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CHAPTER I
INTRODUCTION
PROBLEM STATEMENT

Mathematical models provide a framework for
managemenf decisions related to the economic quantities of
items purchased for Air Force Logistics Command (AFIC)
inventories (12:15). However, models such as the Air Force
Economic Order Quantity (EOQ) model only indicate the
quantity of an item to be acquired. The models do not
provide information concerning item quantities to maintain
in an inventory in the face of changing demands, techno-
logical obsolescence, cr deleted requirements (1:41).

Management decision3s related to the quantities of
items to maintain in an inventory above the required
quantities are based on the computation of an economic
retention level for each inventory item. Current policy,
as outlined in Department of Defense Instruction (DODI)
4100.37, Retenfion and Transfer of Materiel Assets,
specifies that the economic retention level consists of two
parts--a quantity equal to the Approved Force Acquisition
Objective (AFAO) plus an additional quantity which is more
economical to retain than to reprocure at a future date
(23:Encl.2,p.1). The AFAO is the quantity of an item

1
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authorized to equip and sustain U. S. Approved Forces and
to fulfill commitments to allied forces as designated by
the Secretary of Defense.

AFIC's method of computing an economic retention
level is stated in AFLC Manual (AFICM) 57-6, Computation
of Requirements for Economic Order Quantity Type Items, as
follows:

This level represents . . . zero to five years

of stock to be economically retained beyond the
Approved Force Acgquisition Objective time period.
The decision on the number of years of economic '
retention stocks to hold remains at the AMA [Air
Materiel Area | level and should be based on item
or weapon system knowledge and not a 'play safe'
attitude [19:Par.3-12].
Computing the economic retention level on the basis of a
time period assigned by an item manager rather than on the
basis of economic criteria is not in compliance with the
provisions of DODI 4100.37.

The purpose of this thesis is to develop a mathe-
matical model, based on economic criteria, which can be
used to determine economic retention levels for AFIC

inventory items.
JUSTIFICATION

Although compliance with DoD directives concerning
inventory management policies is mandatory, the necessity
of justifying inventory funding to the DoD, the Office of
Manpowér and Budget, and the Congress requires that AFLC

use a logically developed and economically based method



for computing inventory levels. These two facets of the
problem, compliance with DoD directives and justification
of inventory funding, have been under study by AFIC for an
‘extended period of time (9). In 1960, Katz (10) produced
a model which could be used by AFIC for computing a
Serviceable Economic Retention Level for reparable items
as a first step in finding problem solutions. However,
the subsequent turmoil created in the logistics system by
the buildup in the early 1960's in Southeast Asia diverted
attention from the problem of determining economic retention
levels. With the drawdown in activities in Southeast Asia,
DoD has expressed rénewed interest in the use of an economic
retention formula by phe Air Porce. The reasons for empha-
sizing the need for an economic retention level formula are
the same as they were in 1960--compliance with DoD direc-
tives and Jjustification of fundifg requests. The require-
ment now, as then, can be summarized by a quote from a
U. S. Navy document published in 1960.
The Navy Supply System has long been faced

with the problem of Justifying its requests for

apportionment of funds for the procurement of

more material while its inventory to sales ratios

in many categories indicated several years of

stock on hand. Much of the long supply picture

can be reasonably explained by rollback of material,

sudden decreases in certain problems, technological

obsolescence, etc. [24:1] .
The development of a retention level formula based on
cconomic criteria can establish compliance with DODI

4100.37 and assist in providing the economic justification

needed for inventory funding requests.




SCOPE

Although the concept of economic retention applies
to all assets owned by the Air Force, this study is limited
to only the expendable type items which are classified by
AFIC as EOQ type items. These items are coded with an
appropriate Expendability, Recoverability, Reparability,
and Cost (ERRC) designation as follows:

1. XB-2. Expendable, nonrecoverable (no repair)
items with a projected annual requirement of
$10,000 or more regardless of unit price.

2. XB-3. Expendable, nonrecoverable (no repair)
items with a projected annual requirement of
$10,000 or less regardless of unit price.

3. XF-2. Expendable, recoverable (subject to
repair but cost and other considerations do
not Justify automatic return of unserviceable
units to the depot) items with a projected
annual requirement of $10,000 or more regard-
less of unit price.

4, XPF-3., Expendable, recoverable (subject to
repair but cost and other considerations do
not Jjustify automatic return of unserviceable
units to the depot) items with a projected
annual requirement of $10,000 or less regard-
less of unit price.

Expendable type items are managed by AFLC through the use
of the D062 EOQ Buy Computation Management Information

System (4:5-6).
RESEARCH OBJECTIVE

The objective of this thesis is to develop a

mathematical model, based on economi¢ criteria, for
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determining an economic retention level for expendable type

items managed by AFLC at the depot level.
ORGANIZATION OF THE STUDY

The first step in satisfying the research objective
involved the selection of appropriate criteria upon which
to develop an economic retention level model. Chapter II
describes the derivation of the criteria from a literature
review. and an analysis of the cost concepts generally
applicabie\to inventory management. In Chapter III,
existing economic retention models are examined on the
basis of their conformence with the criteria established
in Chapter II. Chapter 1V details the development of an
economic retention level model based on an extension of
the computations currently performed in the D062 system.
The model's sensitivity to changes in input parameter
values will be explored in Chapter V. Chapter VI presents
the conclusions drawn from the study, and recommendations

based on these conclusions are contained in Chapter VII.



CHAPTER 11
CRITERIA SELECTION
ECONOMIC CRITERIA

In the field of inventory management, cost minimi-
zation is based on a concept of balancing variable costs
(6:3037:477-48%). For example, economic order quantities
are computed by balancing the cost of holding an item in
inventory and the cost of ordering an item (22:2).

Optimum transfer levels computed by the U. S. Army are
based on the concept of balancing the cost of holding an
item in inventory and the cost of shipping the item to
another activity (18). Economic retention quantities are
defined in DODI 4100.37 as the quantities which are more
economical to retain for future issues than to replace the
future issues by procurement (23:Fncl.2,p.2). Therefore,
it should be possible to compute economic retention
quantities by balancing the cost of holding an item in
inventory and the cost to reprocure that item at a future
date. Conceptually, an economic retention model appears
as shown in Figure 1.

A literature review was conducted in an effort to
substantiate the two cost criteria identified in Figure 1.
Five studies dealing with economic retention were found

6



7
(8;10;17;18;24). All five studies were consistent in their

approach to establishing an economic retention level by
balancing variable costs of holding an item in inventory
and the costs of taking an alternative course of action.
'The specific model equations will be presented in the next
chapter. Here, the focus of attention will be on the

economic criteria used.

Inventory Holding Cost Reprocurement Cost

A

Figure 1

Conceptual Model of Economic Retention

Katz (10:37) developed a model for determining a
Serviceable Economic Retention Level for reparable type
items. The model he developed was based on a concept of
balancing the costs of holding a serviceable unit for a
period of years and the cost of repairing an unserviceable
unit.

Kaplan (8:1i) published a report in 1969 in which
he formulated decision rules to be used by depot level
managers to decide whether to retain or dispose of stocks
in excess of computed stockage requirements. Kaplan's
model was designed to balance the value of an item held

in inventory for a period of years and the disposal value



of that item at the present time. _

A U, S. Army Logistics Manaéement Institute report
(18:10), published in 1971, addressed economic retention
levels with respect to balancing the coast of holding excess
stocks in inventory and the cost of transferring the stocks
to other DoD installations.

A U, S. Navy study culminated in the issue of U. S.
Navy Bureau of Supplies and Accounts Instruction
(BUSANDAINST) 4440.38A, Establishment of Retention Limits
and Utilization of Stock Above Protection Limits, which
prescribed a mathematical model to be used by the Navy for
computing economic retention levels. This model was
designed to balance inventory holding costs and item pro-
curement costs (24:1).

Toler (17) published a report in 1972 describing
the procedures used at the U. S. Army Mobility Equipment
Command to decide on the quantities in excess of the
requirements objective which should be returned, retained,
or disposed. The procedures he described were based on
Kaplan's model modified to facilitate grouping of data by
federal stock classes and groups.

The common criterion in these five studies was
inventory holding costs. The criterion against which
holding costs were balanced varied according to the
expressed purpose of each particular formula. Referring
to DODI 4100.37, the expressed purpose of economic

retention is to determine which is more economical: to



retain or to dispose and reprocure at a later date
(23:Encl.2,p.2). In view of the studies previously cited
and the defined purpose of economic retention, the concept
of computing an economic retention level by balancing
holding costs and reprocurement costs appears Jjustified.
The following sections of this chapter will
examine the broad criteria established above in greater
detail in an effort to establish the factors upon which an

economic retention level model should be developed.

Inventory Holding Costs

The known studies concerning economic retention
have in common a thorough analysis of inventory holding
costs. The discussions . of inventory holding costs were
primarily derived from an analysis of holding costs
related to the determination of economic order quantities.
Therefore, a reviewhggnyhe economic order guantity liter-
ature was conducted to examine the currentlvaIues used
for inventory yolding costs and the concepts upon which
these costs were based.

Holding cost rates for Air Force expendable items
are currently aésessed at a fixed annual rate of 24 per-
cent of an item's purchase price (2:3). The components
of the holding cost rate are storage costs, interest costs,
and obsolescence costs which include inventory depletion
due to losses and deterioration (22:Encl.4,p.1).

Within DoD, storage costs have been assesséd at

one percent of an item's purchase price. AFLC's one

i

o
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10
percent value has been reviewed by the General Accounting
Office (GAO) and appears sufficiently justified in DODI

4140.39, Procurement Cycles and Safety Levels of Supply
for Secondary Items (22:Encl.4,p.3;25:23). In addition,

recent research at the U. S. Air Force Academy evaluated
AFIC's computation of storage costs and concluded thﬁf the
one percent rate was representative of actuél storage costs
(2:47-48), Storage costs represent the out-of-pocket costé
that accrue in the keeping of an inventor& and the amortized
cost of the storage facilities (22:Encl.4,p.2). In a
retention situation, storage costs are incurred if an item
is retained in inventory and should he included as part of
inventory holding costs.

The annual interest costs related to the funds
committed to inventories have been assessed at ten percent
of an item's purchase price (2:47;22:Encl.4,p.3). In a
seminar conducted by AFLC, Dr. Jacob Stockfisch (1:4)
concluded that the ten percent rate was reasonable for use
with government inventory investment. Each dollar of public
funds which is invested in an Air Force inventory represents
a dollar of investment in the private sector which is fore-
gone (22:Encl.4,p.1). The interest cost included as a
component of holding cost represents the opportunity cost
of investments in inventory assets (6:13). Interest costs
are an important consideration at the time assets are to
be acquired since a measure of opportunity cost should be

included in the decision to purchase inventory assets. A



11
decision to retain an item in inventory does not require
an additional investment of public funds for purchase of
inventory assets. However, the decision to retain an item
in inventory precludes the salvage of that item and incurs
an opportunity cost associated with the salvage value of
the item. Interest costs, therefore, appear to be a neces-
sary component of the cost of holding an item in inventory.

Obsolescence costs have also been assessed at a
fixed annual percentage of an item's purchase price
(22:Encl.4,p.2). AFIC currently uses a 13 percent annual
obsolescence charge for all expendable items (2:48;4:108).
The 13 percent rate is derived from averaging historical
data, aggregated for all expendable items, on obsolescence,
losses and deterioration, and quantities of items disposed
of as excesses.

Obsolescence cost is charged for:

-losses of materiel due to all causes that

render the on-hand materiel superfluous to need.

Thus this element will include losses due to

technological obsolescence, over-forecasting of

requirements, deterioration beyond the point of

use, and other causes [22:Encl.4,p.1].
The obsolescence loss rate is computed by dividing ghe
dollar value of transfers to Property Disposal Officers by
the total dollar value of on-hand and on-order inventory
assets, Application of this rate to holding costs is an
attempt to avoid purchasing inventory items that will be
disposed later (1:1). In a retention situation, the

decision involves retaining inventory items that have

already been purchased rather than purchasing new items.
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However, the salvage value which can be obtained from an
item is lost if the item is retained and subsequently
becomes obsolete. Therefore, the obsolescence rate appears
to be applicable to the salvage value of an item rather

than to its purchase price.

Reprocurement Costs
If an item is disposed, a net salvage value equal

to item salvage value minus disposal cost is realized. At
a future date, additional items must be purchased to meet
continuing demand for the item. Purchase costs include the

cost of the items procured and the cost to order. The

following paragraphs describe these three components of
reprocufement costs--order cost, item cost, and net salvage 1
value.

DODI 4140,39 (22:Encl.3) specifies that order costs
are dependent on the type of procurement method used to
obtain an inventory item. Separate order costs are required
for small purchases (purchase valﬁe less than or equal to

$2500), large purchases (purchase value greater than $2500),

and call-type contracts. The instruction provides formulas
for computing'variable costs such as direct labor, indirect
labor, and other administrative processes associated with !
the procurement function. The final cost obtained from the

formulas represents the variable cost-to-order per item of

inventory as opposed to the variable cost-to-order per

contract.
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The instruction requires each DoD agency to develop
a technique for determining which cost-to-order category to
use for each inventory item. AFIC uses dollar value of
annual demand as an indicator of the procurement method to
be used, as suggested in the instruction. Using historical
data obtained from procurement personnel, AFLC has estab-
lished a breakpoint figure of $4900 of annual demand for
determining the ordef‘coat value to be used for each item
in the D062 System. An order cost of 8149 is applied to
items having an annual dollar demand of $4900 or less. An
order cost of $444 is applied to items having an annual
dollar demand greater than $4900 (3). Annual demand in
dollars is obtained by multiplying annual demand rate times
item cost.

Item cost, salvage value, disposal cost, and order
cost are often assumed to remain constant over a period of
analysis. However, these amounts generally change over
time due to varioﬁs factors. Since these values generally
increase over time, the term inflation is often used to i
describe the cumulative effect of the various factors.

For the purpose of this study, such a dbroad definition of

the term inflation seems adeduate.

The assessment of reprocurement costs should
logically account for the effect of inflation on the

amounts mentioned above. Since holding costs are computed

on the basis of a percentage of item cost, inflation also

affects holding costs and makes the inclusion of inflation
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in an analysis of economic retention less than straight-
forwand; However, due to the effect of inflation on cost
based decisions, it should be addressed as an economic
consideration in relation to both holding and reprocurement

costs.

Summary of Economic Criteria
Cost of holding and cost of reprocurement were

established as appropriate criteria upon which to develop
an economic retention model. Components of holding costs
were found to be storage costs, interest costs, and obso-
lescence costs. Components of reprocurement costs were
found to be the cost of placing an order, the cost of
purchasing the required quantity of items, and the negative
cost associated with the net salvage value obtained from

disposed items.
ADDITIONAL CRITERION

Achieving the research objective of developing an
economic retention level model for use by AFIC required
explicit consideration of AFIC requirements in the
development prozess. Interviews with personnel at AFLC/MMR
(9) disclosed the following information. .

1. AFIC needed a retention level model which could

be integrated into the current D062 System. The

ideal model would use data currently included in

the system to preclude the addition of data

elements for each of the 400,000 items maintained
in the D062 System.
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2. Real-time access tc the model was not needed.
It was felt sufficient to have the economic
retention level computed quarterly and printed
out on the same documents as it now appears.

3, The economic retention computations should be
automated to the maximum extent possible to
relieve the item manager of the need to manually
perform the computations (15:1).

Based on the above information, an additional criterion
was added:
The model must be easily integrated into the D062

System, using existing data and producing results
“which fit current output formats.



CHAPTER III
EXISTING RETENTION MODELS

In oxder to accomplish the objective stated in
Chapter I, a literature search was conducted to determine
the extent of retention level model development throughout
DoD. A literature review indicated the existence of
retention level models within the U. S. Army, the U. S.
Navy, and the U, S. Air Force.

U. S. ARMY RETENTION MODEL

The U. S. Arny's retention model is based on a
study completed by Kaplan in 1969 (8). Kaplan's model is
shown below with the terms defined as follows:

S = storage cost expressed aé a percentage of item
purchase value.

= probable rate of deterioration.

probable rate of obsolescence.

&t O© &
"

= probable rate of physical loss.

interest rate for discounting costs and benefits
to present value.

-
N

D = salvage value expressed as a percentage of item
acquisition cost.

t = time period over which an item is maintained in
inventory.

16
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pell-t-)(1-%.0) (-1

(1 + i)t
t
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5= (1 + i)3

Essentially, Kaplan's model as stated above uses

(1-t.8)(1=-t.8) (-1t
(1 +1)°

the probability that an item is not lost, obsolesced, and

the expression to discount

does not deteriorate during time period t. The expression

t
. J [ ]
] -L)>xC-3:0) reflects the discounted storage
& (1 + 1)

cost percentage associated with items that are not lost and
are not obsolesced during time period t (8:Chap.1). By
subtracting the latter percentage figure, the Army obtains
the cost of maintaining an item in inventory éxpressed as
a percentage of item purchase value. The other side of the
equation, the salvage value D, is also expressed as a per-
centage of an item's purchase value. By solving the
equation for t, an economic retention level in years may be
found at which the cost to hold an item in inventory is
equal to the disposal value of the item. By using current
demand rate information, the period t may be converted to
item units which represent the Army's economic retention
level for the item under consideration.

The Army has provided the Kaplan model ;or use at

depot level by item managers. A table has been generated
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from which the item manager selects an item's retention
level in terms of years by entering the table with per-
centage values for deterioration, obsolescence, loss, and
storage rates (18:28). Normally, the'lrmy assigns values
of five, five, two and one percent to 4, 6, L, and S,
respectively, yielding a retention level of 8.8 years when
applied against a ten percent salvage value. However, the
table is constructed so that other values of the input
parameters may be examined for items with special charac-
teristics. After obtaining the retention level in terms
of years, the item manager's procedure for determining the
amount of stock to hold is to multiplf the number of years
obtained from the table by the current annual demand rate
(18:31).

In support of the Kaplan model employed by the
Army, a study completed by the Logistics Management
Institute in 1971 stated that "The Army is currently using
an excellent method for determining ERL at_the WICP [depot]
level [18:26] ." However, adaptation of the model for AFLIC
inventory management would appear to have two disadvantages.
First, the model's input factors require review by the item
manager. It has been stated that the thrust of the effort
to solve the economic retention problem should be toward
relieving the item manager of this task. By developing
retention level determination techniques usable in conjunc-
tion with centrally located inventory management information

systems, item managers could then expend more of their time
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in closer management of critical, high value items (16:1).
If the thrust of problem solution is to be in this direc-
tion, it would appear that the model's reliance on an item
manager's knowledge is a departure from the desired course
of action.

A second disadvantage of the model stems from input
factor definitions. Loss, obsolescence, and deterioration
are treated aeparately'in the Kaplan model. However, as
discussed in the previous chapter, the Air Force uses a
single rate of 13 percent to cover these three factors.
Substitution of the 13 percent rate for Kaplan's obsoles-
cence, deterioration and loss components would be feasible
if all three components were included in each pqrt of the
model. A review of Kaplan's model shows that this is not
the case since storage costs are only adjusted for the
probability of loss and obsolescence. Clearly, to
substitute the Air Force's 13 percent summary rate for only
two of the three factors would constitute a violation of
the model's logic developed in Kaplan's paper (8:4).

In summarizing the Kaplan model currently used by
the Army, advantages and disadvantages of adaptation for
Air Force use are in evidence. While the model is
considered excellent in addressing holding, disposal and
repurchase costs of an item, when needed, its suitability
for use with current management information systems
appears limited. Additionally, there appears to be an

incompatibility in treatment of holding cost component




factors between services which would limit the model's

adaptability for AFILC use.

used an economic retention model since 1960.

of the model was not located in the literature.

U. S. NAVY RETENTION MODEL

Item managers at U. S. Navy supply depots have

20

A derivation

However,

through analysis of the stated model, a suggested deriva-

tion is

presented below. .
The input terms are defined as follows:
unit purchase price.

cost to order a quantity of items for placement
igdinventory. C is expressed as dollars per
order.

the apportionment year strength factor, a
dimensionless adjustment factor relating the
past year's demand experience with the antici-
pated demand experience for the period over
which retention of items is being considered.
If an increase in demand is anticipated, the
factor will be greater than one. For identical
demand experience the factor is equal to one.

time interval between placement of orders. I
is expressed in years. .

the interest rate applicable to funds committed
to inventories. i is in terms of dollars per
dollar per year.

the ratio of salvage value to purchase cost of
an item.

storage cost expressed as dollars per dollar
per year.

annual demand for an inventory item. D is
expressed in units per year.
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b = probability of obsolescence expressed as the
reciprocal of the expected life of an item
in years. Therefore, the units associated-
with b = 1/years.

ERR = Economic Retention Requirement expressed in
terms of years of demand (24:Encl.2,p.1).

If a quantity of items above computed requirements
is disposed, an equal guantity must.be ordered at some
future time to meet the demand for that item. The cost
of disposal can be stated as:

cost to order = order cost + item cost - net salvage
value of disposed items.

cost to order = C + F,IDU - P (F1IDU)

If a quantity of items abote the computed requirements is
retained, inventory holding costs are incurred. .
cost to hold = storage cost + obsolescence cost
of items retained + cost to order
items to replace those lost to
obsolescence + opportunity cost of
salvage value foregone by retaining
the items.

cost to hold = s (F1IDU) +) (F1IDU) +Cb + Pi (F1IDU)

The point at which cost to order equals cost to
hold determines the break-even point referred to in
BUSANDAINST 4440.38A (24:1). If the cost to order is
greater than the cost to hold, then it is cheaper to
retain a quantity of items in inventory. Defining the
kconomic Retention Requirement (ERR) as a ratio of cost to
order to cost to hold provides a measure of the retention

requirement in terms of years of demand. Algebraically:

.

T P

i i
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ERR =

8 1 + 1 + 1 +
¢+ (1 -P) (F,IDU)
“"Te +0 + 1 +
C
1-P+

: ¥, 100

b+ FS%bU +8 + Pi

1 (24:Encl.2,p.1).

To determine the item quantity which should be maintained
in inventory, the annual demand rate should be multiplied
by the ERR. . . '

. The Navy's Economic Retention Requirement model is
used at depot level. Referring to the implementing
directive, item managers are required to develop an obso-
‘lescence probability (b), an apportionment year strength
factor (F1), and a ratio of salvage value to unit purchase
price (P) for each item managed. Additionally, the
directive gontains separate tables of computed ERR values
for obsolescence probabilities ranging from ten to 33 per-
cent (24:Encl.2,p.1).

Use of the Navy's model by the Air Force would
appear to have disadvantages similar to the ones previously
discussed in relation to the Army's model. The item
manager must manually determine values of the input cost
factors. As previously stated, this appears to disagree
with the trend of current policy (16:1). In contrast to

the Army's model, losses and deterioration could be

P pa o =
P o P
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included in the obsolescence rate b. AFIC's 13 percent
ébsoleecence rate could be substituted into the Navy's |
model without'the difficulty encountered with the Army's
model. However, AFIC has not taken a demand forecasting
approach which uses a factor similar to the apportionment

year strength factor F,. The cost and time required to'

develop such a factor for use by AFIC ip an adapted version
of the Navy model is unknown at the present time (9).
Although these disadvantages are not insurmountable,
current policy and consistency of cost factor uses and
definitions seem to preclude use of the U. S. Navy model
by AFIC.

U. S. AIR FORCE RETENTION MODEL

Writing for AFIC in 1960, Irving Katz produced one
of the first studies on economic retention (10). However,
his work and resulting model addressed only reparable
items which are beyond the scope of this research; Adapta-~
bility of the model to expendable EOQ type items addressed
in this study is limited due to Katz's treatment of repair
cycles which are not applicable to expendable items. Never-
theless, Katz's work éppears to have made a significant
contribution to the field of economic retention since it
seems to have provided basic jdeas for Kaplan's economic

retention model currently used by the Army.
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SUMMARY

The economic retention models used by the Army
and the Navy have been presented in this chapter. |
Additionally, hisadvantages witﬁ regard to implementation
of these models by AFIC have been discussed. In view of

the stated disadvantages, an economic retention model

which addresses AFIC's existing information system and

directives regarding cost factors will be developed in the

next chapter.




! CHAPTER IV
MODEL DEVELOPMENT

In the previous chapter, the economic retention
models used by the Army and the Navy were analyzed with
regard to suitability for adaptation to AFLC's present
operating environment and policy constraints. Although
both models appear to be developed around widely accepted
inventory menagement theory, disadvantages of adaptation
were cited for both models. Therefore, in this chapter,
an alternate model will be proposed.

The variables in the proposed model are defined
where they are introduced withiq this chaptef. A complete
listing of variable definitions used in this chapter and

in Chapter V is contained in Appendix A.
BASIC MODEL

Assuming that the demand rate for an item remains
relatively stable (23:Encl.2,p.2), two options are
available to the item manager faced with a retention
decision. First, he can retain a quantity of items in
inventory to meet the continuing demand. Under this option,
the next EOQ purchase would not be made until the normal
reorder point is reached. Second, he can dispose of an
item and continue purchasing additional items in accordance

25
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with the normal EOQ timetable, The effect of retaining a
quantity of items above the EOQ level can be evaluated by
eiamining the foundation of the basic BEOQ model. Figure
2 represents the behavior of on-han§ inventory over time
under normal EOQ operation as a saw=-tooth curve running
from point Q to point G. The retention of a quantity P
above the requirement level Q is shown by line ZW, where
Z =Q + P, If the quantity P is held in ipventory,
additional holding costg are incurred over the time period

T,. The extra cost of holding these items can be deter-

mined by multiplying the inventory holding cost factor
times the item cost times the average level of inventory
above the normal inventory level. The increase in average
inventory level can be found by subtracting the area under
the saw-tooth curve between the origin O and point W from
the area of the triangle 0ZW. The result can be expressed

as:

Ty T |
T
f (2 =At) dt - 'E:%[ (@ -At) dt
0

Net Area =
0

2 2 T 2 :

(o3| - [e- ]
o 0

E F'l:;‘

) ZT_l'I';? T, " A4

| Ae mEET | magn ity —irsge

Since Z = A.Tz and Q = A.T1, the above expression

becomes:
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&z 3 /2A Economic order quantity computed by
IZ‘: AF EOQ model (4:38)

A = annual demand rate’

T, = normal time between orders (Q/ ) )
T, = economic retention period ((Q + P)/ A)

P = economic retention quantity (2 - Q)

Figure 2

Inventory Position Over Time For Retention
And Disposal Alternatives
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T
NgtArea-Tz(Z-%)-f[th Q-%)]
T2 TR
- - A
Buty 2 = Q + P, 80:

T;

™~ T,P
Net Area = - g 2

R P = g

The increase in the average inventory level over the time

period T2 is:
% -
22 ' T, (13).

The increase in inventory holding cost for the period T, is

computed by multiplying the cost of holding one item in

inventory for T2 years times the average inventory level.
The annual holding cost factor I is multiplied by 1, years
to obtain the holding cost factor over the T2 period.
Holding cost = (IT, C) &
06 2v1Z

If the quantity P is disposed, P units are ordered
during the period 'l‘2 o« The cost of ordering includes the

cost of the P units and the cost of placing the number of
orders required to obtain the P units. Since Q units are
purchased each time an order is placed, the number of

orders required to purchase P units is % If A is defined

as tne cost of placing an order and C is the item cost,

then total order costs are given by the equation:
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Total order cost = CP + %? .

If the P items are disposed, then total costs are
reduced by an amount P (8 -~ D) where:
S = salvage value per item.
D = disposal cost per item.
If the P items are retained, P (S - D) represents an amount
that is not available for investment elsewhere. This amount
is an opportunity cost and increases the total cost- of

retaining the P items by an amount P (8 - D) JT, s where J

is the annual charge associated with an opportunity cost.

Multiplication by Ty provides the opportunity cost over the
period T2 .

Equating cost of holding and cost of ordering and

solving for T, should give the time period over which it is

as economical to retain P items as to dispose and reprocure/

them at a future date..

(1) Ta(lg2+PJ(s-D)) =CP+ - P(5-D)
Rearranging terms gives the following equation in terms of
T2 :

P(C+%:(S-D))
T2=P(¥+J(S-D))

Dividing the numerator and the denominator of the right

hand expression by C yields:



1.A _(8-D 50
T, =
: : 5 +
Expressing 8 and D as percentages of item cost, 8§ = KC and
D = IC (K and L are percentages), gives the following
equation:

1+ - (K-1
(2) T, = wghc (B 5)
. z+J(K-L)

To convert the years of demand T, to the economic

retention quantity P, recall from Figure 2 that
' | P=e2 -Q

(3) P AT, -Q

P represents the quantity which can be held in
inventory for the same costs as would be incurred by
disposing of that quantity and repurchasing later. As
such, it represents a maximum economic retention level
and can be computed for each item in the inventory. P
can be expressed in terms of years of demand consistent

with current AFIC practice by using the value of T, as

found in Equation (2).

The development of the model as given by Equation
(2) does not account for the timing of the cash flows for
payments of inventory holding costs and order costs.
Implicit in Equation (2) is an assumption that inventory

holding costs and order costs for the T2 period are paid

as lump sums. In actual practice, these payments are made

at various times during the T, period. The impact of
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inflation also has not been included in Equation (2). The
remainder of this chapter will be devoted to modifying the
model to include inflation and discounting.

BASIC MODEL WITH INFLATION

The impact of economic inflation on the model would
appear limited assuming equal escalation in costs for labor
and new materials. However, the return on disposed goods
could experience a different rate of inflation than the
rate related to costs. Accounting for this difference is
relatively easy by establishing the following values, if
known and considered significant by the user of the model.

Let R, = the cost inflation rate.

Ry = the salvage value inflation rate.
Each cost factor should then be multiplied by (1 + R,) to

obtain the adjusted cost due to inflation. Similarly, the
net salvage factors on both sides of the equation should be

multiplied by (1 + R2). For simplification, let

(1 + R’I) = X, and (1 + R2) = X2. Equation (1) then becomes

ICPTX, .

" AP

Dividing both sides of the equation by X, yields the

following:
ICPT X X )
2 AP 2
+ PJT S!a-n = CP + -P | B - D
2 2 ) Q ( 1.1
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Solving for T2 in the manner previously described shows

that:
1.A |22 >
. w-\T-T
2'.5+J1!2 D
- T

X
o - Krf--L)
4 Ts = .
*) 2 .?5 +d ( Kix’ =1 )

The effect of inflation on the model can be accbunted for
by substituting the following expression for K into
Equation (4):
s R
K' = K'X;
Consideration will now be given to the effect of discounting

on the economic retention level model.
DISCOUNTED MODEL

The purpose of this section is to modify the model
given by Equation (1) to include discounting.

Total cost of holding the retention quantity P for
the period T2 is given by the equation:

T, IE 4+ p1 (5 - D) -mu%’-p(s-n)

Assuming that the cost of holding is assessed at the end
of each year for the average inventory level on hand during

that year, the following equations result:
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Holding cost at the end of the first year--

£+ P (s -D)
Holding cost at the end of the second year--
Z@E-A)+(P-21) () (s=-D)

Holding cost at the end of the T, year--

F@E-d,-1)+@- AT, -1) (@) (5-D)

Using the present value factor to discount each

(1 +i)?
cash flow gives the following expression for the present
value of the annual payments for holding costs over the

retention period T2 :

Pregsent value of holding cost =

(5) Z[%Q(P-).(n-’l))-*J(S-D)'
I= :

(P- A(n - 1))][ (P/Fy i%, n)]
where (P/F, i%, n) denotes the single payment present value
factor (5:34) and h is the largest integer smaller than Ty

For the case where no items are retained, the
normal EOQ quantities will be purchased according to the
EOQ year timetable. The total cost of ordering P items
over the time period ‘1‘2 is given by the equation:

AP

0rdercost=0P+-Q--P(S-D)

Actual cash flows resulting frorﬁ the EOQ purchases

will occur throughout the time period T,. Net salvage,




P (8 - D), is a one-time cash flow which occurs at the
time of disposal. Cash flows for the EOQ orders will
occur every T, years and be of the magnitude (cQ + 4).

Discounting these cash flows results in the expresslon.

Present value of order cost--

(6) -P(S5-D)+ :;t (CQ + A) (P/F, i%, nT,)

=
lra
where m = the integer portion of ™ -
1

Equating the present values gives the following retention

level model which includes discounting:

(7) z[%’-(P-l(n-ﬂnJ(s-D) (P-A(n-ﬂ)]

n=1

[(P/F, i%’ n)] = - P (S - D) + i (CQ + A) (P/F, i%, D.T1)

n="1
Equation (7) does not simplify algebraically because
of the changes in holding costs from year to year and
because the present value factors applied to holding costs
and order costs are of different magnitudes; Since the
limits on the summations and the unknown quantity P in

Equation (7) are both related to Ty, an iterative procedure
can be used to solve for P, Noting that h is the largest

integer less than T2, m is the integer portion of

ID .
T% , and P = A.Tz ~ Q (from Figure 2) Equation (7) becomes



h

1
(8) Z[-I-} AT, -Q- Ala =)

n=1

(léz-Q- l(n-1))]
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/

+J (8 -D).

i (P/F, i%, n)]

+P(8=-=D) -~ i (cQ + A) (P/F, i%ynT1)=O

n=1

The iterative solution procedure involves substi-

tuting successively larger values of T, into Equation (8)

until the equation is satisfied. P is found by substituting
the value of T, which satisfies Equation (8) into the

equation P = lTa - Q. The retention quantity in terms of

years oif demand is represented by Ta .

Equation (8) was evaluated by use of the computer

program in Appendix B for the following parameter values:

i= .10
I=.0

J = .23

S = .1C

D=0

A = $149 or $444
Q- \/rrzf—}n
$1< C <$10,000

1< 1 <200,000
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The values of A given above are the values which

AFIC currently uses for order cost as explained in Chapter
II,
The retention period T2 found for the above values

ranged from 28 to 82 years. Consideration of cash flows
and the time value of money completes the development of

the economic retention model.
SUMMARY

An economic retention model based on holding costs
and order costs was developed in this chapter. A prelimi-
nary model, Equation (2), was derived to illustrate the
basic relationships involved in a retention situation. A
final model, Equation (8), was derived to include the
effects of discounting cash flows for holding costs and
order costs. The following chapter will examine the
sensitivity of the economic retention model of Equation (8)

to changes in its input parameters.



CHAPTER V
SENSITIVITY ANALYSIS

In previoqs chapters, the parameters of a proposed
economic retention model were established and the values
currently used for those parameters by AFIC were given.

In this chapter, the semsitivity of the model to its
parameters will be examined. The steps followed in conduc-
ting the sensitivity analysis are:

1. Identify appropriate ranges of values for each
parameter.,

2. Examine the sensitivity of the model by varying
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