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Section I. Introduction

A major question of inventory management policy concerns

the relative benefit of safety level formulas based on

- - average requisition shortages versus formulas which seek to

minimize the expected number of units backordered. Appendix A

outlines three specific formula sets addressed to these

viewpoints. Each of these formula sets are based on an

analytical model developed by Presutti and Trepp (1970).

This report presents the results of a study to estimate the

relative cost—effectiveness of these formulas for the manage—

• ment of Air Force Economic Order Quantity (EOQ) items. The

report consists of five sections. Section I provides back-

ground for the study and reviews the major tasks performed

• during this effort. Section II discusses some of the sta-

tistical characteristics of EOQ items managed by the

Sacramento Air Logistics Center (ALC), including the dis-

tribution of average requisition size. Section III presents

results of an analytical sensitivity analysis of the

Presutti—Trepp formulas. Finally, Section IV discusses the

major features of a simulation model to evaluate the relative

cost—effectivness of alternate P—T formulas, while Section V

presents the results of simulation studies based upon this

model. 
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Background

Presutti and Trepp (1970) consider the problem of com-

puting optimum inventory levels in a single—echelon, multi—

item, continuous review inventory system. Specifically,

they consider the problem of determining order quantities

and reorder points for each item so as to minimize total

system holding and procurement costs subject to a constraint

on either total units backordered or average number of units

in a backorder position. In either case, the backorders may

be weighted by item essentiality—factor Z. By using a novel

probability density function, Presutti and Trepp obtained

closed-form expressions for the optimum order quantity and

reorder points. For convenience, we will refer to these as

the PT—formulas.

Subsequent simulation studies using actual demand

histories for Air Force items showed that the PT—formulas

were significantly more cost-effective than inventory levels

computations then in use; that is, the PT—formulas provided

lower levels of backorders for a given investment in inven-

tory than the previous formulas, or conversely, a given

backorder level could be achieved with the PT—formulas with

a smaller investment in safety stocks. As a result of these

studies, the Air Force, the Defense Supply Agency and the

Army (for high demand items) currently use the PT-formulas

to manage EOQ type items. Specific details of the PT—

formulas are discussed in Section III.

p- l I 
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A Current Issue

A major inventory management issue concerns the estab-

lishment of an appropriate factor Z for weighting expected

backorders. If the factor Z is set equal to 1, the

PT-formulas provide safety stocks which minimize the

expected total number of units backordered for a given

inventory investment. On the other hand, if Z is set

equal to average requisition size, the PT—formulas provide

levels which tend to minimize the expected number of

requisitions that are backordered.

Headquarters Air Force Logistics Command (AFLC/LOR

and XRS) has , performed several analytical sensitivity

analyses of the PT-formulas. One finding of these studies

is that if the factor z is set equal to the square—root of

average requisition size, i.e., if Z = ~f Average Requisition

Size, inventory levels are produced that provide low levels

of both expected units backordered and expected requisitions

backordered, though neither measure is as low as under one

of the “pure” policies.

The analytic results described above are only strictly

valid when the inventory system being considered satisfies

a specific set of assumptions. Some of the required

assumptions include stationarity of demand, stable prices,

I
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and known delivery leadtimes. Other important assumptions

are discussed in Section III. Although these assumptions

appear to be a reasonable approximation of the behavior of

many Air Force items, they are still approximations. They

are not precise descriptions of the behavior of actual items.

Consequently, simulation studies are required to evaluate

the relative cost—effectiveness of these formulas for the

management of Air Force items.

This report presents the results of such a simulation

study. In this study, actual demand histories cf EOQ items

managed by the Sacramento Air Logistics Center were used to

simulate the performance of three versions of the Presutti-

Trepp formulas. They are:

I. The current EOQ Buy Computation System (D062) —

reorder level and buy quantity rules. In this
alternative, the essentiality factor Z =

&l~verage Requisition Size.

II. A modification of formula set I, with the
essentiality factor Z set equal to 1. This
formula set contains the PT-formula for
minimizing expected units backordered.

III. A modification of formula set I, with the
essentiality factor Z set equal to average
requisition size. This formula set contains
the PT—formula for minimizing expected requi-
sitions short.

Appendix A defines these formula sets in detail.

The study consisted of several major research efforts,

including:

_ _ _
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a. Studies of the statistical characteristics of EOQ

items, with particular emphasis on the distribution of item

requisition sizes. Section II summarizes the major findings

of this effort. 
-

b. Sensitivity analyses of the alternate PT—formula

sets. These studies identify computational differences

among the formulas for different classes of items. These

results are summarized in Section III.

c. Development of a detailed model for simulation of

Air Force EOQ items. The major features of this model are

described in Section IV.

d. Use of the above model to estimate the performance

characteristics of the alternate formulas. Section V pre-

sents these results.

Finally, Section VI summarizes the major findings of

this study. -

I
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Section II.

Statistical Characteristics of EOQ Inventories
at Sacramento Air Logistics Center

In analyzing any inventory management system, several

questions come immediately to mind. Some of these are:

What is the nature of the demand for these items?
How does demand vary from period to period?

What do these items cost?
What are their delivery lead times?
What are other significant physical characteristics of
these items?

How does requisition size relate to other item charact-
eristics?

To answer the above questions, several statistical analyses

were conducted using records in the EOQ data bank.

EOQ Data Bank

The EOQ data bank is an historical archive of records

extracted from the EOQ Buy Computation System (AFLC D062).

These records contain information on Air Force and Foreign

Military Sales (FMS ) demand, serviceable returns, unit prices and

lead times and other inventory management information. The

data bank consists of four files, as follows:

File Data Elements

01 Item unit price, inventory status infor—

mation, inventory management and program

identification codes, inventory control

levels, and requisition frequency counts.

- - - -- - - - - - - --“--- -- ...-~~~~~~~~~~~ . - -
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File Data Elements

02 Demand activity data; i.e. transfer demand,

FMS sales, other sales, and serviceable

returns to depot stocks. This information

is by quarters for eight quarters.

03 Program application information; i.e.

identification of major weapon systems

supported by each EOQ item.

History File Demand history for a given fiscal year.

Each quarter, records from the D062 system are extracted and

reformatted to form files 01, 02, and 03. Approximately

500,000 records are processed each quarter. At the end of

each fiscal year, data tapes from previous quarters are con-

solidated to form a History File. The History File contains

demand and serviceable returns counts for each quarter within

the fiscal year, as well as data on leadtime, item unit costs,

and inventory management codes. At present, the EOQ data

bank contains History Files for each fiscal year since 1971.

A record layout of this file is presented in Appendix C.

We originally planned to use the EOQ history records

directly to simulate the demand generation process. Upon

closer examination, however, we discovered substantial in-

consistencies between information recorded in the unit demand

2
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and requisition count fields. For example, for many records

a requisition of one might be recorded but the corresponding
— 

demand field was zero. That is, the data indicated there

was a requisition for NO units for that particular item.

Conversely, many records recorded some demand, but indicated

that no requisitions were submitted for that period, another

inconsistency. We examined several hundred items in various

ALCs for the fiscal years of 1975 and 1971, and over 30% of

the items examined contained major logical inconsistencies

such as those mentioned above.

Upon further investigation, we found that several data

system changes were implemented in the spring of 1976 to

correct timing and accuracy problems associated with recording

requisitions counts. At the time of this study, only one period

of information was available in which these data system improve—

ments had been implemented. This was the period from 1 July

76 to 31 Sept 76.

We then conducted several statistical analyses of data

from the July through Sept 1976 period. These studies showed

that the logical inconsistencies we had found in older data

files were no longer present. This does not necessarily mean

that there were no errors in the recording of this information,

but certainly the gross logical inconsistencies that we had

detected earlier were not found. Consequently, information

from this period was used as the basis for our development of

I
I
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a simulation model of the requisition generation process.

This model is discussed in detail in Section IV.

At this point, the Sacramento Air Logistics Center

(SM—ALC ) was selected for detailed study. This ALC was

selected because its data files were smaller than those of

other ALC’s, and thus represented a smaller data processing

problem. T~~ other ALC’s -- Oklahoma City and Warner Robins
—— were also selected for detailed study. Together, these

three ALC ’s are considered representative of the entire

population of APLC items. At this writing, analysis of data

from Oklahoma City and Warner Robins is still in progress.

Consequently, statistical and simulation results reported in

this paper apply only to the Sacramento ALC items.

As noted above, several statistical analyses were per-

formed of SM-ALC demand data for the period 1 July 1976 through -

3]. September 1976. Some of the major results of these analyses

~re summarized below.

Distribution of Unit Demand

Table II — 1 describes the distribution of unit demand

for SM—PLC for the period 1 July 1976 through 30 Sept 1976.

As shown in the table, the vast majority of the 78,436 items

that were analyzed had no demand at all during this quarter,

I . j
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Table 11—1

Distribution of Unit Demand

For the Period

1 July 1976 — 30 September 1976

At

Sacramento Air Logistics Center

Demand Number of - Items with
(Units) Items • All Items Demand 0

_ _ _  
Cu~n %  

_ _ _  
Cum %

0 66,229 84.4 84.5
1 3,313 4.2 88.7 27.1 27.1

2—3 2,893 3.7.. 92.2 23.7 50.8
4—10 3,130 4.0 96.2 25.6 76.4

11—31 1,717 2.2 98.5 14.1 90.5
32—100 819 1.0 99.5 6.7 97.2

101—316 245 .3 99.8 2.0 99.2
317—1000 67 .1 99.9 .5 99.7

1001—3162 16 — 99.9 .1
3162—10000 4 — 9 9.9  .0

10,000+ 3 — 100.0 .0

Total Items 78,436

Source : N0 84T
3/5/77

I
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while 3,313 items had only one demand. Similarly, 2,893 items

had demands for 2 or 3 units, and 3,130 had between 4 and 10

units of demand during this period. Overall, more than 96%

of the items had demand of less than 31 units during this

period. For those items that had at least one demand, over

90% of them still had unit demands of less than 31 units.

Hence, for most items, it appears that average requisition

size must be small, since the unit demand rate is also very

small.

Distribution By Value

Table II — presents the distribution of the dollar

value of demand for the July through Sept period. As has often

been observed, a very small number of items represent a very

large proportion of the total dollar demand recorded during

this period . Specifically, 98. 5% of the items represent just

64% of the total dollar value of demands during this period.

Conversely, 1.5% of the items represent over 36% of the dollar

demand placed during the July through Sept period. Obviously,

items with high unit demand rates have very high impacts in

terms of the budgetary requirements for the EOQ system.

Average Values By Unit Demand Class

Table II — 3 presents the average values of demand, unit

cost, and requisition size for each of the unit demand classes

I
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Tab le 11—2 Distribution by Value

Demand N umber Dollar Value Cumulative Cumulative
Jul—Sep 1976 of Items Of Demand No. % $(l,000’s)

(1,000’ s)

0 66,229 — 66 ,229 84 .5  — —
1. 3 , 313 937 69 ,542 88 .7  937 6.7

2—3 2 , 819 1, 395 72 , 361 9 2 . 2  2 , 332 16.7
4—10 3,130 2 ,892 75 ,491 96.2 5,225 37.6

11—31 1,717 3,657 77 ,208 98 .5 8,882 63.9
32—100 819 1,978 78,027 99.5 10,861 78.2

10 1—316 245 2 ,093  78 , 272 99 .9  12 ,954 93 .2
317— 1000 67 514 78 , 339 99 .9  13 , 469 97 .0

1001—3 162 16 211 78 ,355 99.9 13,680 99.5
3163— 10000 4 120 78 ,359 99.9 13,800 99.4
10,000+ 3 80 78,362 100.0 13,881 100.0

Totals 78 ,436 13,881

- Source: G570T
4/16/77
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I
Table 11—3 . Average Value s of Demand ,

Cost and Requisition Size

By Unit Demand Class

Units Demanded No. of Average Average Average Average
July—Sep 1976 Items Demand $—Value of Requisition Unit

Demand Size Cost

0 66,229
1 3,313 1.0 283. .98 $283

2—3 2 , 819 2 .3  495. 1.64 211
4— 10 3 , 130 6.1 924.  3.16 155
11—31 1,717 17.8 2,130. 6.19 118
32—100 819 54.5 2,416. 13.94 46

10 1—316 245 - 164.1 8,545. 28.48 59
317—1000 67 507.5 - 

7,681. 97.25 14
1001—3162 16 1,952.0 13,204. 120.31 9
3163—10000 4 6,384.0 30,010. 97.25 4
10 , 000+ - 3 26 ,929 .0  115 , 829 . 189.00 - 7

Total 78 , 436

- Source: G570T
4/16/77

.
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discussed above. As we would suspect, the average dollar demand

increases as the average unit demand rate increases. Also, the

average requisition size increases as the average unit demand

rate increases, though the rate of increase appears less than

the rate of increase in unit demand rate. Finally, Table II — 3

indicates that unit cost tends to decrease as demand activity

increases.

Table II — 4 presents the results of several regression

analyses of the Sacramento EOQ Data Bank records. This table

presents the least squares equations for estimating average

values of requisition size CR), unit cost (C), and dollar value

of demand CV) given the quarterly demand rate CD) in units.

As shown in 1~ab1e II - 4, the model

R .925 D 54

explains 58% of the variation observed in requisition size

values.

As a by—product of our regression studies, we computed

the average logarithms of demand, cost, and requisition size

by unit demand class. These averages are displayed in

Table II — 5. The average logarithms may be used to determine

the geometric mean for each class.

6
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Table 11—4. Regression Analysis Results

Least—Squares % of Variation
Measure . Equation Explained 

—

Average Requisition R e~~
°77 D 54

Size

~ .925 D 54 
- 

. 58%

Average Unit Cost C e~~~
099 D 4568

~ 74.4 D~~~
6 10%

Average Dollar Value V e~’~ D 54

of Demand 54
= 73.6 D 13.6%

Source: G570T
4/16/77

Analysis of 12,207
SM—ALC records, all
records with DEM > 0
in Jul—Sep 76.



p 

-

1 ’ -

- 
11—10

Table 11—4. Regression Analysis Results

Least—Squares % of Variation
Measure . Equation Explained

Average Requisition R = e~~
°77 DIPS4

Size

~ .925 D 54 
- 

58%

Average Unit Cost c = e4’3099 D 4568

= 74.4 D~~~
46 10%

Average Dollar Value V = e~’~ D 54

of Demand
= 73.6  D 13.6%

Source: G570T
4/16/77

Analysis of 12,207
SM—PLC records, all
records with DEM > 0
in Jul—Sep 76.

I
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Distribution of Average Requisition Size

Of major importance in this study is the distribution of

average requisition size. Unfortunately, only one period of

data was available —— namely, July through Sept 1976 -- in
which we were confident in the accuracy of both unit demand

and unit requisition data. Consequently, it was impossible to

develop statistical models to describe the probability dis-

tribution of requisition demand for individual items. It was

possible, however, to develop the distribution of average

requisition size as a function of specific item physical char-

acteristics. A number of statistical studies were conducted

in an attempt to relate the average requisition size for a

specific item to its physical characteristics, such as unit

cost, unit demand rate, item lead time, and dollar demand rate.

The strongest relationship we found was between average

requisition size and the unit demand rate of the item.

Figure II — 1 illustrates our results. As shown in

the figure, if the unit demand for an item in the July through

Sept period was two or three units, there was a 46% chance

that the average requisition size for that item was one, while

there was a 43% chance of an average requisition size of two units.

Finally, we observed a 11% chance that the reguisition size was 3.

Two other curves, corresponding to 4-10 units/QTR and 11-30

units/QTR, are also shown in Figure Il-i.

7 -
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Figure II — 2 presents the distribution of average requisition

size in the form of cumulative probabilities. For example , for an

item with 2 or 3 units demanded in the July — Eept period, we ob-

served a 4-6% chance of a requisition size of one, and an 89~ 
chance

C 4~ + 4-3%) that the average requisition size was less than or ecTual

to two . Finally, if we restrict our attention to items with less

than three units of demand , average recTuisition size must be less

than or equal to 3; hence , there is a l00~ probabilit” that reruisi—

tion size for these items is less than or cr~ua1 to 3.

Figure II — 2 plots the cumulative ~robabi1ity functions of

averaqe requisition size for several classes of unit demand . As

shown in the figure, as the number of units demanded within a

period increases the probability of larger requisition sizes also

increases. Recall , however that over 90% of all items have a

quarterly demand of less than 31 units. Consequently, the average

requisition size for most items will he small.

8
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Section III. Analytic Comparisons

The three formula sets defined in Appendix A share a

common theoretical base. In this section, we first review

this theoretical foundation, and we then explore the compu-

tational characteristics of these formulas. We are primarily

interested in obtaining answers to questions such as:

What are the computational differences among these
formulas. Are there certain situations in which
all of the formulas give essentially the same
result?

How sensitive is total system costs to departures
from the optimum solution? How do the optimum
values change as item characteristics change?

How would aggregate inventories vary among these
formulas? Would low moving items receive high
safety stocks under one of the formulas, and low
stocks under another? Or are there any differences?

Before we explore these issues, let us review the

theoretical basis of the Presutti—Trepp formulas.

Presutti and Trepp studied a single—echelon, multi—

item, continuous review inventory system in which the

process generating demand does not change with time and

each demand is for a single unit, i.e., the requisition

size is one. When an item’s reorder level r is reached,

an order for Q units is placed. After a lead time, which

is assumed constant, the entire order is received. For

each item, it is desired to determine the constant reorder

quantity Q and reorder point r which will minimize the

I
- ~~~~~~~~~~~~~~~~~~~~~~~~ —‘—-— _-i-.. .-—-~~~~-~~~- - ---- - , ~~ -~~~~~ b ~~~~~~~~~~~~~~~



r 

- .-.--. - -------- -— - ----S- --

111-2

holding and procurement costs for the entire system

subj ect to an overall backorder constraint. The following

symbols apply throughout this section:

Q ~ order quantity (units)

r ~ reorder level (units)

D annual demands (units)

k safety factor

a. standard deviation of demand during a lead time

a = holding cost factor

A = ordering cost (dollars per order)

c = item Cost -(dollars per unit)

x = number of units demanded in a lead time (a random

variable)

u = mean lead time demands (units)

W = item essentiality (relative military worth)

In addition, it is assumed that the reorder point is set

equal to the expected lead time demand plus a safety stock;

specifically,

r = u + ka-

where ko- is the safety stock .

Presutti and Trepp assume that the probability density

function (p.d.f.) describing the distribution of the number

of units demanded during a lead time is given by

111—1 f(x) = exp (—~~ ~2~~~3~- J )

- - d -~~~~~~~~~~~~ aa——. -~ . -. - . 
- -



r ~ I .
i - 

111—3

for all X. They point out that this function is quite similar

I to the normal p.d.f., but is easier to deal with mathemati-

i cally. They then show that ROut’ the probability of a

stockout at a randomly—selected point in time, is given by

I 111—2 - — o~ (1 - exp(-yT QJo)) exp(-yTk)

-

where Q is the- order quantity and k denotes the number of

standard deviations that the reorder point r exceeds the

expected lead time demand, i • e.,

III—i k— r - u
a.

They then observe that once 
~~~~ 

is known, it is easy to

compute EBO, the expected number of units backordered at a

random point in time, since

• - 111—4 ~~O — _L 
~0~t

Presutti and Trepp then consider the problem of com-

puting optimal order quantities and reorder points in multi—

item inventory systems under several different cost

structures and service policies. In Model IV, they consider

the problem of computing values of Q~ 
and k~ that minimize

• the total expected costs of ordering and holding inventory

subject to a constraint on the essentiality-weighted backorders

associated with the system. Mathematically, the problem

is to minimize TC,

111—5 1~ —1 + ~~~
ji.,j a1c~(uj + k1a.1 +

I
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- 111—4.

subject to

I

- 

111—6 :~~:1L1 
W~ EB01(Q11k1) ‘B

We will refer to this as problem P1.

The first term of 111-5 is the expected annual cost of

ordering inventory, while the last term of 111—5 denotes

the expected annual cost of carrying this stock (assuming

carrying cost is proportional to the total stock on—hand and

on—order in the system). In constraint 111—6 , Wj  denotes

a military essentiality factor, or weight, that measures

the severity of a uni t backorder of i tem i relative to a

unit backorder of some other item. The constraint 111-6

thus represents a limit on the essentiality—weighted back-

order—days expected in the inventory system as a whole.

If problem P1 is solved using Lagrange Multipliers, we

consider the problem of minimizing ~~~~~,

I A D  I
111—7 — 

i i  + 
~~
j_
~ 
a1c~ 

(u~ + k101 
+ 2 )

I
+ 1

where ~ is a new decision variable with the dimensions of

dollars per backorder—year. Hence , if ) t  is known, TC is

conceptually equivalent to the unconstrained problem of

minimizing the sum of ordering , holding and shortage costs.

We refer to this Lagrangian problem as problem P2.

Taking derivatives of 111—7 with respect to Qj and

respectively, it may be shown that the optimal values may

be approximated by

I
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111—8 ~~ I 4’T Q~a-~e1

11
provided that exp (-J~o~/a~) is very small. Note that the

equation for 0 is the well—known Wilson lot size.

Suppose that Wj s  the military essentiality associated

with item i is inversely proportional to the factor Z, i.e.,

suppose W = liZ. In this case, the optimal safety factor k

may be written as

111-9 k 
~~L 

in 
____  • ~~ 

a.1 (i 
- exp (.1T

[~~
ICI Z1 ~~~~ j

This is the same as equation B(6) in Appendix A. Note that

Z 1 implies that each unit backorder has the same military

essentiality, while z = = (average requisition size) implies

that a unit backorder for a item with a high average requisi-

tion size is not as critical as a unit backorder for an item

with small average requisitions.

Also , observe that the optimal values for a given item

i are a function of the parameter ~ and other parameters

associated with item i. Hence, given }
~, optimal values of

and k~ may be computed without any knowledge of the

parameters of other items. Hence, when we are discussing a

specific item i, we may drop the i subscript without any

loss of information. We shall do this in the fo1lo~ing

discussions.

I 
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Solving Problem P1 111-6

Given 111-8 we may then solve problem P1 approximately

by first solving problem P2 for a series of values of ) .

The particular set of (Q~ , k~ ) that minimize TC while still

satisfying 111—6 should then provide a good approximate

solution to the problem P1.

Let us now investigate the analytical properties of

these formulas.

Order Quantity Sensitivity

Formula 111—8 yields the optimum order quantity in units.

This quantity may be expressed in terms of months of

supply by dividing Q by the monthly demand rate (D/12).

This gives
— q + (D/12)

rh — b  
____________

J 2 4 A  . 1
p’ a oD

Hence, the optimum order quantity in months of supply

will increase if the set-up cost A is increased, and it will

become smaller if there are increases in the holding cost (a),

the item unit cost Cc), or the item demand rate CD).

Observe that cD is the annual dollar demand rate of the

item. Hence, the optimal order quantity in months of supply

is inversely proportional to the square root of the annual

demand rate. Figure 111—1 plots this relationship using

A — $278/order

a $.20 carrying cost for each $1 of inventory

held for one year.

I
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I These are the current cost parameters used in the EOQ Buy

Computation System (D062) for items with annual demands

I of $10,000 or less.

As shown in the figure, the order quantity 
~monthsI decreases as annual dollar demand increases. If the annual

demand value CD exceeds $11,000 per year, or $926/month,

the formula 111—10 yields order quantities that are less

than 6 months of supply. Conversely, for items with annual

demands of less than $300/year or $25 per month, the formula

yields order quantities that exceed a 36 month supply.

At present, the D062 system limits all order quantities

to be no more than a 36 month supply, and no less than a

6 month supply. Hence, the solid line in Figure 111-i plots

the order quantities computed in the D062 system.

Safety Factor Sensitivity

Observe that the Lagrangian 111-7 is simply the sum of

the expected costs associated with each item in the system

(including implied shortage Costs.) If the order quantity Q

is fixed, the variable costs, V, associated with a given item

may be written as

111—11 V — acka. + )~ir~EBO(~ ,k)

We may normalize this expression by dividing each side by

aco , the cost of carrying for one year an amount of

inventory equal to one standard deviation of lead time

demand. The result is

I .

- I I
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Ii
111—9

111— 12 ~~~~~~~~~~. k + • EBO(Q,k)

Recall, however, that

111 13 ~~~ ‘ 
k)

Hence, if we substitute 111—13 and 111—2 in equation 111—12 ,

we obtain

111—14 — k + . 
~~~~~~- [i - exp(_/i Q/o~~ exp(-jr k)

Now let
x ./ i gj a

111 15 
— 

1 - exp(—i).x
Substituting in 111—14, we obtain

111—16 
V 

— k ~ • 
Y exp(-~’~~ k)acø’ ac

The factor Y represents an adjustment to correct expected

backorders for the “hidden safety stock” that is implicit

in large order quantities. Table 111—1 illustrates the

relationship among Y and the ratio Q/a. Observe that as

the order quantity Q becomes large relative to a, the

backorder adjustment Y decreases significantly.

I
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111-10
Table 111—1

________ Y = (t . -e x p ( — X ) ) / X

.01 .0141 .9930

.05 .0707 .9655

.10 .1414 .9325

.50 .7070 .7169
1.00 1.4140 .5352
1.50 2.1210 .4149
2.00 2.8280 .3327
2.50 3.5350 .2746
3.00 4.2420 .2323
3.50 4.9490 .2006
4.00 5.6560 .1762
4.50 6. 3630 .1569
5.00 7.0700 .1413

Robert J. Stevens has observed (See AFLC/ACDRL Working

Paper No. 36 , December 1971) that for the 1969— 1971 time

period, the standard deviation of annual unit demand for

• EOQ items is related to the annual unit demand rate D by

the regression equation

= .904 D 9

Hence , for an “average” item with a 12 month lead time

and an order quantity of 6 months supply , Q = .SD , which

gives

Q/a = .5D -
~~ ( .9D ’9 ) .55D~~

On the other hand, if the order quantity for such an item

is a three year supply, Q = 3D, and

Q/a. — 3D t .9D 9 3.3

1

___ __ _ _  
~~~~ -— - - - —S----— ~~~~~~~~~~~~~~ a-—-.~~~~ - 
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In Table 11—1, we observed that 99% of all S1—ALC items

have less than 100 demands per quarter, or 4Øt~ unit demands

per year. For an item with D = 400, we obtain 3.3D~~ = 6.0.

Hence , for an “ average” item with a 12 month lead time and

an order quantity of 6 months supply, Q = .5D , which gives

Q/a. = .5D ~. ( .9D 9 ) = .55D11 l

Hence, for such an “average” item, we would expect Q/a to be

in the range of .5 to 6, depending on the value of D. For

items with shorter lead times , we would expect Q/a to be

slightly higher, since the value of a. would be less.

Now let us define

111 17

The numerator of F, ~W, may be interpreted as the

relative military cost of having one unit in a backorder

status for one year. On the other hand, the denominator, ac,

is the cost of carrying one unit in inventory for one year.

Hence, F denotes the ratio of annual shortage costs to

annual carrying costs for a single unit.

Finally, substituting 111—17 into 111—16, we obtain

111—18 k +F •____ • exp(-~’7 k)aca. 2/r

Equation 111—18 describes the expected annual costs of

carrying safety stock and of shortages, expressed as a

I

— —. —-—- — — - —---‘ ——.__*±.  ___-. s____._._ .‘-..---.- -&- - —~-—-~ _~~ 
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multiple of aca-, the cost of carrying for one year an

amount of stock equal to one standard deviation of lead time

demand.

Figure 111—2 illustrates the behavior of total annual

cost as a function of the safety factor k for several

values of the parameter F, and for X = .1. Observe that

as the safety factor k is increased , the carrying cost

increases linearly, but the shortage cost decreases

exponentially. Eventually, a minimum point is reached. In

Figure 111—2, a star “
*

“ denotes the minimum cost for an

item with a given F-value, and the straight line connecting

the stars is the plot of the minimum annual cost and

associated k—values for all values of F with X = .1.

As may be seen in the figure , as F increases, the optimum

safety factor also increases.

Notice that the total cost curve is fairly flat near the

optimum k value. Hence, total costs will be very low as

long as safety stocks are in the general neighborhood of the

optimal value.

The optimum safety factor may be restated by substituting

111—15 and 111—17 into 111—8, yielding

k — ._L in 1L~
_ (1 - exp(-X))

12  X -

This curve is plotted in Figure 111—3 for a series of x

values. As we observed earlier , the ratio of Q/a should
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lie in the range of .5 to 6 for many items. Since

X = /~Q/o-, this corresponds to a range of X values of

.7 to 8. -
4

Sensitivity to Unit Cost and Unit Demand Rates

Figures 111—4 and 111—5 illustrate the sensitivity of

the PT—formulas to varying unit costs and unit demand rates.

These figures present results for six hypothetical items

with the following characteristics:

Unit Annual Demand Std Deviation of
Item Cost ($)  Rate (Units) Demand in Leadtime

1 $ 1 10 7
2 10 10 7
3 100 10 7
4 1 100 57
5 10 100 57
6 100 100 57

Figure 111-4 plots the relationship among the shortage cost

Xw and the optimum safety factor k, while Figure 111-S
presents the associated cost-effectiveness curves for these

items.
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Section IV. The Simulation Model

The anlytical investigations presented in Section III

provide important insights into computational differences

an~ ng the alternate Presutti—Trepp formulas. However ,

analytic studies are of limited usefulness in studying

the relative cost—effectiveness of these formulas for use

in the EOQ Buy Computation System (D062 ) .  This is because

the validity of analytic proj ections require that the demand

process remain stationary through time. In real systems ,

conditions always change as time passes. The important test

is how well a particular set of inventory control rules will

behave in the dynamic environment in which they are to be

used . For such evaluations , simulation techniques are

required .

To evaluate the relative cost—effectiveness of the

alternate PT—formulas, we needed a detailed simulation —
model of the D062 system. Before we discuss how this model

was developed , let us first review the major features of

EOQ Buy Computation System (D062 ) .

— .— .— ----— a _ s s .s. —
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IV-2

The EOQ Buy Compuation System

The EOQ Buy Computation System (D062) is the primary

data system for the control of secondary items managed by

the Air Force Logistics Command • In general , the term

“secondary item” refers to a discrete component that is

part of a higher assembly and is not economically reparable

at the depot level of supply . The terms “repair parts ,”

“bits and pieces, ” “consumable items ,” “stock fund items,”

and “expense items” are often used to describe these parts.

APLC manages approximately 500,000 of these items.

The primary functions of the EOQ Buy Computation System

are to:

a. Accumulate demand data .

b. Compute depot stock levels.

c. Determine buy , termination, and long supply

quantities.

d. Provide a baseline for funds projections.

e • Provide reports and management data .

As illustrated in Figure IV— 1, inputs to D062 come from

several sources . Headquarters AFLC specifies the implied

shortage factor C ) )  required by the Presutti—Trepp safety

stock formula. Stock list data , asset and usage counts ,

and file maintenance actions are other inputs to the D062

system.
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This information is used to compute several critical

numbers, called “levels ,” that are used to initiate manage-

ment notices on a by exception basis. For example, currently

available assets are compared to the levels to determine if

buy , termination , or disposal actions are needed.

Figure IV— 2 illustrates the major outputs of the D062

System. These include:

a. Requirements Notices —— The item manager receives
advance buy, buy, or termination notices when
assets breach the respective levels. Item
interrogations can also be requested by the
item manager.

b. Management Reports —— These data products are
produced for the Air Logistics Centers and
Headquarters AFLC summarizing the impact of
the computation by categorizing items accord-
ing to actions required .

c. CSIS Data —— Data required to perform the Central
Secondary Item Stratifaction is passed to the
D075 system every quarter .

d. Data to Other Interfacing Systems -- D062 also
provides information to the D067 and D032
systems. D067 is furnished data required to
process excesses , and D032 is fed control
levels required for distribution of assets.

Control Levels

In the D062 system, the terms “asset position” and

“inventory position” refer to the total assets on hand

and on order in the system, less any backorders.

Hence , an item’s asset position is the total stock avail-

able to meet future demands if there are no more buys .
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As noted above , D062 computes various “levels” which are

compared against an item’s asset position to determine if

any action is required . These levels are snnm~ rized in

Figures IV— 3 and IV—4 . Procurement lead time is the average

time that elapses from the first printout of a buy notice

to the date of the first significant delivery. The safety

level is variable depending on item characteristics and

HQ AFLC inputs. Its purpose is to insure continuous
-: operation in the event of unpredicted fluctuation in

demand and/or extended lead times.

The reorder level ( ROL) equals the number of demands
— expected in the procurement lead time plus the safety level.

It is the point to which available assets are compared to

determine if a buy action is required. When an item’s

inventory position equals or falls below the reorder level ,

the buy quantity consists of any deficiency to the reorder

level plus an economic order quantity .

The data level represents four months of demands beyond

the reorder level. The function of the data level is to

provide early identification of items in a potential buy

position.

The termination level is one years worth of demands

beyond the ROL. Note : If EOQ < one year ’s supply, the

termination level ROL + EOQ. Termination level notices
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are output for items with on order assets when the total

asset position is greater than the termination level. This

notice warns the item manager that it may be desirable to

cancel delivery of at least part of the on order quantities.

The approved force acquisition objective (AFAO) consists of

two years worth of forecast demands plus the lead time and

safety level requirements. (Note : If E O Q ) 2  years of

supply, AFAO EOQ + ROL.) Items with assets greater than

The APAO are considered to be in long supply .

Finally, the retention level indicates the maximum

amount of stock which may be retained in the supply system.

Generally, quantities beyond this value are considered

excess. Retention levels can vary from one to five years of

projected demands beyond the AFAO. Retention levels for

items supporting newer weapon systems generally use five

years, while systems ready to be phased out may have reten-

tion levels equal to the AFAO plus one year of projected

demands .

Formulas

A basic problem in any inventory system is determining

how much stock should be on hand . If too much stock is

procured, excessive carrying costs are incurred . On the

other hand, if too little stock is procured , an item must

be procured more often , and excessive procurement costs are

I
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incurred. In the D062 system, the Wilson lot size formula

I is used to obtain a good balance between these conflicting

Costs . This formula takes the form:

Q = J ~~ D

i ( H

where Q equals the order quantity in units, D is the annual

I demand rate in units , A is the cost per order placed , and H

is the cost of holding one unit in inventory for one year.

At present, a holding cost H of 20% of the item unit cost

per year is used in the lot size formula.

In Air Force supply systems, different procurement

methods are employed for small purchases than are used for

high dollar buys. Simplified procurement techniques are

used for small dollar purchases. These methods may be used

for purchases of less than $10,000. On the other hand,

advertized, negotiated contracts are used for high dollar

buys. At present, the following order costs are used in the

D062 system:

COST TO ORDER

$269.87 for - purchases of less than $10,000

$460.27 otherwise

In applying the EOQ formula above, impractical values

for order quantities are produced for items with very high

I 
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I
or with very low annual demand rates. Consequently, EOQ’s

are bounded to be no more than a 36 month supply, and no

less than a - 6  month supply.

At present, safety levels are computed in D062 using the

Presutti—Trepp formula with Z = y’i~~ This quantity is then

bounded to be no more than (a) the number of demands expected

in the procurement lead time or (b) three times the standard

deviation of lead time demand, whichever is smaller.

Figure IV-5 illustrates the levels computations for a

particular , fast moving item. This item has a unit price

of $10, a procurement lead time of nine months, and an

average of 100 demands per month. The expected demand in

the nine month procurement lead time is thus 9 X 100 = 900

units. The safety level for this particular item is 113.

This was determined based on the PT-safety level formula.

The reorder level is the sum of the safety level and the

expected demand in the procurement lead time, which gives

us 113 + 900 1013. The data level is four months wor-th

of demands beyond the reorder level. This item has annual

demands D of 1200 units per year, and the cost of holding

one unit in inventory for one year is 20% X unit price =

$2 per year. Hence, the EOQ is {2AD/H = ~/2 X ($269) x

(l200)7$2, or 568 units. A cost per order of $269 is used

in this calculation since the dollar value of the purchase

I
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- - I is $10 x 568 — $5 ,680. Since this is less than $10,000,

-~ small purchase methods may be used. The APAO is two years

I of stock beyond the ROL and the retention level is five

years worth of demands beyond the MAO.-- I
* 

)

I ::

1 



I
I

INSSIM — The Inventory System Simulator

As noted above, a detailed simulation model of the D062

system was needed to evaluate the relative effectiveness of

the alternate PT-formulas • In our study, we utilized the

Inventory System Simulator ( INSSIM) as a starting point.

This simulator was developed by the Directorate of Manage-

ment Sciences (APLC/XRS) to evaluate inventory policies in

single location supply systems. For our study, it was

* 

necessary to enhance the original model to provide a de-

tailed description of the current D062 system and to provide

for improved input and output capabilities. In the follow-

ing discussions, we will use the term “INSSIM” to refer to

the enhanced version of the original simulator.

Major Features of the Inventory System Simulator (INSSIM)

The Inventory System Simulator (as enhanced) possesses

the following major characteristics:

a. A detailed description of the EOQ Buy Computation
System (D062).

b. A demand process based upon actual demand his-
tories for Air Force items.

c. Comprehensive measurement of simulation results.

d. Entensive input options —— which permit the evalua-tion of several proposed forecasting .and
inventory control policies by simple changes
to input data.

e. A modular structure -— to simplify future enhance-ments to the model.

I
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f .  Debugging aids -- to assist in the programming

of proposed rules that are not already coded
in the model.

Basically, INSSIM consists of a collection of Fortran

subroutines and a MAIN program that controls input require-

ments , schedules events within the simulation, and initiates

output products. The major INSSIM routines are illustrated

in Figure IV—6 , grouped by their major function. As shown

in the figure , the major features of the D062 system are

simulated using subroutines F0R576, FORUPD, LEVEL, and

STATUS. The major functions of these routines are as

follows :

Subroutine Function Description

F0R576 Forecasting This routine provides estimates
of

o gross demand rates
F • serviceable return rates

o net demand rates
• average requisition size

- 
° demand variability

FORLIPD Record demand This routine maintains an
history eight quarter moving history

of simulated demand. This
history is used in the fore-
casting calculations in
F0R576.

LEVEL Computes This routine computes the
inventory inventory control levels dis—
control cussed above (safety levels,
levels reorder levels, etc.)

I

I
J
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F0R576 INFEL
D062 FORUPD ENTER

Calculations LEVEL Event REMOVE
STATUS Scheduling WRIFEL

REQ
RET SSTAT

Material Flow RECEIV Measuring CUM
Events CANCLE Performance CUMB

ENTERB
TERMIN
DISPOS OUT

Reporting Results OUTCST I”
Demand and DEMPAR ITRSLT

Serviceable GETREQ PLOTR
Returns

ZERO
Getting Started INITIAL Miscellaneous RANDU

INITEM GPS

) U,

Figure IV—6. Major INSSIM Subroutines
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Subroutine Function Description

STATUS Compares This routine simulates the
• available management action portion of

assets to the D062 system.
respective
control
levels , and
initiates
appropriate
actions

Each of the above routines contain logic describing the

computational formulas and management policies currently

Used in the D062 system. In addition, these routines also

possess logic describing several forecasting and inventory

control procedures that have been suggested as alternatives to

current methods. These alternate procedures may be simu-

lated by changing one of the eight parameter cards that

specify the characteristics of a given simulation run.

Hence, a number of alternate inventory management proposals

may be evaluated by simply changing the input specifications

to INSSIM.

li-i addition to the D06 2—related subroutines described

above, several other INSSIM routines are used to describe

significant events in the flows of EOQ items. These events

and their corresponding subroutines are as fqllows: F

‘ I 
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Routine Event

REQ A requisition is received at the depot. This
represents a demand for a specific number of
units of a particular EOQ item If possible,
the requisition is filled immediately;
otherwise, the requisition is backordered
until a replenishment order is received .

RET A number of serviceable units are returned
to the supply system.

RECEIV A replenishment order is received by the
supply system.

CANCLB A customer with an outstanding backorder
cancels the requisition.

ENTERE Record the current requisition as a back-
order, and insert it into the backorder file.

TERMIN Action is taken to stop a replenishment
order that has not yet been received. This
event is initiated whenever an item’s asset
position exceeds the termination level, and
a replenishment order is still being processed.

DISPOS Assets ~n long supply are disposed of.

(Note: The routines CANCLB, TERMIN, and DISPOS were not

used in the current study.)

Each of the above routines perform bookkeeping operations

that update the status of on hand and on order stocks. These

routines also post activity statistics that record inventory

system performance.

The methods for describing the demand generation process

is a critical element in any inventory simulation. IN

INSSIM, the demand generation process is derived from demand

L -- 
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and serviceable return histories for actual Air Force items.

Specific computational details are handled by subroutines

DEMPAR and GETREQ .

As we shall see below, a major input to our study is the

actual demand histories for a sample of EOQ items from the

EOQ data bank. This input defines the actual quarterly

demands and serviceable returns for each item for the period

FY 71 through FY 76, a total of 20 quarters worth of data.

In our study, the first eight quarters of data were used to

initialize the history files needed in the D062 usage rate

calculations. The remaining 12 quarters of data were used

to simulate demands in the inventory system.

The demand generation process is constructed so that

within a particular quarter, the number of units of

demand and the number of serviceable returns simulated

exactly equals the actual values from the EOQ data bank.

Within a given quarter, specific requisitions are generated

that have the same statistical characteristics as current

USAP items. Specifically, requisition sizes are generated

according to the probability distributions presented in

Figure 11—2.

As shown in Figure IV—6, a number of other routines are

also used in INSSIM. These routines are required to

initialize the simulation model, to collect and summarize

J
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performance statistics, and to assist in event scheduling

and other bookkeeping tasks. Rather than discuss these

routines individually, the following sections describe the

ultimate results of these routines upon INSSIM input require-

ments and output products.

INSSIM Inputs and Outputs

Figure IV— 7 illustrates the major data flows of the

Inventory System Simulator. Run specifications are input

from File 05 in card format. This input specifies the

inventory policy options that are to be simulated in the

current run, as well as significant parameters (e.g. ,

holding cost, ordering costs, and bounds on EOQ’ s and 
-

safety stocks) required by these policies. Other input

cards specify the output options to be employed, and the

size of the ‘Simulation run (e.g., number of items to be

simulated, time duration for the study , etc.) .  A print—

back of the run specifications for a 100 item, 12 quarter

simulation run is shown in Figure IV-8~
As shown in Figure IV—7, item demand and cost data is

input through File 07. This file provides item information

extracted from the EOQ Data Bank. This file contains data

* A detailed discussion of this output product is presented in Volume I ,
Chapter VII of Reference 2.

~~— — ~-~~~-~~~~~ 
-
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EOQ Data-, Bank

__________________________ Item Data
Si,ecffication •Unit Price

• Inventory Policy ‘Lead Times
Options ‘Management Codes

• Management Parameters • Demands
• Output Options •Serviceable Ret
• Simulation Dimensions

File O5 ile0

INVENTORY S~15T~~
S]XJLATOR

( IN S -S IN )

File 08 File 06

Intermediate Plots 1 SUMMARY
Results •.

. STATIETICS

(

9ai]
ed Time Event Details ! r ~~~

~ To SPSS 
-

Analysis

Figure IV-?. DISS]14 Input/Output Relationships.
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defining the unit price, lead times, management codes ,

demands and serviceable returns associated with each item to

be simulated.

Output products produced by INNSSIM are routed to files

06 and 08. File 08 is a magnetic tape file. It contains

details by quarter on the performance of each item simu-

lated . This file is designed for subsequent statistical

analysis of the simulation results using the SPSS Statistical

Package.

File 06 is routed to the printer . If all output options

are requested, this file will contain a print—back of all

input data, an event—by-event description of the simulation

process , and detailed plots and statistical summaries of

simulation results.

Figures IV—9 through IV—l3 illustrate some of the

performance summaries produced by INSSIM.* For example,

Figures IV—9 provides statistics describing the number of

units on hand and on order at the end of each simulated

quarter , as well as counts of the number of units received

from vendor shipments and serviceable returns. Figure IV-lO

presents similar counts of the number of expediting, rationing,

disposal, and termination actions taken in the simulation,

while Figure 1V-11 presents data describing average inven—

tories and fill and backorder rates. Finally , Figure IV-l2
* These figures show aggregate statistics obtained by summing over all items

simulated. — 
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IV—29

summarizes ordering actions using large and small purchasing

methods , and Figure IV—13 plots on hand stocks , on order

stocks and backorders as a function of time.

In INSSIM, all statistics are accumulated according to

three different measures; they are :

a. The number of distinct federal stock numbers or
distinct actions associated with the current
event.

b. The quantity of units associated with the event.

c. The dollar value of all units associated with the
event.

For example, suppose a replenishment order for 12 units

of a $10 item is placed. In this case, INSSIM records that

there was one order action, 12 units were ordered, and $120

was the value of the order. The results presented in

Figures IV—9 through IV—l3 are all reported in terms of

unit counts. Rowever, INSSIM also produces similar tables

summarizing the action and dollar counts recorded in the

simulation.

This concludes our discussion of the Inventory System

Simulator. In the next section, we will discuss how this

model was used to evaluate the relative cost—effectiveness

of the alternate PT—formulas .

-_ _ _ _ _ _ _
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Section V. Simulation 1~esults

This section presents the results of a simulation study

to evaluate the relative cost-effectiveness of the three

alternate versions of the Presutti—Trepp formulas defined in

Appendix A. To perform this study, it is necessary to accum—

mulate, screen, and reformat available EOQ Data Bank records

into a form suitable for use in the simulation model. To do

this required development of several computer programs to

accomplish the extraction task.

Figure V—l illustrates the major steps involved in the

data extraction process. As illustrated in the figure, three

major processing streams, or branches, were implemented.

Branch A illustrates those processinç~ steps needed to develop

the frequency distributions for average requisition size.

This step also evaluated other statistical characteristics of

items currently in AFLC inventories. Branch A concentrates

attention on the most recent available data, nam ely, data

from the period July - September 1976. The major results of

these ana lyses are presented in Section II. Processing branches

B and C relate to the construction of physica l records appro-

priate for input to the Inventory System Simulator, and to the

statistical analysis, sampling, and simulation activities which

utilize these records.

L - —— -- 
- -
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V-3

INSSIM assumes that all input information for a given

item will be contained on adjacent physical input records.

Unfo rtunately, the EOQ Data Bank records are not arranged in

this order. Rather, information required to simulate a given

item is located on several different EOO Data Bank files. For

example, there is a separate history file for each fiscal year.

Also, unit price and inventory management codes are contained

on file 01, while file 02 contains on—hand and on-order stock

status. This latter data is required to initialize the

simulation. Hence, a major task in this project was to extract

and reformat all relevant data records. We called the result

of this extraction process the “Candidate ” file.

In building the Candidate file, we deleted all items that

were not managed according to the EOQ methodology , as well as

items with incomplete demand histories. Specifically, an item

was excluded from the Candidate file if:

a. The item had no demand in the F~ 71 to Fi 72
time period. It was essential that an item
have at least some demand in this period to
permit computations of reorder points and
reorder levels at the beginning of the simulation.

b. The item was coded as Type Computation = C. This
computation code is applied to items with a short
shelf or program life , items subject to a
calendar time change, and to other items for
which the EOO assumptions are not valid or
for which requirements cannot he re lated to past
demand .

c. The item possessed Special Code of

C = contingency X = obsolete
D = disposal N = new i tem
I = insuralAce U = use till exhausted
H = I/S breakdown

+

L - - - 
-- 
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V-4

d. The demand records for the item for the F~ 71
through FY 76 period were incomp lete . This

— would happen, for example, if an item was phased
out of the inventory, or was transferred to
another ALC.

Approximately 80,000 records were in the Sacramento ALC

F~ 71 History File. A total of 12,339 of these items passed

the above criteria and were written to the Candidate file.

Each of these items were candidates for inclusion in our

simulation runs. Since there were many more candidate items

than needed for our study, random sampling was performed to

provide inputs to the simulation model.

Samples by dollar value of demand

Because of the high budgetary impact associated with items

that have high annual values of demand, we initially selected

three samples for simulation analysis based upon the annual

dollar demand rate of the items in the F~ 71 - F~( 72 period.

In our study, three classes of items were identified :

CLASS DEFINITIOt~
HI Demand exceeds $5,000 per year

MID Demand is between $500 per year and

$5,000 per year

LO Demand is less than $500 per year.

Our sampling procedure consisted of two steps. First,

approximately 120 items were randomly selected from the Candidate

File for each of the three classes defined above. Items in

these samples were then carefully edited. The objective of the

I
I
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V-5

editing process was to eliminate any “weird” items (e.g., items

with key—punch errors) in the sample that would bias the

simulation results. After editing, 100 items from each class

were selected for detailed analysis.

The Simulation scenario

Once the item samples were constructed, as number of

simulation runs were performed to evaluate the operating

characteristics of each of the alternate PT—formulas in

managing each of the item samples. In all runs, the following

parameters were used:

Holding cost = 20% of the item unit price per year

( $269.87 if order was for less than $10,000

Order cost = (
(
C $460.27 otherwise

Maximum EOO = 36 months of supply

Minimum EOQ = 6 months of supply

These are the parameter values currently used in the

D062 system.

As noted above, 20 quarters of demand history from the F~ 71

through FY 75 period were available for our study. The oldest

8 quarters of this data were used to initialize the flO(,2 forecast

calculations. The remaining 12 quarters of data were used to

simulate demand and serviceable returns for a thrcc—year period.

To initialize stock status, we set the initial on—hand

assets for each item equal to the total assets on hand for that

I

I 
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item as of June 1974 , the earliest period for which stock status

records were available. ~Je also needed to initialize on—order

stocks. Rather than develop an elaborate method for simulating

the arrival time of on-order stocks, we simply increased the

initial on—hand assets by the number of units on order as of

June 1974. flence, initial on—hand stocks in our simulation runs

should be higher than would have been the case in practice;

however, this effect would be the same for each formula set, and

thus should not effect the relative performance of these formulas.

Our simulation strategy was based on an analysis of the

respective safety level calculations. Observe that the safety

level of each of the formula sets in Appendix ~ is given by

Safety Level = K~~, where :

K = .707 1n
[ 2~~~

= safety factor
= implied shortage factor

a = holding cost per dollar of inventory per year
C = unit price
a = standard deviation of demand in the lead time
Q = order quantity
Z = essentiality factor

The safety level is then bounded to be no less than zero and no

more than the lessor of 3C or the expected number of demands in

the lead time.

As noted above, the hold in g cost (a) was set to 20% in all

simulation runs. The values of c, 0, and ~ were determined from

the particular demand and cost characteristics of each item heina

I

I 
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simulated. The value of z, the essentiality factor, is

determined by the particular formula set being evaluated.

Specifically,

for rormula Set C II Z = 1

( II I  Z =

where R denotes the average reauisition size, and where the

formula sets I , II , and III are identified in detail in

Appendix A.

The implied shortage cost , ~ , serves a special role in

the safety level calculation. As we saw in Section II, if the

cost of shortage ~ is small relative to the cost of holding

inventory (ac), the optimum safety level will also be small.

Hence, a small value of ~ will produce a small level of safety

stock investment , and a relatively high number of hack orders.

On the other hand, if the cost per unit short is high, a

higher safety level will be computed. This produces higher

inventory investment, but it also reduces the number of back

orders expected. Thus, the parameter ~ is a “management con-

trol knob” that controls the relationship between safety stock

investments and system back orders.

The parameter ~ directly controls the safety level and the

reorder point for every inventory item. The larger the value

of ~ , the larger the computed safety level and reorder point

will be. but the reorder point controls the amount of buy

notices that will be triggered in a given time period. :ience,

~ may be used to control the amount of money spent in a qiven

__________ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I fiscal period. Higher values of X will lead to higher reorder

I 
points, and thus lead to higher buys in a c;iven period, while

lower values of ), lead to lower expenditure levels.

i Because of the control knob effect of the parameter ~ upon

both investment and back order levels, each formula set was

I simulated eight times. The parameter )~ was set to the values of

$10, $31, $100, $316, $600, $1000, $3 ,162 , and $10 , 000 ,

respectively, in each of these runs. Hence, since there are

three formula sets, a total of C x 3 = 24 runs were required for

each item sample to be simulated. To provide a conmon comparison

point, one additional run was made for each item sample. In this
— 

run, the safety level was set to zero for all items simulated.

Results

Table V—i summarizes the results for 25 runs using the 111

group of items, i.e., the 100 item sample with Fl’  71 — Fl’ 72

demands of $5,000 or more per year. In each of these runs , a

total of 3,616 requisitions were submitted for a total of

8,489 units. Since we simulated each of the 100 items for a

total of 12 quarters, an “average” item had 36 requisitions for

84 units during the 3 year simulation period. The average

requisition size was thus 84 36 = 2.3 units per requisit ion.

Of course, no single item is average; as we saw in Section II,

there is generally great variability among items.

Table V—i summarizes four of the performance measures

associated with each simulation run. The column “ RLQ-130 week s”

I
L~ -- 

- - - -
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presents the number of weeks that requisitions were hack ordered

during the 3 years simulated . For example , if two requisitions

were back ordered for three weeks during a particular quarter

in the simulation , a total of 3 X 2 = 6 requisition weeks would

be recorded. In Run #1, there was a total of 8 , 04 3 requisition

weeks of back orders in the three year simulation reriod . This

is an average of 2,681 requisition weeks of back oruers each

year. This average value is shown in the first line of

Table V—l. Similarly, if the two requisitions were each for

20 units, a total of 2 X 3 X 20 = 120 unit weeks of back orders

would be recorded. In Run ~i, there was a total of 68,733 unit

weeks of back orders observed, an annual average of 22,911 unit

weeks of back orders for the collection of 100 items. This

average annual value is shown in the second column of Table V-i.

The third column of this table displays the average annual buy

dollars associated with each run. For example, for Run ~i, an H

average of $897,000 worth of orders were placed each year of

the simulation. Finally, the fourth column presents the average

annual cost of holding inventories for the 100 item group.

Since holding cost equals 20% of the average inventory invest-

ment, dividing each entry in column 4 by .2 yields the average

investment observed in each simulation run.

So far, we have discussed only the first line of Table V—l.

This line summarizes the results of Run No. 1, the run in which

the safety level was set to zero for each item simulated. The

remaining lines in Table V—i summarize the results of the other

24 simulation runs perforrieci for the HI item group.
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Table V-i
Average Annual Results for 100 Items

in HI Class

(5) (0
REQ- UNIT

RUN 80 BO BUY HOLDING
NO. FORNULA WEEKS WEEKS DOLLARS COST

Zero Safety Level
1 2,681 22 ,911 897 ,020 270,908

Z =  1
2 10. 2,681 22,911 897,020 270 ,908
3 31. 2 ,645 21,824 897,545 271,448
4 100. 2 ,408 18,0 75 903 , 792 274 , 677
5 316. 1,809 12, 056 958 ,202 2°1,316
6 600. 1,269 8,823 1,025 ,940 310,365
7 1,000. 1,034 7 ,258 1, 084 ,167 328 , 984
8 3,162. 540 4 , 328 1, 274 , 385 380 , 304
9 10,000. 407 3,505 1,428,233 426,112

z =
10 10. 2,681 22,911 897,020 270,908
11 31. 2,681 22,911 897,020 270,908
12 100. 2 ,671 22 , 308 897 ,309 271 ,089
13 316. 2,344 18,033 906 ,262 274 ,690
14 600. 1,880 13,916 934 ,000 284 , 133
15 1,000. 1,515 10,974 988,703 300 ,548
16 3,162. 814 6,405 1,143,687 34 7,859
17 10,000. 476 3, 933 1,331 ,825 397 ,255

Z = R
18 10. 2,681 22,911 897,020 270,908
19 31. 2 ,681 22 ,911 897 , 020 270 ,908
20 100, 2,681 22,911 897,020 270,908
21 316. 2,615 21,545 897,020 270,972
22 600. 2 , 363 19 ,105 901, 166 273 ,047
23 1,000. 2, 120 16 ,230 926 , 473 277 ,112 —

24 3,162. 1,260 10,278 1,025,331 316,371
25 10 ,000 . 676 5,744 ], 1~ R , 788 364 ,858

I
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I As noted above, eight simulation runs were performed for

I each formula set to be evaluated. Simulation runs 2 through 9

all used the Z=]. formula, but higher and higher values of the

I control parinenter )~. were used in each successive run . Similarly,

1~uns 10 through 17 and Run s 18 through 25 were used to evaluate

I the Z=~~~ and Z=R formulas , respectively. For each group of runs ,

observe that as )~ increases , both the average buy dollars and
- the average inventory carry ing cost increase. Oz-i the other han4 ,

the higher costs are also accompanied by reduced levels of re-

quisition and unit backorders. (h.serve that a sitai lar L attera

also holds for each of the other safety level forr ulas.

i~ote that for each formula set , the resul ts for the run

in which )~ = $10 are identical to results for the �e ro ~ ufe ty

Level run. This is because a low va lue of ~~. yields ~ safety

level of zero in each of these formulas. Once ) become s large

enough , however , posit..ve safety levels are comput ed , and im-

proved operating resu 1t-~ ~re c~eservcd.

The above patterns may be seen more clearly in graphs of

the Tab le V— i results . These c;raphs are presented in Fiqure

V—2 th rough V— S .  Ia Fi gure V — 2 ( a ) , we ha ve plotted L1ie average

~ni1 weeks of backorders verses the uvora~c annual carryiny cost,

1 Ic LL (~ur? (V— .~ ( u )  p lots re4uisl t ion—backorders verses annual

~~~~ 
- . in tacse and th e  fo1lo~ in~ f i jurcs, a “ + “ 

~ienotes

~~ ict’ ..~ I. .~ 
“ “  JCflO tLS runs with ~=~!T , and a “

.
“ denotes

--  - - 
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runs with runs with Z—R , where R denotes the average requisition

size. Observe that all three curves are very similar in both

plots. Note, however, that in Figure V—2(a) , the Z—]. (+) curve is

consistently below and to the left of the other two curves.

Also, note that the z—IW (*) curve lies consistently between the

other two curves. These relationships are even more apparent

in Figure V—3 (a) , where we have magnified the three curves by

changing the changing the scale of the plots.

Curves V .2(a) and V—3(a) indicate that the Z—]. formula is

more cost—effective with respect to unit backorders than the

other two formulas . That is , a given level of unit backorders

was achieved with the z—l formula at a lower annual carrying

than were observed for the other two formula gets . Conversely,

for a given value of annual carrying cost (or a given value of

inventory investment), the Z—] formula produced a lower level

of backorders. Similarly, the zaJ~ formula performed consistently
better than the Z~ R curve with respect to unit backorders.

The bove results apply to the relationship of annual

carrying coats and unit—wseks of backorders. If backorders

are measure d in te rms of requisition-weeks , however, there

appear . to be no clearl y superior formula. As shown in Figure

V—2 (b) and V—3 (b) , all three curves lie approximately along

the same line . None of the curves are consistently better than

the other..
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Simi lar resul t. are obtained if unit—backorder, and

req ui.ition-backor ders are ploted verses avera ge annual buy

dollars . Thea. results are plotted in Figures V—4 and V—5.

Figure V—4 i. plotted with a 0 , 00 origin , whiles Figure

V— 5 is a ‘aagnified version of the same data . Observe that

the 2—1 (+) curve i. consistently better than the other two

foraala s when uni t—backorde r. are plotted verses average

annual buy dollars • On the other hand , there appear , to be

no significant differences among the curves when requisition

backorder. are plotted verses buy dollars.

We obtained similar results for the MID volume item

sample , i.e. the sample with PY71-FY72 demand in the $500—

$5000/year range. These curves are presented in Figure.

V-6 through V-9. Observe that the 2—1 curve continues to

dominate the other curves when unit—b ackorders are plotted

against either annual carrying coats or annual buy dollar..

Now look at Figu res V—6 (b) , V— 7(b ) , V— 8 ( b ) , and V— 9(b ) .

Observe that the 2—1 (+) and the z—J i (*) curves are very

simi lar , but that both are better than the Z— k (.) curve.

Results for the LO volume group of items are presented

in Figure s V—li through V—13. These 100 items had demands

of $500/year or less in the FY71—PT72 period . They also

tended to have very low levels of activity , wh ich produced

I
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few orders and demands during the three year simulation

I i period. Due to the low activity of these items , the plots

tend to be lumpy and irregular; it appears that much larger

sample sizes will be requi red if smooth curves are desired.

Based on the current results, no formula appears to be

superior to the others in any of the plots . This latter

result is not too surprising. We observed in Section II

that items with low levels of demand tend to have average

requisition sizes close to 1. tihen this happens , the alter-

nate formulas become identical.

Samples by Unit Demand Class

Three additional samples were selected for simulation

analysis. These latter samples were selected based upon

the average uni t demand rate during the FY7I—FY7 2 period.

In these samples , the following classes were used :

CL~ASS Definition

I Demand 316 units/year

II Demand is between 31 and 316 units/year

III Demand 31 units/year

Here , we are using Roman numerals as class identifiers to

avoid confusion with the HI , Nib , and A~O Group samples discussed

above .

I

—. — __________ —



r w

V-27

As in the above studies, approximately 120 i tems were selected

randomly from each of the classes I , II , and III .  These items were

selected for simulation analysis.

The results of these simluations are presented in Figures

V—l5 through V—20. In contrast to the above studies, only four

runs were performed for each formula. These runs used ) values of

$10, $31, $100, and $316, respectively.

In general, the cost—effectiveness curves for all of the

formula sets are very similar. In Figure V—15, the Z~l curve

appears to clearly dominate the other two. However, there

appears to be no clear dominance in any of the other plots.

1
I 

-_~~~~~~ --——--- _ __ _



.
~~~~~~~

A ~~ 
C)

~~
I~~ L&.~ + C-)
• C)

— C~)C) C)
a- cr CE

-
c.~ c~Ui I I I —

C) C) C) C)
Ii) C) U) C.) C) C.)
N U) C) U) C) ~..

-.,— —. -. — N U) C\l C)

ci > Ui • s~.j  C) —. cia — ~— .— ~~ z to U C ~~ C) C~ C) I X ‘~~ ~~ - >- 
~~ 3

U ~u J
A Cl) 

.-
~ ~~

(.3 L~ 
C)

C) C)
C)

• r.j
— .c

a tr I I- -
0 C,

in ..~ .4?
o 4 + + 4 + +

Ui Ui L~. L~J Ui

z C~ C) C) C) C) C) C)

~~ C) C) C) C) C) C) C)
o C., C) C) C) C)

(C
. . • • • . C:,

ci> L~-~ 
) Z — I— to C) ~~ C) ~~ C) IJ.~ Ct I ~~ ‘C ~~- n~

I



r w

I
o~.cg
I (0

+

c i>  LU • Ui C3 ~~ — U) — I— ‘—. C) Z to U C.I ‘C C) ~~ C) LU ~~ I ~~ ‘C ~~ >- (~

I-I
‘-I

CD
+

I
ci>IU • ~~ Z.-~~-- c0a~L’C D~~~ DLU a~ I K’ C ..>-~~~

4

I 



; 1

~~~1

ID

LU

I— C)
Cl) C)

:

CE> LU • ILl C) Cl) — I- C) Z to Cr LI ‘C C) ~~ C) LU ~~ li ‘C~~~

I
V L ,  .~~~~~~~

o ~~ C) ~~~~

~
. >. 

C)

• -~ ce
U) ~~.

LU CE
• LaJ C)

— . C)
— ~~ C)

• C) LU
a- •.

CE
o c r -l ~1

(I) ~~ •;•~ 
.~~~

I.- + +
— Ui LU LU
z C~ 

C) C)
) C) I.) C) C)

o C.3

• U) C’

CC> ILl - ~~ Z — I- to CC C) ‘C C) ~~ C) LU ~~ I ~~ ‘C ~~

1 

— A



f-I (0
4

LU
C)

• C)
C)

• 

I 

~~~~~~~~~~~~~~~~~~~~~~~~

C’ (Q~
q
~

‘C 
4.

. :)•o
C) 

LU

— 
to LU

— z (d I D  >
C) 

• + Cr
— 

LU

~~ 
I.- C’

0~~~~~ 
C’

(0 C)
o —

C’
Ui I S I C)

C’ 0 0 CD
C) C) C) C) C)
Li) 0 LtD C) C)
(‘.4 C~.4 — - LI) C)

cE>w • aLLlC) (tD — I-—DZ t o C r C)’C D~~~ C)LLla~ I

I .

CD

cv) (0 CD
C) ~~

V (DC’
(0 +

rv) >~

C) C) pm ce C’
C) LU

• ‘C • .

— ( 3  CE
—. C)

a- .

~ I.— •o — f-I
I I I -

o ~ .4? U) .4?
+ + +

LU ILl ILl
C) C) C)
C) C) C) C)
o LI) CD C)

— C,
• • • U) C)

CE> LU • ~~ Z — to CT C) ‘C C) ~~ C) LU ce ‘C ‘S. >- ce

I
a



U
C’ C)

9 -
• (3 . . LU

— Cr
— to Cr

a - C ’
LU

I I I I I oC)
C) C) C) C.) C)
C) U) C) LI) C’ C,
Cv) C.J C’.J .-. —~ LI’) C)

c e W C)~~~~~~~~~-~~ - - C , Z t o C E C) ’C o c e C) L Ua~ I

V >

C) Cl) -,

V LU _
• C’ ~, 

cr
C) ~~ C) C-,

9 • I
• ci LU

— cr
— Cr
— 

U,a- ,—
:.3c ) Z  I I I I . I C,
o C) C) C) C) CD C)

C) C.) C) C) C) C)
CC ii ) ‘I (f’) (‘4 -. (_)

CE> LU - 3 Z — I— to C! C.) ‘C C’) C~ CD ‘~~ ~. >— ce 

~~~~~~~~~~~~~~~~~~~~~~ --~~ ———



~~~~~~~~~~~~~~~~~~~~~~ -•-- ,~~.-- -

F I

U)
+

° LU
— CD

C)
)- * C)
.5.

[ 

~~~~~~~~~~~~~~~~~~~~~~~

• ~~~UJC) - C0 .- I- C)Z ( D C E L I’C C )~~~ CDLIJCi~ I

• (.3 LU C)
C) CC

to LU CE
- - CD o

• I- C)— — C’
- — z .•

~~

— 

I I I I
I C) C) 0 C) C) C)
I C) C) C) CD 0 C)I - C.)

CE> ILl ~~ Z — I— a) tr C.> ‘C C’) ce C) Li) ‘C ‘S. >— ce

I
__________ :~‘-~-~- --- ~~- - ~~~~~~~~~~



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

STATISTICAL ANAL YSIS

The above results compare the relative cost—effectiveness

of the alternate PT—formulas in managing each item sample .

However, an important question remains--namely, with what

confidence would we expect similar results if w~ had simulated

every EOQ item, rather than just a sample. Althoug~i we

exercised great care in selecting and editing the item

sa~ap1es , there is still a chance that the samples are not

representative of the total ~OQ population.

Several analysis of variance studies were conducted to

measure the magnitude and the statistical significance of

differences observed in the cost—effectiveness curves for

each formula set. In these analyses, we divided each item

sample into two groups of 50 items each. we then hypothesized

that the number of unit backorders in a given period in a

given simulation run was a function of several effects: (1)

a formula effect, (2) a time period effect, and (3) a group

effect. We wished to measure the magnitude and statistical

significance of each of these effects when the same amount of

n~ ney is invested in inventories in each case. This led to an

analysis of the following statistical model and its variations.

Eijkt = A + + T~ + Gk + B • 1ijkt + C 1ijkt + e
~)k~

where i = formula set index

-i .— , -
~~~~~~~~~~~~ ..- - . .  . .
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j  — time period index

k — item group index

• t implied shortage cost ( )
~ 

) index

The symbol Eijkt denotes the average annual backorders

observed in the simulated year when item group k was

simulated using formula set i and using the t~~ value of the

implied shortage cost parameter ). The symbol A denotes the

average aggregate backorders observed for an item group,

while F~ , T~. and Gk denote the amount of variation from this

average associated with the formula set, time period, and

group effects, respectively. The symbol denotes the

the average level of inventory for group K observed in the

time period when formula set i was simulated. Hence, the

Parameters B and C measure the average linear and quadratic

effects of the inventory investment upon unit backorders.

Finally, the symbol MeN denotes the amount of variation in

backorders B that is not explained by the above model.

Unfortunately, our results were quite disappointing.

Although the above model has significant initiative appeal,

it did not appear to fit our data very well. In particular,

it appeared that the group differences have far more impact

upon backorders than reflected in the linear model shown above.

Unfortunately, we were unable to discover a better analytical

model. 

- -.~~~~~~~~~~
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Based upon the above statistical model, group and time

period effects have a significant impact upon unit backorders

and upon requisition backorders; however, there appeared to

be no statistically significant difference among the formulas

that could be measured in the face of variability introduced

by group and time period differences.

To summarize, we were unable to construct a statistical

model that provided a good description of the observed results.

For the best (but imperfect) model that we found, there was no

statistically significant differences among the formula sets.

Hence, it appears that additional research is required to

make statistically significant estimates of the differences

among these formulas.

I
I 
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Section VI. Summary and Conclusions

The objective of this study has been to evaluate the

relative cost—effectiveness of the three versions of the

Presutti— ’frepp formulas defi> ed in Appendix ~~~~. These

formula sets are identical except for the value of the

factor Z usea in tne safety level computation. In formula

set II , Z=l. This formula set contains tne PT—formula

for minimizing expected units backordereu . In formula set

III , Z=R= average requisition size. It may &e argued

analytically that this formula set tends to minimize cx—

pecteci requisitions short. Pinally, for formula set I (the

current 1)062 computation formulas), z= fiT

In Section II, we reviewed the statistical character-

istics of Sacramento i~0Q items. This data snows that most

1~OQ items nave very low demand rates. In fact, out of

7U ,436 items, o6,229 had no demands at all during tac

period July—September 1976. Overall, more than 96~ of

the items had demand of less than 31 units during this

period. For trtose items that had at least one demand, over

90% of them still nad demands of less than 31 units. i~~nce ,

i1~)st LOU items h ave very low unit derI%an~ rate:~.

i’ne uistribution of average requisition size by unit

ctexaand class is presented in Figure 11—2. ZLs expected,

I
I
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• we found that average requisition size increas~ s as unit

demand increases. For example, the ne ’i~n req~iisition size

for items with 11—32 demands per quarter r~c’ua1s 2.5, wtilc

ite ls with 317—1000 units per quarter have a ne1iz~n size of

.1 units per requisition. Ilowever, since most ~OO items

have very low demand rates, we would expect th~ averacve

requisition size Zor most items to be sr~all , e.g. 3 or less.

In Section III , we studied the computation charac-

teristics of the PT—formulas. Several curves were pre-

sented in this section illustrating the sensitivity of the

formulas to changes in input parameters.

Finally, Section IV presented a general outline of

a simulation model to evaluate the relative cost—effec-

tiveness of the alternate PT—formulas , enCi section ‘7

presented results of simulation runs usin - this model.

ill the simulation runs were Lased on actual ‘1e~and

data for Sacramento )~LC items for the rY 71 throuqh FY 76.

Two categories of runs were conducted. The first category

cf runs were based on item samples stratified by the aver—

~gc annual dollar value of de~aands in the I’Y 71 to TY 72

period. Three samples of items were then .~eve1oped hy ran—

d~ n sampling within high, moderate, and low activity

classes. The UI class consisted of ite:is with denands in

excess of $5,000/year during thi s eriod , and the 3
.1)2



I
I

class consisted of items with average demands of less

than $500/year during this period. The !IID class consisterl

of items between these extremes. The second category of

simulation runs was based upon item samples stratified

by the average annual unit demand rates in the FY 71 to

FY 72 period. In this latter case, class I consiste~’ of

items with more than 316 units/year, class III consisted of

items with demands of less than 31 units/year , and class

II consisted of items between these extremes.

For each class, we obtained 100 items L.y randon

sampling from the Sacramento FOO Data Bank. Then, each

class was simulated using each of the three formula

sets and a variety of values for the shortage factor.

Figures V—2 through V—20 present the results of these

runs.

In general, we observed very little difference

~‘mong the cost—effectiveness curves for each of the three

formula sets. In particular, there appears to be no

clear differences amonc items in the low and moderate

activity classes, i.e., in the classes ~.O, h1ID, II , or III.

Perhaps this is to be expected, since itens with low

~ictivity tend to have low averaqe requisition sizes. ‘.s

the average requisition size ap~ roaches one, the three

formula sets become identical.

i



11

I
For the nigh activity classes, i.e., class dl and

I, clear differences were observed among the alternate

formulas. For both the :1 I class and class I, the =1

formula appeared more cost—effective than the other two

formulas in minimizing unit backorders; and the ~~ (It

• formula appeared better than the Z=R formula in tnis

respect. however, if we were interested in r~inimizing

requisitions—backordered, there were no clear differences

among the curves.

In summary, for tne hign activity classes, the ~~l

formula appeared superior in minimizing unit oackorders ,

and it appeared about equal with tnc other formulas in

minimizing requisitions short.

The above comments are based upon simulation analysis

of random samples of 100 items in each class. however,

an important question remains —— namely, with what con-
fidence would we expect similar results if we nad simu-

lateci every ~0Q item, rather than just a 3anIple. ~lthougfl

great care was exercized in selecting and eflting t~e

item samples , tnere is still a chance that the item samples

are not representative of tne total 1;Och population.

~o answer tnis last question, several statistical

~na1yses were conuucteu to measure the maqnitude anu

statistical siquificance of uifferunces observec iii the

1 1
‘I
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cost—effectiveness curves for each formula set. Unfortu-

nately, our results were quite disappointinr. ~7c were

unable to construct a ntatistical model that orovided a

good description of our observed results. ror the best

(but unsatisfactory) model that we found , there was no

statistically significant differences antoztcr the forriula

sets. ~‘or this analysis model, it appears that variabi lic”

clue to group and time period effects drowned out any con—

sistent differences that may exist among the alternate

formulas.

In summary, in our simulation runs the ~=l formula

appeared superior to the other formulas for the high ectiv—

ity item classes. “?n the other hand, there were no clear

differences among the alternate formulas for the low and

moderate activity groups. In addition , th’~ differences that

we did observe did not appear to he statistically signiEicant.

I~nnce , it appears that additional reser rci is require to

i -ake precise estimates of the differences aiion~ these

formulas. ¶“o provide these estimates, ~in~ l”sos o~ ~1ata

samples from the Thiahoma City and ¶~ ,rner “ohi~is ~LCs are

currently in progress.

S

~
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Appendix A

Alternate Versions of the PresuttI-Tre~p Formulas

The formulas to be evaluated are as followsi

Formula Set I. (Current 0062 Reorder Level and Buy Quantity Rules)

A. Monthly Demand Rate (MOB) =

(1) ~~~ N [(Gross Demands~ ) - (serviceable returns5)],,/r~n 1
where N Base period quarters

GROSS DEMAN1~ = TRA NSFER + SALES DEMANU3
SERVICEABLE RETURNS — TRANSFER * SALES SERVICEABLE RE TURNS
BASE PERIOD — 2 YEARS.

B. Reorder Level (ROL) Leadtime demands + safety level

(2) Leadtime demands Leadtime months X MDR

(3) Safety Level = K X c

where

(4) 0 =  0.5945 I MADQ 
x(o.82375 + 0.42625 X LEAJY~IME (LT) !~os)

(5) MADQ = ~~~N 

j~~stctua1 Quarterly Demand~ - 3 * MDR /!~

where N = t~~se period quarters

Implied
Shortage 1 0. (1- EX}~ (- / 2 1~0Q/o’))
Factor

(6) K 0.707 X LN ___________________ —.
Holding\ f Unit\ z2 Cost ‘ Cost J

where Z ~Ave~ige Requisition Size , ana
GROSS D E M A N D S ~

n— 1(7) Average Requisition Size 
N

~ F R E Q U E N C I E S ~
n= 1

C • M I N I  MUM ~ M A X I  M U M  C( 1 R AI N T ~ ; ~~U ~; A F t ~TY hI•:v I -: L
M I N I M U M

( 8 )  M A X I M U M  = ~~~~~~~~ 
( 1  $r, ( k  I,J~A DI ’  I MI~ I I : MA ~iI::

D. E C O N O M I C  O R D E R  Q U A U T I T Y  ( i-; r .~ç )

4.

hi—
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( 9 )  EOQ =/2 X MDR X 1 2x  ORDERING COST
H O L D I N G  COST X U N I T  COST

WHERE HOLDING COST AND ORDERING COSTS ARE INPUT CONSTANTS.

E. CONSTRAINTS ON EOQ

(10) MINIMUM EOQ 6 X MDR
MAXIMUM EOQ = 36 X MDR

F. BUY QUANTITY
• BUY QUANTITY = ROL DEFICIENCY + EOQ

ROL D E F I C I E N C Y  = ROL - ASSET PO S I T I O N

W H E R E

ASSET POSITION = ON HAND ASSETS + DUE-INS - BACKORDERS

Formula Set II. This formula set is identical to SET I , wi th the
exception that Z=l in equation (6)

Formula Set III. This formula set is iden tical to Set I , wi th the
exception that Z=Average Requisi tion Size in equation (6)
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Appendix B

Record Layout for the EOQ Data Bank History File

c
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SY STEM NUNS~~
j ft4PUT /OUTPUT RECORD

~~
____________________________________________  _ _ _ _ _  _____________  

PAGE 1 OF 
~ 

PAGE

J TITL E 
~NPuT / ~UN

EOQ DATA BANK HISTORY FILE (Old Format) )UTPUT FILE NUNSE~ NUMSE~ 
SEQUENCE OF Fft.(

DATA ~ ECO~~O LENGTH TAPE ~ ECO~ O LCNGTH I
‘SLOCKING FACTOR —— _______________

124 SSF _ _ _ _ _  _____________  _ _ _ _ _ _  _____________-

REM A RKS

This format applies to History Tapes
created prior to Jun 1976 _ _ _ _ _  _____________  _ _ _ _ _ _  _____________

— 
POSITION 

~~~~~~~~~~~NO. DATA ELEMENT NAME o~
_ _ _ _ _  __________________________________________________________________ ULOCK LENGTH CHARAC

1 ALC 1 2 AN

2 NSN 3 15 AN

3 UNIT COST 18 9 N

_ _ _ _  
SPECIAL CODE 27 1 AN

5 LEAD T]~4ES 
_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

_ _ _ _  
ALMINISTRATIVE 28 2 N

_ _ _ _  
PRODUCTION 30 2 N

6 TRANSFER DEMANDS 32 
_ _ _ _ _  _ _ _ _ _

_ _ _ _  

1ST QTR OF Fl (i JilL — 30 SEP) 32 7 N

_ _ _ _ _  
2ND — 4TH QTRS OF Fl 39 21 N

7 NON—RECURRING DEMANDS 60 
_ _ _ _ _  _ _ _ _ _

_ _ _ _  - 
1ST QTR OF Fl (1 JUL — 30 SEP) 60 7 N

_ _ _ _ _  

2ND — 4TH QTRS OF F! 67 21 N

8 TRANSFER & SALES SERVICEABLE RETURNS 88

1ST QTR OF F! (1 JUL — 30 SliP) 88 7 N

2ND — 4TH QT113 OF F! t)5 21 N

9- FREQUENCY OF DEMANDS 116 _ _ _ _ _  _ _ _ _ _

PAST 6 MONTHS 116 _ _ _ _ _ _  
N

CURRENT 6 MONTHS 120 _ _ _ _ _ _  N

_  _ _ _ _ _ _ _ _ _ _ _ _ _ _  _  _  _

AFLC U~ ei2  484 Itp~~*Ct1 *fl. C ~~OU U WHIC H Wil l  It US(O.  
Ar, (~~w~ A,.~ Iaw ,a ~..a 
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