuous review system. Suppose lead time 
is one week and the standard deviation of demand during lead time is 10 units. 
Compare the safety stock necessary under periodic review with what would be 
necessary for continuous review at a 90% service level.


12. An inventory clerk at the Fargo Machine Tool Company has just calculated the 
EOQ for one of the steel alloys used by this company as 500 pounds. However, 
the lead time for ordering this steel is four months, and the company uses 150 
pounds per month—an order point of 600 pounds—which is greater than the 
EOQ. Can you help this inventory clerk figure out how to handle this case, in 
which order point exceeds the EOQ?


13. West Coast Furniture Distributors is a company that buys large quantities of 
furniture from manufacturers at low prices, and then sells to the public at prices 
below what most furniture stores charge. To minimize costs, West Coast Furni-
ture uses EOQ for ordering. For one particular model of sofa, the manufacturer 
has now agreed to cover part of the shipping costs, reducing the ordering cost 
from $50 per order to $40. At the same time, West Coast Furniture has been able 
to obtain lower interest rates on borrowed money, reducing its inventory carry-
ing cost from 25% of unit cost to 20%. The company expects to sell 1,225 of these 
sofas per year and pays $100 to purchase each one.
a. What effect will the preceding changes have on the EOQ?
b. What effect will the preceding changes have on the total annual costs of 


ordering and carrying inventory?


14. Referring to Problem 13, how many days’ worth of demand will be covered by 
each order of sofas?


15. A company maintains inventories of the following nine items. Based on this 
information, determine which are A items, B items, and C items.


Item # Value Annual Usage


209 $14.76 2,000


4914 5.98 15,000


37 1.15 297,000


387 6.48 6,000


3290 2.17 6,000


235 75.00 300


48 23.95 7,000


576 4.32 5,000


14 932.00 1,000
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CHAPTER 10Key Terms


ABC analysis A classi!cation system for 
inventory items so that 20% of items (A 
items) that account for the top 80% of dol-
lar usage receive the most attention.


average inventory investment The dol-
lar value of a company’s average level of 
inventory.


carrying costs The variable costs associ-
ated with keeping inventory.


days of inventory Indicates approxi-
mately how many days of sales can be 
supplied solely from inventory.


economic order quantity (EOQ) An 
amount to order at one time that mini-
mizes total annual cost of ordering and 
holding inventory.


inventory turnover ratio Indicates how 
many times during one year the inventory 
turns over, or is sold.


lead time The difference between the time 
the order is placed and the delivery of the 
product.


order point A level of inventory at which 
an order should be placed.


ordering cost The variable costs associ-
ated with replenishing inventory.


order-up-to level The level to which a 
replenishment order should bring on-hand 
plus on-order inventory within a periodic 
review inventory control system.


perpetual inventory system A system 
in which inventory level is continuously 
monitored and a replenishment order 
placed when inventory reaches a predeter-
mined level.


review interval The time between one 
review of inventory and the next in a peri-
odic review inventory control system.


safety stock An extra amount added to 
the order point as a buffer against stockout 
possibilities.


service level The percentage of inventory 
replenishment orders that are received 
before a stockout occurs.


set-up cost The costs associated with 
changing over equipment from producing 
one item to producing another.


stockout A condition that occurs when no 
more inventory of an item is available.
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