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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 J
|

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.
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A Current Issue

A major inventory management issue concerns the estab-
lishment of an appropriate factor 2 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 2 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 = /Average Requisition
ETEE, 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,

o




T

I-4

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 simulatiocn
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 2 =
vAverage 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 1IV.

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.




Statistical Characteristics of EOQ Inventories

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.

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

0l

Section II.

at Sacramento Air Logistics Center

.

EOQ Data Bank

Data Elements

Item unit price, inventory status infor-
mation, inventory management and program
identification codes, inventory control i

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 weanon 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

e -
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and requisition count fields. Por 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, onlv 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 s;pdies 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. Consecquently, information

from this period was used as the basis for our development of
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a simulation model of the requisition generation process.

This model is discussed in detail in Section 1IV.

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 pnrocessing
problem. Two 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 AFLC 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 pefiod 1 July 1976 through
31 September 1976. Some of the major results of these analyses

are summarized below.

Distribution of Unit Demand

Table II - 1 describes the distribution of unit demand
for SM-ALC 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,
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Table II-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
3 Cum $ 3% 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 o1l 99.9 D 99,7
1001-3162 16 - 99.9 <L
3162-10000 4 - 99,9 .0
Total Items 78,436

Source: NO0S84T
3/5/77

ekl o gty —
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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
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Table II-2 Distribution by Value

Demand Number Dollar Value Cumulative Cumulative
4 Jul-Sep 1976 of Items Of Demand No. % $(1,000's) %
| (1,000°'s)
0 66,229 - 66,229 84.5 - -
) 3,313 937 69,542 88.7 937 6.7
2=-3 2,819 1,395 72,361 92,2 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
101-316 245 2,093 78,272 99.9 12,954 93.2
317-1000 67 514 78,339 99.9 13,469 97.0
1001-3162 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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: Table II-3. Average Values of Demand,
Cost and Requisition Size
By Unit Demand Class
Units Demanded No. of Average Average Average Average5
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
11-31 1,717 17.8 2,130. 6.19 118
32-100 819 54.5 2,416. 13.94 46
101-316 245 l64.1 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
10,000+ 3 26,929.0 115,829, 189.00 . 7
Total 78,436
Source: G570T
4/16/77
|
;
l i
!
|
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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 (R), unit cost (C), and dollar value
of demand (V) given the quarterly demand rate (D) in units.

As shown in Table II - 4, the model

R % 925 D"

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.

i

e N




Table

Measure

Average Requisition

Size

Average Unit Cost

Average Dollar Value
of Demand

11-4 °

II-10

Regression Analysis Results

Least-Squares

% of Variation
Equation Explained
R = e=+077 pe54
= .925 Dp°°4 58%
c = o%+3099 -.4568
= 4.4 peie 10%
¢ o gt 3 o5t
= 73.6 D24 13.6%

Source: G570T
4/16/77

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

™y
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| Table II-4., Regression Analysis Results

Least-Squares $ of Variation

Measure _ ' Equation Explained
Average Requisition o T T 5B %
Size
= ,925 D'54 58%
Average Unit Cost & w gve 309D 8008
= 74.4 D-.46 10%
Average Dollar Value vV = e“3 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.
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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 periocd 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
reguisition 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 1l1l% 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 II-l.
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Figure II - 2 presents the distribution of average recuisition
size in the form of cumulative probabilities. For example, for an
item with 2 or 3 units demanded in the July - fept period, we ob-
served a 46% chance of a requisition size of one, and an gg% chance

(4& + 433) that the average requisition size was less than or eaual

to two. Finally, if we restrict our attention to items with less
than three units of demand, average recquisition size nust be less
than or equal to 3; hence, there is a 120% probakbilitv that recuisi-
tion size for these items is less than or ecual to 3.

Figure II - 2 plots the cumulative probalkility functions of

average reqguisition size for several classes of unit demand. 2As

shown in the figure, as the number of units demanded within a
period increases the probability of larger recquisition sizes also
increases. Recall, however that over 20% of all items have a
quarterly demand of less than 31 units. Consecquently, the average

requisition size for most items will ke small.
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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. Ve 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? FHow 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

e
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holding and procurement costs for the entire system'
: , subject to an overall backorder constraint. The following
symbols apply throughout this section:
Q = order quantity (units)

= reorder level (units)

r

D = annual demands (units)
k = safety factor
o

= gtandard deviation of demand during a lead time

a = holding cost factor

>
]

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)
ﬁ = item essentiality (relative military worth) i
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 + ko

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

III-1 f£(x) = ﬁ&exp (-fZ "—‘g—‘lh
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for all X. They point out that this function is quite similar
to the normal p.d.f., but is easier to deal with mathemati-
cally. They then show that P, ., the probability of a

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

II1-2 Py, = 1 o (1-exp(42 Q/0)) exp(+Z k)
32z Q

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-3 k= r-u
c

They then observe that once Pout is known, it is easy to
compute EBO, the expected number of units backordered at a

random point in time, since

III1-4 EBO= @ P,

vz~

Presutti and Trepp then consider the problem of com- F
puting optimal order quantities and reorder points in multi- |
item inventory systems under several different cost
structures and service policies. In Model 1V, 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, |

: T

I
A,D Q
III-5 10 = 2 . é 14 21-1 8,0y (uy *+ kyoy * -Z—L)
1
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subject to

1
III-6 21-1 W, EBO,(Q,,k,) # B

We will refer.iaﬂthis as problem Pl.

The first term of III-5 is the expected annual cost of
ordering inventory, while the last term of III-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 III-6, W; denotes
a military essentiality factor, or weight, that measures
the severity of a unit backorder of item i relative to a
unit backorder of some other item. The constraint III-6
thus represents a limit on the essentiality-weighted back-
order-days expected in the inventory system as a whole.

If problem Pl is solved using Lagrange Multipliers, we
consider the problem of minimizing TC,

I AD 1 Q
e b - &
TC = 24y q + 2y 2403 (U * Koy +—57)

-

III-7

= zi-i Wi, EBO, (Gy /Ky )
where ) is a new decision vériable with the dimensions of
dollars per backorder-year. Hence, if )\ is known, TC is
conceptually equivalent to the unconstrained problem of

minimizing the sum of ordefing, holding and shortage costs.

We refer to this Lagrangian problem as problem P2.
Taking derivatives of III-7 with respect to Q; and k;,
respectively, it may be shown that the optimal values may

be approximated by
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k; =, 1 In {»‘i_‘i (1 - exp(=/Z Q,/ a'i)}
vz~ >
/ 2A1Dj: '
Qi'

a,c
171
provided that exp (-4¢20;/0;) is very small. Note that the

III-8 Q3404

equation for Q is the well-known Wilson lot size.

Suppose that W;. the military essentiality associated
with item i, is inversely proportional to the factor Z, i.e.,
suppose W = 1/2Z, Iﬂ this case, the optimal safety factor k

may be written as

)
III-9 k= _&_ 1n 1 el . 0.1 (l ~ axp (-/2_ Qi/oi)

VE R S

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 = R = (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
04 and ki may be computed without any knowledge of the
parameters of other items. Hence, when we are discussing a
specifié item i, we may drop the i subscript without any
loss of information. We shall do this in the following

discussions.

A I s A A 520




Solving Problem Pl II1-6

Given III-8 we may then solve problem Pl approximately
by first solving problem P2 for a series of values qf Ae
The particular set of (Q;. ki) that minimize TC while still
satisfying III-6 should then provide a good approximate
solution to the problem Pl.

Let us now investigate the analytical properties of
these formulas.

Order Quantity Sensitivity

Formula III-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
qmonuus = Q¥ (0/12)

=[BT . L
a cD

Hence, the optimum order quantity in months of supply

III-10

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 (c), or the item demand rate (D).

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 III-1 plots this relationship using

A = $278/order
a = $.20 carrying cost for each $1 of inventory

held for one year.
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I11-8

These are the current cost parameters used in the EOQ Buy
Computation System (D062) for items with annual demands
of $10,000 or less.

As shown in the figure, the order quantity Qmonths
decreases as annual dollar demand increases. If the annual
demand value cD exceeds $11,000 per year, or $926/month,
the formula III-10 yields order gquantities 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 III-1 plots

the order quantities computed in the D062 system.,

Safety Factor Sensitivity

Observe that the Lagrangian III-7 is simply the sum of
the expected costs associated with each item in the system
(including implied shortage costs.) If the order gquantity Q
is fixed, the variable costs, V, associated with a given item
may be written as

III-11 V = acko + W+EBO(Q 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




“m_,a;;gzﬂaﬁ;!

III-9

-1z L. +£¢F . EBO(Q,K)

Recall, however, that

' I11-13 EBO (Q) k) ===

'/2— out
Hence, if we substitute III-13 and III-2 in equation III-1l2,

we obtain

III-14 ';V;_ =k + %g . Eg— [1 - exp(-fz_q/o')] exp(-/2 k)

Now let
X =/2 Q/fc
III-15 Y - 1 i ;xp(_xl

Substituting in III-14, we obtain

- ke Y exp(+Z k)

| v k
.r III-16 Seo i =

The factor Y represents an adjustment to correct expected

backorders for the "hidden safety stock” that is implicit
in large order quantities. Table III-1l illustrates the
relationship among Y and the ratio Q/o. Observe that as
the order quantity Q becomes large relative to o, the

backorder adjustment Y decreases significantly.
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Table III-1

Q/c X = J20/0 Y = (4.-exp(=-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 p*°

Hence, for an "average" item with a 12 month lead time
and an order quantity of 6 months supply, Q = .5D, which

gives

Q/c = .SD ¢+ (.99‘9) = .550'1

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

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

.9 sd

Q/c =30 & .9D°° = 3.3 D




L
I
i
I
|

III-11
In Table II-1l, we observed that 99% of all SM-ALC items
have less than 100 demands per quarter, or 409 unit demands
per year. For an item with D = 400, we obtain 3.3D°1 = 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/c = .5D = (.90'9) = .55:)'1

Hence, for such an "average" item, we would expect Q/c 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/c to be
slightly higher, since the value of ¢ would be less.

Now let us define

III-17 F = g—

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 III-17 into III-16, we obtain

III-18 I ok +F oL ¢ oxp(42 k)

aco 2 /2—
Equation III-18 describes the expected annual costs of

carrying safety stock and of shortages, expressed as a

A
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II1-12

multiple of aco, the cost of carrying for one year an
amount of stock equal to one standard deviation of lead time
demand.

Figure III-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 = .1l. 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. 1In
Figure III-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
III-15 and III-17 into III-8, yielding

- i F_ (- exp(-x))
k 1n [ 3 X ] :

V2~

This curve is plotted in Figure III-3 for a series of x

values. As we observed earlier, the ratio of Q/c should

.
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lie in the range of .5 to 6 for many items. Since
X = f2Q/o0, this corresponds to a range of X values of
.7 to 8.

Sensitivity to Unit Cost and Unit Demand Rates

Figures III-4 and III-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
1l $ 1 10 7

2 10 10 7

3 100 10 7

4 1 100 57

5 10 100 57

6 100 100 57

Figure III-4 plots the relationship among the shortage cost
MW and the optimum safety factor k, while Figure III-5

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
among 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 projections 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).




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
"gsecondary 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 termes "repair parts,"”
*bits and pieces," "consumable items,” "stock fund items,"
and "expense items” are often used to describe these parts.
AFLC 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 ( \) 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 pData =-- 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.




weysAg uojpeynduop Ang BoF oyy woxy sinding *2Z-Al aandt

J1dv DH %3 21V Ol S1¥0d3y¥ 1OW

SANg .
w3l SANg onvaay | [ dE3INe

i

;ﬁ_w_mﬁ.z_e (AT410)
S1IAT . SINIWININDIY (6L00) SISI

"41s14
2€0d

vivd
$$3043.

SW31SAS OINIJV4Y3IINI
| 01 vivd




I —

T —————

V-6

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 summarized 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 plﬁs an economic order quantity.

The data level represents four months of demands beyond
the reorder level. rThe 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 gquantities.
The approved force acquisition objective (AFAO) consists of
two years worth of foregast demands plus the lead time and
safety level requirements. (Note: If EOQ > 2 years of
supply, AFAO = EOQ + ROL.) Items with assets greater than
The AFAO 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 wvalue 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

v e e
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incurred. 1In the D062 system, the Wilson lot size formula
is used to obtain a good balance between these conflicting

costs. This formula takes the form:

Q = [2AD

H

where Q equals the order quantity in units, D is the annual
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
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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 Zz = y/R. 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 worth
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 Y2AD/H = /2 X ($269) X
(1200) /352, or 568 units. A cost per order of $269 is used

in this calculation since the dollar value of the purchase
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is $10 X 568 = $5,680. Since this is less than $10,000,
small purchase methods may be used. The AFAO is two years

of stock beyond the ROL and the retention level is five

years worth of demands beyond the AFAO.
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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 (AFLC/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
thé 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.
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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 feafﬁres of the D062 system are
simulated using subroutines FOR576, FORUPD, LEVEL, and

STATUS. The major functions of these routines are as

follows:

Subroutine Function Description

FORS576 Forecasting This routine provides estimates
of
° gross demand rates
° gerviceable return rates
° net demand rates
° average requisition size
¢ demand variability

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

of simulated demand. This
history is used in the fore-
casting calculations in
FOR576.

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




FOR576
D062 FORUPD
Calculations LEVEL
STATUS

Event
Scheduling

REQ
RET
Material Flow  RECEIV Measuring
Events CANCLB Performance
ENTERB
TERMIN
DISPOS
Reporting Results
Demand and DEMPAR
Serviceable GETREQ
Returns
ZERO
Getting Started INITIAL Miscellaneous
INITEM

Yy

INFEL
ENTER
REMOVE
WRIFEL
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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 k=2en 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.,

In addition to the D062-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 fgllows:




Routine

REQ

RECEIV

CANCLB

ENTERB

TERMIN

DISPOS

Iv-18
Event

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.

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

A replenishment order is received by the
supply system.

A customer with an outstanding backorder
cancels the requisition.

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

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.

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
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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
USAF items. Specifically, requisition sizes are generated
according to the probability distributions presented in
Figure II-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
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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.




/Run Specification

| e Inventory Policy

: Options

¢ Management Parameters
¢ Output Options

¢ Similation Dimensions

File 05
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BOQ Data

_—

Item Data
oUnit Price
eLead Times
eManagement Codes
*Demands
sServiceable Ret:

.
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/
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Figure IV-7, INSSIM 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-13 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-10
presents similar counts of the number of expediting, rationing,
disposal, and termination actions taken in the simulation,
while Figure IV-1ll presents data describing average inven-

tories and fill and backorder rates. Finally, Figure IV-12

* These figures show aggregate statistlics obtained by summing over all items
simulated.




*1 f3yxotad exe spuewsp TT? ‘Apn3s juszand ay} Ul 3930N xx

*seansesu pofxed-jo-pue pue ‘suopjysinbex Ssuxmjex fsydieoey °K=AT oaNFL4

*peATeoax suopjsinbex | A3fxotad Te3ol (01) ‘sIopIoloeq TITF 03 IO
suoT3Tsynbax yewojysno meu ITTF 03 spusudiys Te3oL (§)
‘Towoysnd ey} Aq paTeouUBO

X' 3BY} SIOPIOYOeq SUTpuB}ISINO TBI0J (6) *ueyshs L1ddns

oy} JO SISWOLSNO WOIF SUINGDX STYRIOTAIAG (4)
*peAtevax suoy3ystubex Tejol (g)
°sxopxo jueuystusTdex ay} Jo s3dieos
*PO3RTITUT sxopIo jusuystusrdex Te}oL (4) it

*xojxenb oy} Jo pue Sy} 3e IOpIO uo L3pjuenb TeOr ()
*SI9pI0oxoeq IO Suot}Estnbex

T £f1xotad TTTF 03 sjuoeudiys T®IOJ (9) °*zojxend oy} Jo pue oy} 3® puey U0 AIOJUSAUT (1)
*98529 0 *8NG2Y *YuoGy X121 “cupey *gicy *r6v0Y *42ubIT *LGLB8E HA/3AY
r9LL81 v yoLLE1 olLLYT, vo0eLYt vyuzLul 44981 2Hoast vLVZbE UirPLUT  eSTViULe
srivi v grirl oSy vyral 0vpsT 66L guoue L9961 voLLy 21
Lyeel .0 Lyoll LosL Leesr Loyt 664 8réot vavLe ourig T
LOSET v L0681 v9eal LYLTT 72T €6 186L - 1 {T LT o8l vl
16LL1 (] TolLt £Lu6l PLTA LivLl 6011 20ys Weu2y veved o
82eel v gesst LITAY aLivi ¥Livl 66L 2Ly9t LnLze UycHH 8
g£ovel v (YA 20 wacy viarl vdsrl. [ 4 © Intvi gocie LYoky I's
1640T v T66¥1 slo9t TR vigrl 606 Pt s8lfy Loty 9
PT65T ] ri691 ¥Eeel 1£0L1 toet 126 Lu6et Loy violy 1
L2912 (] L2912 tivel £9y02 . LY9ng 2Lve 0GTIs zevae PTA LT ’
99261 v 99¢o61 69¥E 16¢81 E9gul £892 civel 66162 rIi06 £
£1291 v £r294 L2yel 9v99L 9r991 £arg 1Y Loice slryy 2
66601 v 6%6¥1 1geae (PTTR PTTA 1ete °o - If082 verte 1
: (] svsEul dod
SNOTLISING3Y d413INVD SNOILISIANIM @30V )4 SINIHAIHS  SLVIWJIHS SNYN13Y S1d13038 44000 NU UNVH NO Guiy3d
T A1lu0lbd Su3Y IVL0L S$H3440 v iul V104 AYOANIANT  ABOLWAANIT
i T ALldvlnd .
(o1) (6) 8 A
- (8) @ O IR © (2) (v
“sv . SEIND *tC :
sl LSl L1vVvys 30NV KNYO I
- AT
B i - —




*goansesll UOF}euUTUIs} pue *Tesodstp ‘Suguorzex ‘Bupjipedxm *QT-8xnNITJ

*TeAST UOTFBUTUWII]} oY} speedxe uof3fsod AxojueAuf oy} ‘uaymM
P3ONpax X0 PAaTTooUBO 8x® 3By} SIOPXO jusuwystuerdex TTe I0F STEI0%} ‘*0°T {SuoTjeUTUIS] Te}OL

: *potxed oy} UTURTM sTesodsTp Te30l
- ‘potxed oy3 UTYITM SUOTIO® SUTUOTIBX TT® JO TE}OL

*Pe3eT3TUT Suof3oe Supjtpedxe Te30g

‘0 HA/3AV
,, 3 A ] 0 0 ] *SIVLIULe
ﬂ eeoeoecees meoeseoaeman ooeascew —-meoaoeeee -
0 0 0 v <1
0 v 0 v 3
i 0 0 0 0 ¢
1 0 0. 0 v 6
0 0 0 0 w
0 0 " 0 L
0 v 0 L] Y
0 0 0 0 4
0 0 n v v
: (] 0 v v v
8 v 0 0 e
3 0 0 v v 1
3 concmave cecenscas conccccn ceccncccce e
SNOILVNIWY3L STVS04SIU SNUIIJY  S3ILI03dXT  uulydd
1 ' IONINOTLVY ”

(#7) (€1) (1) (17)

LR SLIKON es e

sa11S1LvVv1'S JONVHAIUIYIa

P T T e e e e e e P R R i i

G2-AT

(1)
(€0
(21)
(1)




- _ - ——————

r 't SyixoRal axe Wpiveep Tra ittt ol *seansesu ISpIo}oeq pue 938Xl TITd °TI~AL SaIndtd

‘e3ex TTHF 1 Rrzotag _Anmv *T f1xotxd X0F PoAXesqO SyoeM IOpIo-}oeq Te30l (8T)
*potxed oy} IoF e3ex TTTd (32) ” : AT
| I03 SIOPIOORq JO SHeSM-3TUR 9 = ZT X €
” pue ¢sIopxo3doeq JO syeeM-UoT3 sTnbax ¢
axe oxoy} ‘syeeM ( I0F SN}e}sS ISPIO}OEq
® U] S}TuUn 2T IOF uofrisinbex erBuys
® sey wey suo Ji‘‘erdwexs xog *potaad

sy} SuTanp POAISSO SHOAM~-IOPIOXOEq TEIOL (41)

*suotyystnbax | L3gxotad o3y STITF Te3ol (T2)

*BuTIopIOoyoeq 3NOUFTM
PATTTF oxeM ey ‘‘*eo°y!, JToUsS-ou3~J3jo,
PATTTJ aXoM jBy} SUOTRTSINDAX TTe I0F STRI0] (02)

*potxad 9y} U pPSAISSqO SIoM

S}{oeM-3TUN ATOJUSAUT #HT =(H X 9+ 8 X

GT) 3O Te303 ® ‘sydomM 4 SuTuTBWSI Ou} I0F

puey uo s3tun g pue ‘xejxenb ® Jo sysem g

3}SILF dY3} I0F puBY UO STun G oxe axey} JI
*peATesqO syeeM~AXOjueAUT Jo Iequmu Te3ol (6T)

R — e o . T b

i *potaad oayj} Jo pue 8y}
qe Suppueisino sxeproxyoeq | £3pxotad Te3ol (9T)

*potxed oy}
30 pue ey} 3 Suppueisino szeproyorq Te30% (ST

068°0 068°u ©0Kv6S *99946 ‘9uzLoly L1109 *LT109 ‘Cive “glrs HA/ 3NV
360291 860491 gi9tee2l  NecO9E 06800t urz9T 0rZ9l eSIViOLs
boeccacsconscs cewececasacae cocececee ’Il-'r" P R ceweecee ) cecavoee P P ) -
t6°0 06°0 99vet o492l YOCGIOT SOVl £ovET @ss #g 4 ¢t
kL0 (784 69466 6946 9614946 19 27/ 9evGe Uint 0Lyl it
. L8°%0 ety 16" 1 L4991} (YA F4'1’] 1697 Ec691L 0%¢e tsed ul
¥6°U r6°l ACL9L 8L Lvl QUULKb (YA [IYAN Yy 9ys 6
16°0 t6°v triel Loiet PRTITY: et et ¢ ave 2rs M
£6°0 £6° U veszt vesel Zerasut 91102 91102 2ovt zost L
£6°0 g0l LLsel LLGET £sring 269481 e6941 tvel cuetl ° : J
28°0 2y o T POUET fEUYNUT . 00622 v062¢ pest §261 s
v (9°0 : L8°*u G9LYL $9¢ul AL L Z4'A} LoucLt Louel gtye Syvye 14
260 26 6rLLS 6vLLL TrgEv0L Vet (0s2t Toyl 1891 .
46°Y S6°L ‘Blvsl slpsl veIvVLILT nyst 0bsfl oyy ~ 99y '4
260 26y P I GUEYHIT ey Lzig 6001 66Ut \
S03Y 1 lyd/ 034 1017 ST $1114 SiosM  siesM oM SHIGBONIVE  SHIUHONIVE  GUIN4d
S04 T 14d SI1M4 1014 T ALI¥OIY V101 ANOLNAANI WoudONOVH  ¥3U4UAIVE T ALIBUIYd Wi0L
: ; S IR T ALLMUIEd  _ 1B40L
»(€2) (22) wx(T2) (02) (61) (80 (&1) (90 (1)
SLING

D e e e A T T S

$S911S11vys 3I3NVWYLUIYI G

L R R P T R T

el i i e



LE 3096r9992°0

$0 0eRPTILYO

N

e A AL

Tgars
; PHOLY
5 LA A
v294L
> Ng9L9
& . 6err il
454F0G
YR YA
sy 9L
[\ ¥ 2
94ynol
(124 T4
. , 0

Syvitud

; 42-AI

1S0D ¥3Ud0 V101 STVNO3 LE 3Jvweee2Ll o

150D H¥430¥) V101 SIVHDI ¥0 30060K0069°0

S$y¥3dyv Ivivl -

*SOTIRUUNG 3800 ISPIQ

*2T-AT eanBty

4S00 ¥30¥0 304V SNTd LE JuBceoeri®0  1S0D 430H0 TIVKHS

YA/WIL1Z1SUD HEVHIAY

S outuuont IN1Od »V3¥u dVI1Tud ANy 003

1500 43030 393V SNTd S0 J0L90TcUv° N  LSUJ 43080 1VKS

sLLL9Y - w9 269,02 PISTE ‘6l taLeLs 12741 ovl siviod
Syds 4] veeve 0£et 2 Lony2 ({1173 6 el
Love 4 SR 19692 LOET ¢ Leoey ouvy 0t i
r9est vl 909rl vel 1 V92us utlsl €1 vi
LLVGt 9t £4602 184t 1 £¢166 zobil ol )
66181 sl rosre goet e 9vigy 96691 4 ¢ ¥
gycr 14 0 ] 0 ; ozl eudr v L
91091 (1) 0 v 0 (1141 stuyl ot v
8€¢sT s creel L2t 1 05229 1l1st vt )
civet el LeLse 6L62 ¢ Ty9es vive 6 v
69reT 0l 0 u 0 0€Tce eyrel £ ¢ ¢
tevel 91 ceert voul -1 y98Y9 frstl sl 4
TL682 ve 908UF (11) ¢ e 6r9L6 9yvee ¢e T
v " 0 [ [ o [ 0 doa
Siinn EELTTIL] S¥vVIWA  S1IND IHNON S¥VI00  Siinn d3YRNN

L2909t L8°69¢ 43080 01 150D

SHIG¥U 1TVAS

ELERY

S43U¥0 394V

LSULLSIAVLS 1500 w3uyo




.

*SUT]} SOSIOA .STOPIOYOE] PUE S}9SSe ISPIO-UO PUB puey-uQ - °*CT~-AL SINITJ

90 300L4%0<21°V = XVHA ‘0 = NIWA cU 300U0009€°0 = XVHX 0 = NiWx
VeesyesayssyeayaoVonayeaysayeoayoaysoayasayasysasyassyeseyeeye "
SI9pIOyORg
- }003 5 aepap-up

82-AI

-nea

3003 g pueH-uQ

I9PI0-UQ + PUBH-UQ = 0360183y

S ¢ ¢ 6899 99 59 95 558 S8 TS0 S eSS OeS eSS e eN e
e 0 9 T * 88 ¢S % ¢ R S P e S %A S S S S S S S P ST NS ST AL S e S tw

00000 aaIaNEreeneseRReneeRens e sRttIRauatfenseetRietelinciseeRacReRRtRRRRR R RS
SLING®®® NI GIunSV3iw

v = 31va3a99v g = SYIAYONIVY 0 = 43Qy¥0-NV H = UNVHeND

™




Iv-29

summarizes ordering actions using large and small purchasing
methods, and Figure IV=-1l3 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
gi::t?ct actions associated with the current

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-13 are all reported in terms of
unit counts. However, 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 Results

This section presents the results of a simulation study

to evaluate the relative cost-effectiveness of the three

alternate versions of the Presutti-Trepp formnulas 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-1 illustrates the major steps
data extraction process. As illustrated in
major processing streams, or branches, were

Branch A illustrates those processing steps

involved in the
the fiqgure, three
implemented.

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, namely, data

from the period July - September 1976. The

these analyses are presented in Section II.

major results of

Processing branches

B and C relate to the construction of physical records appro-

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

statistical analysis, sampling, and simulation activities which

utilize these records.

R e O e i i g i i) b+ 5 v
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INSSIM assumes that all input information for a given
item will be contained on adjacent physical input records.
Unfortunately, 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 demancd in the FY 71 to FY 72
time period. It was essentizl 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 EOQ assumptions are not valid or
for which requirements cannot he related to past

demand.

c. The item possessed a Special Code of

C = contingency X = obsolete
D = disposal N = new item
I = insurauce U = use till exhausted

I1/S breakdown
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d. 7The demand records for the item for the FY 71
through FY 76 period were incomplete. 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
FY 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 FY 71 ~ FY 72 period.

In our study, three classes of items were identified:

CLASS DEFINITION
HI Demand exceeds $5,000 per year
MID Demand is between $510 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
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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:

e per.

Holding cost = 20% of the item unit price per year
( $269.87 if order was for less than $10,000
(

Order cost =(
(
(

$460.27 otherwise

Maximum EOQ 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 FY 71

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

8 quarters of this data were used to initialize the DOG2 forecast

calculations. The remaining 12 qguarters of data were used to

simulate demand and serviceable returns for a thrce-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

it s SO el i it
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item as of June 1974, the earliest period for which stock status
records were available. We 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. HHence, 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 performarce 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 2 is given by
Safety Level = K&, where:

. o (1 -exp (=f2 0/—)) |

1
Z 770

K= .707 1n [ L .
2 ac

safety factor

implied shortage factor

holding cost per dollar of inventory per ycar
unit price

standard deviation of demand in the lecad time
order quantity

essentiality factor

NOQ Q>
nowonnnn

The safety level is then bounded to be no less than zero and no
nore than the lessor of 30 or the expected numkter of demands in
the lead time.

As noted above, the holding cost (a) was set to 20% in all
simulation runs. The values of ¢, 0, and & werc determined from

the particular demand and cost characteristics of each item being
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simulated. The value of 2, the essentiality factor, is

determined by the particular formula set being evaluated.

Specifically,
{ I z = /R
for Tormula Set z II 2= 1
EIII 2 = R

where R denotes the average requisition 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 holdina
inventory (ac), the optimum safety level will also be small.
ilence, a small value of ) will produce a small level of safety
stock investment, and a relatively high number of hac}) orders.
On the other hand, if the cost per unit short is high, a
higher safety level Qill 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 computecd safety level and rcorder point
will be. But the reorder point controls the amount of buy
notices that will be triggered in a given time period. !lience,

) may be used to control the amount of money spent in a given
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fiscal period. Higher values of \ will lead to higher reorder
points, and thus lead to higher buys in a given period, while
lower values of ) lead to lower expenditure levels.

Because of the control knob effect of the parameter \ upon
both investment and back order levels, each formula set was
sinulated 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. lience, since there are

three formula sets, a total of 8 x 3 = 24 runs were required for

each item sample to be simulated. 7To 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-1 summarizes the results for 25 runs using the HI
group of items, i.e., the 100 item sanple with FYy 71 - FY 72
demands of $5,000 or more per yvear. 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" itern had 36 requisitions for
84 units during the 3 year simulation period. The average
requisition size was thus 84 - 36 = 2.3 units per reqguisition.
Of course, no single item is average; as we saw in Section II,
there is generally great variability amon¢ items.

Table V-1 summarizes four of the performance measures

associated with each simulation run. The column "RLQ=-BO weeks"

o e s Al
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presents the numher of weeks that requisitions were bhack ordered
during the 3 years simulated. For example, if two requisitions
were back ordered for three weeks during a particular quarter
in the sinulation, a total of 3 X 2 = 6 requisition weeks would
be recorded. In Run #1, there was a total of 8,043 reauisition
weeks of back orders in the three year simulation period. This
is an average of 2,681 requisition weeks of back orders each
year. This average value is shown in the first line of
Table V-1, 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 #1, 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 colurn of Table V-1.
The third column of this tahle displays the average annual buy
dollars associated with each run. For example, for Run #1, an
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-1.
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 Tabhle V~1 summarize the results of the other

24 simulation runs performed for the HI item group.
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Table V-1
Average Annual Results for 100 Items
in HI Class
O @ @ @
REQ- UNIT
RUN BO BO BUY HOLDING
NO. FORMULA \ 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 18,075 903,792 274,677
5 3le6. 1,809 12,056 958,202 201,316
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 1,428,238 426,112
z =VR
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 10,974 288,703 300,548
16 3,162, 814 6,405 1,143,687 347,859
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 1,198,788 364,858

et s s a0
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As noted above, eight simulation runs were performed for
each formula set to be evaluated. Simulation runs 2 through 9
all used the 2=1 formula, but higher and higher values of the
control parmenter \ were used in each successive run. Similarly,
Runs 10 through 17 and Runs 18 through 25 were used to evaluate
the Z=J§'and 4=R fornulas, respectively. For each group of runs,
observe that as ) increases, both the average buy dollars and
the average inventory carrying cost increase. On the other hand,
the higher costs are also accompanied by reduced levels of re-
guisition and unit backorders. Observe that a siwmilar ,attern
also holds for each oif the other safety level forrmulas.

tiote that for eacn forrwula set, the results for thne run
in which M\ = $10 are identical to results for tihe zero safety
Level run. “vhis is because a low value of ) yields a safety
level of zero in each of these formulas. Once ) becomes large
enough, however, positive safety levels are computed, and im-
proved ooerating results are observed.

The above patterns may be seen more clearly in graphs of
the Tlable V-1 results. These graphs are presented in Figure
V-2 through V=-5. 1Ia Figure V-2(a), we have plotted Lae average
unit weeks of backorders verses the average annual carrying cost,
wiile Pigure (v=2(u) plots requisition-backorders verses annual

srryin cost. In these and the following ficures, a "+" denotes

Jii, and a "." denotes

whicl =1, a "*" denotes runs with o=




| 8+3000F"

2l-A

°dnoxs IH I0J 3500 SuUTALIBR) TENUUY SOSISA SISPIONOBYg °Z-A SINSTJ
(@) (®)
d4A/L1800 ONIA¥HHI *3AY 4A/L1503 ONIAXYHI *3AY
9+3000¢" 9+3000T1 9+3000¢" 9+3000T
9+30002°" ‘0 5 9+3000b" §+30002° i
t t + + +— t ‘0
]
w
n

+ 09s " et .
x <+ Lcom A
- » \
b ¥
3 M
Q =

+ 0001 N
0 3
b 4 G+30007- QO
J y Y
b ]
8 ¥

4 00ST 3
N 5
0 g
: 1 6+30081" |
I I

4 0002 S N
I n
n
O .
3 ! 3
¥ 4 G+30002° A

4 oosz | ¥
3
A
Y

00CE G+30062"
1503 ONIAY¥YHI SA 3330304348 *03Y 1503 ONIANNHI SA 3S330Y0M358 SLINN
YA/000°S¢ < ONBW3O I d4NO¥9 YA/000'S$ < ONBW3O *1 4N0O¥I

e




*dnoxs TH I03 eAInD 380D Futhrrep/zeproyoeg JO 4oTd .petITufed, ‘C-A eandrg

(@) (®)
MA/1SGJ INIANNHD *3AH ¥A/1807 ONIANNHD *3AH
- 00000¥ - 00000€ - 00000 - 00000€

- 0000S) - 00005 000057 - 00008 H + 00005€ ‘o000sz
N
: A
1 ags n

M 1 -ooss
:
| 1 ooor @
v - ¥
0

N 4 -ooo01
7
B
g

1 oost

N
0

: 1 -oo0s1
1
10002 8
n
0
3

N 1 ‘00002
4 oosz |
3
A
Y

000€ * 00052

1503 SNIANNHI SA SYIO¥OMNIHE ' B3Y 1503 ONIANNHI SA SH3IONOMILE SLINN
¥A/00C*S$ < ONBW3IT *1 dNO¥9 ¥A/000°S$ < ONGWIO *1 4NO¥I
€T-A

D= OOCUXXOXOWE | IX\>0

a>uw -




L+300ST1°

HT-A

*dnoxh IH I0F TeTrog 4Ang TENUUY SOSISA SISPIOoeg

@)
HA/$-ANE * IAH
9+30006G"

L+3000T" ‘0

— + 0
+

1 095
1 ooo1
4 oost

I
+ 000z
4 0082
000€

$-AN8 SA SY30N¥0YIEE NOILISINDIY

4A/000°S¢ < ONBW3A

‘1 dNoyd

XWOD—WO———0OZ MOCUXYOXxOWN | XxN\>0n

>

L+3008T1"

*i-A 8aInBy
(®)
¥A/$-ANE * AW
9+30006"
L+30001" ‘0
t —+ ‘0
1 o005}
D /
3
: M
¥
3
1 s+300071: @
! N
0
M
3
5
8
4 5+300571° |
I
8 N
n
3
1 s+30002° A
Y
G+30052°

$-ANE SA S¥IANOMIBE LINN

¥A/000°S¢ < ONBW3O

‘1 dNoYug

it s daslicas. s it e ikt

—— 11




L

*dnoxn IH ‘sTeTTog ANg SOSIOA SIOPIONOEBY °*G-A SandT4g

VRESTER

(@) (®) *
¥A/$-ANE * A YA/$-ANG * IAb
L+30000¥ 7" L+30060007" L+30000¥ 1" L+3000001 - m
L+3000027T" * 000008 L+1000021" - B0CGOS |
— + - 0 + ” + ‘G
¥
A
* {4 oos { 2 :
M 4 -ooss § _
- . \
Y »
3 M
1 o001 § ¥
0 3
W { -cocer @
J . N
; )
Y
4 oos1 3
N 5
0 g
: 1 -o00sr |
1 I
4 000z S 4 N
I n
. n
o .
3 3
¥ 4 r000czZ A
4 0052z 8
3
A
)
000€ - 00052
$-ANE SA SHIONOYILA NOILISINDIY $-ANG SA S¥IONONILE LINN
¥A/000°Sé < ONGWIO *I dNONO ¥A/000°G¢ < ONBW3G 1 d4NO¥9

ST-A




FT

V-16

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=1 (+) curve is
consistently below and to the left of the other two curves.

Also, note that the Z=fR (*) 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=1 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=1 formula at a lower annual carrying
than were ocbserved for the other two formula sets. Conversely,
for a given value of annual carrying cost (or a given value of
inventory investment), the Z=1 formula produced a lower level
of backorders. Similarly, the 2=JR formula performed consistently
better than the Z=R curve with respect to unit backorders.

The above results apply to the relationship of annual
carrying costs and unit-weeks of backorders. If backorders
are measured in terms of requisition-weeks, however, there
appears to be no clearly 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 others.
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Similar results are ocbtained if unit-backorders and
requisition-backorders are ploted verses average annual buy
dollars. These results are plotted in Figures V-4 and V=-5.
Figure V-4 is plotted with a "0, 0" origin, whiles Figure
V-5 is a "magnified" version of the same data. Observe that
the Z=1 (+) curve is consistently better than the other two
formulas when unit-backorders are plotted verses average
annual buy dollars. On the other hand, there appears to be
no significant differences among the curves when requisition
backorders are plotted verses buy dollars.

We obtained similar results for the MID volume item
sample, i.e. the sample with FY71-FY72 demand in the $500-
$§5000/year range. These curves are presented in Figures
V=6 through V=9. Observe that the Z=l curve continues to
dominate the other curves when unit-backorders are plotted
against either annual carrying costs or annual buy dollars.

Now look at Figures V-6(b), V-7(b), V-8(b), and V=9(b).
Observe that the 2=l (+) and the z=[R (*) curves are very
similar, but that both are better than the Z=R (.) curve.

Results for the LO volume group of items are presented
in FPigures V-11 through V=13, These 100 items had demands
of $500/year or less in the FY71-FY72 period. They also
tended to have very low levels of activity, which produced

A it atea, S e S Ao S PRSI
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few orders and demands during the three year simulation
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 required if smooth curves are desired.
Based on the current results, no formula appears to be
superior to the others in any of the plots. 7“his 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 1l. when 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 unit demand rate during the FY71-FY72 period.

In these samples, the following classes were used:

CLASS Definition
I Demand 316 units/year
II Demand is between 31 and 316 units/year
III Demand 31 units/year

dere, we are using Roman numerals as class identifiers to

avoid confusion with the HI, MID, and LO Group samples discussed

above.
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As in the above studies, approximately 120 items 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=15 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=1 curve
appears to clearly dominate the other two. However, there

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

The above results compare the relative cost-effectiveness
of the alternate PT-formulas in managing cach item sample.
However, an important question remains--namnely, with what
confidence would we expect similar results if wz had simulated
every EOQ item, rather than just a sample. Although we
exercised great care in selecting and editing the item
samples, there is still a chance that the samples are not
representative of the total ZOQ 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
money is invested in inventories in each case. This led to an

analysis of the following statistical model and its variations.

") - ° . 2
Bijpg =R * Fy + Ty + G + B« T, +C o Iig, +eg,

where i = formula set index




j = time period index

k = item group index
t = implied shortage cost ( \ ) index

The symbol Ei t denotes the average annual backorders

jk
observed in the jg-l simulated year when item group k was
simulated using formula set i and using the tEE value of the
implied shortage cost parameter \. The symbol A denotes the
average aggregate backorders observed for an item group,

while Fi' Tj' and Gk denote the amount of variation from this

average associated with the formula set, time period, and

group effects, respectively. The symbol I. denotes the

ijkt

the average level of inventory for group K observed in the

jEE 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 "e" denotes the amount of variation in

backorders E 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 tiine
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,

ne——
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Section VI. Summary and Conclu

ihe objective of this study has been to
relative cost-effectiveness of the three ve

Presutti-Trepp formulas defined in Appendix

sions

evaluate the
rsions of the

e 'nese

formula sets are identical except for the value of the

factor 4 usea in tne safety level computation. In formula

set II, 4=1. This formula set contains tne
for minimizing expected units backorderea.

I1I, Z2=R= average requisition size. It may
analytically that this formula set tends to
pected requisitions short. Finally, for fo

current U062 computation formulas), Z==/1h

In Section II, we reviewed the statisti
istics of Sacramento E0Q items. 7This data
L0Q items have very low demand rates. In £
74,436 items, 06,229 had no demands at all
period July-September 1976. Overall, more
the items had demand of less than 31 units
period. For those items that nad at least
90% of tihem still had demands of less than

wost bkUY items have very low unit demana ra

‘'ne uistribution of average requisition

demnand class is presented in Figure II-2.

PT-formnula

In formula set
pe argued
minimize ex-

rmula set I (the

cal character-
snows that most
act, out of
during tne

than 96% of
during this

one demand, over
31 units. lence,

tes.

size by unit

As expected,




sa b 2o

VI-2

we found that average requisition size increas2s as unit
aemand increases. For example, the median requisition size
for items with 11-32 cdemancds per auarter ccuals 2.5, while
itens with 317-1000 units per cuarter have a melian size of
‘1 units per requisition. Iowever, since nmost :'J0 itens
have very low demand rates, we would exnect the averace

requisition size for most items to be small, e.q9. 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 sinulation model to evaluate the relative cost-cffec-
tiveness of the alternate PT-formulas, and Section V

presented results of simulation runs usinc this model.

#11 the sinulation runs were based on actual dernand
data for Sacramento ALC items for the 'Y 71 throuqly 'Y 76.
™o categories of runs were conducted. The first category
cf runs were based on item samples stratified by the aver-
nge annual dollar value of demands in the I'Y 71 to TI'Y 72
period. ‘I'hree samples of items were then leveloped !y ran-
dom sampling within high, moderate, and low activity
classes. “he III class consisted of itenms with dermands in

excess of $5,000/year during this »eriod, and the 10

!
|

a0 Mo At b
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class consisted of items with average demands of less

than $500/year during this periocd. ‘'"he I!ID class consiste-d
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 31€¢ 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 Ly randon
sampling from the Sacramento 1'00 Data Bank. ‘hen, 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

amony the cost-effectiveness curves for cach of the three

formula sets. In particular, there appears to he no

clear differences amona items in the low and moderate

activity classes, i.e., in the classes 70, I'ID, II, or III.

Perhaps this is to be expected, since items with low
activity tend to have low average requisition sizes. °s
the average requisition size aporoaches onc, the threc

formula sets become identical.
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For the nigh activity classes, i.e., class dI and
I, clear differences were observed among the alternate
formulas. For both the (I class and class I, the u=l
formula appeared more cost-effective than the other two
formulas in minimizing unit backorders; and the u= /R
formula appeared pbetter than the z=R formula in this
respect. However, if we were interested in minimizing

requisitions-backordered, there were no clear differences

among tiae curves.

In summary, for the hign activity classes, the &=l
formula appeared superior in minimizing unit oackorders,
and it appeared about equal with tne other formulas in

minimizing requisitions short.

The above comments are based upon sinulation 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-
latea every s0Q item, rather than just a sample. although
great care was exercized in se¢lecting and eliting tae
item sawples, there is still a chance that the item samples

are not representative of the total [LG{) population.

70 answer tuis last yuestion, several statistical
analyses were conducted to measure the nagnitude and

statistical significaunce of aiffercnces observed in tae

D
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! cost-effectiveness curves for each formula set. Unfortu-
nately, our results were quite disappointinc. Uec were
unable to construct a statistical model that nrovided a

good description of our observed results. Ior the best

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

RS

statistically significant differences amona the forrmla
sets. For this analysis model, it appears that variabilicv
due to group and time period effects drowned out anv con-
sistent differences that may exist among the alternate

formulas.

; In summary, in our simulation runs the 7=1 formula |
appeared superior to the other formulas for the hich activ-

ity iten classes. ©n the other hand, there were no clear

differences among the alternate formulas for the low and

noderate activitv groups. In addition, the differences that

we did observe did not anpear to he statistically significant.

Iience, it appears that additional research is require-~ *o

1rake precise estimates of the differences anonc these

formulas. ™o provide these estimates, analvses of data

samples from the ~klahoma City and flarner “ohins "LCs arc

currently in progress.

———
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Appendix A
Alternate Versions of the Presutti-Trepp Formulas

The formulas to be evaluated are as follows:
Formula Set I. (Current D062 Reorder Level and Buy Quantity Rules)

A. Monthly Demand Rate (MDR) =
N
(1) > [(Gross Demandsn) - (serviceable returnsniL//;

n= 1
where N = Base period quarters
GROSS DEMANDS = TRANSFER + SALES DEMANLS

SERVICEABLE RETURNS = TRANSFER + SALES SERVICEABLE RETURNS
BASE PERIOD = 2 YEARS.

B. Reorder Level (ROL) = Leadtime demands + safety level
(2) Leadtime demands = Leadtime months X MDR

(3) Safety Level = K X o
where
(4) o= 0,595 X MADQ x(0.82375 + 0,42625 X LEADTIME (LT) MOS)

/
(5) MADQ =:;“WN Ji Actual Quarterly Demand - 3 * VDR ' Z//N

RE=C10 ;

where N = base period quarters

-
, Implied
EShortage) 1 o e(1- EXF (- /2 BOQ/a))
\ Factor
(6) K = 0,707 X LN| ° e i
(Holding) {Unit\ Z /Z ROQ
2 * { Cost ® | Cost

vhere Z = /Average Requisition Size, ana
N GRross DEMANDs

z
(7) Average Requisition Size = "‘;
% FREQUENCIES
n=1
Cos MINIMUM & MAXTIMUM CONSTRAINTS ON SAFLTY LUVEL
MINIMUM = ZIRO
(8) MAXIMUM = LESSER OF 30 OKR LEADTIME DEMANDS

D. ECONOMIC ORDER QUANTITY (10O0))




(9) EOQ = /2 X MDR X 12 X ORDERING COST
HOLDING COST X UNIT 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 DEFICIENCY = ROL - ASSET POSITION
WHERE
ASSET POSITION = ON HAND ASSETS + DUE-INS - BACKORDERS

Formula Set II. This formula set is identical to SET I, with the
exception that Z=1 in equation (6).

Formula Set III. This formula set is identical to Set I, with the
exception that Z=Average Requisition Size in equation (6).




Appendix B
Record Layout for the EOQ Data Bank History File
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‘4--- e ot SYSTEM NUMBER
INPUT /OUTPUT RECORD
PAGE ] OF ] PAGES
e I £ FILE NUMBER e $ :
! EOQ DATA BANK HISTORY FILE (0ld Format) LU"U* numeen |SEAUENCE OF e
1" DATA RECORD LENGTH TAPE RECORD LENGTH/
'BLOCKING FACTOR
124 SSF
REMARKS 1
This format applies to History Tapes
created prior to Jun 1976
NO. i DATA ELEMENT NAME ’og:m“ STRUCTURS
x ] LENGTH | CHARAC
1 ALC 1 2 AN
2 NSN 3 15 AN
. UNIT COST 18 9 N
A SPECIAL CODE 29 1 AN
5 LEAD TIMES 28
AIMINISTRATIVE 28 2 N
PRODUCTION 30 4 N
6 TRANSFER DEMANDS 7
1ST QTR OF FY (1 JUL - 30 SEP) 32 7 N :
2ND - LTH QTRS OF FY 39 21 N ‘
7 NON-RECURRING DEMANDS 60 H
1ST QTR OF FY (1 JUL - 30 SEP) 60 7 N
2ND - 4TH QTRS OF FY 67 21 N
8 TRANSFER & SALES SERVICEABLE RETURNS 88
1ST QTR OF FY (1 JUL - 30 SEP) s " N
2ND - 4TH QIRS OF FY i 01 "
9 FREQUENCY OF DEMANDS 116
CURRENT 6 MONTHS 120 L N

AFLC .l’:.ll;z 484 REPLACES AFLC FORM 609. WHICH Wil 8€ USED.

AFI C-WoBAErn_IAN 74 YOM

" N ol Sy
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