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ABSTRACT

This thesis presents a framework for determining ordering

and holding costs as parameters in Economic Order Quantity

(EOQ) type inventory models. The concept of relevant costs

is discussed from a theoretical perspective.

Regression analysis was used to compare annual ordering

cost and the number of orders at Ships Parts Control Center

(SPCC), Mechanicsburg. The relationship was found to be

inverse over the years 1976-1988. This indicates that a

critical assumption for the use of EOQ models is being

violated at SPCC.

Various probability distributions were used to simulate

how total variable cost was affected by changes in the

holding cost parameter. The results indicate that the

feasibilty of applying different holding cost rates for

various items should be further explored.
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I. INTRODUCTION

A. BACKGROUND

The use of models for inventory management is a well

established technique in the commercial as well as in the

military sector. The basic economic order quantity (EOQ)

model was first published in 19151, and has since gained

widespread acceptance.

The standard theoretical presentation of the model

assumes that holding, ordering, and stockout costs are known.

However, the determination of these cost categories is no

easy task in practice. This thesis will explore some of the

difficulties involved through an analysis of the parameters

currently used for holding and ordering costs at Ships Parts

Control Center (SPCC) in Mechanicsburg.

As of June 1986 the number of line items managed by SPCC

totalled 544,000. Theoretically holding and ordering costs

for each of these could be different, and thus require as

many different specific parameters as there are different

items. An attempt to optimize the inventory management of

each separate line item would require computer capacity that

far exceeds what is available in the US Naval Supply System.

Therefore, average values have been applied for groups of

items with similar characteristics.

The determining factors for the the grouping of items,

and thus for determining what parameter to use, are primarily

the acquisition method, the value of annual demand, whether

the item in question is defined as a consumable or a

repairable, and whether there are constraints such as limited

shelf life or special storage requirements.

'Ford Harris Operations and Costs, Factory Management
series (Chicago, A. W. bhaw o., 1913), pp.48-52.
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B. OBJECTIVES

The objective of this thesis is to supplement the

textbook approach by presenting a methodology to determine

parameter values for ordering and holding costs in the EOQ

models. The nature of holding and ordering costs is

described theoretically, and the concept of relevant costs is

emphasized. Problems with applying this concept in practice,

specifically as it relates to identifying relevant costs for

managing inventories at SPCC, are examined. Current policies

are discussed in terms of the theoretical foundation for the

use of economic order quantity models.

C. RESEARCH QUESTIONS

The primary research question is how to determine the

values for holding and ordering costs on the basis of sound

theoretical principles. This question requires establishing

a framework to determine what cost elements should be

included in each of the categories of holding and ordering

costs.

A subsidiary question is to compare the framework to the

methodology presently used for determining these parameters

at an Inventory Control Point in the US Navy. Specifically,

ordering cost data from SPCC are analyzed. The assumption

that total annual ordering cost is a linear function of the

number of buys is tested.

The third research question is to evaluate the economic

implications of uncertainty in the parameter estimates. The

cost of constraining the EOQ model, in terms of number of

annual buys, is discussed as a part of question three.

D. SCOPE, LIMITATIONS AND ASSUMPTIONS

This study is concerned with the cost aspect of the

economic order quantity model known as the Wilson EOQ model,

specifically the determination of holding and ordering costs.

2



More sophisticated versions of the model also include a third

category, namely a stock-out cost. A reasonable discussion

of this cost is beyond the scope of this thesis.

Furthermore, the stock-out cost can be excluded from the

analysis because it is determined independently of the

ordering costs and holding costs.

The EOQ model is the basis for US Navy inventory

management, although imposed constraints on the model affect

a majority of the line items. No attempt is made in this

thesis to evaluate whether or not EOQ models are the best

type to use in a military environment.

Presently four differenit values for ordering costs and

two different values for holding costs are used as parameters

in SPCC's EOQ models. This study treats the present

classification as given. The possibility of more

discriminatory parameter settings will be addressed, but

without attempting to explore all the ramifications of such a

strategy.

This thesis discusses the procurement and inventory

management of items at SPCC. However, the problems of

determining correct parameters, and the economic consequences

of constraining the order quantities are general in nature.

E. LITERATURE REVIEW AND METHODOLOGY

Research question number one is to identify relevant

costs. This is done through a study of literature in the

fields of inventory management, accounting, logistics and

operations research.

Research question number two is a comparison between the

established theoretical framework and current policies, and

practices for inventory management at SPCC. Ordering cost

data from SPCC are analyzed, using standard regression

techniques, and through personal interviews.

Research question number three, evaluating the economic

implications of uncertainty in the parameter estimates, is



answered by means of simulation. An EOQ model was built,

using LOTUS 1-2-3 software, and changes in total variavle

cost were simulated based on various holding cost rates.

F. DEFINITIONS AND ABBREVIATIONS

Administrative order cost (A), ordering cost, and cost to

order are interchangeably used in the literature. The term

includes all the cost Elements that are associated with the

placement of an order of material, which will be used to

replenish an inventory, except the actual cost of the

material itself. The basic EOQ model assumes that the

ordering cost is independent of the ordering quantity, and

that total ordering cost (TOC) is a linear function of the

annual number of purchase actions.

Holding cost, sometimes called carrying cost, is the sum

of all the cost elements incurred as a function of storing

materials. In the EOQ formula, the holding cost is assumed

to be a fixed proportion of the value of the item. It is

also assumed to be a linear function of time. The holding

cost can include out of pocket expenses as well as

opportunity cost, and is usually expressed as a percentage

(I) per year of the price (C) of the item.

Total variable cost (TVC) is the sum of ordering and

holding costs. The lowest total variable cost is incurred

when the purchase quantity equals the economic order quantity

(EOQ). If either a larger or a smaller quantity is bought,

TVC will increase by some amount, in this thesis denoted the

X-cost.

G. SUMMARY OF FINDINGS

A large proportion of the holding cost is represented by

the cost of capital. Because money is tied up in

inventories, alternate investments cannot be undertaken. The

profit thus foregone is defined as an opportunity cost. This

thesis concludes that the opportunity cost concept should be

4



applied to capital cost. However, care should be taken so as

not to include the rate of inflation in the capital cost.

The reason is that inflation is a pure monetary phenomenon,

and does not affect real assets, such as inventories. A

proper measure of capital cost should therefore be the rate

of return on alternative (financial) investments less the

rate of inflation.

Data from Ships Parts Supply Center indicate that the

present method for determining the ordering cost parameters

is inadequate, as it does not effectively recognize marginal

costs. Thus, one of the assumptions for using an EOQ type of

model at SPCC is violated.

The original objective of the EOQ model was to determine

mathematically the optimal inventory policy. Manipulating

the parameters of the model, or imposing constraints on the

solution, will lead to suboptimal results in terms of

monetary costs represented in the objective function.

Nonetheless, these are options for the management to force

the model to come up with solutions that for some reason seem

attractive. This study includes a flexible spreadsheet model

that will calculate the X-cost incurred by imposing such con-

straints. Thus, trade-off analyses are easily facilitated.

H. ORGANIZATION OF THE THESIS

Chapter II presents the theoretical framework for the use

of an EOQ type inventory model. More specifically, those

cost elements that should be included when determining

proper holding and ordering cost rates are identified.

Chapter III briefly describes assumptions and policies

for applying inventory models at SPCC. External and internal

constraints on the computation of EOQ are discussed. Chapter

IV describes the data and the methodology used for the

analysis of ordering, and holding cost parameters. Chapter V

presents results and interpretations of the findings, and

Chapter VI contains conclusions and recommendations.

5



II. LITERATURE REVIEW AND THEORETICAL FRAMEWORK

This chapter is divided into three sections. The firs-

section will present the Wilson EOQ model, and the basic

assumptions for the use of this model. The last two sections

will discuss what elements should be included in the

parameters for the holding cost and the ordering cost.

A. WILSON'S EOQ MODEL

1. Assumptions

Wilson's EOQ model, also known as "the square root

formula", attempts to minimize the sum of ordering and

holding costs under a given set of assumptions. The sum of

these costs is frequently called total variable cost (TVC).

Total variable cost is a function of how frequently orders

are placed. It is also a function of mean inventory level.

In its simplest form the model states that the optimal order

quantity for an item can be found by the following formula:

EOQ = 4 2 A D
C I

EOQ: Economic order quantity
A: Cost of placing an order
D: Annual demand in number of items
C: Replacement cost per unit of an item
I: Cost of holding one item in stock for one

year expressed as a percentage of C

As can readily be seen from the formula, EOQ will

increase for an increase in the parameters for ordering cost

and demand, or a decrease in the parameters for replacement

cost and the holding cost rate.

To be truly optimal the formula requires a number of

assumptions to be met. Tersine [Ref. 1:p 94] suggests the

following:

1. The demand rate is known and constant.

2. The lead time is known and constant.

6



3. The entire lot size is added to inventory at the same
time.

4. No stockouts are permitted; since demand and lead
time are known, stockouts can be avoided.

5. The cost structure is fixed; order/setup costs are the
same regardless of lot size, holding cost is a linear
function based on average inventory, and no quantity
discounts are given on large purchases.

6. There is sufficient spice, capacity, and capital to
procure the desired quai.city.

7. The item is a single product; it does not interact
with any other inventory items (there are no joint
orders).

In addition, the inventory system is considered to be

perpetual in nature. At first glance these assumptions may

seem too restrictive for the model to be useful in practical

applications. However, this is not so. The EOQ model has

proved to be rather robust, and has won widespread

acce',tance. Refinements of the model have enabled most of

these assumptions to be relaxed. In actual applications of

the model, the constraints have been relaxed in the following

manner:

I. The demand rate can be estimated by some probability
distribution.

2. The lead time can be estimated by some probability
distribution.

3. Additions to inventory can be instantaneous or take
place at a given rate. The latter case is frequently
associated with production situations, so that
inventories build up over time until a maximum level is
reached. Demand then draws down inventories and the
cycle starts anew.

4. Stockouts are permitted. The objective of the inventory
system then becomes the minimization of the sum oy
holding, ordering and stockout costs.

5. Where quantity discounts are given, or ordering cost is
a stepwise function of the ordering quantity, the EOQ
model can be applied heuristically, i.e., the best
feasible solution is found through an iterative process.

6. Constrained resources can be handled through the use of
the mathematical technique known as the Lagrange-
multiplier method.

7. Minimizing the cost of joint orders is ossible
although computationally cumbersome.I n actual
attempts a computer would be required.

7



In practice, the time perspective should cover at least

one complete order cycle. These adaptations enable EOQ

models to solve quite complex inventory management problems

in a theoretically sound manner. However, the quality of the

solutions will depend on the quality of the inputs to the

model.

Much attention has been given to the problem of

forecasting demand accurately. Yet, a look at the Wilson EOQ

model reveals that inaccurate estimates of the parameters for

demand, price, holding costs or ordering costs are all

equally important in terms of the model's performance. This

is so because the four parameters in the model are treated as

constants. The model includes a ratio of two products, and

only the ratio itself is of any importance in terms of

calculating the EOQ.

2. Sensitivity of the EOQ Model

The EOQ model is known to be fairly insensitive to

errors in the parameter estimates, which may be one reason

for the model's widespread use. Let the sum of the ordering

cost and holding cost incurred with erroneous parameter

estimates be denoted TVCT . Further, let the TVC error

fraction be defined by the following formula:

TVCT - TVC

TVC error fraction =
TVC

Tersine [Ref. 1:pp. 114-120] shows mathematically the

relationship between errors in the parameters and the TVC

error fraction. As an example he points out that an error in

any single parameter by a factor of two, only will result in

a TVC error fraction of 6.07 percent, provided the other

estimates Pre correct. This clearly shows that the square

root formul" has a considerable dampening effect on errors in

individual parameters in the model.

Erroneous parameter estimates will result in

erroneous order quantities. The relationship between total
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variable cost and these erroneous order quantities can be
expressed mathematically. Let the Wilson economic order

quantity be denoted Q, and the actual buy quantity be denoted
aQ. Further, let optimal total variable costs be denoted TVC

and let the actual costs incurred if aQ is bought be called

TVCT. The relationship is then:

(a-1)
2

TVC error fraction =
2a

The insensitivity to errors in the parameter

estimates is graphically portrayed in Figure 1. The actual

holding cost rate (I) is assumed to be 23 percent. When this

rate is used as a parameter, TVCT and TVC are identical, and

the TVC error fraction is zero. However, if any other rate

is used for the holding cost rate, the TVC error factor is as

indicated on the abscissa.

0.32

0.3

0.20-

0.24 -

0.24
r*4 0.22

0.2
0,18

F~ 0,16-

u.14

~ 0.12

0.18

p ~0.06
0,04 -

0.04 -'4

0,020-...........7 .-- '.......................

0.05 0,15 0.25 0.35 0.45 0.55 0,l5

HOLDING COST RATE

Figure 1. Insensitivity to Errors in Parameters
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Figure 1 assumes that all parameters, except for the

holding cost rate, are estimated correctly. Further, no

constraints are imposed on the EOQ calculations. 23 percent

is chosen as a point of reference because this is the holding

cost rate currently used at SPCC.

The relationship between the individual parameters

and the calculation of EOQ has been discussed. It should

therefore be readily appreciated that curves similar to the

one presented in Figure 1 can be constructed for the other

parameters in the model as well. Errors in individual

parameters will influence the actual buy quantity.

Consequently, the relationship between the actual and the

optimal buy quantities can be graphically depicted in a

similar manner.

Only in rare cases are the parameters of the EOQ

model exactly known. Therefore, errors in the order

quantities are to be expected. Because of the shape of the

curve in Figure 1, it is generally recommended to err on the

high side. That is, under uncertainty it is better to buy

more than the economic order quantity rather than less.

While the robustness of the model is very useful from

a practitioner's point of view, it should not discourage

attempts to determine the various parameters as correctly as

possible. In order to do so, it is important to understand

how total variable cost changes with respect to changes in

the order quantities.

3. Relevant Costs

This section focuses on the determination of relevant

costs, i.e., elements that should be included in determining

ordering and holding costs as parameters in EOQ models. In

the context of the EOQ model, relevant costs are used

synonymously with marginal and incremental costs. The

stockout cost is not addressed. This should not be

interpreted as an indicacion that the stockout cost is less

10



important than the other two categories. The reason is

simply that the stockout cost is extremely difficult to

ascertain, particularly in a military environment.

There is an extensive literature about how to value

inventories, and to find the associated costs of holding

such. However, most of this literature presents holding cost

from an accounting point of view. The focus of this

literature has been on the tax aspect and the eventual impact

on the financial statement.

Determining the correct parameters for the EOQ model

requires a somewhat different approach. The reason is that

the objective in this case is not to find the exact costs of

holding inventories in a past period. Instead, the problem

is to determine what costs are affected by future changes in

the inventory level.

Briefly stated, three principles apply for the

determination of relevant costs:

1. Only future costs, or the avoidance of future costs,matter.

2. Costs that do not change as a function of changes in the
inventory levels or the ordering frequency can be
ignored.

3. Changes in costs may be of a different magnitude for an
increase or a decrease in the inventory level.

Clearly, applying these principles may be easier said

than done. Stockton [Ref. 2: p.12] expresses the following:

Collecting meaningful cost data in business firms is
an area full of personal prejudices, pitfalls and
accounting conventions. Differentiating between direct
and indirect costs, handling joint costs and allocating
overhead on an equitable basis have always been
troublesome issues for accountants and decision makers
alike. Unfortunately cost data for use in inventory
models is no exception to these difficulties.

A distinction that is frequently made in the

accounting literature is one between fixed and variable

costs, see for instance Jannis, Poedtke and Ziegler [Ref.

3:p. 87]:

In the classic EOQ there are four variables that
determine the order quantity, namely: (;) the forecasted
annual demand for the item expressed in units, (2) the

11



variable expenses associated with issuing and following
up an order (whether for purchase or production) in terms
o0 dollars per order, (3) the expense of carrying
inventory for one year, expressed as a percentage and (4)
the variable cost of one unit. It should be noted that
all expenditures considered in an EOQ calculation are
variable or marginal costs, sometimes referred to as out-
of-pocket costs.

In determining whether an expenditure is variable it
is necessary to determine how a specific item would be
influenced by the decision to change the number of orders
issued or the amount of material carried in inventory.

The last paragraph in the above quotation correctly

identifies the principles for determining relevant costs.

However, the treatment of variable costs, marginal costs and

out of pocket expenses as synonyiis is confusing.

The categorization of costs as fixed or variable

often depends on the time perspective. In general, the

longer the time period, the more cost elements can be

regarded as variable because a greater number of alternative

actions are available. Therefore, if the classification

shall be useful, it is necessary to determine the time period

over which alternative actions can be compared. Moreover,

the classification is not absolute. This point is

acknowledged in the following statement by the same authors

[Ref. 3:p. 95]:

The fixed - variable segregation may be a valid
indication of the tendencies of the expenditures to
behave in the way described, but they cannot necessarily
be fitted neatly into one category or another - or even a
third, middle ground category of semifixed or
semivariable.

More important than being able to classify costs as

variable or fixed, is to be aware of the fact that variable

and marginal costs may have different meanings. Variable

costs are frequently thought of as costs that vary directly

in some proportion to the change in activity level.

Typically, some costs vary more as a stepwise function.

These costs remain fairly stable over a given interval of

activity, and then jump up or down to a new fairly stable

level. Such sudden jumps in costs are certainly relevant for

12



decision making, and should be considered as part of the

marginal cost in the range where the steps take place.

Marginal costs will always include variable costs,

and may sometimes also include the stepwise increase or

decrease in semifixed or fixed costs.

Stockton attempts to describe relevant costs in the

following manner [Ref. 2:p. 13]:

Inventory models focus on those costs whose magnitude
will change directly and immediately if a proposed
decision rule is adopted. This means that "out of the
pocket" costs are usually relevant but not such fixed
costs as depreciation and salaries. Which costs are
relevant also depends upon the scope of the study and the
time period being considered.

Unfortunately, it is not enough to consider out-of-

pocket expenses only. Opportunity costs, although frequently

quite illusive, are nonetheless relevant. For instance, if

available space in the warehouse could be rented, then not

doing so represents an oppoitunity cost that should be

considered. Similarly, if the employees in the warehouse

could do other productive work in the organization, or even

be laid off on short notice, it is usually correct to

allocate salaries to inventory costs in proportion to the

work done in this area.

Probably the largest component of inventory holding

cost is the cost of capital tied up in inventories. This

costs is typically not an out-of-pocket expense, but rather

an opportunity cost. In the EOQ model, the opportunity costs

are as relevant as the out-of-pocket expenses, and should

therefore be included in the term marginal cost. This point

is further elaborated in a discussion of capital cost.

The ease, with which marginal costs can be identified

in practice, will frequently be a function of the

variability of the activity level. The impact of a relatively

small change may be easily recognized in a stable

environment. Thus, good estimates for marginal costs may be

obtained. On the other hand, in a volatile environment,
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there may, at times, be considerable over- or under-

utilization of resources in the organization. In that case,

the impact of a marginal change in activity may not be

readily ascertained.

Some costs may be ignored in the EOQ model because

they do not affect the order quantity. A typical example is

the cost of the item itself. Provided there is no quantity

discounts, inclusion of the purchase costs in the total cost

equation will not change the optimal solution.

The fact that some costs tend to increase more easily

than they decrease should be recognized when determining

relevant costs. During an expansion of the activity,

additional costs tend to be incurred. The number of

employees and facilities and the amount of equipment

increase. A subsequent reduction of the activity level may

not lead to a similar reduction in the costs. Salaries and

long term leases are examples of costs that may be semifixed,

i.e., that cannot be avoided instantaneously.

The remainder of this chapter will describe what cost

elements should be considered when trying to determine the

parameters for holding and ordering costs as correctly as

possible. Whether they in fact are relevant or not, in a

particular application of the model, would have to be

determined on a case by case basis.

B. HOLDING COSTS

Holding costs are usually defined as the cost of holding

inventory for one year. Typically they are expressed as a

percentage of the price of the item. This percentage may be

interpreted as the cost of holding a dollar's worth of

inventory over a period of one year.

Van DeMark [Ref. 4:p. 148] uses the term "K-cost" for

holding cost and sets up the following two criteria:

1. The K cost is incurred after you have inventory.

2. The K cost varies with the size of the order.
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These two criteria give a good intuitive feel for what

cost elements should be regarded with respect to holding

cost. But as later will be pointed out, they should not be

taken to apply to all situations.

According to Lambert [Ref. 5:p. 60], the holding cost can

be divided into four elements: capital costs, space costs,

inventory service costs, and inventory risk costs. The

assumption is that costs accrue as a linear function of time,

i.e., if storage time doubles so do storage costs. The

elements of the holding cost may start to be incurred at

different points in time. Costs associated with risk start

to accrue from the moment title of the items is transferred

from the seller to the purchaser. Capital cost is incurred

as a function of payment, and space and inventory service

costs are typically incurred from the moment the lot is

received. For practical purposes, however, the assumption

that holding costs accrue linearly as a function of time

seems reasonable.

1. Capital Costs

Of the various elements that constitute holding cost,

the most important one is probably the capital cost. Goodman

[Ref. 6:p. 219] defines capital costs as:

The cost of capital refers to that amount of money
which a company, as a result of accepting a proposal, is
expected to pay to and/or reinvest for the suppliers of
funds during the life of the proposal over and above the
amount of funds required to initially finance the
proposal.

Ballou [Ref. 7:p. 361] offers the following comments

on capital costs:

Capital costs refer to the cost of the money tied up
in inventory. This cost may represent as much as 80
percent of total inventory carrying cost, yet is the most
intangible and subjective of all the carrying cost
elements.

The magnitude of the capital cost element will

naturally depend on the way it is measured. Several concepts

have been suggested, depending on whether inventories

primarily are regarded from a cost perspective or an
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investment perspective. The reasons for holding inventories

should therefore be clarified.

Ballou suggests four different reasons for holding

inventories [Ref. 7:p. 357]:

1. Speculation; the acquiring of inventories in
anticipation of future price increases.

2. Inventories in transit in the logistic channel,
frequently called pipeline inventories.

3. Regular or cyclical stocks which are necessary to meet
average demand during the time between successive
replenishments.

4. Safety stock which acts as a hedge against variability
in demand during lead time.

The term "speculation" has a negative connotation to

it. It should therefore be emphasized that in this context,

the motive is entirely legitimate. Typically, inventory

build-ups are done when the supplier is known or expected to

raise prices in the near future. If the supplier is known or

expected to end production of an item, this may be another

reason to increase inventory levels. Because of the high

costs of starting a new production run, it may be beneficial

to buy a sufficiently large quantity to last for the

remaining time the item will be needed.

Unlike the other reasons, the speculation motive for

holding inventories is not concerned with minimizing

inventory levels subject to economic and operational

constraints. Therefore, the costs of holding inventories for

speculative reasons should be compared to any other

investment alternative available to the organization.

As regards the other motives for holding inventories,

different views exist. Some regard inventories as necessary

byproducts of doing business. As such, inventories are only

means to achieving profitable operations. Therefore,

inventory holding costs should be treated as any ordinary

cost. According to this line of reasoning, the actual rather

than the opportunity cost of capital should be used.
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A different point of view is to stress that

alternative investment opportunities exist. Therefore, the

only justification for holding inventories is as a means to

reaching a desired profitability goal in terms of return on

all employed capital. Which is the right point of view is a

matter of opinion, and also depends on whether alternative

investment opportunities actually exist or not.

A range of values for the cost of capital tied up in

inventories has been suggested. In general these can be

divided into three categories: the average cost of capital;

the hurdle rate; and the average rate of return on employed

capital.

a. The Average Cost of Capital

The rationale for using the average cost of

capital is based on the view of inventories as a prerequisite

for doing business. By this concept, the decisive factor

would be how additional inventories are to be financed.

Among the alternatives are equity, short term financing or

long term financing. Usually it is hard to match the type of
financing to varying inventory levels, particularly since

different items in stock have different turnover times.

Therefore, the most common measure in this category is the

average cost of capital employed.

The average cost of capital can be computed in

two ways, depending on how equity is treated. If the average

of all capital employed is sought, equity should be included.

No cost should be attached to equity since the average cost

of capital is concerned with the actual cost, not the

opportunity cost. The other alternative is to compute the

actual cost of external financing only.

b. The Hurdle Rate

Mao [Ref. 8:p. 373] defines the hurdle rate as

"the rate of return on the most lucrative investment

foregone." The idea is that capital is limited.
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Consequently, additional spending on inventories excludes

alternative investment opportunities of the same magnitude.

Therefore, the cost is equal to the lost opportunity.

Hadley and Whitin [Ref. 9:p. 13] express a similar

view. They claim that:

... an opportunity cost ... is the cost incurred by
having capital tied up in the inventory rather than
having it invested elsewhere, and it is equal to the
largest rate of return which the system could obtain from
alternative investments.

This line of reasoning is consistent with the concept

of marginal cost, and is in this context regarded as the

concept that most accurately reflects the true capital cost.

c. The Average Rate of Return

The average rate of return is similar to the

hurdle rate, in the sense that the cost of holding

inventories is recognized as an opportunity cost. In other

words, the measure is not the actual cost of tying up capital

in inventories, but rather an estimate of the rate of return

an alternative investment of the same magnitude would yield.

The average rate of return may be more readily available than

the hurdle rate, and thus easier to apply.

The holding cost rate in the EOQ model is

supposed to reflect a future cost. The use of historical

data to compute the average rate of return is therefore

inappropriate in a changing environment. If the average rate

of return is applicable, the expected rather than the

historical average rate of return should be used.

2. Choosing a Measure of Capital Cost

There is clearly no consensus as to what the proper

measure of capital costs should be. The following paragraphs

describe a practical way to choose a capital cost to use in

the EOQ model. Start with a rough estimate of the magnitude

of the potential investment in additional inventories, and

estimate for how long the capital will be tied up. (The

exact magnitude of the investment cannot be calculated as it
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depends on what holding cost factor will eventually be used).

The next step is to assess, as realistically as possible, the

best investment alternative for the calculated amount over

the time period the inventory will be kept. This investment

alternative is a measure of the opportunity cost. The higher

of this opportunity cost and the actual cost of any external

financing should be chosen. Since risk is cc..-idered as a

special element of inventory holding costs, it should not be

included when evaluating the capital cost element.

Comparable investment alternatives should, in essence, also

be risk free.

Theoretically, a different holding cost rate might be

applied each time items are purchased, because the

alternative investment opportunities are constantly changing.

However, too frequent changes in the holding cost rate would

be impractical. This is particularly the case as TVC is not

impacted much by small changes in the parameter. The

calculated capital cost should therefore be applied for some

predetermined length of time.

An interesting approach to the treatment of capital

cost is suggested by Demski and Feltham. [Ref. 10:p. 99].

Many inventory models such as the traditional EO
model, include the cost of "capital tied up in inventory
as part of the storage cost. However, in a complete
analysis there is no need to introduce a special cost for
this item; it is taken into consideration by the fact
that we evaluate all cash flows in terms of their present
value and earlier acquisition results in earlier payment
for these materials.

Nonetheless, in order to determine the present

value, a proper discount factor has to be determined.

Conceivably, any of the alternatives mentioned so far could

be used to find this discount factor. Thus, the problem of

identifying a realistic cost of capital cannot be avoided.

The determination of capital costs in the public

sector is a special case, and will be discussed in some

detail in Chapter III.
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3. The Effects of Inflation

Inflation can be defined as a general rise in prices,

or conversely as a general decrease in purchasing power. A

certain amount of money can, over time, gradually buy less

and less of a given good. To compensate for this erosion of

purchasing power, the market interest rate includes an

inflation premium.

Brigham and Gapenski [Ref. 11:pp. 68-69] express the

determination of the market interest rate on a debt security

as: k = k* +IP + DRP + LP +MRP

Here:
k= stated or nominal rate of interest
k* = pure, or real, rate of interest
IP = inflation premium
DRP = default risk premium
LP = liquidity, or marketability, premium.
MRP = maturity risk premium

Investors can choose between investing in financial

assets, or investing in an inventory of durable goods. For

any financial investment alternative to be accepted, it must

yield a rate of return which is at least as high as the

prevailing market interest rate. On the other hand, there is

no need to apply the inflation premium to an inventory of

durable goods. The reason is that the value of an inventory

would increase over time in monetary terms, provided no

obsolescence occurs. In other words, the amount required if

the same number of items were to be acquired at a later point

in time would have to be higher. The rate of this increase

in value would exactly offset the rate of inflation for a

typical item. Since obsolescence is accounted for

separately, as a part of the inventory risk cost, one can

assume that the inventory eventually will be needed.

The concepts of average capital costs, the average

return on investments, and the hurdle rate are all tied to

return in nominal terms. No adjustments for the effects of

inflation on real assets have been suggested in the

referenced literature. Recent estimates suggest that a rate
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of inflation of five to six percent annually can be expected

in the years to come. Inflation is thus a major factor in

the aggregation of the market interest rate, and in the

required rate of return on investments. This should be

recognized in determining the cost of capital to use in the

EOQ model. Consequently, although several concepts may be

applied to find the cost of capital, none of these should

include a premium for inflation.

4. Space costs

Space cost is a common term for all costs associated

with the physical storage of an inventory. Typical costs

include warehouse rent; or ownership costs such as

depreciation, heating and utility, security, etc.

The cost of special environments such as specially controlled

temperature, humidity, or security ought to be considered.

In the case of rented or leased warehouse space,

total space cost usually varies as a direct function of the

occupied space. For privately owned warehouses some further

analysis may be required. The question is whether the space

can be put to alternative uses. For instance, if it is not

possible to sell the warehouse, or to rent a part of it, tnen

there is effectively no cost associated with the available

space.

When determining space cost, the organization of the

warehouse should be considered. Sometimes each item is

stored in a permanently designated area of the warehouse.

Thus, a certain amount of space is allocated to a particular

item, and this space is not used to store other items. If

space is not reallocated, there is no difference in costs if

the stock is there or not. In that case space cost is

irrelevant.

Depreciation of materials handling equipment and

facilities should not be included in the holding cost rate.
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These costs are, in general, a function of time rather than

of the inventory level.

Having determined total space cost, the question

arises as to how this should be allocated to the various

items in the inventory. From a theoretical point of view,

space cost ought to be allocated in proportion to the space

each item occupies in the warehouse. In other words, space

cost is not related to the value of the item, but rather to

its physical characteristics. Space cost typically

represents only a small fraction of the total holding cost.

The customary practice cf regarding space cost as a fraction

of the price of the item is therefore not likely to lead to

grave errors in overall holding costs.

5. Inventory Service Costs

Inventory service cost comprises all costs associated

with the value of inventory, except for the capital cost.

Insurance and taxes are examples of inventory service costs.

In practice, insurance and taxes are often not a function of

variations in inventory levels over the year, but rather of

the inventory at a given point in time. Still, the inventory

level is a management decision and can be changed, so

insurance and taxes are relevant as parts of the inventory

service cost. Usually inventory service cost only

constitutes a small part of the total holding cost, but

should be included for completeness.

6. Inventory Risk Costs

Costs associated with spoilage, shrinkage,

obsolescence, and theft are called inventory risk costs.

Spoilage, shrinkage and theft depend upon the inherent

characteristics of the item in terms of its attractiveness,

frailty, shelf life, etc.

To a certain extent this cost category can be traded

off against the space costs. Better security may lead to

lower expenses in theft and spoilage. Less crowding of the
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warehouse may give better stock visibility, and thus lower

obsolescence cost.

Obsolescence cost is a direct function of the amount

of inventory o- hand, and is, together with capital cost, a

major contributor to the total cost of holding inventories.

In his article "Obsolescence: the Neglected Factor",

Krupp [Ref. 12> pp. 37-391 lists three types of obsolescence.

These are:

1. Shelf life obsolescence, an abrupt loss of product
value resulting from expiration of usable shelf life
of on-hand material;

2. Technical obsolescence, an abrupt loss of product
value through technological phase-out or changes in
model or style superseding the previous design; and

3. Financial obsolescence, the gradual depletion of
product value resulting from accrued costs incurred
gue to carryin a product in inventory for a prolonged
period of time. (This represents the least understood
and most commonly neglected type of obsolescence.)

The article describes each of these obsolescence

costs in detail, and proposes a model to identify obsolete

items, and the optimal strategy for disposing such.

Inventory risk cost may be expressed as a fraction of

the value of the item. However, different fractions would be

expected to apply to different items, depending on their

unique characteristics.

7. Cost Element Listings

Several books attempt to list all the cost elements

to be subsumed under the various cost categories. For

instance, see Lambert [Ref. 5:p. 27] and Van DeMark [Ref 4:p.

27]. Whereas such lists may be quite comprehensive, they do

not properly identify procedures for determining which of the

costs vary with the inventory level. Only such costs should

be included in the EOQ model. Thus, cost element listings

may be helpful as a starting point, but they need to be

adjusted to the uniqueness of the situation at hand.

It should be emphasized that the listing and

categorization of cost elements are not aims in themselves.
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In the EOQ model, only the total sum of all the holding cost

elements is relevant as a parameter. Each category is of
interest only to the extent it facilitates the computation of

the aggregate holding cost rate.

8. The Value of Holding Cost

Van DeMark [Ref. 4:p. 150] implies that a good

holding cost average in the commercial sector is 24 percent.

He suggests that the normal range is about 15 to 35 percent.

Lambert [Ref 5:pp. 24-25] refers to 13 studies done between

1955 and 1974 of estimated inventory carrying costs. Table 1

is extracted from Lambert's report.

TABLE 1

ESTIMATES OF INVENTORY CARRYING COSTS
Estimatc -f

Author Publication Carrying Costs
as a Percent of

.. Inventory Value

L. P. Alford and PRODUCTION ItANDBOOK
John R. Bangs (Eds.) (The Ronald rress

Company, 1955), p. 397 25%

George W. Aijian PURCIHASING ItANDBOOK
(tcGraw-t .1 Book
Company, Inc., 1958),

pp. 9-29 12-34Y

Dean S. Ammer MATERPTALS MAtIAGEMENT
(Richard D. Irwin, Inc.
1962), p. 137 20-25%

Clifford M. Baum- MANAGMIENT For IOT-SIZE
back, James D. Harty, INVENTORIES (American
George W. Plossl and Production anid Inventory
Oliver W. Wight Control Society, 1963),

p. 17 15-25%

Gordon T. Crook "Inventory linnagement
Takes Teamwork," PURCIHASING,
March 26, 1962, p. 70. 25%

Thomas W. Hall "Inventory carrying Costs;
A Case Study, " MANAGEMENT

ACCOUNTINS, January 1974,
pp. 37-39 20.4%

J. L. 11eskett, 3USINESS LOGISTICS, Second
N. A. Glaskowsky, Jr. edition (Ronald Press
and R. It. Ivle Company, 1973), p. 20 28.7%

John B. Holbrook MANAGING TIlE MATERIALS
FUNCTION (American Manage-
ment Association, 1959),

p. 67 24%
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TABLE 1 (continued)

EOg ilua t of
Author PubIication • Carrying Corts

5 a Porck':it o-f

InvCntory ,'':. u

John I. Ms , "'h I - :io: c I'j'-
tri utionL, " TA!'NJAiU.

DUSIt Et s REVIEW, July-
August 1960, p. 99 20-35%

Bcrijao:in Mclnitsk.: YA.:A*'["L't ' OF INEU57RIA.
INVf:M1'ORY (Cnovor-FroL
Publicat.,jn, InC., 1951)
p. 115 25 ;

Franklin G. I-co PRODUCTION CONT7ROL, Third
and Runald Jablon- Edition (:c~ raw-lill
ski Book Co:>pny, Inc., 1969)

p. 376 15-2r:-

W. Lvert Welch SCIEt2irFC i::-py
CONTROL (tan'e:ont Pub-
lishing Corzration,
1956), p. 63 257%

Thomson M. W'vhit . i TE '1 0' I '96 Y
NA'PIEEMF':'2j (Princeton
Urlicc''it Press. 1937),
p. 220 25?;

The rate of inflation changed considerably between
1955 and 1974. However, Lambert does not address the effects
of inflation. It is therefore not clear whether any

adjustment has been made in the data to account for changes

in the inflation rate. Still, the conclusion to be drawn

from the sample in Table 1 is that no single holding cost

factor is commonly accepted.

When expressing holding cost as a percentage of the

price of the item, the question arises as to what price
should be used as a basis for the calculation. A measure of

capital cost is the profit of alternative investments

foregone. Therefore, the price of the item should measure

all out-of-pocket expenses incurred in order to get the
material to the warehouse. This would include the cost of

the item itself less any discounts. Transportation cost and
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any insurance paid for the item prior to delivery should be

included.

However, more important than what basis is actually

used, is that consistency is maintained, i.e., that the

parameters for price and the holding cost rate in the model

are calculated in the same manner each time.

C. ORDERING COSTS

Ordering cost, also called set-up cost, is the sum of all

costs incurred as a function of ordering items. Jannis,

Poedtke and Ziegler [Ref. 3:p. 87] write:

The variable cost of placing an order with an outside
vendor include the following: the cost of preparing a
material requisition and a purchase order, the time (and
related costs) required to follow up a purchase order,
the time and cost of receiving and inspecting, the time
and costs required to place the material in the proper
inventory location, and the time and costs associated
with making payment to the vendor and maintaining related
accounts.

Van DeMark [Ref. 4:p. 134-135] suggests the following

criteria to determine if a particular cost element can be

classified as a set-up cost:

1. Set-up costs are always incurred before you have the
material.

2. Set up costs are fixed in size for a given order,
regar less of the quantity ordered.

To determine the set-up costs, Van DeMark suggests the

following formula:

Purchasing Set-Up Cost =

Inventory Control + Physical Inventory + Computer
+ Purchasing + Receiving + Miscellaneous

(No. of Purchase Orders + Releases) Line Items per Order.

It should be noticed that the formula computes average

ordering or set-up costs. Where several items are concerned,

the method of purchasing these items is likely to vary.

Factors that may cause variations include the value of annual

demand of the article, relationship with the seller, and the
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need to gather information about the market. Therefore, just

looking at an average ordering cost may be misleading.

Correct use of the formula presupposes that only marginal

costs aie included. Given that the company already has a

computer system, the marginal cost of processing one extra

order is not likely to be very large. However, if the

purchasing department is overloaded, and additional orders

create the need to employ one extra person, the marginal cost

is more substantial.

The magnitude of the ordering cost has a direct impact on

the calculation of EOQ, and therefore on the physical

inventory level. If the true ordering cost is under-

estimated, the result will be too frequent buying. This in

turn may saturate the capacity of the ordering department

with rapidly increasing ordering cost as a result.

The opposite situation is to overestimate the ordering

cost. By including cost elements that do not vary with

changes in the number of orders per year, the EOQ model will

yield a higher inventory level and thus increased holding

cost. These results may be particularly troublesome if the

maximum storage capacity has been reached, because

overcrowding of the warehouse is likely to result in sharply

increased materials handling cost.

The purpose of the Wilson EOQ model is to minimize the

sum of ordering and holding costs. A proper application of

the model requires adjusting the parameters to the situation

at hand.

Van DeMark emphasizes that the correct measure to use for

ordering cost is the cost per line item and not the cost per

order, if these are different. The cost of adding an extra

line item to an existing order is probably considerably

different from initiating an additional order. Actual

business practice would therefore determine how marginal

costs should be measured.
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Even with a firm understanding of the concept of marginal

costs, they may not be easy to identify, since accounting

systems usually are not designed for this purpose. It may

therefore be justifiable to use average cost as a substitute.

This is the case if the cost of obtaining more precise data

exceeds the cost associated with the imprecision.

Some elements of the ordering cost may be fairly easy to

determine. When there is little idle capacity in the

purchasing department, it is reasonable to apply direct labor

cost. This is usually done by taking the elapsed time for

the processing of an order times the wage rate for the

category of personnel placing the order. Similarly, the cost

of communications (telephone, postage, or electronic means of

transmittal) is in most cases easy to compile.

More controversial is the question of whether to include

indirect costs like supervision, office rental, and

utilities. As previously pointed out, the principle is to

ascertain whether an actual change in these costs will take

place as a result of changing the number of orders per year.

Although theoretically correct, it is usually not

feasible to determine ordering cost for increments of a

single order. What is usually done is to calculate the total

costs for various activity levels, and then try to fit a cost

function to the observed data. The width of the relevant

range depends on the unique cost structure of the

organization in question.

1. Determining the Ordering Cost

The EOQ model assumes that the ordering cost is

independent of the value of the order. In reality this is

often not the case. Typically, authority to finalize

purchases in an organization reflects a hierarchical

structure. That is, orders above a certain threshold have to

be approved by a higher level manager in the organization.

Usually more time and effort are involved the higher the

28



value of the order is. In short, high value purchases tend

to be more costly in terms of ordering costs than routine

buys.

The degree of management intensity of the various

items in stock is usually a function of the item's

contribution to total sales. The so-called "Pareto's law of

maldistribution" states that typically a small proportion of

the total number of items accounts for the bulk of the

revenues. Frequently about 20 percent of the items represent

80 percent of the total sales. This observation has led to

the application of the A-B-C concept of inventory management.

Briefly, all items in inventory are ranked by sales,

and the cuNmulative percentage of total sales and of total

number of items are computed. The best selling items are

classified as A items, and account for the major proportion

of total sales. B items are items that generate sales in

proportion to their share of the total number of items. The

C items represent the majority in terms of number of items,

but represent only a small share of total sales. There are

several variations of this scheme. The important point

however, is that management focus should be on the A items.

The ordering cost is typically a function of the

contract type employed, and the business relations with the

supplier. The ordering processes can vary considerably in

complexity and thus incurred costs. The most inexpensive are

the ones where the supplier automatically replenishes stocks

at certain intervals, and the most expensive are the ones

that involve extended and complicated contract negotiations.

Consequently, the ordering cost parameter in the EOQ model

should reflect that the actual ordering cost may vary

considerably from one situation to another.

2. Costs of Record Keeping and Physical Inventory

Van DeMark includes record keeping and physical

inventory as an ordering cost rather than a holding cost. As
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this reasoning may seem counterintuitive, an explanation is

in order. In his words [Ref. 4:p. 135]: "Your set-up costs

should by definition (be) the cost of getting ready to have

inventory." The argument is that record keeping is done in

order to enable reordering at the reorder point.

An equally plausible counterargument is that record

keeping is done in order to assure that deliveries can be

met. Usually the warehouse receives incoming goods in large

quantities, but distributes the same items in much smaller

batches. Thus, the vast majority of transactions is

concerned with inventory depletion and not replenishment. In

other words, the inventory record keeping is a cost of

selling and distributing, rather than ordering or

warehousing. Therefore, the cost of record keeping and

physical inventory should be treated as a holding cost, not

as ordering cost.

Stockton, [Ref 2:p. 501 is of yet a different

opinion. He suggests:

The cost of a transaction reporting system is relevant
when one is deciding between a fixed order quantity
system and a periodic review system. However, given the
decision to use a fixed order quantity system for an
item, this fixed cost would be incurred regardless of the
reorder level chosen.

Based on Stockton's line of reasoning, the cost of

record keeping should be disregarded altogether. The view

taken in this thesis is that only record keeping concerning

order receipts should be included as ordering cost. The rest

should be disregarded altogether as far as the EOQ model is

concerned.

A similar difference of opinion exists with respect

to the costs of the physical counting of inventories, and the

related costs of maintaining inventory accuracy. For some

reason Van DeMark regards these as set-up costs although they

do not seem to fit either of his own criteria for the

determination of such. On the contrary, one would expect

that the costs of taking physical inventories vary more or
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less directly with the amount of inventory on hand. Not only

is more time needed to count a large number of items than a

small one, but it is also likely to be more difficult to keep

inventory discipline when the number of items in the

warehouse increases. Misplaced items are more easily

overlooked, and the task of reconciling inventory records to

the physical inventories is likely to be more complex.

Naval Supply Center, Oakland has experienced that the

process of doing inventories actually induces soitte errors in

the records, unless all discrepancies are carefully

investigated. Inaccurate records have a real cost in terms

of unexpected stockouts, or higher than necessary holding

cost. Consequently, it is recommended that the cost of

taking an inventory be included in the holding cost and not

in the ordering cost.

3. Cost of Materials Handling

Another interesting contradiction in the literature

is found when comparing Van DeMark's and Ballou's view on

materials handling on the receiving dock. Ballou claims that

"...procurement costs include... the cost of any materials

handling or processing of the order at the receiving dock

[Ref. 7 :p. 361]." Van DeMark, on the other hand, treats

materials handling as "one of the prime elements" of

carrying cost [Ref. 4:p. 30]. Van DeMark applies his

requirement that ordering cost should be fixed in size for a

given order, regardless of the size of the order. According

to his reasoning this is not likely to be the case for

materials handling, therefore it is not an ordering cost.

Ballou concedes that handling cost may vary to a

degree with the size of the purchase, and recommends a case

by case treatment of the issue. It would be expected that

the cost of materials handling varies more with the number of

receipts than with the size of each. There may be

exceptions, but in general these costs should be treated as
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part of the costs associated with ordering a shipment of

material.

4. Quantity Discounts

The Wilson EOQ formula supposes that the purchase

price for an item is fixed and independent of ordering

quantity. In reality this is often not the case. The

practice of offering quantity discounts is widespread. Also,

the use of truckload versus less than truckload

transportation may cause discontinuities in the price

parameter of the model since the holding cost rate usually

refers to the purchase price f.o.b. destination.

Quantity discounts usually take two basic forms. One

alternative is to have a series of price breaks, and to apply

the discount to all items if a sufficiently large quantity is

bought. The other alternative is that the quantity discount

only applies to the quantity in excess of the price break.

The way to handle the first alternative is to apply

the EOQ model heuristically. Tersine [Ref. l:p. 104]

describes the following procedure: Start with the lowest

possible price and compute the EOQ. If this quantity is

within the range where the discount is applicable, the

optimal solution is found. If the quantity is not valid,

apply the next higher price. Repeat the process until a

valid quantity is found. Then compute the total costs

including the cost of the items for the EOQ and for all

larger price-break quantities (using a Q equal to the price

break quantity). Select the least cost alternative.

The second alternative is slightly more complex and

will not be covered here. Interested readers are referred to

Hadley and Whitin, Analysis of Inventory Systems. [Ref. 9]

Quantity discounts reflect benefits to the seller of

handling larger quantities. The seller incurs certain fixed

costs in processing an order, regardless of the -ize. Larger

orders mean that the seller incurs these costs fewer times.
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The resulting savings are then partially passed over to the

customer. In many cases, the seller does not formally offer

quantity discounts. However, the price may be negotiable to

a certain extent depending on the quantity.

A special variation of quantity discounts is the case

of bid solicitations. This is a common practice in public

procurement. The buyer announces the intention to purchase a

predetermined quantity of material, and awards the contract

to the lowest price bidder. If this quantity is set without

regard to economic lot sizes, there is a probability that a

better deal could have been struck if the quantity had been

increased. If the bidders' production costs were known to

the buyer for various quantities, economies of scale might be

attained for both parties.

An indirect attempt to capture some of the benefits

of increasinc the order quantity could be to impose a higher

ordering cost. This would force the EOQ model to suggest

larger optimal buy quantities, and thus, could result in

economies of scale to the producer. In a competitive

environment, or where the size of the order is large relative

to the suppliers production capacity, some of these economies

of scale would presumably be passed over to the buyer.

5. Some Concluding Comments

This chapter started with a description of the Wilson

EOQ model, and the underlying assumptions for using it. It

was pointed out that the model is fairly insensitive to small

errors in the individual parameters. However, any error in

the parameters of the model will lead to less than optimal

performance in terms of total variable cost. In determining

the correct parameter settings, opportunity cost should be

recognized as a relevant cost.

Section B discussed each of the elements of holding

cost; capital cost, space cost, inventory risk cost and

inventory service cost. There is no one correct holding cost
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rate to be found in the literature, thus, the proper rate has

to be estimated on a case by case basis. Although different

concepts of capital cost may be employed, it was concluded

that the rate of inflation should not be a part thereof.

The last section of this chapter presented some

differing views on what should be included in the ordering

cost. The effect of quantity discounts on the calculation of

EOQ was briefly addressed. This chapter has presented a

general theory around the EOQ model. In the next chapter the

application of this model in a military environment is

d!.scussed.
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III. BACKGROUND

The preceding chapter presented a general discussion of

points to consider when trying to determine the correct

magnitude of holding and ordering costs. As repeatedly

pointed out, a major problem is to determine whether a

particular cost element would have a marginal impact on the

total costs.

This chapter will discuss how the framework described in

Chapter II relates to present policies for managing

consumable items at Ships Parts Control Center. The first

section describes the environment in which SPCC operates, and

SPCC's role in the supply system in the US Navy. External

and internal constraints on SPCC's use of EOQ models in its

operations are addressed. Section B describes purchase types

and procedures, whereas section C discusses the calculation

of the holding cost and the economic order quantity at SPCC.

A. SHIPS PARTS CONTROL CENTER AND THE NAVY SUPPLY SYSTEM

This section is primarily based on NAVSUP Publication 552

"Inventory Management" [Ref. 131. The Naval Supply Systems

Command (NAVSUP) is responsible for issuing policy direction

and guidance in the broad area of inventory management within

the Navy. These are general managerial responsibilities.

The major commands which execute the Navy supply management

functions are; The Aviation Supply Office (ASO), the Ships

Parts Control Center (SPCC), the Publications and Form

Center, the Fleet Material Support Office (FMSO) and the

retail intermediate stock points.

ASO and SPCC are inventory control points (ICPs) and

manage about 27 percent of the near two and a half million

line items that are cataloged in the Navy Supply System.

These are primarily items that are unique to the Navy. The

rest are items that are of common use among the services.
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These common items are managed by the Defense Logistics

Agency and the General Services Administration.

SPCC employs about 200 item managers who control 550,000

line items worth some $6.6 billion. On average, about 3200

requisitions are processed daily, resulting in the

expenditure of nearly $4 million per day.

In order to manage this formidable task, item managers

have access to a computer system known as the Uniform

Inventory Control Programs (UICP). UICP was developed in the

mid 1960s and incorporates mathematical models to forecast

demand, and to compute wholesale 2 inventory levels for

peacetime needs. Two other levels of inventories are the

retail intermediate and the retail consumer. These levels

will not be considered in this thesis.

The definition of wholesale inventory describes some of

the functions of an inventory manager. Examples of asset

control include requirements determination, material

distribution and procurement of replenishment stock,

repairables management, and disposal.

The inventory Control Points typically do not store

wholesale inventories. This is the function of the stock

points, of which there are 43 located throughout the world.

The stock points are responsible for the physical

handling of the material; receiving, stowing, issuing, and

shipping. Receiving and shipping are reported daily to the

ICPs where overall visibility of stocks is maintained.

The stock points also have other administrative

responsibilities like budgeting and accounting for funds to

procure material, and billing the customers.

2An inventory, regardless of funding source over which
the inventory manager gas asset visibility at the national
level and exercises unrestricted asset control to meet
worldwide inventory management responsibilities.
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Fleet Material Support Office is tasked with the

responsibility of providing and maintaining the computer

programs necessary to allow the hardware to operate. Among

these programs is the UICP.

The formulae to compute inventory levels and reorder

quantities in UICP are based on inventory models described by

Hadley and Whitin in their book Analysis of Inventory Systems

which was published in 1963 [Ref. 9]. These formulae are

somewhat more complex than the one presented in Chapter II of

this thesis, as they include shortage cost and relative

military essentiality as parameters. The inclusion of

shortage cost and essentiality factors adds flexibility to

the model, since these parameters can be used as management

tools to enforce desired inventory policies. Assigning a

high essentiality (worth) to an item will increase its

inventory level by recommending a higher reorder point.

Thus, higher protection against stockout is obtained.

The shortage parameter is indeed sometimes used as a knob

to adjust EOQ computations to desired levels. Consequently,

SPCC's models are less sensitive to changes in the parameters

for holding and ordering costs than the original EOQ.

UICP generates purchase requests (PRs) based on the

assumptions in the model. Item managers may choose to over-

ride these recommendations if they feel that circumstances

have changed sufficiently to make the model's assumptions

unrealistic.

1. Constraints on EOQ Calculations

Inventory management in the military is not aimed at

maximizing some profit function, as is usually the case in

the commercial sector. Instead, the goal is to provide

maximum supply support to the operational (fighting) units

within available financial resources.

The objective of maximizing supply support subject to

limited resources may not be compatible with uncritically
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applying the EOQ model to all items. In general, the EOQ

model should not be used for items where demand forecasts are

highly unreliable, as the model assumes that the demand rate

is known, or can be reasonably estimated by some probability

distribution. Nor should the EOQ model be used for items
with a very low annual demand. This would violate the

assumption of being able to approximate the demand rate by a

continuous function.

The majority of items at SPCC has very little or no

anticipated demand. A large number of so-called non-demand

based items are therefore managed based on criteria other

than the minimization of total variable costs.

2. Non-Demand Based Items

NAVSUP Publication 553 [Ref. 13:p. 2-37] defines Non-

Demand Based Items as:

... any items for which the Cost Difference (COSDIF)
equation indicates it is more costly to stock than not to
stock. There are two types of non-demand based items,
insurance items and numeric stockage objective
(NSO)items.

An insurance item is an essential item for which no
failure is predicted through normal usage but if a
failure is experienced or loss occurs through accident
abnormal equipment/system failure or other expected
occurrences, lack of replacement would seriously hamper
the operational capability of a weapon or weapon system.
An NSO item is an essential item for which the
robability of demand is so low that it does not meet the
emand based stockage criteria. Since the lack of a

replacement item would seriously hamper the operational
capability of a weapon or weapon system the item istherefore stocked but as non-demand based.

Items can be included in the NSO category for other

reasons as well. The policy is further described in NAVMAT

Instruction 4423.8 [Ref. 14].

3. Planned Program Requirements

Ideally, the demand parameter in the EOQ model should

reflect a situation where items are withdrawn from inventory

one at the time. Yet, demand should occur so frequently that

its pattern could be approximated by a continuous function

without a significant loss of accuracy. In many instances

these criteria are not met. Rather than being random, some
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demand in the Navy is derived from specific projects of a

non-recurring or recurring nature. Demand generated in this

manner is referred to as planned program requirements (PPRs).

To use non-recurring demand data in the EOQ model would

violate the underlying assumptions. PPRs must therefore be

identified, and determinations must be made whether to

include them in total demand, or to treat them separately.

4. Provisioning

The collection of items managed by an inventory

manager is changing over time. Old systems are phased out or

replaced. Ideally, during this process all spare parts and

repair parts that are used exclusively in these systems are

disposed of, and removed from the data files. At the same

time, new and frequently more sophisticated systems take

their place. The process of introducing new items into the

supply system is called provisioning.

Despite all efforts to foresee demand for spare and

repair parts for new systems, forecasts are subject to

considerable uncertainty. For this reason, EOQ calculations

are not used in the provisioning process until sufficient

demand history has been accumulated to provide stable

forecasts.

5. Regulatory Constraints

DoD Instruction 4140.39 [Ref. 15] states that "a

minimum procurement cycle of three months demand and a

maximum procurement cycle of three years demand will normally

be used." The minimum limit is set so as not to overload the

purchasing departments, and the maximum limit is set to avoid

excessive inventories, should demand for some reason be less

than anticipated.

In a study of the inventory management in the US Air

Force it was noted that [Ref. 16]:

The effect of such artificial constraints is to
increase the holding costs for high value items with a
rapid turnover and to increase the ordering costs on low
value items with infrequent demand. The upper constraint
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may also limit order quantities to the extent that the
full potential benefits from quantity discounts cannot be
reaped.

6. Financial Constraints

The great majority of a ship's consumables (items in

cognizance group 1H) are financed through the Navy Stock Fund

(NSF). NSF is a revolving, working capital fund which

consists of physical assets (items) and cash. Items are

bought by the stock fund, and later sold to user activities

for cash. The price charged includes a surcharge which is

meant to cover all costs of the stock fund's operations. The

need to convert assets to cash for financing of new purchases

may curtail the size of the order quantity of an item. This

may happen even if EOQ calculations indicate that larger

quantities are more economical. These are tradeoffs that

have to be taken into consideration in connection with the

budget process.

7. Computational Constraints

Personnel in the operations analysis division at SPCC

[Ref. 17] are concerned that UICP is generating too small

economic order quantities. The recommended quantities are

often too small to be obtainable from the industry. Further,

SPCC's capacity to handle purchase requests is limited.

There is presently a large backlog of PRs at SPCC, and

administrative lead time is somewhere between 270 and 330

days. A study in 1985 indicated that close to 80,000

purchase requests were in the procurement pipeline at any

given time. This number was estimated to be fairly

representative of the present situation, although a program

to reduce the backlog by 24 percent, over a three year period

starting from 1987, has been undertaken.

Aiming at decreasing the number of PRs generated,

some constraints have been imposed on the EOQ calculations.

In 1984 the minimum order quantity was set at four quarters

of anticipated demand. In 1987, a flexible lower bound was
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introduced. An internal study at SPCC [Ref. 18] revealed

that out of some 550,000 line items, only about 100,000 had

an average quarterly demand higher than .25 during the last

two years. Of these, about 87,000 were non-provisioning,

non-program related items. From this sample, 25,000 line

items were identified, and constrained in terms of their EOQ

calculations. For 16,250 line items, the minimum order

quantity was set at ten quarters of forecasted attrition

demand. These were items with a value of annual demand less

than $4,000. 6,250 line items with a value of annual demand

between $4,000 and $25,000 were constrained to a minimum of

eight quarters of demand. The remaining 2500 items were

constrained to four quarters of demand. The value of annual

demand for this category exceeded $25,000. By restricting

the policy to low value of annual demand items, the potential

risk of ending up with too much stock on hand is minimized.

For other items the minimum quantity was reduced from

four to three quarters of demand. These policy changes were

expected to reduce the number of PRs per year by more than

6,000.

Finally, it should be mentioned that the item manager

may choose to override the model's EOQ quantity. The extent

and effects of such actions are not known.

8. Policy

The primary policy document on inventory management

of secondary items in the Armed Forces is Department of

Defense Instruction 4140.39, Procurement Cycles and Safety

Levels of Supply for Secondary Items [Ref. 15]. The

instruction states the following objective for the inventory

management policy: "To minimize the total of variable order

and holding costs subject to a constraint on time-weighted,

essentiality-weighted requisitions short."

The total variable cost (TVC) for the inventory is

expressed as the sum of ordering cost, holding cost and an
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implied cost of time weighted shortages. Implied shortage

cost is used because the true value of this cost is unknown.

The Instruction uses the following definitions:

Variable Cost to Order. Those costs associated with
the determination oL reguixements, processing of purchase
requests, and subsequent contract actions through receipt
of the order into the ICP system that will vary
significantly in relation to the number of orders
processed. Costs are considered "fixed" if they would
remain constant should 50 percent of the workload be
eliminated.

Variable Cost to Hold. Those costs associated with
the cost or ca ital, inventory losses, obsolescence,
storage, and ot er variable costs of maintaining an
inventory. The 50 percent rule relative to variability
applied to variable cost to order should also be applied
here.

Enclosure three of the instruction describes the

procedure to determine the cost to order an item of inventory

at an ICP. The instruction states that:

The cost to order an item of inventory to be used in
the determination of annual variable Order Cost (OC) will
be dependent on the type of procurement method to be used
in placing the requirement on order.

Attached to enclosure three of the DoD Instruction is

a detailed listing of functional elements to be included in

cost to order at the inventory Control Point (ICP) level. A

copy of this list is shown in Appendix A. The DoD

Instruction specifies that: "Only those costs which are

variable as a function of the number of orders placed are to

be considered."

B. PURCHASE TYPES AND PROCEDURES

DoD Instruction 4140.39 specifies that three basic costs

to order will be developed to cover the different types of

procurement.

1. Small purchases, i.e., purchases with a value of less
than $2,500.

2. Purchases utilizing a call-type contract, and

3. Purchases where the contract value is greater than
$2,500 (large purchases).

The instruction allows further breakdown of procurement

type when warranted. The threshold values for small
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purchases has been increased several times. The last time

was in 1982 when it was increased from $10,000 to $25,000.

At SPCC four different cost to order values have been

calculated since 1976, depending on the type of buy. The

alternatives are: purchase orders, delivery orders,

negotiated contracts and advertised contracts.

1. Purchase Orders

Purchase orders are used for small purchases.

Potential suppliers are contacted in writing, and are invited

to deliver a specified quantity of a product. This request

is not binding for either of the parties. A contract results

if the supplier responds with an offer that is subsequently

accepted by SPCC.

2. Delivery Orders

Delivery orders are a call type contract, meaning

that one contract covers a number of buys. Price and

delivery conditions are covered in the contract. Usually, a

minimum or a maximum quantity is stipulated. The contract is

let competitively. It covers a fixed period of time, usually

one year. The supplier is bound by the contract to make

deliveries as requested, and in accordance with the terms of

the contract.

A delivery order is a contract vehicle well suited

for items with a recurring demand, and with easily defined

characteristics. Delivery orders can only be used for small

purchases.

3. Negotiated Contracts

Negotiated contracts are used for large purchases.

Price, delivery conditions and item characteristics are all

subject to negotiation. Negotiations may take place with a

single supplier or with a number of potential suppliers.

4. Advertised Contracts

Advertised contracts are used for large purchases.

No negotiating takes place for advertised contracts. All
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item characteristics and delivery conditions are specified in

a solicitation for bids. The procedure for advertising and

for the award of contracts follows strict rules, as described

in the Federal Acquisition Regulation (FAR). Only responsive

and responsible bidders are considered. The criterion for

awarding an advertised contract is lowest price.

Large purchases are much more complex and time

consuming than small ones. At SPCC, the cost to order

parameter for large purchases is approximately three times as

high as for small purchases. Only about 10 percent of all

purchase actions at SPCC fall in the large purchases

category. But, in terms of dollar value, they represent

about 90 percent of the procurement costs.

5. Cost to Order Computations

SPCC annually computes the administrative cost to

order for each type of purchase. The results are used as

parameters in the EOQ calculations, and in turn for the

calculations of budget requirements.

The threshold value of buy that determines what

ordering cost to use in UICP is not $25,000, as might have

been expected since $25,000 is the value that determines

whether a buy falls into the small or large purchases

category. Instead, a value of $8,000 per order has been kept

as the break point, as was the case before 1982. The

decision not to raise the break point value seemed to be

based on a feeling that too many low value purchase requests

were generated. The result of the decision is that the cost

to order parameter for large purchases is applied to buys

worth between $8,000 and $25,000. This reduces the frequency

of buys for items in this value category compared to what

would have been the case had the parameter for small

purchases been used.

The process of identifying the cost to order

parameter for the various types of buy is an annual process.
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Data for total variable ordering cost for the first three

quarters of the fiscal year are gathered from various

sources. The number of line items acquired through the

various types of buy are estimated for the same time period.

These data are annualized, and then adjusted for expected

changes in prices and activities for the upcoming fiscal

year. In determining what cost elements to include in total

cost, the guidance in DoD Instruction 4140.39 is followed as

closely as the availability of data allows.

Cost elements that are particular to one type of

purchase are identified. The cost per line item for the

various types of buy is then found by dividing total cost by

the number of line items in each category. An example of the

format for collecting source data, and a further explanation

on how data are collected, is included as Appendix B.

In addition to the costs incurred at SPCC, some

external costs are included. The magnitude of these external

costs is directed by NAVSUP. External costs are incurred as

a result of the physical storage and handling that takes

place at the storage locations. As previously mentioned,

these are located separately from SPCC.

6. Quantity Discounts

SPCC has included a manufacturing set-up cost of $150

in the calculation of administrative ordering cost since

1985. The amount is supposed to reflect manufacturers' cost

of producing and delivering an order. No documentation was

found as to how the amount of $150 originally was determined.

But according to personnel at SPCC [Ref. 19], the amount was

supposed to reflect the relationship between quantity

discounts and price break quantities for a number of items.

Thus, the purpose is indirectly to capture a discount for

larger purchase quantities.

Until recently, other attempts to calculate economic

order quantities with respect to quantity discounts, have not
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been made at SPCC. One reason has been hardware and software

constraints in the UICP. A process to remedy this situation

is underway in a two-phased project called resystemization

and resolicitation. New hardware has been acquired, and

several of the programs that have been in use since the 1960s

are completely rewritten.

SPCC has long felt the need to be able to evaluate

quantity discounts in a systematic manner. A program called

Q-Star (Q-) was therefore developed for an IBM-PC. A

prototype presently covers approximately 2000 different line

items, and will soon be expanded to cover some additional

8000. Q" will in additioi to handling price break

quantities, take procurement lead time into account in an

attempt to identify an improved pLurchasing strategy.

C. HOLDING COSTS AND THE ECONOMIC ORDER QUANTITY

Enclosure four of DoD Instruction 4140.39 outlines the

development of the holding cost. Four elements are

mentioned; investment cost, storage cost, obsolescence cost

and other losses. These elements correspond well to the

categories of capital cost, space cost and inventory risk

cost as described in Chapter II. Since no taxes or insurance

are paid on government inventories, the inventory service

cost category is not applicable.

1. Investment Cost

The way capital cost is calculated in the public

sector differs from the customary calculations in the

commercial one. The government is not a business entity, and

is not trying to maximize profit. Therefore, none of the

concepts for valuing capital cost discussed in Chapter II

apply directly.

DoD Instruction 4140.39 states that: "The view taken

towards the investment of funds in inventory is that each

public dollar so invested represents a dollar of investment

in the private sector thus foregone." Based on this
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reasoning a 10 percent cost of capital per year (discount

factor) is chosen by DoD. The directive states further that:

"Since most order quantity decisions are of a relatively

short-range nature, this cost need not be discounted."

The Instruction was issued in 1970 and the value of

capital cost has remained unchanged since then. The value of

10 percent per year is consistent with Circular No. A-94 of

the Office of Management and Budget (1972) [Ref. 20:p. 4]

which decrees the following:

The discount rates to be used for evaluations of
rograms and pro jects subject to the guidance of this
ircular are as follows:

a. a rate of 10 percent; and, where relevant
b. any other rate prescribed by or pursuant to law,

Executive order, or other relevant Circulars.

The prescribed discount rate of 10 percent represents
an estimate of the average return on private investments,
before taxes and after inflation.

The principle for determining the cost of capital is

to set the cost equal to the average rate of return in the

commercial sector. The rationale is that this will lead to

an optimal resource allocation between the public and the

private sector.

Sassone & Schaffer [Ref. 21:pp. 99-129] present a

number of different views about the proper discount rate to

use in public enterprises. Among the concepts discussed are

those of the market interest rate, the marginal productivity

of investment, the corporate discount rate, the government

borrowing rate, the Pigouvian rate and the social opportunity

cost of capital. The conclusion is that there is little

consensus as to what should be the proper rate to use.

DoD Instruction 4140.39 and OMB Circular No. A-94

implicitly assume that money for investment in the public

sector is raised entirely through taxation. In reality, a

large part of public financing takes the form of issuance of

Treasury bills and bonds. The rate of return on such

securities presently runs at nine to ten percent annually.
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Adjusting for an estimated rate of inflation of four to five

percent, the real rate of return before taxes and after

inflation is at best in the vicinity of five percent

annually, and probably even lower. Brigham & Gapenski write

[Ref. 11:p. 197]:

The real rate on short-term goverment securities,
which is also the pure rate of return, has historicall
ranged from 2 to 4 percent, with a mean of about
percent. Thus if no inlation were expected, risk-free
government bills would yield about 3 percent.

The fact that some investors are willing to accept a

real rate of return of about three percent, means that their

hurdle rate is even lower. This does not necessarily

indicate that the average return on investments in the

private sector is of this magnitude. But the point is, the

government is in fact able to raise capital at a cost

considerably below the ten percent stated in the circular.

Therefore, to use a discount factor based on the average

return on private investments, is a political rather than an

economical decision. The mandated value of 10 percent is

likely to considerably overstate the true capital cost

associated with holding inventories.

2. Storage Cost

DoD Instruction 4140.39 cites previous studies by

"the Military Departments" and the "Defense Supply Agency" to

the effect that the storage cost rate at most is in the

vicinity of one percent. Further, the instruction states

that this is such a small fraction of the total holding cost

that further studies to refine this estimate seem to be

unwarranted. The one percent holding cost rate has been

applied unchanged since the issuance of the instruction

(1970). In an interview at Naval Supply Center Oakland,

personnel from the inventory management department indicated

that there was no reason to believe that the storage costs

exceed one percent of the inventory value [Ref. 22].

However, exact figures were not available.
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The one percent storage cost rate is lower than the

typical corresponding value in the private sector. A

possible explanation of this, is that the Government does not

incur such inventory service costs as taxes and insurance.

The instruction includes amortization of storage facilities

in the one percent figure, although most of the literature in

the field suggests that this cost should not be considered.

On the other hand, the instruction omits the cost associated

with alternative uses of the facilities.

The government is not a business entity. One may

therefore argue that the concept of opportunity cost does not

apply in the public sector. However, if one disagrees with

that argument, the storage cost rate of one percent annually

may turn out to be too low.

a. Opportunity Cost

Potential revenues from leasing government

property would traditionally go to the Treasury, and not to

the cognizant department. Consequently, there has been

little or no incentive to include any opportunity cost

associated with owning property and warehouses. Due to some

recent changes in legislation, a different approach may be

taken in the future.

The background is that NSC Oakland, California

has been approached by the Port of Oakland about leasing part

of NSC's area to build a modern container terminal. This

terminal would be operated by the Port of Oakland. However,

if a crisis should occur, the Navy would resume full control.

The tentative agreement includes a 25 year lease

with an option for renewal. The revenues, estimated at more

than 25 million dollars, will go directly to NSC Oakland.

The agreement is not finalized, but it could have some

interesting ramifications for the estimated costs of storing

material. If the tentative agreement sets a precedence, it

would mean that the opportunity cost concept should be
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applied to the estimation of storage cost at Navy facilities.

This in turn would increase the space costs to a level more

comparable to those used in the commercial sector.

3. Inventory Risk Costs

DoD Instruction 4140.39 distinguishes between two

types of inventory risk costs, "obsolescence" and "other

losses". The instruction states that the obsolescence rate

is to be computed by dividing the value of material

transferred for disposal in a year, by the average value of

material on hand during the preceding year. At least five

years of data are to be kept to allow a smoothed rate to be

established. According to the instruction, separate

obsolescence rate calculations for separate commodity

groupings are authorized " ... where warranted by the nature

of the materiel." This option has not been used. SPCC has

used the same obsolescence rate for all consumable items

since the instruction was issued.

Two problems are inherent to the way of calculating

the obsolescence cost rate as described in DoD Instruction

4140.39. The first is to assure that obsolete material is

correctly identified and disposed of. The second problem is

to assure that the values in the computation are determined

in a consistent manner.

4. Disposal Policy

From 1984 there has been a de facto moratorium on

disposal actions in the supply system. NAVSUP announced its

policy on disposal actions through a series of messages to

all Navy activities. The policy basically states that all

serviceable material, with or without a weapon system

application, be retained. The policy specifically addresses

a few situations where disposal of material is allowed.

However, the emphasis is on retaining items within the Navy

Stock Fund.
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Potentially obsolete items are identified through a

subi7outine of the stratification software used twice a year

in UICP. Material is regarded as obsolete if there is no

anticipated use for the item, or if items on hand exceed any

foreseen demand. Whether any actual disposal takes place

depends on whether the item may be needed by other services,

or can be sold by Foreign Military Sales. The value of items

classified as potential/disposable excess more than doubled

between 1984 and 1988. According to recent computations, the

value is now approximately $3.3 billion [Ref. 23].

The value of NSF financed items that were actually

disposed of in 1987 was $146 million. However, this figure

cannot be used to compute the obsolescence rate, as it does

not reflect the value of all obsolete items. Further, there

are no ways of distinguishing between disposal actions due to

obsolescence and due to other reasons, e.g., items damaged

beyond repair. An attempt to verify the actual obsolescence

rate, by performing the calculation described in DoD

Instruction 4140.39, has therefore not been possible.

Because of the reluctance to dispose of items,

considerable crowding has taken place at Navy stock points.

As of 30 June 86 a total of 91.3 percent of the floor space

was occupied, and 98 percent -as obligated occupied at the 10

largest NAVSUP activities [Ref. 24]. One can surmise that

such a high space utilization is slowing down the response

time at the stock points. A change in policy towards more

active disposing of excess material is therefore expected

shortly.

Inactive items may be relatively straightforward to

identify as obsolete. The real problem arises when trying to

determine whether excessive amounts of an item are being kept

in stock. In that case, a disposal decision must be made.

The dilemma is expressed in a FMSO report entitled "An
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Economic Retention Model for Excess Navy Material" [Ref.

25:p. 6].

Excess material should be held only where economic
criteria indicate that the costs of reprocurement at some
future time will exceed the costs to hold the material.
Holding costs include the opportunity cost of not
liquidating the assets through disposal, repair costs,
and physical storage costs. Material should be disposed
if:

Proceeds for disposal + repair costs + storage
costs > reprocurement costs

Without going into the mathematics of the model, a

few general comments are warranted. Proceeds from disposal

go to the U. S. Treasury. For all intent and purposes the

disposal value to the Navy is zero. To the Navy, the major

motive for disposing of material is therefore to avoid future

holding costs.

5. Computation of the Obsolescence Rate

As previously pointed out, there are problems with

following the method to calculate the obsolescence described

in DoD Instruction 4140.39. The lack of reliable data has

been addressed. However, even if reliable data had been

available, the stated method may lead to misleading

conclusions about the true obsolescence rate. The reason is

that items in general are disposed of many years after they

were last purchased. During the intermittent time period,

the inventory value may have changed considerably, due to

changes in the inventory level. The obsolescence rate might

have been computed in physical rather than in monetary terms.

It can therefore be appreciated that changes in the inventory

level would distort the computations. From a theoretical

point of view, the value of disposed items should be compared

to the average value of inventory at the time of purchase,

not at the time of disposal. This way, distortion of data

due to changes in inventory levels could be avoided.

6. Life Expectancy of Items

In practice, the method used at NAVSUP to determine

the obsolescence rate differs from the guidance in DoD
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Instruction 4140.39. The reason is that the available data

are of insufficient quality to support the calculations

necessary to comply with the instruction.

The method actually used is to regard the

obsolescence rate as the inverse of the estimated number of

years of useful life for the item. A consumable item is

expected to have a useful life of eight and a third years.

Thus, an obsolescence rate of 12 percent is computed. This

rate covers other losses as well, and is therefore equivalent

to the sum of 10 percent obsolescence and two percent other

losses. These are the values given in NAVSUP publication

553.

The idea behind NAVSUP's way of computing the

obsolescence rate is to express it as the probability that an

item will become instantaneously obsolete in any given year.

This probability is assumed to be uniformly distributed, and

to be independent from year to year. These assumptions make

it possible to avoid the difficulties of trying to estimate

at what point in time the item will become obsolete.

However, the realism of a uniform distribution can be

questioned. A more probable assumption might be that the

chances of an item becoming obsolete are an increasing

function of time from the point of introduction into the

supply system. Therefore, some other function might more

accurately describe the probability of an item becoming

instantaneously obsolete.

There are many reasons why items become obsolete.

When weapons systems are replaced, or upgraded, there is no

longer any need to stock spare parts used exclusively for

that particular system. Thus, any spare part left in

inventory becomes instantaneously obsolete. The aim is

therefore to have as few spare parts left in inventory as

possible when the demand suddenly drops.
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A potential way of reducing the risk of ending up

with an excess supply of some spare part would be to use an

increasing holding cost rate over time. One possibility is

to let the applied holding cost rate increase over time in

inverse relationship to the expected remaining useful life of

the item. This would have the effect of gradually reducing

the EOQ as the item itself, or the system it was supporting,

got closer to the end of its useful life. The problem would

be to determine the total life time of the system, and keep

track of its expected remaining life. This problem would be

even more complex for parts used in many different systems,

because these would have an ever changing mix of ages. On

the other hand,- the risk of ending up with excess supply

wculd be expected to be correspondingly less if demand

stemmed from many different sources. Further research would

be needed to assess the feasibility of using an increasing

hclding cost rate over time.

Another unrealistic, but implicit assumption in the

way the obsolescene rate is presently set, is that all items

have the same life expectancy. Apparently no studies have

been done at SPCC or at NAVSUP to suggest a variable rate for

obsolescence based on the inherent item characteristics.

It was stressed in Chapter II of this thesis that

inaccurate -tim-t--s of aniy Qf the parameters in the EOQ

model would lead to higher than necessary TVC. This is true

whether the parameter is underestimated or overestimated.

Consequently, using a parameter that on average is correct

for a number of items will not give the lowest possible

aggregate TVC for all of the items. The practice of using

some average value for any of the parameters in the EOQ model

may still be justifiable, but only should the costs of

obtaining and using more exact parameters exceed the benefits

of increased accuracy.
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7. Summary

Section A of this chapter described SPCC and the Navy

supply system. It was pointed out that the basis for

inventory management at SPCC is an EOQ model, although a

number of constraints are imposed on the model, and it is not

applied to all items. Section B described four types of

contract vehicles: purchase orders, delivery orders,

negotiated contracts, and advertised contracts. Section C

discussed investment cost, storage cost, obsolescence cost,

and other losses with respect to DoD Instruction 4140.39.

The way obsolescence cost and other losses actually are

computed was found to differ from the instruction.

Finally, two ways of applying differentiated

obsolescence rates to various items were discussed. One

possibility is to use an increasing obsolescence rate over

time. Another possibility is to apply various rates,

depending on the expected life time of the item. Using a

single holding cost rate for several items is not optimal,

even if the applied rate represents a true average of the

holding cost for each individual item. This point will be

further discussed in the Chapters IV and V. The next chapter

will also present the methodology and the data for

computing the applied ordering cost at SPCC.
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IV. METHODOLOGY

In Chapter III, SPCC's role in the supply system of the

US Navy was described. The extent to which the EOQ model is

actually used was discussed. This chapter will present the

data and the methodology for estimating the parameters for

ordering and holding costs. Linear regression analysis is

performed on the ordering cost data, whereas a simulation

model is used to analyze changes in TVC resulting from

various holding cost rates.

A. PRESENTATION OF DATA

1. Ordering Costs

Ordering cost parameters for four different

purchasing types have been computed at SPOC every year since

1976, except 1977 and 1984. In 1986 the parameters were

computed as usual, but not implemented in the EOQ model.

instead the parameters for the previous year were used.

AlI the cost elements included in SPCC's calculations

seemed to be relevant for determining the administrative cost

to order. Similarly, it appeared that no major cost element

was omitted. However, whether the amount allocated to each

cost element was correctly computed was not evaluated. A

ccpy of SPCC's background material for determining costs to

order for 1989 is included as Appendix B.

2. Workload

DoD Instruction 4140.39 states that costs are

considered fixed if they ".. .would remain constant should 50

percent of the workload be eliminated." The instruction

does not use the term marginal cost, but states that '"...only

those costs which are variable as a function of orders placed

are to be considered."

No definition of workload is given in the

instruction, but is in this thesis taken to mean the number
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of purchase actions per year. A synonym for purchase actions

which is used in the source data, and in this thesis, is the

number of "line items" purchased. The data in Table 2 were

compiled at SPCC by counting the number of contracts and then

multiplying by an average number of line items per contract.

Consequently, unique items (as identified by National

Identification Number (NIN)) count as one line item each time

they are ordered.

Prior to 1976, no differentiation was made between

negotiated and advertised contracts. Further, available data

are rather sparse for this period. Therefore, the analysis

is confined to the period 1976 - 1988.

Table 2 shows the projected cost to order parameters

(AT) as calculated by SPCC. These are calculated based on

SPCC's total variable ordering cost. The years refer to the

fiscal years which were the basis for the calculations.

Ordering cost parameters actually implemented for the

succeeding fiscal year, differ from the values in Table 2

only in rounding.

TABLE 2

PROJECTED COSTS TO ORDER FOR VARIOUS TYPES OF BUYS

Fiscal Purchase Delivery Negotiated Advertised Added
years orders orders contracts contracts costs3

1976 104.25 100.40 275.19 325.53
1977 Data not available
1978 158.33 153.21 445.51 503.92
1979 158.38 153.43 398.31 453.62 29.34
1980 145.60 135.76 434.16 468.36 32.01
1981 148.24 135.10 527.75 564.32 33.55
1982 174.26 162.84 530.24 561.02 38.83
1983 233.05 220.22 923.81 958.37 40.38
1984 Data not available
1985 660.21 643.56 1932.26 1970.65 191.79
1986 716.97 701.38 1853.42 1875.17 191.79
1987 653.58 631.80 2026.65 1701.22 193.91
1988 729.36 700.77 1820.48 1729.10 196.14

The data in Table 2 are compiled based on SPCC's best

estimates for the total variable costs and the number of

3These costs are external to SPCC's operations. $150
are included as manufacturers implied set-up costs from 1985.
This practice was discussed in Chapter III of this thesis.
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purchase actions in each category. Table 3 summarizes the

number of line items purchased under various methods.

TABLE 3

NUMBER OF LINE ITEMS PURCHASED UNDER VARIOUS METHODS

Fiscal Purchase Delivery Negotiated Advertised
year4  orders orders contracts contracts

1976 98012 77720 14408 4792 1132
1977 Data not available
1978 98136 * * * *
1979 102648 * * * *
1980 114160 * * *
1981 125288 85344 32904 6316 724
1982 113392 72876 33732 6064 760
1983 104271 68334 31616 3461 860
1984 Data not available
1985 54112 41515 8987 2949 661
1986 50574 36127 9969 4027 391
1987 50634 36190 9953 4293 198
1998 55195 38102 10976 5940 177

NOTE:
* Data not available

Unfortunately data for 19S4 are not available. This

omission should be noted since a significant drop in the

number of line items purchased took place between 1983 and

1925. Several persons at SPCC, including the one who

actually compiled these data, were interviewed about

potenzial causes for this drop [REf. 26]. Various theories

were offered, but no definite conclusion was reached.

There are at least two ways of interpreting the drop

in purchase actions. One possibility is that the number of

buys was reduced according to a management decision. As it

turned out, the minimum order quantity was increased from 1

to 4 quarters of demand in 1984. This decision forced a

decline in the number of purchase actions, but whether this

is the sole explanation is uncertain. There is also a

possibility that some external factor, such as changes in the

Federal Acquisition Regulation, made each purchase action

'All values for the years 1976 - 1982 (inclusive)
are multiplied by four to make them comparable with the rest.
The reason is that the values in this period were calculated
based only on data from the third quarter of the base year.
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increasingly complex, and thereby reduced the productivity of

the contracting department.

The Competition in Contracting Act (CICA) was passed

by Congress in 1984. This law changed the preferred method

of contracting from advertised contract or "sealed bid" as it

was called at the time, to full and open competition, i.e.,

negotiated contracts. Data from subsequent years indicate

that the use of advertised contracts has continued to

decline, whereas the number of negotiated contracts has

increased since 1985. This, however, does not explain the

abrupt drop in small purchases actions.

According to the people interviewed at SPCC, no

changes in the routine for calculating total variable costs

between 1982 and 1985 could explain the behavior of the data

as presented in Table 3.

3. Total Ordering Cost

A summary of the source data used to calculate the

ordering cost parameters by SPCC is presented in Table 4.

The columns represent year, total labor costs, total ADP

costs (as they relate to the reorder function), total

miscellaneous cost, and the total sum. Appendix B of this

thesis contains a detailed description of how each category

is calculated.

TABLE 4

TOTAL VARIABLE COSTS - CURRENT YEAR DOLLARS

Year Labor ADP Misc. Total

1976 9 967,652 545,616 636,944 11,150,212
1977 Data not available
1978 11,719,120 696,480 1,061,176 13,476,776
1979 12,311,784 742,632 966,532 14,020 ,948
1980 12,376,704 777,304 713,396 13,867,404
1981 13,974,016 1,210,516 783,332 15,967,864
1982 15,672,456 369,440 758,444 16 800 340
1983 19 307 132 1 003,356 898,096 21 208 584
1984 Data not available
1985 27,678,322 1,191,508 1,363,725 30,233,555
1986 29 470,747 1,004,173 927,751 31,402,671
1987 251328 ,793 1 320,661 1,750,609 28,400,063
1988 30,465,855 2,449,630 1,641,197 34,556,682
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4. Breakout Cost

Breakout cost refers to the costs of identifying and

establishing second sources for material. DoD policy in

recent years has heavily emphasized competition in

contracting, and goals have bepn established for the

proportion of items that are procured competitively. The

costs of this effort have increased as indicated in Table 5.

The data show a sharp increase in labor costs from 1983 to

1985. This can partly be explained by the inclusion of

breakou- costs. From 1985, breakout costs are included as a

special item in the compilation of the total annual ordering

zost. All values are in nominal dollars:

TABLE 5

BREAKOUT COSTS

Year Cost

1925 2,477,13C
1986 2,626,752
1987 4,476,927
1983 5,839,713

The breakout cost is a genuine cost of doing

b':siness, and should be included when the ordering cost is

computed. However, because breakout cost only pertain to

sone of the data points, the inclusion could potentially

distort the analysis. Preliminary tests revealed that the

exclusion of the breakout cost did not change any of the

-onclusions from the regressions. Breakout cost is therefore

included as part of the ordering cost in the remaining part

of this thesis, unless otherwise explicitly stated.
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B. REGRESSION ANALYSIS

This study was initially designed to compare the workload

over a number of years with the corresponding total

administrative ordering cost. The hypothesis was that if a

strong correlation was found between workload and cost, then

the present method of identifying relevant costs would indeed

be applicable. Conversely, if total ordering cost did not

seem to vary according to changes in the workload, the

present method for determining the ordering cost parameters

would be inaccurate.

Under ideal conditions, a multiple regression analysis

should be performed. Total ordering cost would be the

dependent variable, and the various types of buys would be

independent (explanatory) variables. The resulting

coefficients of the independent variables would be a meaFure

of the cost of each purchase type. These coefficients would

then be subjected to standard statistical tests to determine

if the results were significant.

1. Consolidation of Purchase Categories

Unfortunately, few data points were available to

perform a multiple regression analysis according to the

method outlined above. Ways to consolidate the data set were

therefore sought. One potential remedy was to reduce the

number of purchase categories. The purchase orders and the

delivery orders were therefore grouped into a "small

purchases" category, and the advertised contracts and the

negotiated contracts were grouped into a "large purchases"

category.

As can be seen from Table 2, the difference in cost

parameters for purchase orders and delivery orders is small,

especially when compared to the difference between purchase

orders and negotiated contracts. Likewise, the difference in

cost between negotiated and advertised contracts is
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relatively minor. Therefore, no significant loss of accuracy

would be expected by reducing the number of categories as

described.

2. Number of Data Points

The number of small and large purchases, and the

relative magnitude of each is shown in Table 6.

TABLE 6

SMALL AND LARGE PURCHASES

Year Small Large Small(%) Large(%) Sum

1976 92108 5904 93.98 6.02 100.00
1977 Data not available
19785 91168 6968
1979 95360 728S
1980 106055 8105
1981 118248 7040 94.38 5.62 100.00
1932 106608 6824 93.98 6.02 100.00
1983 99950 4321 95.86 4.14 100.00
19.4 Data not available
1985 50502 3610 93.33 6.67 100.00
1983: 46096 4418 91.25 8.75 100.00
19P7 46143 4491 91.13 8.87 100.00
1988 49078 6117 88.92 11.08 100.00

The data in Table 6 show that the percentage of

purchase actions in the small purchase category is fairly

stable, with values ranging from 88.92 - 94.38. The average

popcrt-on was 92.9 percent for small purchases and 7.1

pei-cer- for large purchases.

A.; indicated in Table 3, only the total number of

purchase action for the years 1978 - 1980 is available. But

because the distribution is fairly stable, the proportion of

smL.L and large purchases can be estimated by averaging.

This is done so as not to lose any data points in the

analysis.

3. Deflator Index

All values in Table 4 are given in current year

(nominal) dollars. In order to make these comparable from

year to year, some deflator needs to be used to compensate

for the effect of inflation and wage increases over time.

5Distribution for the years 1978 through 1980 is
estimated based on average values for the remaining years.
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Labor costs were theretore deflated by the annual increase in

the pay scale for civilian personnel.

Since labor cost represents the vast majority of

total cost, the same deflator for the other cost categories

was used. This was presumed to be sufficient to take the

effect of inflation into account for these other cost

categories.

The inflation indices shown in Table 7 were

constructed with a base year of 1976 = 100. The indices are

based on data for expected pay raises from the annual

compilation of total variable costs at SPCC. As verified by

actual data obtained through the Comptroller's office of the

Naval Postgraduate School, the expected and actual pay raises

turned out to be practically identical.

TABLE 7

DEFLATOR INDEX

Fiscal Wage Index
year raise value

1976 100.0
1977 7.0 107.0
1978 5.5 112.9
1979 7.0 120.8
1980 9.1 131.8
1981 4.8 138.1
1982 4.0 143.6
1983 0.0 143.6
1984 4.0 149.4
1985 3.5 154.6
1986 0.0 154.6
1987 3.0 159.2
1988 2.0 162.4

4. Making Data Comparable

A requirement for performing the analysis was that

the data would be comparable from year to year. It appears

that the costs of leave, personnel benefits, and training

have been inconsistently treated over the years. Leave and

personnel benefits are calculated as 21 percent and 8 percent

respectively of direct labor cost, and should be included in

the ordering costs. For the years 1983 - 1986 (inclusive)

these indirect personnel costs were added to the labor costs.
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However, in preparation of the data for 1987 it was

discovered that both of these costs were already included in

the labor cost data, and had been so for many years.

Consequently, the procedure was changed so as not to count

these elements twice. It was also determined that four

percent of direct labor ought to be added to cover the cost

of training. This has been done since 1987.

In the years 1976 - 1982 personnel benefits, but not

leave were added. Since personnel benefits already had been

included in the data, this was a mistake. To reflect the

true nature of the development of the labor costs over time,

data presented in Table 4 were adjusted for these

duplications, and subsequently deflated by the index

developed in Table 7. The results of these transformations

are presented in Table 8.

TABLE 8

ADJUSTED COSTS - 1976 DOLLARS

Year Labor ADP Misc. Adj. total

1976 9,963,960 545 616 636,944 11,146,520
1977 Data not available
1978 10,377,622 616,982 940,050 11,934,655
1979 10,189,200 614,828 800,196 11,604,223
1980 9,388,568 589,856 541,360 10 519 7831981 10,114,730 876,525 567,205 11,558,460
1982 10,907,790 257,220 528,061 11 693,071
1983 13,416,397 698,579 625,293 14,740,269
1984 Data not available
1985 17,868,340 770,697 882,092 19,521,129
1986 19,025,478 649,524 600,093 20,275,095
1987 15 906 118 829 356 1 099 357 17 834 831
1988 16,756,979 1,508,169 f,016,439 24,27 ,587

The data in the last column of Table 8 are used as

the dependent variable in the regressions, unless otherwise

stated. A marked increase in total ordering costs after 1983

should be noticed. This coincides with a marked decrease in

the total number of line items, ref. Table 3. Figure 2

shows how total variable cost divided by the number of line

items has varied over time.
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Figure 2: Average Ordering Cost per Line Item

Expressed in percentage terms, the data in Table 8

show that labor costs were the dominating cost element, and

accounted for 86-93 percent of total ordering cost. The

proportions of TOC, as represented by labor cost, ADP cost,

and miscellaneous costs are shown in Table 9.

TABLE 9
LABOR ADP AND MISCELLANEOUS COSTS IN

PERCENT OF TOTAL ORDERING COST

Year Labor ADP Misc. Sum

1976 88.63 5.25 6.13 100
1977 Data not available
1978 86.24 5.45 8.31 100
1979 86.96 5.67 7.37 100
1980 88.49 6.00 5.51 100
1981 86.65 8.11 5.25 100
1982 92.79 2.36 4.85 100
1983 88.73 5.95 5.32 100
1984 Data not available
1985 89.36 4.96 5.68 100
1986 92.20 4.05 3.74 100
1987 89.19 4.65 6.16 100
1988 88.16 7.09 4.75 100
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ADP cost for 1962 seems somewhat out of line with

those of the other years. However, it was not possible to

determine what had caused this particular behavior. Apart

from that, the pattern of the data seems quite stable.

5. Alternate Measures of Workload

As was discussed in Chapter III, there is a

considerable backlog in terms of contract actions at SPCC.

Since the bottleneck seemed to be in the contracting

department, the workload in this department was examined.

Table 10 shows the number, dollar value of contract actions

(including modifications), and the average paid employment

(APE' figure fcr the years 1977 -1987. The dollar values are

civen in millions of dollars. T1h c(<sts of commercial repair

actions are not included .

TABLE 2O

CONTRACT ACTIONS AT SPCC

Year Contracts Value APE

1977 78203 531676 311
1978 103111 444232 298
1979 107299 531337 290
1980 92577 698404 289
1981 111621 1054800 309
1982 106559 1271868 323
1983 94328 1489797 351
1984 71270 1337716 389
1985 79916 1404789 423
1986 68598 1279790 407
1987 58150 1439914 428
1988 * * 408

NOTE:
* Data not available

The data for contracting actions contain provisionilng

as well as resupply. Consequently, the numbers cannot be

compared directly with the number of line items presented in

other statistics. Further, the number of line items per

contract action may change from year to year. Despite this,

the workload as measured by line items or contract actions

follows the same general pattern, as displayed in Figure 3.
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Figure 3: Two Ways of Measuring Workload at SPCC
The number of line items was chosen as the

explanatory variable, because the ordering cost is supposed

to reflect the cost to order an item, rather than the cost to

let a contract. However, because the data in Figure 3 tended
to vary in the same manner, similar conclusions from the

analyses would have been reached, had contract actions been

used as the explanatory variable instead.

The average workload per employee in the contracting

department was computed on the theory that workload per

employee could somehow explain the variations in total

workload and/or in total ordering cost. No such causative

relationship was found, as the regressions resulted in a low

RI values. Figure 4 depicts average number of line items

purchased per employee in the contracting department.
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Figure 4: Average Number of Line Items per Employee

6. Contract Modifications
I'

In SPCC's calculations of cost to order parameters,

the work associated with contract modification is included.

In the summary of source data used at SPCC [Ref. 271, it is

stated that in the computation of total ordering cost:

Hours expended on cancellations and reconsignments
were included in the total; however, line items processed
by these methods were excluded since no line items were
actually procured by reconsigning or cancelling.

One might argue that the cost of modifications should

be excluded from the estimate of the ordering cost. However,

in this thesis modifications are viewed as an ordinary part

of the business. The ordering cost should by definition

include all costs incurred as a function of placing an order.

Consequently, if a number of modifications would be required,

before a contract eventually is let, then this should be seen
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as an integral part of the ordering process, and the costs

should be included.

7. Summary

The primary focus of the regression analysis is to

estimate the true ordering costs incurred at SPCC. This

section has presented the data on which the analysis is

based. The data analysis and interpretation of findings are

presented in Chapter V.

C. THE SIMULATION MODEL

1. Holding Costs

As was pointed out in Chapter III, capital cost and

storage cost are determined by DoD, whereas the rates for

obsolescence and other losses should be determined based on

the actual disposal rates. Originally this study was

intended to verify the current rates based on actual

calculations. However, it soon became apparent that data

were not available to support such an approach. Instead,

changes in TOC resulting from different assumptions for the

combined obsolescence and other loss rates were analyzed by

means of Monte Carlo simulation.

The procedure involved defining a representative

sample of items. The present parameters for ordering and

holding costs were used to calculate unconstrained EOQs and

the corresponding number of buys that would result for each

item in the sample per year. The simulations were done by

keeping all the parameters fixed, except for the holding cost

rate, which was allowed to vary according to different

possible probability distributions.

2. The Simulation Model

A spreadsheet EOQ model was built in LOTUS 1-2-3, and

a simulation application by the ENFIN Software Corporation

was used to perform the simulation. The objective of the

simulation was to find the X-cost. This cost has been

defined as the extra cost incurred by having imperfect
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knowledge of the parameters in the EOQ model. The X-cost is

the result of ordering quantities which differ from the

optimal EOQ. Two instances where this may happen are

discussed in this chapter. The first is when a single

holding cost rate is applied for a number of items with

different holding cost rates. The other is when ordering

quantities for some reason are constrained.

The spreadsheet model was designed to compute the X-

cost resulting from constraining the number of buys per year.

The model and the cell formulae are presented in Appendix C

along with a sample of the simulation output. The

assumptions and logic of the model are explained in the

remainder of this chapter.

3. The Sample

The sample of items to be used in the simulation was

constructed based cn output from a program used at SPCC

called "CARES". The inventory of active items in the IH

cognizance group (consumab2es) as of March 1987 is divided

into 36 four dig:t cognizance group (cog) categories. The

list is presented in Tabl- e I .

TABLE 11
IH COG BASE MARCH 1987

Cog Items Demand Value Price Av VAD/Item

(F1 11 5  4i(77 l48 3650 ~4 .38 A.93 12568.73
!HN: 2178 14141 7405833 523.71 6.49 3400.29IHN3 15575 9516 10363646 1089.08 0.61 665.40
IHSI 202 5985 1349320 225.45 29.63 6679.80
1HS2 737 4695 2141121 456.04 6.37 2905.18
1HS3 5473 4222 1299040 307.68 0.77 237.35
IHOA 1356 73465 29234562 397.94 54.18 21559.41
IHOB 1798 12177 12283474 1008.74 6.77 6831.74
IHOC 16006 16787 17739338 1056.73 1.05 1108.29
IHOD 28 2060 1599736 776.57 73.57 57133.42
1HOE 66 437 611309 1398.88 6.62 9262.25
IHOF 1245 363 2066313 5692.32 0.29 1659.68
IHIA 650 26289 21605058 821.83 40.44 33238.55
IHIB 1625 10550 16491424 1563.17 6.49 10148.56
IHIC 16239 9251 17350405 1875.52 0.57 1068.44
IHID 56 2009 2160891 1075.61 35.88 38587.33
iHiE 150 1053 806771 766.16 7.02 5378.47
IHiF 1336 804 4910478 6107.56 0.60 3675.50
1H2A 538 19210 16985618 884.21 35.71 31571.78
1H2B 853 5813 6926078 1191.48 6.81 8119.66
IH2C 5236 4858 8946715 1841.65 0.93 1708.69
1H2D 12 526 631157 1199.92 43.83 52596.41
1H2E 23 136 282238 2075.28 5.91 12271.21
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TABLE 11 (Continued)

1H2F 122 131 1564276 11941.04 1.07 12821.93
IH3A 1311 42199 31695046 751.09 32.19 24176.23
1H3B 2323 15856 20346798 1283.22 6.83 8758.84
1H3C 5269 12828 18670379 1455.44 0.84 1222.76
IH3D 162 4316 9978530 2311.99 26.64 61595.86
IH3E 348 2342 3758965 1605.02 6.73 10801.62
1H3F 2252 2143 5176423 2415.50 0.95 2298.58
1H4A 1898 85350 56130213 657.65 44.97 29573.34
IH4B 2068 14465 24403229 1687.05 6.99 11800.40
IH4C 8631 7391 15181635 2054.07 0.86 1758.96
1H4D 257 8072 7813527 967.98 31.41 30402.82
1H4E 200 1405 1432892 1019.85 7.03 7164.46
1H4F 923 845 3844511 4549.72 0.92 4165.23

NOTE:
The columns in table 12 depict the following:

1Four digit cog.Number of line items in the four digit cog.
3 Forecasted demand of line items.
4 Value of demand (number of line items times price).

Average price. Column 4 divided by column 2
6 Average number of line items per requisition. Column

2 divided by column 1
(7) Average value per requisition, column 6 multiplied by

column 5.

Pareto's Law of maldistribution was briefly

discussed in Chapter II. By sorting the data according to

decreasing values of annual demand, it was found that cogs

representing 8.9 percent of the line items accounted for 46.1

percent of the total value of annual demand. However,

because only average values are available for each cog, the

actual maldistribution is dampened. This happens because all

the extreme values are lost when the line items are grouped

by cog. A similar ranking by line item would undoubtedly

result in an even clearer demonstration of Pareto's law.

Several attempts were made to manipulate the data in

Table 11 so as to separate the high and the low value items.

The intention was to use the resulting data as parameters for

the simulations. Since the distribution within each cog is

unknown, a hypothetical data set was created instead. This

was based in part on the data in Table 11. Thus, all data

for the simulation are fictitious, but are not outside the

realm of realism.
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4. Input Parameters

An item universe consisting of 100,000 line items was

constructed, and the value of annual demand for these was set

to $400 million. One half of the line items i.e., 50,000

were assumed to have an average demand of .25 per year. The

average price of each of these items was set at $800, thus

representing an annual demand of $10 million. Because of the

slow turnover and low average unit price, these items were

assumed to fall in the small purchases category.

Another 45,000 articles were represented in the small

purchases category. They were valued at $250 each, and an

annual demand of eight was assumed. The remaining 5,000

articles wo-ild represent approximately 90 percent of the

value of annual demand. For these articles a price of

$_,oC0, and an annual demand of 12 were assumed. These were

ccrsidered to fall in the large purchases category. Ordering

costs af $00 and $1700 for the small and large purchases

respectively, were used in the simulation.

5. Constraints

The constraints were defined in terms of maximum and

minimum number of buys per year. Thus, a maximum con-

strain' of four is equivalent to buying a minimum of three

mnths' supplv each time. Similarly, a minimum constraint of

one third implies that a maximum of three years, supply can

be bought at one time. The effects on TVC of various

constraints were found by recalculating the spreadsheet. The

findings are presented in the next chapter. The constraints

were set so as to be inactive during the simulations. This

was done to isolate the effect of varying the holding cost

rate. The model can handle any reasonable combination of

input parameters, and strictly positive constraints.

6. The Simulation Parameter

Since the actual distribution of the holding cost

rate is unknown, several possibilities were explored. The
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simulations were performed using two different types of

distributions, the triangular and the uniform. The

triangular distribution requires that an upper and lower

bound, plus the mode be specified. Because the holding cost

rate would include capital costs and storage costs even if

the obsolescence rate was zero, the lower bound was set at 5

percent. Ine upper bound was set at 55 percent. Although

there may be examples of spare parts becoming obsolete by the

time they arrive at the stock point, a minimum expected

useful life of two years was assumed. The modal (most

common) rate was set at 10, 23, and 36 percent respectively

for three different simulation runs. Each setting was

simulated 2000 times, and the resulting distribution was

recorded.

The triangular rather than the normal distribution

was chosen because the latter requires that the standard

deviation be specified. In this case the standard deviation

is unknown.

Three different scenarios were simulated for the

uniform distribution. This distribution assumes that an

upper and lower bound is specified. All values within this

interval are equally likely to occur. The implication is

that there is even less certainty about the true probability

distribution than if the triangular distribution is used.

The lower and upper bounds for the three scenarios were 5-41

percent, 5-55 percent, and 11-35 percent respectively. The

first one uses the current value of 23 percent as a midpoint.

The second ranges over the total likely span. The third one

is similar to the first, but has a tighter distribution.

7. The Simulation Objective

The simulation objective is to find the extra cost

(X) incurred due to the lack of knowledge of the (true)

holding cost rate. If a holding cost rate (I) of 23 percent

is used in the model, a given EOQ will result from the
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calculations. However, if the true holding cost (IT) is

different from 23 percent, the calculated EOQ will be

different from the optimal, denoted QT . The actual holding

costs are one half of EOQ times IT.

If I is greater than I', the resulting EOQ will be

smaller than QT. Because the holding costs rate is

overestimated, too little inventory is kept relative to the

optimal situation. This lower than optimal inventory level

gives lower holding costs than would have been the casc if Qr

had been bought. But this saving is more than offset by the

higher ordering costs that are incurred by buying too small

quantities too frequently.

The opposite situation occurs when the real holding

cost rate Is higher than expected. In that case too much

inventory is kept, resulting in higher than necessary holding

cCs*s. The savings resulting from less frequent buys will

not be large enough to offset the inzrease in holding cost.

The increase in TVC resulting from uncertainty in the

parameter estimates was depicted in Figure 1.

8. Differentiated Holding Cost Rates

As was described in Chapter III, SPCC uses a 23

perzent holding cost rate for all consumable items. This

rate assumes a universal risk of obsolescence and other

losses of 12 percent. Two questions then arise. One, is

there truly no variation among the different items, and two,

is 12 percent a reasonable average value? The presumpLion

that the rate is independent of the type of item in question

is quite unrealistic. The problem is that no firm data are

available to indicate what the true rates are like.

One of the conclusions of Chapter III was that using

average parameter values for several items, will not

give the overall lowest costs. Instead. each deviation from

the individual optimal parameter will be accumulated.
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The simulations made it possible to analyze the

effect on TVC of applying a single holding cost rate of 23

percent for all items, when in fact the distribution of the

(true) holding cost rate is as described by the probability

distribution. The results are presented in Chapter V.
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V. DATA ANALYSIS AND INTERPRETATION OF FINDINGS

One of the objectives of this study was to determine the

relationship between workload and total variable ordering

cost (TOC). The presumption was that changes in TOC, as

measured in constant dollars, could be attributed to changes

in total workload. Consequently, a way of determining the

ordering cost parameter for the EOQ model, would be to

compare TOC and workload over a number of years. This

method, however, failed to determine a positive correlation

between workload and the alleged total ordering costs. The

analvyis that led to this conclusion is presented, and its

significance is interpreted in this chapter. Furthermore,

this zhapter presents the results of the simulation, based on

various assumptions for the holding cost rate.

A. DATA ANALYSIS

1. Regression Analysis - Measures of Goodness

The analysis of ordering cost was performed using

ic:3'rc regression techniques. Results were evaluated in

terms of the slope of the independent variable(s) , the

cefficient of determination (R 2 ), and the standard error of

ie estimates. The dependent variable was total ordering

.-ost, and the independent variables were various measures of

wo::kload. Results of the regression runs were interpreted as

follows:

The Y intercept would be a measure of fixed cost.

S.nce the source data presumably only included variable cost,

the intercept should ideally be zero. Any positive intercept

would indicate that part of the costs were, in fact, fixed

over the relevant interval of activity.

The slope of the independent variable(s) should be

positive to indicate that activity and costs varied in the

same direction. The slope should also be significantly
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different from zero. The measure of significance is the

common T-test. This test measures the relative size of the

standard deviation. Finally, the regression equation should

have a high value of R2  to be acceptable. "High", in this

context, is at least 80 percent. These criteria would have

to be met simultaneously to provide valid results. As it

turned out, none of the regression relationships satisfied

all of the criteria. The next paragraphs present some of the

alternative independent variables that were explored. At

least one reason why they failed to meet the criteria is

discussed.

2. Regression Runs

All of the regression runs that are described in this

chapter are linear regressions, as the assumption is that

total ordering cost is a linear function of the number of

orders per year.

Regression number one used total number of line items

as the independent variable, and forced the intercept to

zero. This resulted in an R2 of 3 percent. Whenever the

alternative of forcing the intercept to zero was

investigated, very low R2 values were produced. This option

is therefore omitted from the following discussion, although

it was explored for all possible independent variables.

Regression number two used the same independent

variable, but without a forced intercept. This gave an R2 of

78 percent, but a negative slope for the regression.

Regression number three was a multiple linear

regression using the small and large categories as

explanatory variables. R2 then increased to 79 percent. The

slope of the small purchase variable was still negative,

whereas the slope of the variable for large purchases was

positive. The Y-intercept war at $22.4 million. This figure

is higher than any of the total cost values in the source

data. This can be attributed to the negative slope for the
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small purchases variable. The negative slope is interesting,

and is addressed later in this chapter.

The marked drop in number of purchase actions between

1983 and 1985 has been pointed out. To capture the effect of

this drop, a dummy variable was introduced. This was done by

assigning a zero to all the years up to 1983, and a one to

the years from 1985 on. Total ordering cost was then

regressed against the total number of purchase actions and

the dummy variable. This produced a high R2 , 90.3 percent.

The variable for the total number of purchase actions still

showed a negative slope, and was also not significant in

terms cf the t-test at the 90 percent confidence level.

Another attempt to use two explanatory variables, was

tc take the total number of purchase actions as one

independent variable, and the ratio of small to large

purchases as the other. Again a fairly high R2 was obtained,

86.7 percent, but still with a negative coefficient for the

w:':kloaJ variable.

Other runs included evaluations of small and large

puichases individually, and the ratio of these with and

without the dummy variable. None of these combinations

satisfied the criteria for establishing any positive

relationship between workload and total variable costs.

The overall highest R2  value was obtained by using

three explanatory variables, the dummy variable previously

introduced, the number of small purchase actions, and the

number of large purchase actions. This gave a value of R2 of

91.7 percent. However, the t-test shr,'ed that the slopes of

the latter two explanatory variables were not significant at

the 90 percent confidence level. Further, since the dummy

variable was the dominating factor, the result is almost

useless in terms of a practical application.
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3. Breakout Cost

The possibility that the breakout cost could have a

substantial impact on the result of the analysis was

considered. The regressions were therefore replicated on

total ordering cost after excluding the breakout cost. All

conclusions remained unchanged.

4. Time Perspective

The efforts to make sure that the data were

comparable over the whole time span of the study were

discussed in Chapter IV. Nonetheless, the possibility exists

that changes have taken place without being reflected in the

data. In an attempt to explore this possibility, data from

the last four years were analyzed separately, using the same

procedures as explained for the entire data set. In no

instances were R2 values higher than 30 percent found. Thus,

a shorter time perspective did not produce more valid

results.

B. INTERPRETATION OF FINDINGS

Except when forced, the y-intercept was consistently

found to be significantly different from zero at any

reasonable confidence level. Furthermore, whenever high R2

values were found, the results also indicated an inverse

relationship between ordering cost and activity. Graphically

this is depicted in Figure 5 which plots total ordering cost,

exclusive of breakout cost, against the number of line items

purchased.

Figure 5 exhibits a trend which is contradictory to what

would normally be expected. As it turns out, annual total

ordering cost (TOC) is relatively low for the years with the

highest activity in terms of total number of line items

purchased. The finding indicates that the present procedures

at SPCC do not correctly identify variable costs, despite

compliance with DoD Instruction 4140.39.
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Figure 5 Total ordering Cost Versus Line Items

There is no evidence to suggest that total ordering cost,

as now measured, varies as a result of different activity

levels. On the other hand, a regression of TOC in current

dollars against years resulted in R2 of 90.8 percent, Y-

intercept of 1973.12, and a positive slope of 0.00000044.

The T-values indicated better than 99.999 percent confidence

that total ordering cost has increased over time. This

result suggests that it would be better to use a time related

variable than to use an activity related variable to explain

changes in total ordering cost. Further research would be

needed to identify one or more such time related variables.

An interesting observation is that total "variable"

ordering cost increased from 1983 to 1985. This happened

despite the additional constraints imposed on the EOQ
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ordered. Presumably, the justification for constraining the

EOQ model was to reduce the ordering cost, or to reduce the

backlog of purchase actions. The data do not indicate that

these goals were achieved. A reasonable conclusion is,

therefore, that some external factor caused the total

ordering cost to increase.

The ordering cost data show that especially the labor

cost has risen in later years, partly because of increased

breakout costs. Another explanation is the increase in the

number of personnel in the contracting department. Average

paid employment (APE) is plotted against time in Figure 6.
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Figure 6: Contract Personnel over Time

A regression of APE versL- TOC (adjusted for inflation)

gives R2 of 89.3 percent. Thus, it can be concluded that

there is a strong correlation between personnel strength in

the contracting department and total variable cost. Pt the
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same time, the average number of line items per employee has

decreased markedly, as was illustrated in Figure 4.

Together, these factors totally dominatle any impact on TOC

resulting from changes in the number of orders.

1. Productivity Curve

A way of presenting productivity development is
portrayed in Figure 7. This figure shows TOC divided by

total number of line items plotted against number of line

items purchased. The theoretical shape of such a

productivity curve has the form of a U, with the minimum

indicating 100 percent capacity utilization. Both under- and

overutilization will tend to increase the unit cost of the

activity.
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The data points in Figure 7 are identified by year.

It is quite apparent from the plot that the ordering costs

increased sharply from 1983 to 1985. Conversely, the

productivity decreased sharply in the same period. This

could have indicated underutilization of capacity. However,

there has been a considerable backlog of work in recent

years, suggesting that some other explanation is more likely.

2. Implication of Findings

The finding that total ordering cost is independent

of the total number of buys, has several interesting

implications. It appears that the present method of

identifying total ordering cost is inadequate, as it does not

seem to capture the marginal costs involved in the process.

If further research should indicate that this problem exists

beyond SPCC, the procedure described in DoD Instruction

4140.39 should be changed accordingly.

If the ordering cost parameters, as now computed, are

incorrect, neither the calculations of the EOQs, nor the

resulting number of annual buys, will be optimal.

3. Limiting the Number of Purchase Requests

The presence of a backlog of purchase requests at

SPCC, despite attempts to reduce the number generated, might

indicate that the capacity of the ordering department is

constrained. If the capacity cannot be easily adapted to the

workload in any given year, the use of EOQ calculations for

all items may be suboptimal. An alternative approach might

be to calculate the total capacity in terms of number of

purchase actions. This capacity should then be allocated

between unconstrained and constrained EOQs, so as to minimize

total variable cost. This would involve ranking items in

terms of their contribution to TVC.

Ordering an item less frequently is equivalent to

increasing the average inventory level. Ideally then, this

practice should be restricted to items with a relatively low
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holding cost rate. If the holding cost is relatively modest,

a periodic review system might be more appropriate than a

continuous system. A periodic review system means that

orders are placed at regular intervals. No stock visibility

is kept between orders. A periodic review system has two

major advantages. The cost of record keeping is greatly

reduced, and the ordering frequency can be tailored to suit

the capacity in the purchasing department. Further research

would be needed to evaluate whether introducing a periodic

review system for items with a low holding cost rate is a

viable alternative at SPOC.

4. Fixing the Number of Buys

If increased buy quantities, or equivalently, reduced

numberS of buys is a policy objective, it can be attained in

the EOQ model by deliberately overstating the ordering cost,

or understating the holding costs. However, the economic

consequences of such a move should be thoroughly investigated

beforehand.

A graphical representation of the effect of applying

different holding cost rates can be seen in Figure 8. The X-

axis depicts various holding costs as expressed in proportion

to the present 23 percent rate. The Y-axis shows the

relative impact in terms of number of orders. Thus, the

point (1,1) on the plot indicates a number of purchase

actions that would result with I=.23 and a given set of

parameters for A, D and C. A 50 percent reduction in the

applied holding cost rate would reduce the number of purchase

actions by approximately 30 percent, provided the remaining

parameters were kept constant.

Figure 8 demonstrates how changing the holding cost

rate can be used as a means of regulating the number of

purchase actions to a desired magnitude. The same effect can

be demonstrated by keeping the holding cost rate fixed and

varying the ordering cost.
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As explained in Chapter II, the practice of modes'

increases in the buy quantity over and above EOQ will not

increase total variable costs very much. However, the rish

of losses due to obsolescence increases with increasing

inventory levels. It would therefore be desirable to apply

the practice of overriding the recommended EOQ only in those

cases where the risk of obsolescence is relatively small.

Unfortunately, the present UICP system is not

structured to facilitate this type of judgment. The same

rate of obsolescence is currently assumed for all consumable

items. To get an idea of how costly such an assumption is,

simulations were performed for various holding cost rates.
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C. SIMULATION RESULTS

The simulation objective was to calculate the X-cost.

Results are presented in Table 12.

TABLE 12

SIMULATION RESULTS

Mean Standard dev. Maximum Distribution

3,542,421 3,162,747 9,867,915 UNIFORM .05-.55
339,458 327,128 993,714 UNIFORM .15-.31
842,298 840,812 2,523,922 UNIFORM .11-.35

2,040,773 2,411,706 6,864 185 TRIANGULAR .05,.23,.55
2,298,608 2,373,212 7,045,032 TRIANGULAR .05, 11, 55
2,729,585 2,654,351 8,038 287 TRIANGULAR .05, 35,.55

396,852 597,907 1,591,046 TRIANGULAR .11,.23,.30

The results should be compared to $03,049,989, which is

the calculated total variable cost, based on a holding cost

rate of 23 percent. The simulation results pertain only to

the hypothetical sample as described in the previous chapter.

However, some general ccnclusions can be drawn. The results

show that the standard deviation is of about the same

macnitude as the mean, indicating a wide distribution. The

w " resultE are computed in the simulation model, the X-cost

is zero when I=.23. In all other cases, the X-cost is some

positive value. This means that the lower bound for the

dis -ibution of the X-cost is zero, and that a finite upper

bound exists. The "maximum" column is computed by adding two

standard deviations to the mean. Thus, according to

Chebychev's theorem, at least 75 percent of all observations

will lie between zero and this value. The result from the

last of the simulations presented in Table 12, indicates that

the X-cost is less than the mean plus two standard deviations

more than 95 percent of the times.

Table 13 clearly shows that only a few observations are

very far above the mean. However, these few observations

weigh heavily in the computation of the X-cost. This implies

that the bulk of the potential savings could be realized if

the few items with extreme holding cost rates could be

86



identified. The factor that would cause such extreme rates

would most likely be the obsolescence rate.

TABLE 13

DISTRIBUTION OF X-COSTS

Range Frequency Distrib. % Accl. % Accl. #

0 - 385.3 1387 69.35 69.35 1397
385.3 - 770.7 315 15.75 85.10 1702
770.7 - 1,156.0 109 5.45 90.55 1811

1,156.0 - 1,541.4 59 2.95 93.50 1870
1,541.4 - 1,926,7 42 2.10 95.60 1912
1,926.7 - 2 312.1 36 1.80 97.40 1948
2,312.1 - 2,697.4 31 1.55 98.95 1979
2,697.4 - 3 082.8 10 .50 99.45 1989
3,082.8 - 3,468.1 6 .30 99.75 1995
3,468.1 - 3,853.4 5 25 100.00 2000

Mean: 396.8 Standard deviation: 597.9 Mode: 1.396

NOTE:
Range values are rounded, and expressed in thousands of
dollars. 2000 simulations were run.

The similation results reflect a situation where the true

holding cost rate could be identified for each and every

item. Clearly, that is an unrealistic assumption. However,

to identify items with an expected obsolescence rate

considerably higher or lower than the average might not be

very hard to do, and would potentially yield considerable

savings.

The costs of identifying these items would have to be

traded off against the potential benefits. The simulation

model can be useful in such a process.

1. The Cost of Constraints

The simulations were run without active constraints,

and the results are not valid if such are imposed. The

reason is that constraints on EOQs, or number of buys,

interact with the parameters of the EOQ model. This means

that the EOQ calculations can be manipulated to satisfy

either an upper or a lower constraint by changing the

parameters for I or A.

The LOTUS model is programmed so as to accommodate

both a maximum and a minimum constraint at the same time.
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When constraints are imposed on the EOQ model, TVC will

increase. This follows from Chapter II of this thesis, which

discussed how TVC increased if quantities that differed from

the EOQ were ordered. This increase in TVC is in this thesis

denoted the X-cost. The X-cost, resulting from various

combinations of maximum and minimum constraints on the annual

number of buys, is presented in Table 14. The X-cost is

expressed in thousands of dollars. A holding cost rate of 23

percent for all items was assumed.

TABLE 14
CONSTRAINTS

Max M:n X-cost

4 2/3 0
4 ... 2 429
4 1l /2 7,111
4 1 29,199
3 1/5 2 428

1i3 2,429
1,'3 11,179

it can be noted that the X-cost increases rapidly as

the constraints get tighter. Constraints of 4 and 1 are

equ:valen- to buying a minimum of one fourth and a maximum of

one yea, s worth of material each time. The way the

paramete-r: are set in the simulation model causes these

constrai.-!s to be active for all items. in other words,

'inder th& e circumstances the EOQ is never purchased, which

exr-iau's the large size of the X-cost.

There may be good reasons foi. constraining the EOQ

computations in practice. Typically, this would be the case

where limited ordering or storage capacity exists. In such

cases, the X-cost can be regarded as the shadow price of the

capacity constraint. A simple spreadsheet model, such as the

one included in Appendix C, can easily facilitate analyses of

whether its better to increase capacity, or to constrain the

EOQ under different scenarios.

The simulation application can handle multiple

simulation variables. The analysis can therefore easily be
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expanded by specifying a probability distribution instead of

single estimates for the price and demand parameters.
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VI. CONCLUSIONS AND RECOMMENDATIONS

This chapter presents a summary of the research, major

conclusions and recommendations for further research.

A. RESEARCH QUESTION NUMBER ONE

The first research question was to present a theoretical

framework for the assessment of holding and ordering costs.

This was done in Chapter II through a study of selected

literature in the fields of inventory management, accounting,

logistics, and operations research. Despite the large number

of articles and books on the subject, there still seems to be

uncertainty about how to treat various cost elements of the

EOQ model.

The concept adopted, from Lambert [Ref. 5], of dividing

holding costs into four categories; capital costs, space

costs, inventory service costs, and inventory risk costs, was

found to be useful. The point that only marginal costs

matter, was strongly made in this thesis, as was the point cf

including relevant opportunity costs.

The effect of inflation on the estimate of capital cost

was not discussed in any of the literature reviewed. With

the present rate of inflation of five to six percent, this

element will considerably impact the estimate of holding

cost. Currently, inflation is included in the 10 percent

capital cost that is recommended in DoD Instruction 4140.39.

It was concluded that inflation should not be included as

part of the holding cost rate, and that a value closer to

three percent be used for capital cost. This figure

historically represents an average real rate of interest in

the United States.

The DoD instruction specifies that storage cost be set to

one per cent of the value of the item. This rate does not

seem to incorporate the opportunity costs associated with
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storage locations owned bv DoD. Where alternative uses of

the facilities are realistic, opportunity costs exist, and

should be included as part of the storage costs.

B. RESEARCH QUESTION NUMBER TWO

The second research question was to compare the

theoretical framework, as discussed in Chapter II, to

policies and practices at Ships Parts Control Center (SPCC).

Inventory management at SPCC was discussed in Chapter III.

It was pointed out that the inventory models actually used

there, differ from Wilson's EOQ model in that they include

military essentiality, and ai. implied shortage cost as

additional parameters. Further, several constraints are

imposed so that, in effect, quantities larger than the EOQ

are frequently purchased.

Research question number two involved comparing total

ordering cost, and the annual number of purchase actions at

SPCC. These data were analyzed by means of regression

analysis. The objective was to determine if annual ordering

cost really was a linear function of the annual number of

buys. Chapter IV described the data used for the analysis,

and the methodology employed. Findings and implications were

discussed in Chapter V.

The major conclusion was that total ordering cost did not

vary as a function of the annual number of orders.

Consequently, a crucial assumption for using the EOQ model is

violated at SPCC. Two questions naturally then arise. Is

there a better way of determining the ordering cost

parameter, and if not, should a different inventory

management technique e.g., a periodic review system be used

for some or all of the items? Further research would be

needed to answer these questions.

Sinco the number o- buys was rejected as the explanatory

variable for the behavior of total ordering cost, other

possibilities were explored. It was found that the breakout
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cost had risen considerably since 1984, which may partly

explain why total ordering cost has increased in the same

period. Another explanation is that the number of personnel

in the contracting department has increased considerably in

later years.

Despite the increase in personnel strength, the number of

purchase actions has decreased substantially, particularly

since 1983. On the other hand, the dollar value c: contract

actions has been fairly stable. Based on these data, a

conclusion was reached that the overall productivity had

decreased, presumably due to some change in the environment

in which SPCC operates.

C. RESEARCH QUESTION NUMBER THREE

The last research question was to evaluate the economic

implications f uncertainty in the parameter estimates for

the holding cost rate. The original intent of this thesis

was to compute actual obsolescence rates for some

representative items and include these as elements in
alternative measures of the holding cost rate.

DcD Instruction 4140.39 specifies that the rates for

cbsolescence and other losses are to be computed by dividing

the value of items transferred to disposal by the average

inventory value. However, data do not exist to do such

computations. Even if such data had been available, the

prescribed method would be an unreliable indicator of the

true obsolescence rate. The reason is that changes in the

inventory levels, over time are likely to distort the data to

be used for the computation.

A simulation model with a hypothetical data set was

constructed. In practice a rate of 12 percent has been used

for all consumable items, to compensate for the risk that

inventory should become worthless due to obsolescence and

other factors. In the simulations, several distributions of

holding cost rates were applied. The results indicate that
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if the obsolescence rates vary over a large spectrum, the

practice of applying an average rate can be quite costly.

A model, as presented in Appendix C, can be used to analyze

whether identifying and applying individual holding cost

rates would be more cost effective than using one average

rate.

It was pointed out in Chapter II that the effect on TVC

of minor errors in the individual parameters is fairly small.

Therefore, a large part of the potential savings resulting

from more precise data can be realized if the relatively few

items with holding cost rates far from the average can be

identified.

The spreadsheet model was also used to analyze the impact

of constraints imposed on the number of annual buys. The X-

costs resulting from these constraints increase rapidly as

the constraints get tighter. This conclusion was expected.

The primary benefit of the model is that it can be easily

adapted to various circumstances. Thus, changes in TVC

caused by proposed policy changes, or other reasons, can

readily be quantified.

D. RECOMMENDATIONS FOR FURTHER RESEARCH

The conclusion that ordering cost cannot be deter-mined

by the number of purchase actions, has interesting

ramifications for the use of EOQ formulae for inventory

management. In this study, only data from SPCC were

analyzed. A similar analysis should be done at other

Inventory Control Points. If the same results were found,

alternative inventory models should be evaluated. At any

rate, different methods of determining the ordering cost

parameter should be explored.

Presently, a holding cost rate of 23 percent is used for

all consumables. This implies that all items have the same

rate of obsolescence. This study indicates that savings can

be realized by employing differentiated rates, based on

93



the inherent characteristics of the item. Further research

would be needed to identify the true distribution of

obsolescence rates, and to suggest a classifying scheme that

would maximize the savings.

94



APPENDIX A

EXCERPT FROM DOD INSTRUCTION 4140.39

hs14O.39 Jul1 17, 70

(Att I to Znol 3)

FUNCTIONAL EID4KIrS TO BE I.NCUJDED Il COST TO ORDER

I.DIRECT LABDR!AflP COSTS PER ITEM PROCURED AT IC'

(Excluwsive of Any Contract Administration
Function Not Listed)

A. rrocessing Purchase Request (PR) to Procurement La~bor ALF

1. Preparation Of TDeuments Which
Recommend the Buy ___$__

2. Item Manager Review If Applicab~le- -

3. Preparation of PH

* Ii. Supervisory Review-

~.Accounting Effort Related to initiation,
Commidtmenlt and obligation of Funds- -

0.Establishment and Maintenance of iDie-In
Records

7. Internal Control of PH

8. Technical Coordination Associated with
PR Preparation. (Do~es not include cost
of maintaining technictl data files, but
does Include cost of adding technical
data to the PH whether accomplished manu-
ally or by automated process.)
May Include:- -

a. Cataloging and Standardization Review ( ) (

b. Determination of Quality Control
Provisions to be Inserted In Contract ( )(

c. Technical Decisions Concerning Source
(Competitive Versus Non-competitive)
and Engineering Data Requirements ( __

d. Packing and Preservation Review( )(. )

e. Provisioning Data Screening(****.*) *J

f. Legal Review (.J (....~
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l4 O.39 Jul 17, 70

(Att I to Encl 3)

Continuation of I.A.8.

g. Tranportation Data Review $( ) *(
h. Review of Technical Handbook Adequacy ( ) (

B. Purchase

tither aubparagrapha I or 2 below will apply for the "purchase"
function, depend-Ing on whether the Value is below or above $2,500.

1. For Small Purchase Items Labor AfP

a. Receipt and Recording of FE $ -- $ --

b. Solicitation Effort

(1) PR Review ___

(2) rtermination of ethod
of Procurtment ( ) (__)

(3) Obtain source List ( ) ( 9

(4) Draft and Iype Solicitation ( ) (_

(5) Accomplisn Solicitation ( ) (_

C. E aluatlon and Award Effort

(1) Price/Cost Analysis (__) ( )

(2) Selection of Contractor (__) ( )

(3) Dralft and Type Contract (__ __

(I.) Purchase Office Feview (___) (

(5) Lega Review (__) (_ _

(6) Distribution of Contract ( ) (_ )

2. Fnr All Other Items

(For Ca&l-Type Contracts, inzlude only
those functions relating to the
processing of orders.)

a. Receipt and Recordlr of PR and Assign-
ment of Buyer

2
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4140-39 J 11 17, 70
(Att I to Lcl 3)

Continuation of I.B.2.

Labor AJI'

b. Solicitation Effort $ __ $

(1) Procurenent Planning (.__. (___.

(2) PR Revlew and SB-1 .Auinesa
Coordination(***.*) (*.*..J

(3) Determination and Finding( ) (.*....)

(4) Determination of Type Contract (_ ) (__ )

(5) Synopsis and/or Preliinsry
Invitation Notice ( ) ____

(6) Drat and Type Solicitation ( ) (_

(7) Acc.nplisa Solicitation ( ) (...

c. Eraluation and Award Effort

(1) Receive Quotes end Propsal ( ) (

(2) opening of Bids ( ) (_ )

(3) E'valuation (TechnI:&l, Pro-
cu-rement, Production, Trans-portati:on) ___) ( j

(4) Selection of Probable Con-
tractor (____. _

(5) .:!-.Uzna of Cor-7ctcr _ ) ( )

(6) Prccurez.nt/Legal Reviv ( ) (___

(7) Draft and Type Contract ( ) (*_ j

(8) Process AdministrativeComtment Document( (

(9) Forvarding of Contract to
Contractor for Signature ( (

(10) Receipt of Contract and

Final. Review, Signature

(11) Obligation of Funds .( ) ( _)

(12) Distribution of Contract and
Final Administrative procedures ( ) (__)

3
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.1410.39 3 1 17, 70

(Att 1 to Vncl 3)

Continuation of I.

C. Receipt and PNMent Labor AirP

1. Uiloed and Check-in of Materiel
Received $ $

2. Quality Inspection - -

3. Matching Receipt Papers --

4. Relocation of Materiel Diring
Receipt Processing - -

5. Movement of Materiel to Warehouse

6. Updating Storage Location u-.d Asset
Records

7. Updating I(C Asset Records

8. Proesana DD 250 and Invoices
foe' Pa ymernt

9. Cther Financial Lffort Related to
Payment

Z1, lIREII'R LADOR/ALJ COST PMI ITE21 ALlNITfFJRFD
;a A D1E21s cUILM.' AC UHISTUrIoN sivlcis
PMIOt4 (OCASR)

Note: These costs vill be determined by Defense
Cntract Admrini*ration Services (DCAS) And De-
fense Contract Andit Agency (PCAA) and published
by oASD(IR.L) for use by ell M-tilitary Departments
and the Defense Supply Agency.

A. Initial File FEtablishment

B. Pre-avard Survey

C. Price/Cost AnalJ.yses

D. Production Follov-up

III. LABOR EZIE "IT COSTS (See DODI 701.1.3)

A. Personnel benefits (health insurance, re-
tirement, life insurance, disability) iriLl
be computed at 8% of direct labor cost.
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4140-O39 Ju-y 17,
(Att I to Zncl 3)

ar. 'naat cnf Ill.

B. l~eave eutitlementa to cover aick Labor AnP
&.nd annual leave, holiday leave,
od-zInlatrative lea.ve vill be coml-

y~uted at 21% of direct labor coat.

1''.TTIRF 7 Z.AIR 1SUF12' OSTS MO7T UINCVMToa,
:h I AN.? 11

Ak. Cc.intcation Costs (Autodin, Telephone,

Tele type) ____

Bl. Internal Relroduiction EquIpmren Rental

C. Cost of Pc-1ntir.g PRBazen Contracts ____

Pater~el =d Suppylles____

E cost of M&1l ___

Zoi ts. Ser-vice (Key Pin~h, Sort, the Variable

Au ..zatic bata P-rcessir. Cojst8 Asociated
wjttr" Lac Pnctlcnr)_____

P, ersonnel. Support (Cv Pa erscanel Office) ____

5-: of Direct Labor/AI' Coot at ICP ____

S- cf Eitrect Labor/AZT Cost at rxCASAR ____

c , f Labor Benefit Cost ____

3,=~ of Indirect Lator/suppcr-t Costs

TJTAL____
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APPENDIX B

ORDERING COST COMPUTATIONS AT SHIPS PARTS CONTROL CENTER

Appendix R is included to present how ordering cost

parameters are computed at Ships Parts Control Center (SPCC).

5200
Ser 0711/24

AU 1 019 9
MEMORANDUM

From: 07
Ic: 001

Subi: ADMINISTRATIVE COSTS OF PROCUREMENT

Pef: (a) DoD Instruction 4140.39 of 17 Jul 70
(b) CO.INAVSUP ltr 7113 Ser 01328/105/841 of 23 Feb 88
(c) 04 memo 5200 Ser 6412/457 of 28 Aug 85

Encl: (1) Administrative Costs of Procurement
(2) Suninary of Source Data

1. In accordance with the direction of the Inventory Requirements Council
IPC) chair-man, the annual revision of administrative 7osts of procurement has

been completed by a comittee composed of representatives from Codes 01, 02,
03, 04 and 07. The report is based on the policy established In reference
(b). Enclosure (1) shows the updated costs for the various purchase documents
and a surmary of source data is included as enclosure (2).

2. Only variable costs associated withi the determination of the requirement,
processing of the purchase request, and subsequent contract action arc
included. Costs are considered "fixed" if they would remain constant should
50 percent of thi workload be eliminated.

3. Manufacturers set up costs that were recommended in reference (c) are also
included in the following projectionfs:

Current Projected

Purchase Order $653.58 $729.36
Delivery Order $631.80 $700.77
Negotiated Contract $2,026.65 $1,820.48
Advertised Contract $1,701.22 $1,729.10

4. Point of contact is Rex Taylor, Code 0711, extension 3683.

Copy to:
01
02
03
04
O58487 H. E, Boswelt
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I'F IE COST C' ~~i ~~,

Ir K: '' a r I I*,* c cI 'n T

1 S. C,-sts are La SIaj or, 1i [r,_JCted .Let- Or I nl I tr s t! at ~ i
red d r ingFY6' . Prujectc~j I i e iter.s were ca lcula ted by us 1r 9 th,?

I .r t [r L - niso ea It io ns re 'rted on thtItuP, 2'V0 aid DD1057 reports rxci tIp II icd
u 3.erde r'. :'er ct t 11 rACh "3as Jeteli',uineJ L) a f It:",' of tic

I t r i * Ir L:C re aL. t d C "11 a S

L ire 1 te's that were ccnipl eted through the use of es tima ted orders were
i i.,ld2 since these rult i-Ilinfe documents are for the most part vwri tteCn

ta s a t isfty in it ialI prcvisioninq requ ireme nt s. T he i n cIu s ion of' th e se i t ens
"J IC;g ! 3tlIy reduce procurement cos t and would not accurately reflect the

dC:tua cos t of repI.i oshi,,cot type ac t ions . Also excluded are l~f'A call s, since
t'c, Scrv used i n A . ro Yccu r e' ior-nt o f base support i tems.

3 . Lah~or cost(s for all1 operations are based on) data reported on) tie Un iform
Ninaju, cnt Rcupcri. (WJA) durig tl.t_ first three quarters ot FYdO, ainroalizvd

12 -12 tIs. Coas ts for inventory mnanagement were prorated, tased cii
r C-rr ':S r ,c _ tI r s a s a pe r cetntIaje of total manual supply acticrs. I n venrtory

(j t. coas t a:cur, t s uLseJ A' , o e I C P Demanitd Rev iew aiid Other I nverntory
rl~ ~ a t asIt 1c t0 corr espcnding job order number (JON) ifo~rtnatior(

k* l.L irailes labor costs and viork lans I K i r't

ct fr rc tL: ,itru I i rp 55-uifg i-are pr orated based on
.rc rt, reoC ('. 01 ants, as a peicentage of totalI manual reon is i t i c n s

C L o!.]ts II!rCr1luo L:d k t-,, i s i tfo n P ro ce s s ing anrd Pequ is it )o n E xpedi1 ti1n1, a s
Ul as i correspocrdir , A.'9 i riori!,atiun for SPCC Codes 8.1 and 87.

Cc. *c'proller lator costs i nrlude only lnveoitory manaqec-ont related ccsts
iu4F and I1i?5

6> ic,--cd! costs i noIu de only those related to Cost Account 2510 , T-c!roic.3l
a;r fa: trf~ cc, rre spond i ng J 1 i nrfoi i t i or; f or S;PCC Co'd es81 a nd b 7.

7. C, i-acti rg costs are tlased on tU "P data that are ident ified to tie , noc
types A) prchaSe docur-erts, including the Breoa .out (Coputi tion) cost-,
a; 1iOdtlc: to 'i C Contracting up~raticTr,

2. Total printing costs were based on bill irgs by NPPSPO. Costs for varicus
d Lt .: "055 crO baLsei on thK avercge run, t er of pages i n each type o 1'docuc;ei~t.

9. Tectonical library cos ts are based nn UNR data and the average number cf
draviings requ ired for each coc uO(Cft.

10. Drawing production represents the material costs to produce the
applicable aperture cards.

11. Breakout costs include all full and limited screen breakout efforts.

12. Communications and Xerox costs wore based on comptroller data.

Enclosure (2)
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13. Costs for personnel leave and fringe benefits were included in the UMR
figures for the various cost accounts/JONs in each category.

14. Data processing costs are taken from the second quarter FY88 Data
Processing Services Billing Report (JCN CA0026).

15. Cost for military personnel salaries were excluded.

16. Hours expended on cancellations and reconsignments were included in the
total; however, line items processed by these methods were excluded since no
line items were actually procured by reconsigning or cancelling.

17. Added external costs are provided in the COMNAVSUP letter 7113
0132B/0857E/841 of 23 February 1988.

18. Personnel Support costs are prorated based on the total cost to order
labor costs as a percentage of total SPCC labor costs.

19. Set up costs are identified in the Code 04 memo 5200 Ser 0412/457 of 28
August 1985.

20. Contracting overhead labor costs were prorated to the small/large
categories based on the U>.R labor charges to the small/large contracting
accoints.

21. Total labor charges were increased by four percent based on an
anticipated pay raise for FY89.

2
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APPENDIX C

EOQ SIMULATION MODEL

Appendix C presents the EOQ model used to compute X-cost,

the cost of ordering quantities that differ from the

theoretically optimal. The model was built using LOTUS 1-2-3

software.

INVENTORY MODEL FOR SIMULATION
INPUT PARAMETERS: SMALL LARGE SLOW TOTAL
LINE ITEMS: 45000 5000 50000 100000
DEMAND (D): 8 12 0.25
PRICE (C): 250 5000 800
ORDER COST (A): 700 1700 700

CONSTRAINT: NUMBER OF BUY PER YEAR
MAX: 4
MIN: 1/12

SIMULATION VARIABLE:
HOLDINC COST (I): 0.23 0.23 0.23

INTERMEDIATE RESULTS ASSUMING I=.23 (WITH CONSTRAINTS)
HOLDING COST/ITEM: 57.5 1150 184
EOQ PER LINE ITEM:13.95645 5.956363 1.379193
CONSTRAINED EOQ: 13.95645 5.956363 1.379193
BUYS PER YEAR (N):0.573211 2.014652 0.181265
TOTAL BUYS/YEAR: 25795 10073 9063 44931
HOLDING COSTS: 401.2480 3424.908 126.8857
ORDERING COSTS: 401.2480 3424.908 126.8857
TVC: 802.4961 6849.817 253.7715

ASSUMING "I" IS A RANDOM VARIABLE:

HOLDING COST/ITEM: 57.5 1150 184
EOQ PER LINE ITEM:13.95645 5.956363 1.379193
CO NSTRAINED EOQ: 13.95645 5.956363 1.379193
BUYS PER YEAR (N):0.573211 2.014652 0.181265
TOTAL/BUYS/YEAR. 25795 10073 9063 44931
HOLDING COSTS: 401.2480 3424.908 126.8857
ORDERING COSTS: 401.2480 3424.908 126.8857
TVC: 802.4961 6849.817 253.7715

COSTS OF "I" BEING UNKNOWN:
HOLDING COSTS:
INCURRED: 401.2480 3424.908 126.8857
OPTIMAL: 401.2480 3424.908 126.8857
EXTRA HOLDING: 0 0 0

ORDERING:
INCURRED: 401.2480 3424.908 126.8857
OPTIMAL: 401.2480 3424.908 126.8857
EXTRA ORDERING: 0 0 0

ADD'L COST/ITEM: 0 0 0
TOT. ADD'L COSTS: 0 0 0
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SIMULATION OBJECTIVE: 0.000000
INCURRED TOTAL COSTS: 83049989
CONSTRAINT COSTS: 0

TRIANGULAR
.11 0
.23 1
.31 0

The simulation was done using a program from the

ENFIN Software Corporazion. The following is a sample of

the output from the the program.

Ob'ective Cur. Value Most Likely Average Std.Dev
D46 0.C0 1396.18 396851.75 597906

Variable Type Par 1 Par 2 Count Va
CI! Triangular F50..G52

Distribution Dist. % DiSt. : Azcl. % Accl.

0. 00 69.3E 1-8 6 .35 1397
38c344.41 15.75 31 35.10 1702
770688.E2 5.45 109 90.5c5 1811

1156313 95 5 93.50 1870
1541377,E6 2.1C 42 95.60 1912
1926722.06 1.30 36 97.40 1948
2312066.4- 1 .S 3i 98.95 1979
269-410.86 0.5,' 10 99.45 1989
3082755.29 0.30 6 99.75 1995
3468099 .7,( O .1 100.00 2000
3853444.11

Parameters

Display Frecisicn-
Number of Samplis to Ru: 200,
Number of lilne to disr-lay 10

The remainder cf this; appendix is a printout of the cell

fori'hae cf the EOQ m:>- .
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A:: 'INVENTORY MODELS FOR SIMULATIONA2: \-
B2:
C2:
A3: INPUT PARAMETERS:
C4: "SMALL
D4: "LARGE
E4: "SLOW
F4 "TOTAL
G4: 'CONSTRAINT N/YEAR
A5: 'LINE ITEMS:
C5: 45000
D5: 5000
E5: 50000
F5: +C5+D5+E5
G5: 'MAX:
H5: 1
A6: 'DEMAND (D):
C6: 8
D6: 12
E6: 0.25
G6: 'MIN:
H6: 1/3
A7: 'PRICE fC):
C7: 250
D7: 5000
E7: 800
A8: 'ORDER COST (A):
C8: 700
D8: 1700
E8: 700
A10: 'SIMULATION VARIABLE:
All: 'HOLDINC COST (I):
ClI: 0.23
DlI: +C1
Ell: +D1I
A13: 'INTERMEDIATE RESULTS ASSUMING I=.23
E13: ' WITH CONSTRAINTS
Ai5: 'HOLDING COST/ITEM:
C15: 0.23*C7
Di5: 0.23*D7
E15: 0.23*E7
Al6: 'EOQ PER LINE ITEM:
C16: @SQRT(2*CB*C6/CI5)
Di6: @SQRT (2*D8*D6/D15)
El6: @SQRT( 2*E8*E6/EI5)
A17: 'CONSTRAINED EOQ:
C17: +C6/C18
D17: +D6/D18
E17: +E6/E1S
G17:
H17:
A18: 'BUYS PER YEAR (N):
018: @IF (06/016>H 6,F 06/0JC16 I H 5,06/016,j~f~HfDi8 @IF(D6/D16>$H$6,@IF D6/D16< H$5,D6/D16,

El8: @IF E6/EI6>$H 6 @IF E6/EI6< H 5,E6/EI6, 5 ,
A19: 'TOTAL BUYS/YEAR:
C19: @ROUND (C18*C5,0)
D19: @ROUND( D18*D5,0)
E19: @ROUND( E18*E5,0)
F19: +C19+DI9+E19
A20: 'HOLDING COSTS:
C20: +C6/C18*C15/2
D20: +D6/D1S*D15/2
E20: +E6/ ES*EI5/2
A21: 'ORDERING COSTS:
C21: +C18*C8
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D21: +D1S*D8
E21: +E18*E8
A22: 'TVC:
C 2": +C20+C21
D22: +D20+D2l
E2 2: +E20+E2.

A24: 'ASSUMING "I" IS A RANDOM VARIABLE:
A26: 'HOLDING COST/ITEM:
C26: +SC$11*C7
D26: ,+tC$11*D7
E16: +SCS11*E7
A27: 'EOQTPER LINE ITEM:

C27: SQR(2*C8*C6 )/( SCSi1*C;7)
D77: @SQRT( (2D8*Db )/( $CSI1*D7))
E27: @SQRT( 2*ES*E6 )/( SCS11*E7)
A28: 'CONSTRAINED EOQ:
C28: +C6/C29
D'78: +D6/D29
ES: +E61E29
A29: 'BUYS PER YEAR (N;:
C29Q: @IF C6/C27>$H$6.@fi'fCE./C27<$HS5,C6/C27 $H$5 $HS6 )
£ 2 9 : @ -F E E / D - > H G 0 F E CE S S . 6 / 2 , H 5

A30: 'TOtAL,/B'JYS/YEAF:
C30: @ROUNL(C29*C5,0;
L10: @ROUND(DZ9*Dr,.,,
EIC : @ROUND E)9*El;,,0,
F3fC: --C30+D.-,0+E30
A31 : I'HOLDING COSTS:
C31 : + C6*C2 2-

E1l: +E'6*E26/2
A3:'ORDERINTG COST --

032: +Ce*Clq
D31 +D8*529
E 22: 4E8*E2C i
A23: 'TVC:
033: -C31+Cll
£2. 3 ±D31+D3--

,'k 'COSTS 3F " EING UNKNOW~N:
ASLKz 'HOLDINS; COSTS:
A-,-: INCURRED:
C?'7: + SS11 *C 7 *C17 "2
D37: +$C$1I1*D7*D17/2
E37: +tCS11*E7*El7/2
A38: 'OPTIMAL:
C38: +C31
D38: +D31
E38: +E31
A39: 'EXTRA HOLDING:
C39: +C37-C38
D39: +D37-D38
E39: +E37-E38
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A41: 'ORDERING:
A42: 'INCURRED:
C42: +C8*C18
D42: +D8*DI8
E42: +E8*E18
A43: 'OPTIMAL:
C43: +C32
D43: +D32
E43: +E32
A44: 'EXTRA ORDERING:
C44: +C42-C43
D44: +D42-D43
E44: +E42-E43
A46: 'ADD'L COST/ITEM:
C46: +C39+C44
D46: +D39+D44
E46: -E39+E44
A47: 'TOT. ADD'L COSTS:
C47: +C5*C46
D47: +D5*D46
E47: +E5*E46
A49: 'SIMULATION OBJECTIVE:
D49: +C47+D47+E47
F49: 'TRIANGULAR
A50 'INCURRED TOTAL COSTS:
D50: +C5*(C37+C42)+DS*(D37+D42)+E5*(E37+E42)
F50: 0.11
G50: 0
A51: 'CONSTRAINT COSTS:
D51: @ROUND(83049990-D50,0)/1000
F51: 0.23
G51: 1
F52: 0.31
G52: 0
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