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on shipping thousands of individual copies to homes and offices. Experience

has found that Web customers tend to go a lot more for the back-catalog

stuff, not necessarily the latest hits, so to serve the online customers the selec-

tion needs to be comprehensive.

The solution? The “online category manager,” a third-party distributor spe-

cializing in a particular product category, such as videos, compact discs, or

sporting goods. These specialists, often operating behind the scenes, have

become increasingly common in Internet retailing as stores such as Circuit City

seek to broaden their online offerings without incurring the inventory costs

and distribution headaches that come with selling on the Web. With category

managers, Web shoppers do not necessarily realize they’re dealing with a third

party. The sites tend to mirror the look of the retailer sites and to follow the

retailers’ cues when it comes to promotions and other marketing matters.

Retailers generally pay initial fees to integrate their e-commerce systems, but

in return they’re freed from incurring the larger costs traditionally associated

with adding a new product line, or the risks of carrying potentially huge new

inventories. In most cases, category managers own the product inventory.

N E W  “ O N L I N E  C A T E G O R Y  M A N A G E R S ”
S O L V E  R E T A I L E R  P R O B L E M S15 CircuitCity.com executives have found an innovative way to add music com-

pact discs, videos, and DVDs to their online offerings of consumer electronics

and avoid taking on huge new inventories. To add movies alone, they were

looking at carrying upwards of 55,000 video and DVD titles if their online

selection was to meet the average Web shoppers’ expectations—compared

with the 500 to 3,000 titles stocked in the typical bricks-and-mortar Circuit

City store. Further, the home-electronics giant’s distribution model was based

on making bulk shipments of relatively small numbers of titles to its stores, not
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Circuit City, for example, does not buy any movie or music titles from its online category

manager until an online sale is made at CircuitCity.com. Circuit City then pays its manager and

makes its profit from the higher price it charges the Web customer. The relationship enables

CircuitCity.com to set the prices that customers pay. In addition, Circuit City accepts returns

at its bricks-and-mortar stores, heading off any complaints or confusion for customers. This

relationship allows Circuit City to focus on what it’s best at, which is the electronics side of

the business. –>

You should visualize inventory as stacks of money sitting on forklifts, on shelves, and in trucks
and planes while in transit. That’s what inventory is—money. For many businesses, inventory
is the largest asset on the balance sheet at any given time, even though it is often not very
liquid. It is a good idea to try to get your inventory down as far as possible. 

A few years ago, Heineken, the Netherlands beer company, figured it could save a whole
bunch of money on inventory-in-transit if it could just shorten the forecasting lead time. They
expected two things to happen. First, they expected to reduce the need for inventory in the
pipeline, therefore cutting down the amount of money devoted to inventory itself. Second,
they figured that with a shorter forecasting time, forecasts would be more accurate, reducing
emergencies and waste. The Heineken system, called HOPS, cut overall inventory in the sys-
tem from 16 to 18 weeks to 4 to 6 weeks—a huge drop in time, and a big gain in cash.
Forecasts were more accurate, and there was another benefit, too. 

Heineken found that its salespeople were suddenly more productive. That is because they
were not dealing with all those calls where they had to check on inventory or solve bad fore-
casting problems, or change orders that were already in process. Instead, they could concentrate
on good customer service and helping distributors do better. It was a “win” all the way around.

The key here involves doing things that decrease your inventory order cycle time and
increase the accuracy of your forecast. Look for ways to use automated systems and elec-
tronic communication to substitute the rapid movement of electrons for the cumbersome
movement of masses of atoms.

The economic benefit from inventory reduction is evident from the following statistics:
The average cost of inventory in the United States is 30 to 35 percent of its value. For exam-
ple, if a firm carries an inventory of $20 million, it costs the firm more than $6 million per
year. These costs are due to obsolescence, insurance, opportunity costs, and so forth. If the
amount of inventory could be reduced to $10 million, for instance, the firm would save over
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$3 million, which goes directly to the bottom line. That is, the savings from reduced inven-
tory results in increased profit.

In this chapter we present standard inventory models designed to help management keep
the cost down while still meeting production and customer service requirements. Also
included are special-purpose models, such as price-break, as well as the ABC technique. In
addition, we discuss inventory accuracy and show applications of the models in department
stores and auto parts supply.

One particularly interesting application that we discuss is the use of a single-period
inventory model in “yield management” situations. Yield management has been discussed in
Chapter 14, but solving the problems needed to apply the concept was left to this chapter,
since the problem is similar to inventory problems. Yield management is useful for decisions
related to overbooking hotel rooms, airline flights, and similar service situations. 

There are conflicting views concerning the teaching of classical inventory models. On one
side, articles claim that economic order quantity (EOQ) models are invalid. The other side
defends their use. We believe both sides are correct—from within their own arenas. Although
you must be careful in their application, there certainly are situations in manufacturing where
EOQ models can be successfully used. Just-in-time manufacturing (JIT), for example, is based
on the classical production–consumption inventory model discussed here. Classical models are
quite valid for the many thousands of companies engaged in product and parts distribution.

Concerning JIT and safety stocks, recall that JIT does have safety stock. It shows up as the
size of containers and the number of containers between each station in a production sequence.
Further, all manufacturers that supply parts cannot have similar JIT schedules. A manufacturer
with a JIT system utilizing twice-per-day deliveries by a supplier to the production line might
be surprised that the supplier produces those supplies a month’s worth at a time using an EOQ
formula! How we compute inventory requirements depends on many factors; all methods are
valid given the correct set of circumstances. Therefore, we should become familiar with them all.

INVENTORY CONTROL chapter 15 589

Inventory is the stock of any item or resource used in an organization. An
inventory system is the set of policies and controls that monitor levels of inventory and
determine what levels should be maintained, when stock should be replenished, and how
large orders should be.

By convention, manufacturing inventory generally refers to items that contribute to
or become part of a firm’s product output. Manufacturing inventory is typically classified

D E F I N I T I O N  O F  I N V E N T O R Y
Inventory

CANNONDALE BICYCLE CORP’S FLEXIBLE

PRODUCTION SYSTEM. A VARIETY OF

PREMADE FRAME MODELS ARE AVAILABLE

INVENTORY FOR QUICK ACCESS. SINCE

FRAMES ARE THE LARGEST LEAD ITEM IN

THEIR CUSTOMIZATION PROCESS, THIS

ALLOWS FOR QUICK ASSEMBLY TO ORDER

OF HANDCRAFTED BIKES.
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In making any decision that affects inventory size, the following costs must be
considered.

1. Holding (or carrying) costs. This broad category includes the costs for storage
facilities, handling, insurance, pilferage, breakage, obsolescence, depreciation, taxes, and the

I N V E N T O R Y  C O S T S

All firms (including JIT operations) keep a supply of inventory for the follow-
ing reasons:

1. To maintain independence of operations. A supply of materials at a work center
allows that center flexibility in operations. For example, because there are costs for making each
new production setup, this inventory allows management to reduce the number of setups.

Independence of workstations is desirable on assembly lines as well. The time that it takes
to do identical operations will naturally vary from one unit to the next. Therefore, it is desir-
able to have a cushion of several parts within the workstation so that shorter performance
times can compensate for longer performance times. This way the average output can be
fairly stable.

2. To meet variation in product demand. If the demand for the product is known
precisely, it may be possible (though not necessarily economical) to produce the product to
exactly meet the demand. Usually, however, demand is not completely known, and a safety
or buffer stock must be maintained to absorb variation.

3. To allow flexibility in production scheduling. A stock of inventory relieves the
pressure on the production system to get the goods out. This causes longer lead times, which
permit production planning for smoother flow and lower-cost operation through larger lot-size
production. High setup costs, for example, favor producing a larger number of units once the
setup has been made.

4. To provide a safeguard for variation in raw material delivery time. When mate-
rial is ordered from a vendor, delays can occur for a variety of reasons: a normal variation in
shipping time, a shortage of material at the vendor’s plant causing backlogs, an unexpected
strike at the vendor’s plant or at one of the shipping companies, a lost order, or a shipment of
incorrect or defective material.

5. To take advantage of economic purchase order size. There are costs to place an
order: labor, phone calls, typing, postage, and so on. Therefore, the larger each order is, the
fewer the orders that need be written. Also, shipping costs favor larger orders—the larger the
shipment, the lower the per-unit cost.

For each of the preceding reasons (especially for items 3, 4, and 5), be aware that inven-
tory is costly and large amounts are generally undesirable. Long cycle times are caused by
large amounts of inventory and are undesirable as well.

P U R P O S E S  O F  I N V E N T O R Y

into raw materials, finished products, component parts, supplies, and work-in-process. In
services, inventory generally refers to the tangible goods to be sold and the supplies neces-
sary to administer the service.

The basic purpose of inventory analysis in manufacturing and stockkeeping services is to
specify (1) when items should be ordered and (2) how large the order should be. Many firms
are tending to enter into longer-term relationships with vendors to supply their needs for per-
haps the entire year. This changes the “when” and “how many to order” to “when” and “how
many to deliver.”
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opportunity cost of capital. Obviously, high holding costs tend to favor low inventory levels
and frequent replenishment.

2. Setup (or production change) costs. To make each different product involves
obtaining the necessary materials, arranging specific equipment setups, filling out the
required papers, appropriately charging time and materials, and moving out the previous
stock of material.

If there were no costs or loss of time in changing from one product to another, many small
lots would be produced. This would reduce inventory levels, with a resulting savings in cost.
One challenge today is to try to reduce these setup costs to permit smaller lot sizes. (This is
the goal of a JIT system.)

3. Ordering costs. These costs refer to the managerial and clerical costs to prepare the
purchase or production order. Ordering costs include all the details, such as counting items
and calculating order quantities. The costs associated with maintaining the system needed to
track orders are also included in ordering costs.

4. Shortage costs. When the stock of an item is depleted, an order for that item must
either wait until the stock is replenished or be canceled. There is a trade-off between carrying
stock to satisfy demand and the costs resulting from stockout. This balance is sometimes dif-
ficult to obtain, because it may not be possible to estimate lost profits, the effects of lost cus-
tomers, or lateness penalties. Frequently, the assumed shortage cost is little more than a guess,
although it is usually possible to specify a range of such costs.

Establishing the correct quantity to order from vendors or the size of lots submitted to
the firm’s productive facilities involves a search for the minimum total cost resulting from
the combined effects of four individual costs: holding costs, setup costs, ordering costs, and
shortage costs. Of course, the timing of these orders is a critical factor that may impact
inventory cost.

INVENTORY CONTROL chapter 15 591

In inventory management, it is important to understand the difference between
dependent and independent demand. The reason is that entire inventory systems are predi-
cated on whether demand is derived from an end item or is related to the item itself.

Briefly, the distinction between independent and dependent demand is this: In inde-
pendent demand, the demands for various items are unrelated to each other. For example, a
workstation may produce many parts that are unrelated but meet some external demand
requirement. In dependent demand, the need for any one item is a direct result of the need for
some other item, usually a higher-level item of which it is part.

In concept, dependent demand is a relatively straightforward computational problem.
Needed quantities of a dependent-demand item are simply computed, based on the number
needed in each higher-level item in which it is used. For example, if an automobile company
plans on producing 500 cars per day, then obviously it will need 2,000 wheels and tires (plus
spares). The number of wheels and tires needed is dependent on the production levels and
is not derived separately. The demand for cars, on the other hand, is independent—it comes
from many sources external to the automobile firm and is not a part of other products; it is
unrelated to the demand for other products.

To determine the quantities of independent items that must be produced, firms usually
turn to their sales and market research departments. They use a variety of techniques, includ-
ing customer surveys, forecasting techniques, and economic and sociological trends, as we
discussed in Chapter 13 on forecasting. Because independent demand is uncertain, extra
units must be carried in inventory. This chapter presents models to determine how many
units need to be ordered, and how many extra units should be carried to reduce the risk of
stocking out.

I N D E P E N D E N T  V E R S U S  D E P E N D E N T  
D E M A N D

Independent and dependent 
demand

Cross
Functional
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SOUVENIR HATS SOLD AT THE 104TH U.S.
OPEN AT SHINNECOCK HILLS GOLF CLUB,
SOUTHHAMPTON, NEW YORK, IN 2004.
INVENTORY MUST BE CAREFULLY PLANNED

FOR SPECIAL EVENTS WHERE ONE BATCH

HAS TO MATCH DEMAND IN A SMALL SALES

WINDOW.

An inventory system provides the organizational structure and the operating
policies for maintaining and controlling goods to be stocked. The system is responsible for
ordering and receipt of goods: timing the order placement and keeping track of what has
been ordered, how much, and from whom. The system also must follow up to answer such
questions as, Has the supplier received the order? Has it been shipped? Are the dates cor-
rect? Are the procedures established for reordering or returning undesirable merchandise?

This section divides systems into single-period systems and multiple-period systems. The
classification is based on whether the decision is just a one-time purchasing decision where
the purchase is designed to cover a fixed period of time and the item will not be reordered, or
the decision involves an item that will be purchased periodically where inventory should be
kept in stock to be used on demand. We begin with a look at the one-time purchasing decision
and the single-period inventory model.

A  S I N G L E - P E R I O D I N V E N T O R Y M O D E L
Certainly, an easy example to think about is the classic single-period “newsperson” problem.
For example, consider the problem that the newsperson has in deciding how many newspa-
pers to put in the sales stand outside a hotel lobby each morning. If the person does not put
enough papers in the stand, some customers will not be able to purchase a paper and the
newsperson will lose the profit associated with these sales. On the other hand, if too many
papers are placed in the stand, the newsperson will have paid for papers that were not sold
during the day, lowering profit for the day. 

Actually, this is a very common type of problem. Consider the person selling T-shirts pro-
moting a championship basketball or football game. This is especially difficult, since the per-
son must wait to learn what teams will be playing. The shirts can then be printed with the
proper team logos. Of course, the person must estimate how many people will actually want
the shirts. The shirts sold prior to the game can probably be sold at a premium price, where-
as those sold after the game will need to be steeply discounted.

A simple way to think about this is to consider how much risk we are willing to take for
running out of inventory. Let’s consider that the newsperson selling papers in the sales stand
had collected data over a few months and had found that on average each Monday 90 papers
were sold with a standard deviation of 10 papers (of course, this assumes that the papers had
never run out). With these data, our newsperson could simply state a service rate that is felt

I N V E N T O R Y  S Y S T E M S
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to be acceptable. For example, the newsperson might want to be 80 percent sure of not run-
ning out of papers each Monday. 

Recall from your study of statistics, assuming that the probability distribution associated
with the sales of the paper is normal, then if we stocked exactly 90 papers each Monday
morning, the risk of stocking out would be 50 percent, since 50 percent of the time we expect
demand to be less than 90 papers and 50 percent of the time we expect demand to be greater
than 90. To be 80 percent sure of not stocking out, we need to carry a few more papers. From
the “cumulative standard normal distribution” table given in Appendix E, we see that we need
approximately .85 standard deviation of extra papers to be 80 percent sure of not stocking
out. A quick way to find the exact number of standard deviations needed for a given proba-
bility of stocking out is with the NORMSINV(probability) function in Microsoft Excel
(NORMSINV(.8) = .84162). Given our result from Excel, which is more accurate than what
we can get from the tables, the number of extra papers would be .84162 × 10 = 8.416, or
9 papers (there is no way to sell .4 paper!).

To make this more useful, it would be good to actually consider the potential profit and
loss associated with stocking either too many or too few papers on the stand. Let’s say that
our newspaper person pays $.20 for each paper and sells the papers for $.50. In this case the
marginal cost associated with underestimating demand is $.30, the lost profit. Similarly,
the marginal cost of overestimating demand is $.20, the cost of buying too many papers. The
optimal stocking level, using marginal analysis, occurs at the point where the expected ben-
efits derived from carrying the next unit are less than the expected costs for that unit. Keep in
mind that the specific benefits and costs depend on the problem.

In symbolic terms, define

Co = Cost per unit of demand overestimated
Cu = Cost per unit of demand underestimated

By introducing probabilities, the expected marginal cost equation becomes

P(Co) ≤ (1 − P)Cu

where P is the probability that the unit will not be sold and 1 − P is the probability of it being
sold, because one or the other must occur. (The unit is sold or is not sold.)1

Then, solving for P, we obtain

[15.1] P ≤ Cu

Co + Cu

This equation states that we should continue to increase the size of the order so long as the prob-
ability of selling what we order is equal to or less than the ratio Cu/(Co + Cu).

Returning to our newspaper problem, our cost of overestimating demand (Co) is $.20 per
paper and the cost of underestimating demand (Cu) is $.30. The probability therefore is
.3/(.2 + .3) = .6. Now, we need to find the point on our demand distribution that corresponds
to the cumulative probability of .6. Using the NORMSINV function to get the number of stan-
dard deviations (commonly referred to as the Z-score) of extra newspapers to carry, we get
.253, which means that we should stock .253(10) = 2.53 or 3 extra papers. The total num-
ber of papers for the stand each Monday morning, therefore, should be 93 papers.

This model is very useful and, as we will see in our solved sample problem, can even be
used for many service sector problems, such as the number of seats to book on a full airline
flight or the number of reservations to book on a full night at a hotel.

EXAMPLE 15.1: Hotel Reservations
A hotel near the university always fills up on the evening before football games. History has shown that
when the hotel is fully booked, the number of last-minute cancellations has a mean of 5 and standard devi-
ation of 3. The average room rate is $80. When the hotel is overbooked, policy is to find a room in a near-
by hotel and to pay for the room for the customer. This usually costs the hotel approximately $200 since
rooms booked on such late notice are expensive. How many rooms should the hotel overbook?

INVENTORY CONTROL chapter 15 593
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SOLUTION
The cost of underestimating the number of cancellations is $80 and the cost of overestimating cancel-
lations is $200.

P ≤ Cu

Co + Cu
= $80

$200 + $80
= .2857

Using NORMSINV(.2857) from Excel® gives a Z-score of −.56599. The negative value indicates that
we should overbook by a value less than the average of 5. The actual value should be −.56599(3) =
1.69797, or 2 reservations less than 5. The hotel should overbook three reservations on the evening prior
to a football game.

Another common method for analyzing this type of problem is with a discrete probability distribu-
tion found using actual data and marginal analysis. For our hotel, consider that we have collected data
and our distribution of no-shows is as follows:

NUMBER OF CUMULATIVE

NO-SHOWS PROBABILITY PROBABILITY

0 .05 .05

1 .08 .13

2 .10 .23

3 .15 .38

4 .20 .58

5 .15 .73

6 .11 .84

7 .06 .90

8 .05 .95

9 .04 .99

10 .01 1.00

Using these data, a table showing the impact of overbooking is created. Total expected cost of each
overbooking option is then calculated by multiplying each possible outcome by its probability and sum-
ming the weighted costs. The best overbooking strategy is the one with minimum cost.

NUMBER OF RESERVATIONS OVERBOOKED

NO-SHOWS PROBABILITY 0 1 2 3 4 5 6 7 8 9 10

0 0.05 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

1 0.08 80 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800

2 0.1 160 80 0 200 400 600 800 1,000 1,200 1,400 1,600

3 0.15 240 160 80 0 200 400 600 800 1,000 1,200 1,400

4 0.2 320 240 160 80 0 200 400 600 800 1,000 1,200

5 0.15 400 320 240 160 80 0 200 400 600 800 1,000

6 0.11 480 400 320 240 160 80 0 200 400 600 800

7 0.06 560 480 400 320 240 160 80 0 200 400 600

8 0.05 640 560 480 400 320 240 160 80 0 200 400

9 0.04 720 640 560 480 400 320 240 160 80 0 200

10 0.01 800 720 640 560 480 400 320 240 160 80 0

Total cost 337.6 271.6 228 212.4 238.8 321.2 445.6 600.8 772.8 958.8 1,156

From the table, the minimum total cost is when three extra reservations are taken. This approach using
discrete probability is useful when valid historic data are available. •
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Single-period inventory models are useful for a wide variety of service and manufacturing
applications. Consider the following:

1. Overbooking of airline flights. It is common for customers to cancel flight reserva-
tions for a variety of reasons. Here the cost of underestimating the number of cancella-
tions is the revenue lost due to an empty seat on a flight. The cost of overestimating can-
cellations is the awards, such as free flights or cash payments, that are given to customers
unable to board the flight.

2. Ordering of fashion items. A problem for a retailer selling fashion items is that
often only a single order can be placed for the entire season. This is often caused by
long lead times and limited life of the merchandise. The cost of underestimating
demand is the lost profit due to sales not made. The cost of overestimating demand is
the cost that results when it is discounted.

3. Any type of one-time order. For example, ordering T-shirts for a sporting event or
printing maps that become obsolete after a certain period of time.

M U L T I P E R I O D I N V E N T O R Y S Y S T E M S
There are two general types of multiperiod inventory systems: fixed–order quantity models
(also called the economic order quantity, EOQ, and Q-model) and fixed–time period
models (also referred to variously as the periodic system, periodic review system, fixed-order
interval system, and P-model). Multiperiod inventory systems are designed to ensure that an
item will be available on an ongoing basis throughout the year. Usually the item will be
ordered multiple times throughout the year where the logic in the system dictates the actual
quantity ordered and the timing of the order.

The basic distinction is that fixed–order quantity models are “event triggered” and fixed–
time period models are “time triggered.” That is, a fixed–order quantity model initiates an
order when the event of reaching a specified reorder level occurs. This event may take place
at any time, depending on the demand for the items considered. In contrast, the fixed–time
period model is limited to placing orders at the end of a predetermined time period; only the
passage of time triggers the model.

To use the fixed–order quantity model (which places an order when the remaining inven-
tory drops to a predetermined order point, R), the inventory remaining must be continually
monitored. Thus, the fixed–order quantity model is a perpetual system, which requires that
every time a withdrawal from inventory or an addition to inventory is made, records must be
updated to reflect whether the reorder point has been reached. In a fixed–time period model,
counting takes place only at the review period. (We will discuss some variations of systems
that combine features of both.) 

Some additional differences tend to influence the choice of systems (also see
Exhibit 15.1):

• The fixed–time period model has a larger average inventory because it must also pro-
tect against stockout during the review period, T; the fixed–order quantity model has
no review period. 

• The fixed–order quantity model favors more expensive items because average inven-
tory is lower.

• The fixed–order quantity model is more appropriate for important items such as critical
repair parts because there is closer monitoring and therefore quicker response to poten-
tial stockout.

• The fixed–order quantity model requires more time to maintain because every addition
or withdrawal is logged. 

Exhibit 15.2 shows what occurs when each of the two models is put into use and be-
comes an operating system. As we can see, the fixed–order quantity system focuses on order
quantities and reorder points. Procedurally, each time a unit is taken out of stock, the with-
drawal is logged and the amount remaining in inventory is immediately compared to the

INVENTORY CONTROL chapter 15 595
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Q-MODEL P-MODEL

FEATURE FIXED–ORDER QUANTITY MODEL FIXED–TIME PERIOD MODEL

Order quantity Q—constant (the same amount ordered q—variable (varies each time order is
each time) placed)

When to place order R—when inventory position drops to T—when the review period arrives
the reorder level

Recordkeeping Each time a withdrawal or addition is Counted only at review period
made 

Size of inventory Less than fixed–time period model Larger than fixed–order quantity model

Time to maintain Higher due to perpetual recordkeeping

Type of items Higher-priced, critical, or important
items

e x h i b i t  1 5 . 1 Fixed–Order Quantity and Fixed–Time Period Differences

e x h i b i t  1 5 . 2 Comparison of Fixed–Order Quantity and Fixed–Time Period Reordering Inventory Systems

Fixed–Order 
Quantity System

Fixed–Time Period 
Reordering System

Is position �
Reorder point?

No

Yes

No

Yes

Issue an order for 
exactly Q units

Demand occurs
Unit withdrawn 
from inventory 
or backordered

Compute inventory position 
Position = On-hand + 
On-order – Backorder

Compute order quantity 
to bring inventory up to 

required level

Issue an order for the 
number of units needed

Idle state
Waiting for demand

Demand occurs
Units withdrawn from 

inventory or backordered

Idle state
Waiting for demand

Compute inventory position
Position = On-hand + 
On-order – Backorder

P-ModelQ-Model

Has review 
time

arrived?

reorder point. If it has dropped to this point, an order for Q items is placed. If it has not, the
system remains in an idle state until the next withdrawal.

In the fixed–time period system, a decision to place an order is made after the stock has
been counted or reviewed. Whether an order is actually placed depends on the inventory posi-
tion at that time.
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Fixed–order quantity models attempt to determine the specific point, R, at which
an order will be placed and the size of that order, Q. The order point, R, is always a specified
number of units. An order of size Q is placed when the inventory available (currently in stock
and on order) reaches the point R. Inventory position is defined as the on-hand plus on-order
minus backordered quantities. The solution to a fixed–order quantity model may stipulate
something like this: When the inventory position drops to 36, place an order for 57 more units.

The simplest models in this category occur when all aspects of the situation are known
with certainty. If the annual demand for a product is 1,000 units, it is precisely 1,000—not
1,000 plus or minus 10 percent. The same is true for setup costs and holding costs. Although
the assumption of complete certainty is rarely valid, it provides a good basis for our coverage
of inventory models.

Exhibit 15.3 and the discussion about deriving the optimal order quantity are based on the
following characteristics of the model. These assumptions are unrealistic, but they represent
a starting point and allow us to use a simple example. 

• Demand for the product is constant and uniform throughout the period. 
• Lead time (time from ordering to receipt) is constant. 
• Price per unit of product is constant.
• Inventory holding cost is based on average inventory. 
• Ordering or setup costs are constant.
• All demands for the product will be satisfied. (No backorders are allowed.) 

The “sawtooth effect” relating Q and R in Exhibit 15.3 shows that when the inventory
position drops to point R, a reorder is placed. This order is received at the end of time period
L, which does not vary in this model.

In constructing any inventory model, the first step is to develop a functional relationship
between the variables of interest and the measure of effectiveness. In this case, because we
are concerned with cost, the following equation pertains: 

Total Annual Annual Annual
annual cost

=
purchase cost

+
ordering cost

+
holding cost

or

[15.2] TC = DC + D

Q
S + Q

2
H

F I X E D – O R D E R  Q U A N T I T Y  M O D E L S

Inventory position

FORD MOTOR COMPANY’S TRUCK PLANT

IN WAYNE, MICHIGAN, INSTITUTED A

RETURNABLE CONTAINER PROGRAM FOR

MANY INCOMING PARTS INCLUDING REUSE

OF THE PLASTIC CONTAINERS SHOWN HERE.
THE FACILITY ALSO INSTALLED CARDBOARD

COMPACTORS TO RECYCLE REMAINING

CARDBOARD. THE PLANT RECYCLES OVER

9000 TONS OF CARDBOARD AND OVER

4000 TONS OF WOOD PALLETS SAVING

$27 MILLION PER YEAR. FORD HAS REDUCED

THE USE OF PACKAGING MATERIALS BY A

TOTAL OF 163 MILLION POUNDS IN TWO

YEARS AT ALL ITS PRODUCTION PLANTS.

Tutorial: EOQ
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where

TC = Total annual cost
D = Demand (annual)
C = Cost per unit
Q = Quantity to be ordered (the optimal amount is termed the economic order

quantity—EOQ—or Qopt)
S = Setup cost or cost of placing an order
R = Reorder point
L = Lead time
H = Annual holding and storage cost per unit of average inventory (often holding cost

is taken as a percentage of the cost of the item, such as H = iC, where i is the
percent carrying cost) 

On the right side of the equation, DC is the annual purchase cost for the units, (D/Q)S is
the annual ordering cost (the actual number of orders placed, D/Q, times the cost of each
order, S), and (Q/2)H is the annual holding cost (the average inventory, Q/2, times the cost
per unit for holding and storage, H). These cost relationships are graphed in Exhibit 15.4.

The second step in model development is to find that order quantity Qopt at which total cost
is a minimum. In Exhibit 15.4, the total cost is minimal at the point where the slope of the
curve is zero. Using calculus, we take the derivative of total cost with respect to Q and set
this equal to zero. For the basic model considered here, the calculations are

TC = DC + D

Q
S + Q

2
H

dTC

dQ
= 0 +

(−DS

Q2

)
+ H

2
= 0

[15.3] Qopt =
√

2DS

H
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Because this simple model assumes constant demand and lead time, no safety stock is
necessary, and the reorder point, R, is simply 

[15.4] R = dL

where

d
– = Average daily demand (constant)
L = Lead time in days (constant)

EXAMPLE 15.2: Economic Order Quantity and Reorder Point
Find the economic order quantity and the reorder point, given

Annual demand (D) = 1,000 units
Average daily demand (d–) = 1,000/365

Ordering cost (S ) = $5 per order
Holding cost (H) = $1.25 per unit per year

Lead time (L) = 5 days
Cost per unit (C ) = $12.50

What quantity should be ordered?

SOLUTION
The optimal order quantity is

Qopt =
√

2DS

H
=
√

2(1,000)5

1.25
=
√

8,000 = 89.4 units

The reorder point is

R = dL = 1,000

365
(5) = 13.7 units

Rounding to the nearest unit, the inventory policy is as follows: When the inventory position drops
to 14, place an order for 89 more.

The total annual cost will be

TC = DC + D

Q
S + Q

2
H

= 1,000(12.50) + 1,000

89
(5) + 89

2
(1.25)

= $12,611.81

Note that in this example, the purchase cost of the units was not required to determine the order
quantity and the reorder point because the cost was constant and unrelated to order size. •

E S T A B L I S H I N G S A F E T Y S T O C K L E V E L S
The previous model assumed that demand was constant and known. In the majority of
cases, though, demand is not constant but varies from day to day. Safety stock must therefore
be maintained to provide some level of protection against stockouts. Safety stock can be defined
as the amount of inventory carried in addition to the expected demand. In a normal distribution,
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this would be the mean. For example, if our average monthly demand is 100 units and we expect
next month to be the same, if we carry 120 units, then we have 20 units of safety stock.

Safety stock can be determined based on many different criteria. A common approach is
for a company to simply state that a certain number of weeks of supply be kept in safety stock.
It is better, though, to use an approach that captures the variability in demand.

For example, an objective may be something like “set the safety stock level so that there
will only be a 5 percent chance of stocking out if demand exceeds 300 units.” We call this
approach to setting safety stock the probability approach.

T h e  P r o b a b i l i t y  A p p r o a c h Using the probability criterion to determine safety
stock is pretty simple. With the models described in this chapter, we assume that the demand
over a period of time is normally distributed with a mean and a standard deviation. Again,
remember that this approach considers only the probability of running out of stock, not how
many units we are short. To determine the probability of stocking out over the time period,
we can simply plot a normal distribution for the expected demand and note where the amount
we have on hand lies on the curve.

Let’s take a few simple examples to illustrate this. Say we expect demand to be 100 units
over the next month, and we know that the standard deviation is 20 units. If we go into the
month with just 100 units, we know that our probability of stocking out is 50 percent. Half of
the months we would expect demand to be greater than 100 units; half of the months we
would expect it to be less than 100 units. Taking this further, if we ordered a month’s worth
of inventory of 100 units at a time and received it at the beginning of the month, over the long
run we would expect to run out of inventory in six months of the year.

If running out this often was not acceptable, we would want to carry extra inventory to
reduce this risk of stocking out. One idea might be to carry an extra 20 units of inventory
for the item. In this case, we would still order a month’s worth of inventory at a time, but
we would schedule delivery to arrive when we still have 20 units remaining in inventory.
This would give us that little cushion of safety stock to reduce the probability of stocking
out. If the standard deviation associated with our demand was 20 units, we would then be
carrying one standard deviation worth of safety stock. Looking at the Cumulative Standard
Normal Distribution (Appendix E), and moving one standard deviation to the right of the
mean, gives a probability of .8413. So approximately 84 percent of the time we would not
expect to stock out, and 16 percent of the time we would. Now if we order every month,
we would expect to stock out approximately two months per year (.16 × 12 = 1.92). For
those using Excel, given a z value, the probability can be obtained with the NORMSDIST
function.

It is common for companies using this approach to set the probability of not stocking out
at 95 percent. This means we would carry about 1.64 standard deviations of safety stock, or
33 units (1.64 × 20 = 32.8) for our example. Once again, keep in mind that this does
not mean that we would order 33 units extra each month. Rather, it means that we would still
order a month’s worth each time, but we would schedule the receipt so that we could expect
to have 33 units in inventory when the order arrives. In this case, we would expect to stock
out approximately .6 month per year, or that stockouts would occur in 1 of every 20 months. 

F I X E D – O R D E R Q U A N T I T Y M O D E L W I T H
S A F E T Y S T O C K
A fixed–order quantity system perpetually monitors the inventory level and places a new
order when stock reaches some level, R. The danger of stockout in this model occurs only
during the lead time, between the time an order is placed and the time it is received. As shown
in Exhibit 15.5, an order is placed when the inventory position drops to the reorder point, R.
During this lead time L, a range of demands is possible. This range is determined either from
an analysis of past demand data or from an estimate (if past data are not available).

The amount of safety stock depends on the service level desired, as previously discussed.
The quantity to be ordered, Q, is calculated in the usual way considering the demand, short-
age cost, ordering cost, holding cost, and so forth. A fixed–order quantity model can be used
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to compute Q, such as the simple Qopt model previously discussed. The reorder point is then
set to cover the expected demand during the lead time plus a safety stock determined by the
desired service level. Thus, the key difference between a fixed–order quantity model where
demand is known and one where demand is uncertain is in computing the reorder point. The
order quantity is the same in both cases. The uncertainty element is taken into account in the
safety stock.

The reorder point is 

[15.5] R = dL + zσL

where

R = Reorder point in units
d– = Average daily demand
L = Lead time in days (time between placing an order and receiving the items)
z = Number of standard deviations for a specified service probability

σL = Standard deviation of usage during lead time

The term zσL is the amount of safety stock. Note that if safety stock is positive, the effect is to
place a reorder sooner. That is, R without safety stock is simply the average demand during the
lead time. If lead time usage was expected to be 20, for example, and safety stock was com-
puted to be 5 units, then the order would be placed sooner, when 25 units remained. The greater
the safety stock, the sooner the order is placed.

C o m p u t i n g  d– ,  σL ,  a n d  z Demand during the replenishment lead time is really an
estimate or forecast of expected use of inventory from the time an order is placed to when it
is received. It may be a single number (for example, if the lead time is a month, the demand
may be taken as the previous year’s demand divided by 12), or it may be a summation of
expected demands over the lead time (such as the sum of daily demands over a 30-day lead
time). For the daily demand situation, d can be a forecast demand using any of the models in
Chapter 13 on forecasting. For example, if a 30-day period was used to calculate d, then a
simple average would be

[15.6] d =
∑n

i=1 di

n

=
∑30

i=1 di

30

where n is the number of days.
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The standard deviation of the daily demand is

[15.7] σd =
√∑n

i=1(di − d )2

n

=
√∑30

i=1(di − d )2

30

Because σd refers to one day, if lead time extends over several days, we can use the sta-
tistical premise that the standard deviation of a series of independent occurrences is equal to
the square root of the sum of the variances. That is, in general,

[15.8] σL =
√

σ 2
1 + σ 2

2 + · · · + σ 2
L

For example, suppose we computed the standard deviation of demand to be 10 units per day.
If our lead time to get an order is five days, the standard deviation for the five-day period,
because each day can be considered independent, is

σ5 =
√

(10)2 + (10)2 + (10)2 + (10)2 + (10)2 = 22.36

Next we need to find z, the number of standard deviations of safety stock.
Suppose we wanted our probability of not stocking out during the lead time to be .95. The

z value associated with a 95 percent probability of not stocking out is 1.64 (see Appendix D or
use the Excel NORMSINV function). Given this, safety stock is calculated as follows:

[15.9] SS = zσL

= 1.64 × 22.36

= 36.67

We now compare two examples. The difference between them is that in the first, the vari-
ation in demand is stated in terms of standard deviation over the entire lead time, while in the
second, it is stated in terms of standard deviation per day.

EXAMPLE 15.3: Economic Order Quantity
Consider an economic order quantity case where annual demand D = 1,000 units, economic order quan-
tity Q = 200 units, the desired probability of not stocking out P = .95, the standard deviation of demand
during lead time σL = 25 units, and lead time L = 15 days. Determine the reorder point. Assume that
demand is over a 250-workday year.

SOLUTION
In our example, d = 1000

250 = 4, and lead time is 15 days. We use the equation

R = dL + zσL

= 4(15) + z(25)

In this case z is 1.64.
Completing the solution for R, we have 

R = 4(15) + 1.64(25) = 60 + 41 = 101 units

This says that when the stock on hand gets down to 101 units, order 200 more. •
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EXAMPLE 15.4: Order Quantity and Reorder Point
Daily demand for a certain product is normally distributed with a mean of 60 and standard deviation of 7.
The source of supply is reliable and maintains a constant lead time of six days. The cost of placing the
order is $10 and annual holding costs are $0.50 per unit. There are no stockout costs, and unfilled orders
are filled as soon as the order arrives. Assume sales occur over the entire 365 days of the year. Find the
order quantity and reorder point to satisfy a 95 percent probability of not stocking out during the lead time.

SOLUTION
In this problem we need to calculate the order quantity Q as well as the reorder point R.

d
– � 60 S � $10
σd � 7 H � $0.50
D � 60(365) L � 6

The optimal order quantity is

Qopt =
√

2DS

H
=
√

2(60)365(10)

0.50
=
√

876,000 = 936 units

To compute the reorder point, we need to calculate the amount of product used during the lead time
and add this to the safety stock.

The standard deviation of demand during the lead time of six days is calculated from the variance of
the individual days. Because each day’s demand is independent2

σL =
√√√√ L∑

i=1

σ 2
d =

√
6( 7 )2 = 17.15

Once again, z is 1.64.

R = dL + zσL = 60(6) + 1.64(17.15) = 388 units

To summarize the policy derived in this example, an order for 936 units is placed whenever the num-
ber of units remaining in inventory drops to 388. •
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In a fixed–time period system, inventory is counted only at particular times,
such as every week or every month. Counting inventory and placing orders periodically is
desirable in situations such as when vendors make routine visits to customers and take orders
for their complete line of products, or when buyers want to combine orders to save trans-
portation costs. Other firms operate on a fixed time period to facilitate planning their inven-
tory count; for example, Distributor X calls every two weeks and employees know that all
Distributor X’s product must be counted.

Fixed–time period models generate order quantities that vary from period to period,
depending on the usage rates. These generally require a higher level of safety stock than a
fixed–order quantity system. The fixed–order quantity system assumes continual tracking of
inventory on hand, with an order immediately placed when the reorder point is reached. In
contrast, the standard fixed–time period models assume that inventory is counted only at the
time specified for review. It is possible that some large demand will draw the stock down to
zero right after an order is placed. This condition could go unnoticed until the next review peri-
od. Then the new order, when placed, still takes time to arrive. Thus, it is possible to be out of
stock throughout the entire review period, T, and order lead time, L. Safety stock, therefore,

F I X E D – T I M E  P E R I O D  M O D E L S
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must protect against stockouts during the review period itself as well as during the lead time
from order placement to order receipt.

F I X E D – T I M E P E R I O D M O D E L W I T H
S A F E T Y S T O C K
In a fixed–time period system, reorders are placed at the time of review (T ), and the safety
stock that must be reordered is 

[15.10] Safety stock = zσT +L

Exhibit 15.6 shows a fixed–time period system with a review cycle of T and a constant lead
time of L. In this case, demand is randomly distributed about a mean d. The quantity to order,
q, is

Average demand Inventory currently
[15.11]

Order = over the + Safety − on hand (plus onquantity
vulnerable period

stock
order, if any)

q = d(T + L) + zσT +L − I

where

q = Quantity to be ordered
T = The number of days between reviews
L = Lead time in days (time between placing an order and receiving it)
d
– = Forecast average daily demand
z = Number of standard deviations for a specified service probability

σT + L = Standard deviation of demand over the review and lead time
I = Current inventory level (includes items on order) 

Note: The demand, lead time, review period, and so forth can be any time units such as days,
weeks, or years so long as they are consistent throughout the equation.

In this model, demand (d) can be forecast and revised each review period if desired or the
yearly average may be used if appropriate. We assume that demand is normally distributed.

The value of z is dependent on the probability of stocking out and can be found using
Appendix D or by using the Excel® NORMSINV function.

EXAMPLE 15.5: Quantity to Order
Daily demand for a product is 10 units with a standard deviation of 3 units. The review period is 30 days,
and lead time is 14 days. Management has set a policy of satisfying 98 percent of demand from items in
stock. At the beginning of this review period, there are 150 units in inventory.

How many units should be ordered?
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SOLUTION
The quantity to order is

q = d(T + L) + zσT +L − I

= 10(30 + 14) + zσT +L − 150

Before we can complete the solution, we need to find σT +L and z. To find σT +L , we use the notion,
as before, that the standard deviation of a sequence of independent random variables equals the square
root of the sum of the variances. Therefore, the standard deviation during the period T + L is the square
root of the sum of the variances for each day:

[15.12] σT +L =
√√√√T +L∑

i=1

σ 2
d

Because each day is independent and σd is constant,

σT +L =
√

(T + L)σ 2
d =

√
(30 + 14)(3)2 = 19.90

The z value for P = .98 is 2.05.
The quantity to order, then, is 

q = d(T + L) + zσT +L − I = 10(30 + 14) + 2.05(19.90) − 150 = 331 units

To ensure a 98 percent probability of not stocking out, order 331 units at this review period. •
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It is important for managers to realize that how they run items using inventory
control logic relates directly to the financial performance of the firm. A key measure that
relates to company performance is inventory turn. Recall that inventory turn is calculated as
follows:

Inventory turn = Cost of goods sold

Average inventory value

So what is the relationship between how we manage an item and the inventory turn for that
item? Here, let us simplify things and consider just the inventory turn for an individual item
or a group of items. First, if we look at the numerator, the cost of goods sold for an individ-
ual item relates directly to the expected yearly demand (D) for the item. Given a cost per unit
(C) for the item, the cost of goods sold is just D times C. Recall this is the same as what was
used in our EOQ equation. Next, consider average inventory value. Recall from EOQ that the
average inventory is Q/2, which is true if we assume that demand is constant. When we bring
uncertainty into the equation, safety stock is needed to manage the risk created by demand
variability. The fixed–order quantity model and fixed–time period model both have equations
for calculating the safety stock required for a given probability of stocking out. In both
models, we assume that when going through an order cycle, half the time we need to use the
safety stock and half the time we do not. So on average, we expect the safety stock (SS) to be
on hand. Given this, the average inventory is equal to the following:

[15.13] Average inventory value = (Q/2 + SS)C

I N V E N T O R Y  C O N T R O L  A N D  S U P P L Y  
C H A I N  M A N A G E M E N T
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The inventory turn for an individual item then is

[15.14] Inventory turn = DC

(Q/2 + SS)C
= D

Q/2 + SS

EXAMPLE 15.6: Average Inventory Calculation—Fixed–Order Quantity Model
Suppose the following item is being managed using a fixed–order quantity model with safety stock.

Annual demand (D) = 1,000 units
Order quantity (Q) = 300 units

Safety stock (SS) = 40 units

What are the average inventory level and inventory turn for the item?

SOLUTION
Average inventory = Q/2 + SS = 300/2 + 40 = 190 units

Inventory turn = D

Q/2 + SS
= 1,000

190
= 5.263 turns per year •

EXAMPLE 15.7: Average Inventory Calculation—Fixed–Time Period Model
Consider the following item that is being managed using a fixed–time period model with safety stock.

Weekly demand (d) = 50 units
Review cycle (T) = 3 weeks
Safety stock (SS) = 30 units

What are the average inventory level and inventory turn for the item?

SOLUTION
Here we need to determine how many units we expect to order each cycle. If we assume that demand
is fairly steady, then we would expect to order the number of units that we expect demand to be during
the review cycle. This expected demand is equal to dT if we assume that there is no trend or seasonality
in the demand pattern.

Average inventory = dT/2 + SS = 50(3)/2 + 30 = 105 units

Inventory turn = 52d

dT/2 + SS
= 50(52)

105
= 24.8 turns per year

assuming there are 52 weeks in the year. •
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Price-break models deal with the fact that, generally, the selling price of an
item varies with the order size. This is a discrete or step change rather than a per-unit
change. For example, wood screws may cost $0.02 each for 1 to 99 screws, $1.60 per 100,
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and $13.50 per 1,000. To determine the optimal quantity of any item to order, we simply
solve for the economic order quantity for each price and at the point of price change. But
not all of the economic order quantities determined by the formula are feasible. In the
wood screw example, the Qopt formula might tell us that the optimal decision at the price of
1.6 cents is to order 75 screws. This would be impossible, however, because 75 screws
would cost 2 cents each.

In general, to find the lowest-cost order quantity, we need to calculate the economic
order quantity for each possible price and check to see whether the quantity is feasible. It
is possible that the economic order quantity that is calculated is either higher or lower than
the range to which the price corresponds. Any feasible quantity is a potential candidate
order quantity. We also need to calculate the cost at each of the price-break quantities, since
we know that price is feasible at these points and the total cost may be lowest at one of
these values.

The calculations can be simplified a little if holding cost is based on a percentage of unit
price (they will be in all the examples and problems given in this book). In this case, we only
need to look at a subset of the price-break quantities. The following two-step procedure can
be used:

Step 1. Sort the prices from lowest to highest, and then, beginning with the lowest price,
calculate the economic order quantity for each price level until a feasible economic order
quantity is found. By feasible we mean that the price is in the correct corresponding
range.

Step 2. If the first feasible economic order quantity is for the lowest price, this quantity is
best and you are finished. Otherwise, calculate the total cost for the first feasible economic
order quantity (you did these from lowest to highest price) and also calculate the total cost
at each price break lower than the price associated with the first feasible economic order
quantity. This is the lowest order quantity at which you can take advantage of the price
break. The optimal Q is the one with the lowest cost.

Looking at Exhibit 15.7, we see that order quantities are solved from right to left, or from
the lowest unit price to the highest, until a valid Q is obtained. Then the order quantity at each
price break above this Q is used to find which order quantity has the least cost—the computed
Q or the Q at one of the price breaks.
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EXAMPLE 15.8: Price Break
Consider the following case, where

D = 10,000 units (annual demand)
S = $20 to place each order
i = 20 percent of cost (annual carrying cost, storage, interest, obsolescence, etc.)

C = Cost per unit (according to the order size; orders of 0 to 499 units, $5.00 per unit; 500 to
999, $4.50 per unit; 1,000 and up, $3.90 per unit) 

What quantity should be ordered? 

SOLUTION
The appropriate equations from the basic fixed-quantity case are

TC = DC + D

Q
S + Q

2
iC

and

[15.15] Q =
√

2DS

iC

Solving for the economic order size, we obtain

@ C = $3.90, Q = 716 Not feasible
@ C = $4.50, Q = 667 Feasible, cost = $45,600
Check Q = 1,000, Cost = $39,590 Optimal solution

In Exhibit 15.7, which displays the cost relationship and order quantity range, note that most of the
order quantity–cost relationships lie outside the feasible range and that only a single, continuous range
results. This should be readily apparent because, for example, the first order quantity specifies buying
633 units at $5.00 per unit. However, if 633 units are ordered, the price is $4.50, not $5.00. The same
holds true for the third order quantity, which specifies an order of 716 units at $3.90 each. This $3.90
price is not available on orders of less than 1,000 units.

Exhibit 15.8 itemizes the total costs at the economic order quantities and at the price breaks. The
optimal order quantity is shown to be 1,000 units. •
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Obtaining actual order, setup, carrying, and shortage costs is difficult—sometimes
impossible. Even the assumptions are sometimes unrealistic. For example, Exhibit 15.9 com-
pares ordering costs that are assumed linear to the real case where every addition of a staff per-
son causes a step increase in cost.

All inventory systems are plagued by two major problems: maintaining adequate control
over each inventory item and ensuring that accurate records of stock on hand are kept. In this
section we present three simple systems often used in practice (an optional replenishment
system, a one-bin system, and a two-bin system), ABC analysis (a method for analyzing
inventory based on value), and cycle counting (a technique for improving inventory record
accuracy).

T H R E E S I M P L E I N V E N T O R Y S Y S T E M S
O p t i o n a l  R e p l e n i s h m e n t  S y s t e m An optional replenishment system forces
reviewing the inventory level at a fixed frequency (such as weekly) and ordering a replenish-
ment supply if the level has dropped below some amount. In Exhibit 15.1, this is a P-model. For
example, the maximum inventory level (which we will call M) can be computed based on
demand, ordering costs, and shortage costs. Because it takes time and costs money to place an
order, a minimum order of size Q can be established. Then, whenever this item is reviewed, the
inventory position (we will call it I) is subtracted from the replenishment level (M). If that num-
ber (call it q) is equal to or greater than Q, order q. Otherwise, forget it until the next review
period. Stated formally,

q = M − I

If q ≥ Q, order q.

Otherwise, do not order any.

T w o - B i n S y s t e m In a two-bin system, items are used from one bin, and the second bin
provides an amount large enough to ensure that the stock can be replenished. In Exhibit 15.1,
this is a Q-model. Ideally, the second bin would contain an amount equal to the reorder point
(R) calculated earlier. As soon as the second bin supply is brought to the first bin, an order is
placed to replenish the second bin. Actually, these bins can be located together. In fact, there

M I S C E L L A N E O U S  S Y S T E M S  A N D  I S S U E S

One practical consideration in price-break problems is that the price reduction from
volume purchases frequently makes it seemingly economical to order amounts larger than the
Qopt. Thus, when applying the model, we must be particularly careful to obtain a valid
estimate of product obsolescence and warehousing costs.
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could be just one bin with a divider between. The key to a two-bin operation is to separate the
inventory so that part of it is held in reserve until the rest is used first.

O n e - B i n  S y s t e m A one-bin inventory system involves periodic replenishment no
matter how few are needed. At fixed periods (such as weekly), the inventory is brought up to
its predetermined maximum level. The one bin is always replenished, and it therefore differs
from the optional replenishment system, which reorders only when the inventory used is
greater than some minimum amount. This is a P-model in Exhibit 15.1.

A B C  I N V E N T O R Y P L A N N I N G
Maintaining inventory through counting, placing orders, receiving stock, and so on takes per-
sonnel time and costs money. When there are limits on these resources, the logical move is to
try to use the available resources to control inventory in the best way. In other words, focus
on the most important items in inventory.

In the nineteenth century Villefredo Pareto, in a study of the distribution of wealth in Milan,
found that 20 percent of the people controlled 80 percent of the wealth. This logic of the few
having the greatest importance and the many having little importance has been broadened to
include many situations and is termed the Pareto principle.3 This is true in our everyday lives
(most of our decisions are relatively unimportant, but a few shape our future) and is certainly
true in inventory systems (where a few items account for the bulk of our investment).

Any inventory system must specify when an order is to be placed for an item and how
many units to order. Most inventory control situations involve so many items that it is not
practical to model and give thorough treatment to each item. To get around this problem, the
ABC classification scheme divides inventory items into three groupings: high dollar volume
(A), moderate dollar volume (B), and low dollar volume (C). Dollar volume is a measure of
importance; an item low in cost but high in volume can be more important than a high-cost
item with low volume.

A B C  C l a s s i f i c a t i o n If the annual usage of items in inventory is listed according to
dollar volume, generally, the list shows that a small number of items account for a large dol-
lar volume and that a large number of items account for a small dollar volume. Exhibit 15.10
illustrates the relationship.

The ABC approach divides this list into three groupings by value: A items constitute
roughly the top 15 percent of the items, B items the next 35 percent, and C items the last
50 percent. From observation, it appears that the list in Exhibit 15.10 may be meaningfully
grouped with A including 20 percent (2 of the 10), B including 30 percent, and C including
50 percent. These points show clear delineations between sections. The result of this seg-
mentation is shown in Exhibit 15.11 and plotted in Exhibit 15.12.
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e x h i b i t  1 5 . 1 0 Annual Usage of Inventory by Value

ITEM NUMBER ANNUAL DOLLAR USAGE PERCENTAGE OF TOTAL VALUE

22 $ 95,000 40.69%

68 75,000 32.13

27 25,000 10.71

03 15,000 6.43

82 13,000 5.57

54 7,500 3.21

36 1,500 0.64

19 800 0.34

23 425 0.18

41 225 0.10

$233,450 100.0%
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Segmentation may not always occur so neatly. The objective, though, is to try to separate
the important from the unimportant. Where the lines actually break depends on the particular
inventory under question and on how much personnel time is available. (With more time, a
firm could define larger A or B categories.)

The purpose of classifying items into groups is to establish the appropriate degree of
control over each item. On a periodic basis, for example, class A items may be more clearly
controlled with weekly ordering, B items may be ordered biweekly, and C items may be
ordered monthly or bimonthly. Note that the unit cost of items is not related to their classifi-
cation. An A item may have a high dollar volume through a combination of either low cost
and high usage or high cost and low usage. Similarly, C items may have a low dollar volume
because of either low demand or low cost. In an automobile service station, gasoline would
be an A item with daily or weekly replenishment; tires, batteries, oil, grease, and transmission
fluid may be B items and ordered every two to four weeks; and C items would consist of valve
stems, windshield wiper blades, radiator caps, hoses, fan belts, oil and gas additives, car wax,
and so forth. C items may be ordered every two or three months or even be allowed to run
out before reordering because the penalty for stockout is not serious.

Sometimes an item may be critical to a system if its absence creates a sizable loss. In this
case, regardless of the item’s classification, sufficiently large stocks should be kept on hand
to prevent runout. One way to ensure closer control is to designate this item an A or a B, forc-
ing it into the category even if its dollar volume does not warrant such inclusion. 

I N V E N T O R Y A C C U R A C Y A N D
C Y C L E C O U N T I N G
Inventory records usually differ from the actual physical count; inventory accuracy refers
to how well the two agree. Companies such as Wal-Mart (see the Breakthrough box titled
“Inventory on a Grand Scale”) understand the importance of inventory accuracy and expend
considerable effort ensuring it. The question is, How much error is acceptable? If the record
shows a balance of 683 of part X and an actual count shows 652, is this within reason?
Suppose the actual count shows 750, an excess of 67 over the record; is this any better?
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e x h i b i t  1 5 . 11ABC Grouping of Inventory Items

CLASSIFICATION ITEM NUMBER ANNUAL DOLLAR USAGE PERCENTAGE OF TOTAL

A 22, 68 $170,000 72.9%

B 27, 03, 82 53,000 22.7

C 54, 36, 19, 23, 41 10,450 4.4

$233,450 10.0%
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Every production system must have agreement, within some specified range, between
what the record says is in inventory and what actually is in inventory. There are many rea-
sons why records and inventory may not agree. For example, an open stockroom area
allows items to be removed for both legitimate and unauthorized purposes. The legitimate
removal may have been done in a hurry and simply not recorded. Sometimes parts are mis-
placed, turning up months later. Parts are often stored in several locations, but records may
be lost or the location recorded incorrectly. Sometimes stock replenishment orders are
recorded as received, when in fact they never were. Occasionally, a group of parts is record-
ed as removed from inventory, but the customer order is canceled and the parts are replaced
in inventory without canceling the record. To keep the production system flowing smoothly
without parts shortages and efficiently without excess balances, records must be accurate.

How can a firm keep accurate, up-to-date records? The first general rule is to keep the
storeroom locked. If only storeroom personnel have access, and one of their measures of per-
formance for personnel evaluation and merit increases is record accuracy, there is a strong
motivation to comply. Every location of inventory storage, whether in a locked storeroom or
on the production floor, should have a recordkeeping mechanism. A second way is to convey
the importance of accurate records to all personnel and depend on them to assist in this effort.
(This all boils down to this: Put a fence that goes all the way to the ceiling around the storage
area so that workers cannot climb over to get parts; put a lock on the gate and give one per-
son the key. Nobody can pull parts without having the transaction authorized and recorded.)

Another way to ensure accuracy is to count inventory frequently and match this against
records. A widely used method is called cycle counting.

Cycle counting is a physical inventory-taking technique in which inventory is counted fre-
quently rather than once or twice a year. The key to effective cycle counting and, therefore, to
accurate records lies in deciding which items are to be counted, when, and by whom.

612 section 4 PLANNING AND CONTROLLING THE SUPPLY CHAIN

Cycle counting

breakthroughINVENTORY ON A GRAND SCALE

Inventory at Wal-Mart is precision on a gargantuan scale, like
a maneuver of the Atlantic Fleet or a dam project in the
Yangtze River.

In his ruling on Wal-Mart’s tax court case, Judge David Laro
provided a behind-the-scenes look at the operation. Its effec-
tiveness, he says, has led “many other companies, both domes-
tic and foreign” to seek Wal-Mart’s advice on inventory taking.

Preparation alone takes four to six weeks. Forty-five days in
advance, the chain’s internal audit department sends a pre-
paration kit to each store. It contains detailed instructions,
including 13 schedules.

Involved in the inventory are a team of 18 to 40 independent
counters and representatives of the company’s operations
division and departments of loss prevention and internal
audit.

At randomly selected stores, employees of Ernst & Young,
independent auditors for Wal-Mart, are present to test accu-
racy by recounting.

An inventory is taken between 8 A.M. and 6 P.M., while the
store—some of which are 24-hour operations—is open to
customers. Immediately after the inventory is completed, the
physical count team reconciles its findings with the book
inventory. The results are reviewed later by the internal audit
department.

Inventories are taken every 11 to 13 months, and most occur
from March through September: inventory is never taken in
November or December, when it would interfere with the
Christmas season, or in the first week in January, when
employees are recuperating and busy with exchanges and
returns.

The job can be made no easier by the facts that Wal-Mart’s
inventory turns over 4.5 times a year (competitors average
about 2.8 turns) and its stores carry between 60,000 and
90,000 specific types of merchandise.

Between physical counts, Wal-Mart employs a perpetual sys-
tem that records, at the time of sale, the cost and quantity of
goods sold. This “reveals the cost and/or quantity of goods
sold since the beginning of the current period and . . . of goods
that are on hand at any given time.”

B R E A K T H R O U G H

SOURCE: W. RIGGLE, “INVENTORY ON A GRAND SCALE,” SUPERMARKET BUSINESS, FEBRUARY 1997, P. 45. COPYRIGHT © 1997. REPRODUCED WITH PERMISSION.
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Virtually all inventory systems these days are computerized. The computer can be pro-
grammed to produce a cycle count notice in the following cases: 

1. When the record shows a low or zero balance on hand. (It is easier to count fewer
items.)

2. When the record shows a positive balance but a backorder was written (indicating a
discrepancy).

3. After some specified level of activity.
4. To signal a review based on the importance of the item (as in the ABC system) such

as in the following table: 

ANNUAL DOLLAR USAGE REVIEW PERIOD

$10,000 or more 30 days or less

$3,000–$10,000 45 days or less

$250–3,000 90 days or less

Less than $250 180 days or less

The easiest time for stock to be counted is when there is no activity in the stockroom or
on the production floor. This means on the weekends or during the second or third shift, when
the facility is less busy. If this is not possible, more careful logging and separation of items
are required to count inventory while production is going on and transactions are occurring.

The counting cycle depends on the available personnel. Some firms schedule regular stock-
room personnel to do the counting during lulls in the regular working day. Other companies
hire private firms that come in and count inventory. Still other firms use full-time cycle coun-
ters who do nothing but count inventory and resolve differences with the records. Although
this last method sounds expensive, many firms believe that it is actually less costly than the
usual hectic annual inventory count generally performed during the two- or three-week annu-
al vacation shutdown.

The question of how much error is tolerable between physical inventory and records has
been much debated. Some firms strive for 100 percent accuracy, whereas others accept 1, 2,
or 3 percent error. The accuracy level often recommended by experts is ±0.2 percent for A
items, ±1 percent for B items, and ±5 percent for C items. Regardless of the specific accuracy
decided on, the important point is that the level be dependable so that safety stocks may be
provided as a cushion. Accuracy is important for a smooth production process so that customer
orders can be processed as scheduled and not held up because of unavailable parts.

I N V E N T O R Y C O N T R O L I N S E R V I C E S
To demonstrate how inventory control is conducted in service organizations, we have selected
two areas to describe: a department store and an automobile service agency.

D e p a r t m e n t  S t o r e  I n v e n t o r y  P o l i c y The common term used to identify an
inventory item is the stockkeeping unit (SKU). The SKU identifies each item, its manufac-
turer, and its cost. The number of SKUs becomes large even for small departments. For exam-
ple, if towels carried in a domestic items department are obtained from three manufacturers in
three quality levels, three sizes (hand towel, face towel, and bath towel), and four colors, there
are 108 different items (3 × 3 × 3 × 4). Even if towels are sold only in sets of three pieces
(hand towel, face towel, and bath towel), the number of SKUs needed to identify the towel sets
is 3 × 3 × 1 × 4 = 36. Depending on the store, a housewares department may carry 3,000 to
4,000 SKUs, and a linen and domestic items department may carry 5,000 to 6,000.

Such large numbers mean that individual economic order quantities cannot be calculated
for each item by hand. How, then, does a department keep tabs on its stock and place orders
for replenishment?

Generally, housewares are divided into staple and promotional items. Within these major
divisions, further classifications are used, such as cookware and tableware. Also, items are
frequently classified by price, as $5 items, $4, $3, and so forth.

The housewares department usually purchases from a distributor rather than directly from a
manufacturer. The use of a distributor, who handles products from many manufacturers, has
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the advantage of fewer orders and faster shipping time (shorter lead time). Further, the dis-
tributor’s sales personnel may visit the housewares department weekly and count all the items
they supply to this department. Then, in line with the replenishment level that has been estab-
lished by the buyer, the distributor’s salesperson places orders for the buyer. This saves the
department time in counting inventory and placing orders. The typical lead time for receipt
of stock from a housewares distributor is two or three days. The safety stock, therefore, is
quite low, and the buyer establishes the replenishment level so as to supply only enough items
for the two- to three-day lead time, plus expected demand during the period until the distrib-
utor’s salesperson’s next visit.

Note that a formal method of estimating stockout and establishing safety stock levels is usu-
ally not followed because the number of items is too great. Instead, the total value of items in
the department is monitored. Thus, replenishment levels are set by dollar allocation.

Through planning, each department has an established monthly value for inventory. By
tabulating inventory balance, monthly sales, and items on order, an “open-to-buy” figure
is determined. (“Open-to-buy” is the unspent portion of the budget.) This dollar amount is
the sum available to the buyer for the following month. When an increase in demand is
expected (Christmas, Mother’s Day, and so forth), the allocation of funds to the department
is increased, resulting in a larger open-to-buy position. Then the replenishment levels are
raised in line with the class of goods, responding to the demand increases, thereby creating a
higher stock of goods on hand. 

In practice, the open-to-buy funds are largely spent during the first days of the month.
However, the buyer tries to reserve some funds for special purchases or to restock fast-moving
items. Promotional items in housewares are controlled individually (or by class) by the buyer.

M a i n t a i n i n g  a n  A u t o  R e p l a c e m e n t  P a r t s  I n v e n t o r y A firm in the
automobile service business purchases most of its parts supplies from a small number of dis-
tributors. Franchised new-car dealers purchase the great bulk of their supplies from the auto
manufacturer. A dealer’s demand for auto parts originates primarily from the general public
and other departments of the agency, such as the service department or body shop. The prob-
lem, in this case, is to determine the order quantities for the several thousand items carried.

A franchised auto agency of medium size may carry a parts inventory valued in the area
of $500,000. Because of the nature of this industry, alternate uses of funds are plentiful, so
opportunity costs are high. For example, dealers may lease cars, carry their own contracts,
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stock a larger new-car inventory, or open sidelines such as tire shops, trailer sales, or recre-
ational vehicle sales—all with potentially high returns. This creates pressure to carry a low
inventory level of parts and supplies while still meeting an acceptable service level. 

Although some dealers still order their inventory by hand, most use computers and soft-
ware packages provided by car manufacturers. For both manual and computerized systems,
an ABC classification works well. Expensive and high-turnover supplies are counted and
ordered frequently; low-cost items are ordered in large quantities at infrequent intervals. A
common drawback of frequent order placement is the extensive amount of time needed to
physically put the items on the shelves and log them in. (However, this restocking procedure
does not greatly add to an auto agency’s cost because parts department personnel generally
do this during slow periods.)

A great variety of computerized systems are currently in use. In a monthly reordering sys-
tem, for example, the items to be ordered are counted and the number on hand is entered into the
computer. By subtracting the number on hand from the previous month’s inventory and adding
the orders received during the month, the usage rate is determined. Some programs use expo-
nential smoothing forecasts, whereas others use a weighted-average method. For the weighted-
average method, the computer program stores the usage rate for, say, four previous months.
Then, with the application of a set of weighting factors, a forecast is made in the same manner
as described in Chapter13. This works as follows: Suppose usage of a part during January,
February, March, and April was 17, 19, 11, and 23, respectively, and the set of corresponding
weights was 0.10, 0.20, 0.30, and 0.40. Thus, the forecast for May is 0.10(17) + 0.20(19) +
0.30(11) + 0.40(23), or 18 units. If safety stock were included and equal to one-month demand,
then 36 units would be ordered (one-month demand plus one-month safety stock) less whatev-
er is on hand at the time of order placement. This simple two-month rule allows for forecast
usage during the lead time plus the review period, with the balance providing the safety stock.

The computer output provides a useful reference file, identifying the item, cost, order size,
and the number of units on hand. The output itself constitutes the purchase order and is sent
to the distributor or factory supply house. The simplicity in this is attractive because, once the
forecast weighting is selected, all that needs to be done is to input the number of units of each
item on hand. Thus, negligible computation is involved, and very little preparation is needed
to send the order out.
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This chapter introduced the two main classes of demand: (1) independent
demand, referring to the external demand for a firm’s end product, and (2) dependent demand,
usually referring—within the firm—to the demand for items created because of the demand
for more complex items of which they are a part. Most industries have items in both classes.
In manufacturing, for example, independent demand is common for finished products, service
and repair parts, and operating supplies; and dependent demand is common for those parts and
materials needed to produce the end product. In wholesale and retail sales of consumer goods,
most demand is independent—each item is an end item, with the wholesaler or retailer doing
no further assembly or fabrication.

Independent demand, the focus of this chapter, is based on statistics. In the fixed–order
quantity and fixed–time period models, the influence of service level was shown on safety
stock and reorder point determinations. Two special-purpose models—the price-break and
single-period models—were also presented.

To distinguish among item categories for analysis and control, the ABC method was offered.
The importance of inventory accuracy was also noted, and cycle counting was described.
Finally, brief descriptions of inventory procedures in a department store and an auto parts shop
illustrated some of the simpler ways nonmanufacturing firms control their inventory.

In this chapter we also pointed out that inventory reduction requires a knowledge of the
operating system. It is not simply a case of selecting an inventory model off the shelf and
plugging in some numbers. In the first place, a model might not even be appropriate. In the
second case, the numbers might be full of errors or even based on erroneous data. Determining
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order quantities is often referred to as a trade-off problem; that is, trading off holding costs for
setup costs. Note that companies really want to reduce both.

The simple fact is that firms have very large investments in inventory, and the cost to carry
this inventory runs from 25 to 35 percent of the inventory’s worth annually. Therefore, a
major goal of most firms today is to reduce inventory.

A caution is in order, though. The formulas in this chapter try to minimize cost. Bear
in mind that a firm’s objective should be something like “making money”—so be sure that
reducing inventory cost does, in fact, support this. Usually, correctly reducing inventory low-
ers cost, improves quality and performance, and enhances profit.
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K E Y T E R M S
Inventory The stock of any item or resource used in an organization.

Independent demand The demands for various items are unrelated
to each other.

Dependent demand The need for any one item is a direct result of
the need for some other item, usually an item of which it is a part.

Fixed–order quantity model (or Q-model) An inventory control
model where the amount requisitioned is fixed and the actual ordering
is triggered by inventory dropping to a specified level of inventory.

Fixed–time period model (or P-model) An inventory control model
that specifies inventory is ordered at the end of a predetermined
time period. The interval of time between orders is fixed and the
order quantity varies.

Inventory position The amount on-hand plus on-order minus back-
ordered quantities. In the case where inventory has been allocated
for special purposes, the inventory position is reduced by these allo-
cated amounts.

Safety stock The amount of inventory carried in addition to the
expected demand.

Cycle counting A physical inventory-taking technique in which
inventory is counted on a frequent basis rather than once or twice a
year.

Stockkeeping unit (SKU) A common term used to identify an inven-
tory item.

F O R M U L A R E V I E W
Single-period model. Cumulative probability of not selling the last unit. Ratio of marginal cost
of underestimating demand and marginal cost of overestimating demand.

[15.1] P ≤ Cu

Co + Cu

Q-model. Total annual cost for an ordered Q, a per-unit cost C, setup cost S, and per-unit hold-
ing cost H.

[15.2] TC = DC + D

Q
S + Q

2
H

Q-model. Optimal (or economic) order quantity.

[15.3] Qopt =
√

2DS

H

Q-model. Reorder point R based on average daily demand d
–

and lead time L in days.

[15.4] R = dL

Q-model. Reorder point providing a safety stock of zσL.

[15.5] R = dL + zσL

Average daily demand over a period of n days.

[15.6] d =
∑n

i=1 di

n

Standard deviation of demand over a period of n days.

[15.7] σd =
√∑n

i=1(di − d)2

n
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Standard deviation of a series of independent demands.

[15.8] σs =
√

σ 2
1 + σ 2

2 + · · · + σ 2
i

Q-model. Safety stock calculation.

[15.9] SS = zσL

P-model. Safety stock calculation.

[15.10] SS = zσT +L

P-model. Optimal order quantity in a fixed-period system with a review period of T days and lead
time of L days.

[15.11] q = d(T + L) + zσT +L − I

P-model. Standard deviation of a series of independent demands over the review period T and
lead time L.

[15.12] σT +L =
√√√√T +L∑

i=1

σ 2
di

[15.13] Average inventory value = (Q�2 � SS)C

[15.14] Inventory turn = DC

(Q/2 + SS)C
= D

Q/2 + SS

Q-model. Optimal order quantity based on an order cost S, holding cost as a percentage (i) of the
unit cost (C).

[15.15] Q =
√

2DS

iC

S O L V E D P R O B L E M S

SOLVED PROBLEM 1
A product is priced to sell at $100 per unit, and its cost is constant at $70 per unit. Each unsold unit
has a salvage value of $20. Demand is expected to range between 35 and 40 units for the period; 35
definitely can be sold and no units over 40 will be sold. The demand probabilities and the associated
cumulative probability distribution (P) for this situation are shown below.

NUMBER PROBABILITY

OF UNITS OF THIS CUMULATIVE

DEMANDED DEMAND PROBABILITY

35 .10 .10

36 .15 .25

37 .25 .50

38 .25 .75

39 .15 .90

40 .10 1.00

How many units should be ordered?

Solution
The cost of underestimating demand is the loss of profit, or Cu = $100 − $70 = $30 per unit. The
cost of overestimating demand is the loss incurred when the unit must be sold at salvage value, Co =
$70 − $20 = $50.

The optimal probability of not being sold is 

P ≤ Cu

Co + Cu
= 30

50 + 30
= .375

From the distribution data above, this corresponds to the 37th unit.
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The following is a full marginal analysis for the problem. Note that the minimum cost is when
37 units are purchased.

NUMBER OF UNITS PURCHASED

UNITS DEMANDED PROBABILITY 35 36 37 38 39 40

35 0.1 0 50 100 150 200 250

36 0.15 30 0 50 100 150 200

37 0.25 60 30 0 50 100 150

38 0.25 90 60 30 0 50 100

39 0.15 120 90 60 30 0 50

40 0.1 150 120 90 60 30 0

Total cost 75 53 43 53 83 125

SOLVED PROBLEM 2
Items purchased from a vendor cost $20 each, and the forecast for next year’s demand is 1,000 units.
If it costs $5 every time an order is placed for more units and the storage cost is $4 per unit per year,
what quantity should be ordered each time?
a. What is the total ordering cost for a year?
b. What is the total storage cost for a year?

Solution
The quantity to be ordered each time is

Q =
√

2DS

H
=
√

2(1,000)5

4
= 50 units

a. The total ordering cost for a year is

D

Q
S = 1,000

50
($5) = $100

b. The storage cost for a year is

Q

2
H = 50

2
($4) = $100

SOLVED PROBLEM 3
Daily demand for a product is 120 units, with a standard deviation of 30 units. The review period is
14 days and the lead time is 7 days. At the time of review, 130 units are in stock. If only a 1 percent
risk of stocking out is acceptable, how many units should be ordered?

Solution

σT +L =
√

(14 + 7)(30)2 =
√

18,900 = 137.5

z = 2.33

q = d(T + L) + zσT +L − I

= 120(14 + 7) + 2.33(137.5) − 130

= 2,710 units

SOLVED PROBLEM 4
A company currently has 200 units of a product on hand that it orders every two weeks when the
salesperson visits the premises. Demand for the product averages 20 units per day with a standard
deviation of 5 units. Lead time for the product to arrive is seven days. Management has a goal of a
95 percent probability of not stocking out for this product.

The salesperson is due to come in late this afternoon when 180 units are left in stock (assuming
that 20 are sold today). How many units should be ordered?
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Solution
Given I = 180, T = 14, L = 7, d = 20

σT +L =
√

21(5)2 = 23

z = 1.64

q = d(T + L) + zσT +L − I

= 20(14 + 7) + 1.64(23) − 180

q = 278 units

R E V I E W A N D D I S C U S S I O N Q U E S T I O N S
1 Distinguish between dependent and independent demand in a McDonald’s restaurant, in an

integrated manufacturer of personal copiers, and in a pharmaceutical supply house.
2 Distinguish between in-process inventory, safety stock inventory, and seasonal inventory.
3 Discuss the nature of the costs that affect inventory size.
4 Under which conditions would a plant manager elect to use a fixed–order quantity model as

opposed to a fixed–time period model? What are the disadvantages of using a fixed–time period
ordering system?

5 Discuss the general procedure for determining the order quantity when price breaks are involved.
Would there be any differences in procedure if holding cost were a fixed percentage of price rather
than a constant amount?

6 What two basic questions must be answered by an inventory-control decision rule?
7 Discuss the assumptions that are inherent in production setup cost, ordering cost, and carrying

costs. How valid are they?
8 “The nice thing about inventory models is that you can pull one off the shelf and apply it so

long as your cost estimates are accurate.” Comment.
9 Which type of inventory system would you use in the following situations?

a. Supplying your kitchen with fresh food.
b. Obtaining a daily newspaper.
c. Buying gas for your car.
To which of these items do you impute the highest stockout cost?

10 Why is it desirable to classify items into groups, as the ABC classification does?
11 What kind of policy or procedure would you recommend to improve the inventory operation in

a department store? What advantages and disadvantages does your system have vis-à-vis the
department store inventory operation described in this chapter?

P R O B L E M S
1 The local supermarket buys lettuce each day to ensure really fresh produce. Each morning any

lettuce that is left from the previous day is sold to a dealer that resells it to farmers who use it
to feed their animals. This week the supermarket can buy fresh lettuce for $4.00 a box. The let-
tuce is sold for $10.00 a box and the dealer that sells old lettuce is willing to pay $1.50 a box.
Past history says that tomorrow’s demand for lettuce averages 250 boxes with a standard devi-
ation of 34 boxes. How many boxes of lettuce should the supermarket purchase tomorrow?

2 Next week, Super Discount Airlines has a flight from New York to Los Angeles that will be
booked to capacity. The airline knows from past history that an average of 25 customers (with a
standard deviation of 15) cancel their reservation or do not show for the flight. Revenue from a
ticket on the flight is $125. If the flight is overbooked, the airline has a policy of getting the cus-
tomer on the next available flight and giving the person a free round-trip ticket on a future flight.
The cost of this free round-trip ticket averages $250. Super Discount considers the cost of flying
the plane from New York to Los Angeles a sunk cost. By how many seats should Super Discount
overbook the flight?

3 Ray’s Satellite Emporium wishes to determine the best order size for its best-selling satellite dish
(model TS111). Ray has estimated the annual demand for this model at 1,000 units. His cost to
carry one unit is $100 per year per unit, and he has estimated that each order costs $25 to place.
Using the EOQ model, how many should Ray order each time?

4 Dunstreet’s Department Store would like to develop an inventory ordering policy of a 95 per-
cent probability of not stocking out. To illustrate your recommended procedure, use as an exam-
ple the ordering policy for white percale sheets.

Demand for white percale sheets is 5,000 per year. The store is open 365 days per year. Every
two weeks (14 days) inventory is counted and a new order is placed. It takes 10 days for the
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sheets to be delivered. Standard deviation of demand for the sheets is five per day. There are
currently 150 sheets on hand.

How many sheets should you order?
5 Charlie’s Pizza orders all of its pepperoni, olives, anchovies, and mozzarella cheese to be shipped

directly from Italy. An American distributor stops by every four weeks to take orders. Because
the orders are shipped directly from Italy, they take three weeks to arrive.

Charlie’s Pizza uses an average of 150 pounds of pepperoni each week, with a standard deviation
of 30 pounds. Charlie’s prides itself on offering only the best-quality ingredients and a high level of
service, so it wants to ensure a 98 percent probability of not stocking out on pepperoni.

Assume that the sales representative just walked in the door and there are currently 500
pounds of pepperoni in the walk-in cooler. How many pounds of pepperoni would you order?

6 Given the following information, formulate an inventory management system. The item is
demanded 50 weeks a year.

Item cost $10.00 Standard deviation of

Order cost $250.00 weekly demand 25 per week

Annual holding cost (%) 33% of item cost Lead time 1 week

Annual demand 25,750 Service probability 95%

Average demand 515 per week

a. State the order quantity and reorder point.
b. Determine the annual holding and order costs.
c. If a price break of $50 per order was offered for purchase quantities of over 2,000, would you

take advantage of it? How much would you save annually?
7 Lieutenant Commander Data is planning to make his monthly (every 30 days) trek to Gamma

Hydra City to pick up a supply of isolinear chips. The trip will take Data about two days. Before
he leaves, he calls in the order to the GHC Supply Store. He uses chips at an average rate of five
per day (seven days per week) with a standard deviation of demand of one per day. He needs a
98 percent service probability. If he currently has 35 chips in inventory, how many should he
order? What is the most he will ever have to order?

8 Jill’s Job Shop buys two parts (Tegdiws and Widgets) for use in its production system from two
different suppliers. The parts are needed throughout the entire 52-week year. Tegdiws are used
at a relatively constant rate and are ordered whenever the remaining quantity drops to the
reorder level. Widgets are ordered from a supplier who stops by every three weeks. Data for
both products are as follows:

ITEM TEGDIW WIDGET

Annual demand 10,000 5,000

Holding cost (% of item cost) 20% 20%

Setup or order cost $150.00 $25.00

Lead time 4 weeks 1 week

Safety stock 55 units 5 units

Item cost $10.00 $2.00

a. What is the inventory control system for Tegdiws? That is, what is the reorder quantity and
what is the reorder point?

b. What is the inventory control system for Widgets?
9 Demand for an item is 1,000 units per year. Each order placed costs $10; the annual cost to carry

items in inventory is $2 each.
a. In what quantities should the item be ordered?
b. Supposing a $100 discount on each order is given if orders are placed in quantities of 500

or more. Should orders be placed in quantities of 500, or should you stick to the decision
you made in a?

10 The annual demand for a product is 15,600 units. The weekly demand is 300 units with a stan-
dard deviation of 90 units. The cost to place an order is $31.20, and the time from ordering to
receipt is four weeks. The annual inventory carrying cost is $0.10 per unit. Find the reorder
point necessary to provide a 98 percent service probability.

Suppose the production manager is asked to reduce the safety stock of this item by 50 per-
cent. If she does so, what will the new service probability be?
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11 Daily demand for a product is 100 units, with a standard deviation of 25 units. The review peri-
od is 10 days and the lead time is 6 days. At the time of review there are 50 units in stock. If
98 percent service probability is desired, how many units should be ordered?

12 Item X is a standard item stocked in a company’s inventory of component parts. Each year the
firm, on a random basis, uses about 2,000 of item X, which costs $25 each. Storage costs, which
include insurance and cost of capital, amount to $5 per unit of average inventory. Every time an
order is placed for more item X, it costs $10.
a. Whenever item X is ordered, what should the order size be?
b. What is the annual cost for ordering item X?
c. What is the annual cost for storing item X?

13 Annual demand for a product is 13,000 units; weekly demand is 250 units with a standard devi-
ation of 40 units. The cost of placing an order is $100, and the time from ordering to receipt is
four weeks. The annual inventory carrying cost is $0.65 per unit. To provide a 98 percent
service probability, what must the reorder point be?

Suppose the production manager is told to reduce the safety stock of this item by 100 units.
If this is done, what will the new service probability be?

14 A particular raw material is available to a company at three different prices, depending on the
size of the order:

Less than 100 pounds $20 per pound

100 pounds to 1,000 pounds $19 per pound

More than 1,000 pounds $18 per pound

The cost to place an order is $40. Annual demand is 3,000 units. Holding (or carrying) cost is
25 percent of the material price.

What is the economic order quantity to buy each time?
15 In the past, Taylor Industries has used a fixed–time period inventory system that involved tak-

ing a complete inventory count of all items each month. However, increasing labor costs are
forcing Taylor Industries to examine alternative ways to reduce the amount of labor involved in
inventory stockrooms, yet without increasing other costs, such as shortage costs. Here is a ran-
dom sample of 20 of Taylor’s items.

ITEM ANNUAL ITEM ANNUAL

NUMBER USAGE NUMBER USAGE

1 $ 1,500 11 $13,000

2 12,000 12 600

3 2,200 13 42,000

4 50,000 14 9,900

5 9,600 15 1,200

6 750 16 10,200

7 2,000 17 4,000

8 11,000 18 61,000

9 800 19 3,500

10 15,000 20 2,900

a. What would you recommend Taylor do to cut back its labor cost? (Illustrate using an ABC
plan.)

b. Item 15 is critical to continued operations. How would you recommend it be classified?
16 Gentle Ben’s Bar and Restaurant uses 5,000 quart bottles of an imported wine each year. The

effervescent wine costs $3 per bottle and is served only in whole bottles because it loses its bub-
bles quickly. Ben figures that it costs $10 each time an order is placed, and holding costs are
20 percent of the purchase price. It takes three weeks for an order to arrive. Weekly demand is
100 bottles (closed two weeks per year) with a standard deviation of 30 bottles.

Ben would like to use an inventory system that minimizes inventory cost and will provide a
95 percent service probability.
a. What is the economic quantity for Ben to order?
b. At what inventory level should he place an order?
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17 Retailers Warehouse (RW) is an independent supplier of household items to department stores.
RW attempts to stock enough items for a 98 percent service probability.

A stainless steel knife set is one item it stocks. Demand (2,400 sets per year) is relatively sta-
ble over the entire year. Whenever new stock is ordered, a buyer must assure that numbers are
correct for stock on hand and then phone in a new order. The total cost involved to place an order
is about $5. RW figures that holding inventory in stock and paying for interest on borrowed cap-
ital, insurance, and so on adds up to about $4 holding cost per unit per year.

Analysis of the past data shows that the standard deviation of demand from retailers is about
four units per day for a 365-day year. Lead time to get the order is seven days.
a. What is the economic order quantity?
b. What is the reorder point?

18 Daily demand for a product is 60 units with a standard deviation of 10 units. The review peri-
od is 10 days, and lead time is 2 days. At the time of review there are 100 units in stock. If
98 percent service probability is desired, how many units should be ordered?

19 University Drug Pharmaceuticals orders its antibiotics every two weeks (14 days) when a sales-
person visits from one of the pharmaceutical companies. Tetracycline is one of its most pre-
scribed antibiotics, with average daily demand of 2,000 capsules. The standard deviation of
daily demand was derived from examining prescriptions filled over the past three months and
was found to be 800 capsules. It takes five days for the order to arrive. University Drug would
like to satisfy 99 percent of the prescriptions. The salesperson just arrived, and there are cur-
rently 25,000 capsules in stock.

How many capsules should be ordered?
20 Sally’s Silk Screening produces specialty T-shirts that are primarily sold at special events. She

is trying to decide how many to produce for an upcoming event. During the event itself,
which lasts one day, Sally can sell T-shirts for $20 apiece. However, when the event ends, any
unsold T-shirts are sold for $4 apiece. It costs Sally $8 to make a specialty T-shirt. Using
Sally’s estimate of demand that follows, how many T-shirts should she produce for the
upcoming event?

DEMAND PROBABILITY

300 .05

400 .10

500 .40

600 .30

700 .10

800 .05

21 Famous Albert prides himself on being the Cookie King of the West. Small, freshly baked cook-
ies are the specialty of his shop. Famous Albert has asked for help to determine the number of
cookies he should make each day. From an analysis of past demand he estimates demand for
cookies as

DEMAND PROBABILITY OF DEMAND

1,800 dozen 0.05

2,000 0.10

2,200 0.20

2,400 0.30

2,600 0.20

2,800 0.10

3,000 0.05

Each dozen sells for $0.69 and costs $0.49, which includes handling and transportation.
Cookies that are not sold at the end of the day are reduced to $0.29 and sold the following day
as day-old merchandise.
a. Construct a table showing the profits or losses for each possible quantity.
b. What is the optimal number of cookies to make?
c. Solve this problem by using marginal analysis.

22 Sarah’s Muffler Shop has one standard muffler that fits a large variety of cars. Sarah wishes to
establish a reorder point system to manage inventory of this standard muffler. Use the following
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information to determine the best order size and the reorder point:

Annual demand 3,500 mufflers Ordering cost $50 per order

Standard deviation of 6 mufflers per Service probability 90%
daily demand working day

Item cost $30 per muffler Lead time 2 working days

Annual holding cost 25% of item value Working days 300 per year

23 Alpha Products, Inc., is having a problem trying to control inventory. There is insufficient time
to devote to all its items equally. Here is a sample of some items stocked, along with the annual
usage of each item expressed in dollar volume.

ITEM ANNUAL DOLLAR USAGE ITEM ANNUAL DOLLAR USAGE

a $ 7,000 k $80,000

b 1,000 l 400

c 14,000 m 1,100

d 2,000 n 30,000

e 24,000 o 1,900

f 68,000 p 800

g 17,000 q 90,000

h 900 r 12,000

i 1,700 s 3,000

j 2,300 t 32,000

a. Can you suggest a system for allocating control time?
b. Specify where each item from the list would be placed.

24 After graduation, you decide to go into a partnership in an office supply store that has existed
for a number of years. Walking through the store and stockrooms, you find a great discrepancy
in service levels. Some spaces and bins for items are completely empty; others have supplies
that are covered with dust and have obviously been there a long time. You decide to take on the
project of establishing consistent levels of inventory to meet customer demands. Most of your
supplies are purchased from just a few distributors that call on your store once every two weeks.

You choose, as your first item for study, computer printer paper. You examine the sales
records and purchase orders and find that demand for the past 12 months was 5,000 boxes.
Using your calculator you sample some days’ demands and estimate that the standard deviation
of daily demand is 10 boxes. You also search out these figures:

Cost per box of paper: $11.

Desired service probability: 98 percent.

Store is open every day.

Salesperson visits every two weeks.

Delivery time following visit is three days.

Using your procedure, how many boxes of paper would be ordered if, on the day the salesper-
son calls, 60 boxes are on hand?

25 Adistributor of large appliances needs to determine the order quantities and reorder points for the
various products it carries. The following data refer to a specific refrigerator in its product line:

Cost to place an order $100

Holding cost 20 percent of product cost per year

Cost of refrigerator $500 each

Annual demand 500 refrigerators

Standard deviation during lead time 10 refrigerators

Lead time 7 days

Consider an even daily demand and a 365-day year.
a. What is the economic order quantity?
b. If the distributor wants a 97 percent service probability, what reorder point, R, should be used?
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26 It is your responsibility, as the new head of the automotive section of Nichols Department Store,
to ensure that reorder quantities for the various items have been correctly established. You decide
to test one item and choose Michelin tires, XW size 185 × 14 BSW. A perpetual inventory system
has been used, so you examine this as well as other records and come up with the following data:

Cost per tire $35 each

Holding cost 20 percent of tire cost per year

Demand 1,000 per year

Ordering cost $20 per order

Standard deviation of daily demand 3 tires

Delivery lead time 4 days

Because customers generally do not wait for tires but go elsewhere, you decide on a service
probability of 98 percent. Assume the demand occurs 365 days per year.
a. Determine the order quantity.
b. Determine the reorder point.

27 UA Hamburger Hamlet (UAHH) places a daily order for its high-volume items (hamburger pat-
ties, buns, milk, and so on). UAHH counts its current inventory on hand once per day and
phones in its order for delivery 24 hours later. Determine the number of hamburgers UAHH
should order for the following conditions:

Average daily demand 600

Standard deviation of demand 100

Desired service probability 99%

Hamburger inventory 800

28 CU, Incorporated (CUI), produces copper contacts that it uses in switches and relays. CUI needs
to determine the order quantity, Q, to meet the annual demand at the lowest cost. The price of
copper depends on the quantity ordered. Here are price-break and other data for the problem:

Price of copper $0.82 per pound up to 2,499 pounds

$0.81 per pound for orders between 2,500 and 5,000 pounds

$0.80 per pound for orders greater than 5,000 pounds

Annual demand 50,000 pounds per year

Holding cost 20 percent per unit per year of the price of the copper

Ordering cost $30

Which quantity should be ordered?
29 DAT, Inc., produces digital audiotapes to be used in the consumer audio division. DAT lacks

sufficient personnel in its inventory supply section to closely control each item stocked, so it has
asked you to determine an ABC classification. Here is a sample from the inventory records:

AVERAGE AVERAGE

ITEM MONTHLY DEMAND PRICE PER UNIT ITEM MONTHLY DEMAND PRICE PER UNIT

1 700 $6.00 6 100 10.00

2 200 4.00 7 3,000 2.00

3 2,000 12.00 8 2,500 1.00

4 1,100 20.00 9 500 10.00

5 4,000 21.00 10 1,000 2.00

Develop an ABC classification for these 10 items.
30 A local service station is open 7 days per week, 365 days per year. Sales of 10W40 grade pre-

mium oil average 20 cans per day. Inventory holding costs are $0.50 per can per year. Ordering
costs are $10 per order. Lead time is two weeks. Backorders are not practical—the motorist
drives away.
a. Based on these data, choose the appropriate inventory model and calculate the economic

order quantity and reorder point. Describe in a sentence how the plan would work. Hint:
Assume demand is deterministic.
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b. The boss is concerned about this model because demand really varies. The standard devia-
tion of demand was determined from a data sample to be 6.15 cans per day. The manager
wants a 99.5 percent service probability. Determine a new inventory plan based on this
information and the data in a. Use Qopt from a.

31 Dave’s Auto Supply custom mixes paint for its customers. The shop performs a weekly inven-
tory count of the main colors that are used for mixing paint. Determine the amount of white
paint that should be ordered using the following information:

Average weekly demand 20 gallons

Standard deviation of demand 5 gallons/week

Desired service probability 98%

Current inventory 25 gallons

Lead time 1 week
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HP DeskJet Supply Chain

C A S E : H E W L E T T - P A C K A R D — S U P P L Y I N G T H E D E S K J E T P R I N T E R I N E U R O P E

The DeskJet printer was introduced in 1988 and has
become one of Hewlett-Packard’s (HP’s) most successful products.
Sales have grown steadily, reaching a level of over 600,000 units
in 1990. Unfortunately, inventory growth has tracked sales growth
closely. HP’s distribution centers are filled with pallets of the
DeskJet printer. Worse yet, the organization in Europe claims that
inventory levels there need to be raised even further to maintain sat-
isfactory product availability.

THE DESKJET SUPPLY CHAIN

The network of suppliers, manufacturing sites, distribution centers
(DCs), dealers, and customers for the DeskJet product make up
the DeskJet supply chain (see Exhibit 15.13). HP in Vancouver does
manufacturing. There are two key stages in the manufacturing
process: (1) printed circuit assembly and test (PCAT) and (2) final
assembly and test (FAT). PCAT involves the assembly and testing
of electronic components (like integrated circuits, read-only memo-
ries, and raw printed circuit boards) to make logic boards used in
the printer. FAT involves the assembly of other subassemblies (like
motors, cables, keypads, plastic chassis, gears, and the printed cir-
cuit assemblies from PCAT) to produce a working printer, as well as
the final testing of the printer. The components needed for PCAT and

FAT are sourced from other HP divisions as well as from external
suppliers worldwide.

Selling the DeskJet in Europe requires customizing the printer
to meet the language and power supply requirements of the local
countries, a process known as “localization.” Specifically, the local-
ization of the DeskJet of different countries involves assembling
the appropriate power supply module, which reflects the correct
voltage requirements (110 or 220) and power cord plug, and pack-
aging it with the working printer and a manual written in the appro-
priate language. Currently, the final test is done with the actual
power supply module included with the printer. Hence, the finished
products of the factory are “localized” versions of the printer des-
tined for all the different countries. For the European Market six
different versions are currently produced. These are designated A,
AA, AB, AQ, AU, and AY as indicated in the Bills of Materials
shown in Exhibit 15.14.

The total factory throughput time through the PCAT and FAT
stages is about one week. The transportation time from Vancouver
to the European DC is five weeks. The long shipment time to
Europe is due to ocean transit and the time to clear customs and
duties at port of entry. The plant sends a weekly shipment of print-
ers to the DC in Europe.
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The printer industry is highly competitive. Resellers want to
carry as little inventory as possible. Consequently there has been
increasing pressure for HP as a manufacturer to provide high levels
of availability at the DC. In response, management has decided to
stock the DCs so that a high level of availability is maintained.

THE INVENTORY SERVICE CRISIS

To limit the amount of inventory throughout the DeskJet supply
chain and at the same time provide the high level of service needed
has been quite a challenge to Vancouver’s management. The manu-
facturing group has been very successful in reducing the uncertain-
ties caused by delivery to the European DC. Forecasting demand in
Europe, though, is a significant problem. It has become common to
have product shortages for model demands from some countries,
while inventory of other models keeps piling up. In the past, the tar-
get inventory levels at the DCs were based on safety stocks that
were a result of some judgmental rule of thumb. Specifically, target
inventory levels, equal to one-month average sales, were set for
each model carried in the DC. Now, however, it seems that the
increasing difficulty of getting accurate forecasts means the safety
stock rules should be revisited.

HP has put together a team of employees to help implement
a scientifically based safety stock system that will be responsive
to forecast errors and replenishment lead times. They are to rec-
ommend a method for calculating appropriate safety stock levels
for the various DeskJet models carried in the European DC. The
team has a good sample of demand data that can be used for

developing the safety stock methodology (see Exhibit 15.15). HP
hopes this new methodology will solve the inventory and service
problem.

One issue that continually comes up is the choice of inventory
carrying cost to be used in safety stock analyses. Estimates within
the company range from 12 percent (HP’s cost of debt plus some
warehousing expenses) to 60 percent (based on the ROI expected of
new product development projects). Management has decided to
use 25 percent for this study. Assume that all printers cost an aver-
age of approximately $250 each to produce and ship to Europe.
Another issue is the choice of safety stock probability for the model.
The company has decided to use a probability of 98 percent, a num-
ber that marketing feels is appropriate.

THE DISTRIBUTION PROCESS

The DCs have traditionally envisioned their process as a simple,
straight-line, standardized process. There are four process stops:

1 Receive (complete) products from various suppliers and
stock them.

2 Pick the various products needed to fill a customer order.
3 Shrink-wrap the complete order and label it.
4 Ship the order via the appropriate carrier.

The DeskJet printer fits well into the standard process. In contrast,
other products, such as personal computers and monitors, require
special processing called “integration,” which includes addition of
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e x h i b i t  1 5 . 1 5 DeskJet Demand Data from Europe

EUROPE

OPTIONS NOV. DEC. JAN. FEB. MAR. APR. MAY. JUN. JUL. AUG. SEP. OCT.

A 80 — 60 90 21 48 — 9 20 54 84 42

AB 20,572 20,895 19,252 11,052 19,864 20,316 13,336 10,578 6,095 14,496 23,712 9,792

AU 4,564 3,207 7,485 4,908 5,295 90 — 5,004 4,385 5,103 4,302 6,153

AA 400 255 408 645 210 87 432 816 430 630 456 273

AQ 4,008 2,196 4,761 1,953 1,008 2,358 1,676 540 2,310 2,046 1,797 2,961

AY 248 450 378 306 219 204 248 484 164 363 384 234

Total 29,872 27,003 32,344 18,954 26,617 23,103 15,692 17,431 13,405 22,692 30,735 19,455

Excel: HP Deskjet
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SOURCE: ADAPTED FROM L. KOPCZAK AND H. LEE, “HEWLETT-PACKARD: DESKJET PRINTER SUPPLY CHAIN,” COPYRIGHT © 1994 BY THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY. ALL
RIGHTS RESERVED. USED WITH PERMISSION FROM THE STANFORD GRADUATE SCHOOL OF BUSINESS. NOTE: THE DATA IN THIS CASE HAVE BEEN MODIFIED AND DO NOT REFLECT ACTUAL HP DESKJET DATA.
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F O O T N O T E S
1 P is actually a cumulative probability because the sale of the nth unit depends not only on exactly n being demanded but also on

the demand for any number greater than n.

2 As previously discussed, the standard deviation of a sum of independent variables equals the square root of the sum of the
variances.

3 The Pareto principle is also widely applied in quality problems through the use of Pareto charts. (See Chapter 8.)

an appropriate keyboard and manual for the destination country.
Although this extra processing does not require much extra labor, it
is difficult to accommodate in the standard process and disrupts the
material flow. There is considerable frustration within DC manage-
ment regarding the support of assembly processes. In general, DC
management stresses the DCs’ role as warehouses and the need to
continue to do what they are best at—distribution.

Top management, though, feels that integration of the product at
the warehouse is extremely valuable because it allows generic prod-
ucts to be sent to the DC with final configuration of the product
done just prior to shipment to the customer. Rather than the factory
making products specific to a country, generic products could be
produced and shipped to Europe. Management is very interested in
studying the value of this approach as it could be applied to the
DeskJet printers.

Q U E S T I O N S
1 Develop an inventory model for managing the DeskJet

printers in Europe assuming that the Vancouver plant con-
tinues to produce the six models sold in Europe. Using the
data in Exhibit 15.15, apply your model and calculate the
expected yearly investment in DeskJet printer inventory in
the Europe DC.

2 Compare your results from question 1 to the current policy
of carrying one month’s average inventory at the DC.

3 Evaluate the idea of supplying generic printers to the Europe
DC and integrating the product by packaging the power sup-
ply and the instruction manual at the DC just prior to deliv-
ery to the European resellers. Focus on the impact on DC
inventory investment in this analysis.

4 What is your recommendation to HP?
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