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EXECUTIVE SUMMARY

Qverview:

Several recent studies have shown that some of the
fundamental assumptions used to derive the requiremsents
computation formsulas currently used in the D062 Economic Order
GQuantity (EOQ) Buy Computation System provide a poor
approximation to the actual characteristics of AFLC EDQ items.
This paper summarizes the results of a study to develop isproved
descriptions of EOQ demand and lead time characteristics, and to
derive and evaluate alternate requirements calculations basad
upon this new knowledge.

APPROACH

Historical data was collected and analyzed discribing D062
item demand histories, requisition sizes and priorities, lead
time variablility, and associated aircraft flying hour prograss.
We then developed five new requiresents comsputations for
detailed cost-effectiveness comparisons with the current D062
rules. Each of these new computations take different approaches
in resolving the several statistical and analytic msodeling
issues associated with the developsent of a practical
requiremsents asethodology. The Inventory Systess Simsulator
(INSSIM) was then used to simulate how each of the proposed
sethods would have performed had the new sethod been used to
manage D042 items during the CY73-79 interval. It was found
that four of the five proposed policies provided significant
cost-effectiveness improvesents over the current D062 methods.

MAJOR EINDINGS

1. D042 demand patterns are such more erratic than is
assumed in current D062 requirements foraulas. This sesans that
significantly higher safety stocks are needed to provide high
levels of supply support than are permitted in the current
computation.

2. Lead time variablility significantly increases the
uncertainty associated with ites lead time demsands. However, .~~~
the current D042 rules assume that lead time variability is - h?t
neglegible.

O
0

3. Forecast errors for F-104 and F-5 aircraft items differ
significantly from those associated with other items in the’
INSSIM Data Bank. We recommend that F-104 and F-5 items be —
separately analyzed in future INSSIM sisulation studies. 7—~‘.___
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4, Requisition count data contained in the D062 systea
appears to be very unreliable, and we beliwve that any
calculation based on this data ——including the current D0&2
safety level calculation—-— is of little value. We belieave that
ismediate actions should bae taken to either (a) correct the data
system problems associated with requisiton size statistics, or
(b) implement alternate requirements formulas that do not
require item requisition size statistics.

3. Lead time variability has msajor imspacts upon
requiresents for safety stocks. However, accurate data
describing lead time variability is extremely difficult to
obtain from current AF data systems. Additional work to improve
capabilities for lead time forecasting is greatly needed.

6. Four new computation policies were identified which
appear to be significantly more cost-effective than the current
D062 computations. However, because of the data problemss
described in (4) and (3) ahove, only one of these techniques is
a candidate for immediate implementation.

RECOMMENDAT IONS

1. We recosmend that Policy Code 80, described in Appendix
B of this report, be considerad for ismediate isplementation in
the D042 systeas. This computation policy appears to be
significantly more cost-effective than the current D062
formulas, and it can be implesented using current D062 data.
Further, only a few lines of computer code need to be changed to
adopt these calculations. However, before implesentation
efforts are started, we recommsend that EOQSIM be used to
evaluate the transient effects of implesenting this policy.
Analytic calculations indicate that the new policy uses a
significantly different strategy in setting safety stocks than
the current D062 formulas. This mesans that, unless the phase-in
is carefully msanaged, a large surge of buying activity could
occur when the new formulas are first adopted. The EOQSIM
projections should quantify the extent of this problem, and
should provide a basis for testing alternate iaplesentation
strategies.

2. Estimates of DOLK2 item lead times have a dramatic
effect upon EOQ requirements computations, yet it is very
difficult to evaluate the accuracy or variabilility of lead tise
forecasts using current AF data systems. To provide a basis for
future improvesents in requirements computations, we recommend
that routine methods be developed for measuring the variability
of item lead time and the accuracy of lead time forecasts, and
for reporting this information within the D042 gysteas.

....................
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OVERVIEW
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At present, AFLC Economic Order Quantity (EOQ) inventory
- management policies are based upon many of the commonly accepted

assusptions described in inventory management texts, and

Y Y v

simulation studies have shown that these methods are
significantly more cost—cffnétiv- than previously used policies.

}f? However, several recent studies have shown that several of these

TV e e

fundamental assusptions provide poor ipproxinations to actual
oy

& AFLC item characteristics. In this paper, we summarize the
e results of a study to develop improved understanding of the

characteristics of AFLC EOR items, and to develop and evaluate

!l alternate inventory msanagesent policies which exploit this
improved knowledge. Several policies were identified which
o appear to be more cost—effective than current AFLC D062

- requiremsents computations.

E STUDY OBJECTIVES:
This study had three sajor objectives:

1. To develop improved understandings and
characteristics of Economic Order Quantity demand
processes

Ef% 2. To develop alternate requirements computation
: techniques using a more precise description of EOQ
t: item characteristics than is employed in current

methods.
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3. To compare the cost—effectiveness of the newly

developed procedures with current D062 policies.

APPROACH

To accoaplish the above objectives, we began by
performing a number of statistical analyses of actual EOQ demsand
histories contained in th-l INSSIM data bank. This data bank
contains actual demand histories for approximately 40,000 D042
items managed by the Sacran.nta,,6k1ahongﬂCity, and Warner Robins
Air Logistics Centers (ALC). These histories cover the CY71-CY79
interval, a total of 38 quarters of demand data. A sajor
objective of these statistical studies was to develop an
empirical msodel of the distribution of forecast errors for these
items. We also collected statistical data describing item
rcquisition sizes, requisition priorities, and item lead time
variability. This latter information was primarily obtained froms
previous AFLC study efforts.

Aremed with a |ore precise description of the
characteristics of EOQ items, we developad several alternate
analytical msodels of EDQ ae-and processes, and we then derived
the associated "optisum" requirements computation policies. Each
of these models provide a more detailed description of actual EOQ
item characteristics ¢t n are uatilized in the current D062
requiraments computation.  .iwever, esach alternate model takes a
different approach to the combination of statistical estimation

and mathematical modeling issues involved in the development of a
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practical requirements computation process.

In the final stage of this study, we performed detailed
simulation experiments to compare the relative cost-effectiveness
of the newly developed policies with the current DO&2
requirements computations. In performing these simulation
studies we constructed four separate item samples of
approximately five hundred items each from information in the
INSSIM Data Bank. We then used the Inventory Systems Sisulator
(INSSIM) to evaluate each of gae propoqu policies. Basically,
our simulation experiments avqluated hou- each of the proposed
policies would have performed in managing each of these sets of
items during the CY73-79 intcrval. From these computer runs, a
lar~9 number of cost-effectiveness curves were constructed and
;nalyz-d. As a result, we identified four new policies which
appear to be superior to the current D042 requiremsents
computation rules. One of these appears to be particularly
suitable for immediate implementation.

Finally, we documented the results af this study in a
series of eight detailed working papers. These reports are
listed in Appendix A. In this paper, we summarize the amajor
results of the study effort.

With this background, let us now discuss the =sajor
findings and conclusions obtained from this study. For
convenience, we have organized our discussion into three major
sections; these correspond to the Statistical Analysis, Analytic

Modeling, and Simulation aspects of the study effort.

R
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STATISTICAL RESULTS

As noted above, we began our effort by performing a
number of statistical studies to develop improved understanding
of the characteristics of E0OQ@ items and of the sources of
forecasting errors associated with these items. We began our
statistical efforts by collecting actual and predicted flying
hour data for each of the tﬁenty—threc aircraft represented in
the INSSIM data bank. We then ca@putod an “Accuracy Ratio”, the
ratio of total +flying hours predicted‘for a given twelve month
interval to by the associated actual +flying program for that
interval. For example, as of 1 January 1973, a total of 230,800
flying hours were forecast for B-52 aircraft for the interval
January through December 1973. In fa;t, a total of 203,703 hours
weare flown by the BS2 during this interval. Hence, the accuracy
ratio associated with this forecast equaled (230,800)/(203,703) =
1.133. That is, the January forecast exceeded the eventually

cbserved program by 13.3%.
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Similar calculations were performed for each forecast
made during the CY73-CY79 interval, and for each of the aircraft
represented in the INSSIM data bank. The results of these
calculations are presented in Figure 1. We then performed
Analysis of Variance (ANOVA) tests to determine if there was a
statistically significant difference among aircraft or among timse
periods with respect to flying program forecast accuracy. After
deleting observations asociated with very low levels of flying
activity, we found no statisticéily significant difference in
flying program forecast accuracy performancn among weapons or
across time frames. Consequently, it appears reasonable to pool
these estimates to des;ribe flying program forecast accuracy.
This pooled distribution is presented in Figure 2. As shown in
the fiqure, fiying program accuracy ratios range from 76.3
percent to 181.2 percent of the forecasted values, and forecasts
averaged 12 percent above the flying program th;t was sventually
observed. Hence, we conclude that errors in flying program
forecasts are a potentially significant source of forecasting
errors in EOG requirements projections.

Next, we performed a number of correlation and Analysis
of Variance studies to develop an improved description of the
relationship between forecast EOG usage rates and the actual
demands for these items. In our initial efforts, we asked if
there were any significant differences in the msagnitude of demand
forecast errors across aircraft, across itea demand rate

categories,across Air Logistics Centers, or across time periods.
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Figure 2,
Frequency Distritution of
Forecast Ratios, CY 73-79.
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WNe found that, ves, significant differences exist. In

particular; we found that forecasting errors associated with
F-104 and F-5 aircraft and forecasts associated with the CY73-76

time interval were significantly different in msagnitude from

g MONEAURAURG
B IECIOCR

those associated with the other 21 aircraft in the INSSIM data

AR A R A0

S bank or with other time periods. Subsequently, we found that the

SRl
. . ;

F-104 was phased out of the USAF inventory during the CY75-76
interval, but was later reintroduced as a major Foreign Military
Sales aircraft. Very signif{cant quccasting errors ware
associated with this phase-ocut/phase—in process. On the other

hand, we found that the F-5 is the only aircraft in the INSSIM

.vh,—-“ “‘.,v‘.v...A.
EARNRARDENRA 9 SO

data bank that has a continuously increasing prograa.

Unfortunately, there are very few F-3 items in the INSSIM data
bank, sO0 the construction of a single data set consisting of only
F~5 items is not a practical analysis alternative. Consequently,
it is recommended that in future simulation studies, F-104 and
F-35 items should be separately analyzed from the other INSSIM

aircraft. Further, it is recosmended that C-5, F-13, F-16, or

similar D062 items be added to the INSSIM Data Bank to perasit
future analysis of items with ascending prograss.
WNith the above information, we again repeated the

correlation and ANOVA studies with all F-104 and F-5 items

J% ] deleted. Because of the large number of items in our data set,
statistically significant differences were still observed.
- However, the differences across aircraft and across time periods

1___ were of smsall msagnitude and appear to be of little practical
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impact. Consequently, we believe that statistical estimates of
forecaét errors may be pooled across aircraft and time peridds
for the remaining INSSIM items. However, major differenceé in
error performance still exist among high and low activity item
classes. Consequently, separate empirical models were developed
for high and low activity item classes.

Next, we performed several studies to identify tﬁe shape
of EOR demand rates forecast error distributions. We found that,
in general, the demand processes for EORQ items are much more
erratic than is assumed in the current D062 formulas. At
present, EOQ demand rates are forecast by <first estimating the
avefége usage rate over the past two years, and then adjusting
this value for anticipated changes in flying progrém activity. It
is then assumed that actual demand will be normally distributed
about this forecasted rate. That is,in D062 it is assumed that
the actual demand will be distributed about the forecasted value
according to the familiar "bell-shaped" curve. In contrast, we
found that the distribution of actual quarterly demand about the
forecasted value is a highly skewed distribution with significant
levels of probability in the right-hand tail of the distribution.
This means that significantly higher levels of safety stock are
required to provide a given fill rate than would be required if
the normal probability model was in fact true. |

For example, Fiqure 3 compares the normal distribution
with observed distributions of EOQ demand forecast errors. The

four distributions shown describe the relationship of actual
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demands to the corresponding forecasted values for forecasts of
one, two, three, and four periods into the future. The
standardized error Zi is defined as

Actual Demand Forecasted Demand

in Period i for period i

Zi

where MAD denotes the Mean Absmolute Deviation of past desand,
i.e. the average magnitude of past usage about the average value.
Thus Z3 denotes the distribution of actual demnd in a quarter
relative to the usage rate that was forecast three quarters
-ar{inr. As shown in the Figure, if demand is normsally
distributed there is a 350 % chance that actual desand will be
less than or equal to the forecasted value, and it is almsost
cartain that actual demand will be less than four MADs above the
forecasted value. In contrast, we observed that for low demand
items there is almost an 80 Z chance that actual demands will be
less than forecasted value, and there is at least a 5 % chance
that demands for these items will exceed four MADs above the
forecast. Almost identical curves are obtained for all time
periods and across all Air Logistics Center ites samples. For
high activity items, the observed error distributions are closer

to the normal curve, but the error distributions are still

distinctly skewaed. As noted above,the cbserved error distribution




~ PAGE 12

implies that if high service levels are to be obtained,
significantly higher safety stocks are required than is needed
when forecast errors are norally distributed.

The above data describes the distribution of demand in a
single period. We also studied the distribution of total net
demand observed in a lead time one, two, . . . , oOr eight
quarters relative to the ADOb2 forecast usage for the combined
iterval. Ve originally anticipated that the resulting
distribution would be described bff one of the standard
probability models found in statistics and inventory msanagesent
texts. Houcver, we found~ that the observed lead time demand

distribution does not it any of these standard models.

Consequently, we developed reasonable analytic approximations for
the observed distribution of demand in a lead timse. These

approximations use exponential functions to approximate the

observed lead time demand distribution. We refer to the

resulting approximsation as the exponential-constant, or EXP-CON

Ty
-

P § SRS

model, since this model is simply an exponential approximaticn to
S the distribution of demand in a lead time that is a known

constant. A comparison of the normal and EXP-CON models with the

L
-
[

observed distribution of demand is presented in Figure 4.
Analysis of lead time variability data was another
important research area. The above studies quantify the
variability of a demand in a given numsber of periods. When
replenishsent lead times are also variable, the distribution of

demand in a lead time is even more variable than is illustrated
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Figure 4., Comparison of the Normal and Exponential Models
with Observed Demand Distribution.
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.\ 'n in Figures 3 and 4.
P We found that data describing lead time variability is
axtremely difficult to obtain. The best source of information
which we could locate is contained in a 1981 study by Dr. Jack
Hayya. Hayya studied the variability of replenishment lead times
for 62 high activity DO62 items and attempted to fit several
probability distributions to the observed lead time data. Based
on Hayya’s results, we believe that the Gamma probability
distribution provides the .oéi reasonable single wmodel of
replenishment lead time variability. |

The Gamma distribution is illustrated in Figure S using a
coefficient of variation 64 «333. This is the median coefficient
of variation value for the items studied by Hayya. That is, half
of the items studied by Hayya had less variability than indicated

in this figure, while approximately half had more variability.

We used this model of lead time variability as the basis for our
simulation studies. We believe that this is an adequate model
for use in this study. However, more research is required if
accurate lead time variability estimates are toc be developed for
all D062 jtems.

Finally, if we assume that demands in a given lead timse
are described by the exponential approximation illustrated in
Figure 4, and if we also assume that replenishment lead time is
independent of demand and described by a Gamma distribution such
as that shown in Figure S, then analytical methods say be used to

compute the probability distribution of demand in a lead time.
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~ PAGE 16

Ne refer to the resulting distribution as the Exponential -Gamma
lead time demand model, or EXP-GAM for short.

The relationships among the Normal, EXP-CON, and EXP-GAM
lead time demand models are illustrated in Figure 6. As shown on
the figure, the EXP-GAM lead time demand distribution is even
more erratic than the EXP-CON model. Thus, even higher safety
stocks are required to provid§ high service levels in this latter

case.
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ANALYTICAL MODEL ING

During the analytical modeling phase of th{s project we
sought to develop new EOQ reorder point and order quantity
calculations based upon a more accurate description of EOQ item
characteristics than is employed in current D062 formulas. In
this effort, we developed several alternate models of EOG demand
processes, and we then derived the associated "optimsum*
requirements computation policies. As noted above, each of these
maodels provide a more deiailed description of actual EO08 item
characteristics than current fgrnulas, but each of the alternate
models resolve important séatistical estimation and analytic

madeling issues in different ways.

Basically, three categories of inventory management policies

were developed for further testing. These are:

1. The current D042 policy and modifications of this policy

to account for demand variability and for leadtime variability.

2. Policies derived from knowledge of the distribution of
units demanded per requisition and of the distribution of item

lead times.

3. Policies derived from the observed distribution of
demand in a given lead time obtained from aggregate error

statistics.

PP . PR P SR . NI S ST U P
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From these three basic categories, six policies were
selected for detailed testing. These basic ‘policios are
described in Table I.

As shown in Table I, each policy was assigned a “Policy
.Codl‘ to simplify discussions of the basic techniques. - Policy
Code 10 refers to the current D062 formulas. In studying
individual item demand patterns, we cbserved that many item
demand histories contain “"spikes", i.e. very large erratic
demands that are inconsistent with demands either before or after
the spike. Hence, Policy quo 20 is identical to Policy 10,
except that "spikes" are dcicted from demand rate estimates to
prevent an undesireable upward bias. Similarly, Policy Code &0
is also identical to the Policy 10 formulas, with the exceptiocor
that the standard deviation estimate is modified to account for

lead time variability.

In the second category of models, we began our analyis by
considering a situation in which (a) customers arrive according
to a Poisson process whose sean is proportional to flying programs
activity, (b) requisiton sizes obey a logarithmic distribution,
{(c) lead times are independent random variables which satisfy a
gamma probability distribution, (d) all requisitions are assumed
to be of equal priority, and (e) a continuous review (Q,R) order
quantity, reorder point control system is being esployed. With
these assumptions, the distribution of demand in a lead time is
described by the Logarithmic-Poisson-Gamma (LP8) distribution.
This is a new probability distribution which was derived

especially for this study.
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Table 1

Inventory Management Policy Codes

Code Inventory Management Policy

10 Current D062 Formulas

20 Current D062 Formulas, with outliers excluded from demand and vari-
ance estimates

60 Current D062 Formulas, with adjustments to standard deviation of
lead time demand to account for lead time variability

70 Scaled Negative Binomial reorder point calculations

80 Constant Leadtime Exponential Forecast Error model

90 Exponential-Gamma Forecast Error Model
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Unfortunately, the LPG distribution is quite complex, and
significant computational difficulties are encountered in
evaluating percentage points of this distribution for other than
very low values of expacted lead time demand. At the beﬁinning
of this study, we felt that the LPG distribution provided the
most feasible detailed analytic description of AFLC EOQ demands.
Because there are over 500,000 items managed by the D042 system,
we considered the development of an efficient computational
approach for the LPE6 distribution to be a primary research
ab jective. Consequently, significani' efforts were devoted to
develop computationally efficient approximations to the LPS
model . We found that a Scaled Negative Binomial probability
distribution provides the required approximation. Details of the
Scaled Negative Binaomial probability model are presented in
WNorking Paper 81-04, On the other hand, computer programs for
computing percentage ponts for the LPG and Scaled Negative
Binomial distributions are presented in Working Paper 81-03.
Policy Code 70 described in Table I corresponds to the use of the

Scaled Negative Pinomial model for requirements computations.

We know from sensitivity .nalyscs.of the LPE distribution
that the distributon of individual requisition sizes has an
important influence on the shape of the lead tise desand
distribution. Since the LPE model has four parameters, it is
possible to more closely match the LPG model to the specific

statistical estimates associated with a given item than is
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V possible using other sethods. Unfortunately, this matching is
not a free good. Because of the limited data availablo for any
single item, single item estimates are subject to significant
statistical estisation error. One aethod to reduce these
statistical problems is to use aggregate item statistics. . In the
next paragraph, we discuss policies based on this latter

approach.

The final category of analytical models which we studied
utilize demand forecast error statistics aggregated over large
populations of items to describe the distribution of desand in a
given lead time. This is the Exponential-Constant, or EXP-CON,
model discussed above. Although this model describes aggregate
error performance, it is possible that no single ites is
accurately modeled by this distribution. However, by pooling the
error statistics for a large number of items, we can cbtain very
precise statistical estinmates of this aggregate error
distribution. As shown in Table I, Policy Code 80 corresponds to
the EOQ requirements computations that are obtained when the EXP-
CON model is used to describe the distribution of lead tise

demand.

The final model selected for si.ulition evaluation is Policy
Code 90. This policy corresponds to the Exponential-Gasma, or
EXP-6AM, model of lead time demand discussed above. Recall that
this model assumes that demand in a given lead time is discribed
by an exponential approximation to the ocbserved forecast error

distribution, and a gamma distribution such as that shown in
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Figure S is used to describe lead time variab{lity. Numseric

integration techniques are then used to compute the distribution

of demand in a random lead timse.

Ne also attempted to extend the above results to situations

with two priority classes, but we encountered two major probleas.
First, we were unable to locate any useful source of individual
:; item priority statistics. Hence, if a useful analytical model
were developed, major data system changes would be required to
suppart it. Second, the priority data which we were able to
obtain indicates that fill rates for high priority requisitions
were lower than for routine priority requisitions. This suggests
that there is a complicated interdependence among stockage policy

and the priority of submitted requisitions. Thus, msodels which

assume independent priority streams appear inconsistent with the

available data. Finally, esven when independence is assumed, the

mathesatical analysis leads to expressions which are
’! computationally impractical for use in the 300,000+ item D062
systems. With sufficient effort, it msay be possible to develop
useful approximation equations for this cases; ﬁou-vcr, we felt
our efforts were better spant in improving the LPE and
exponential approximation approaches.
g;
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SIMULATION RESULTS

|
3 u The Inventory System Simulator (INSSIM) was used to evaluate
k o each of the proposed rules under several differant funding

levels. INSSIM provides a detailed description of the D062

! - Economic Order G@uantity Buy Computation Systesm and uses actual
E‘ B Air Force demand histories to drive the sismulation process. For

;; this study, four item sasmples of appproximately 300 items each
E were selected from the INQSIH Data Bank. The samples SM.H and

% ﬁi SM.L were selected from Sacra,ento Air Logistics Center records,
while samples OC.H and OC.L uérc selected from Oklahoma City ALC
records. The high activity samples SM.H and OC.H consisted of
items which had net demands in CY71-72 which exceeded $35000 per
year, while the samples SM.L and OC.L consisted of items with net

CY71-72 demands which were less than ¢ 5000 par year.

Thirty—-eight quarters of history covering the CY71-79
interval were available for each of these items. The first eight
quarters of data were used to initialize the forecasting and
inventory msanagement rules, while the remaining 30 quarters of
data were used to sisulate the behavior of each of these rules.
Thus, the simulation results evaluate how ®ach of these rules
would have performed had they been employed during the CY73-79

interval.

SAANS
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Each of the policies discussed above were simulated under
several different funding levels, and our results were sussarized

in appropriate tables and cost-effectiveness plots. The detailed
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results of the simulation effort are presented in Working Paper
81-07. Briefly, we found four policies whose simulation results
provided significant cost-effectivenes imsprovesents over the
current D062 formulas. We found that Policy Codes 90, 80, and 70
consistently out-perform Policy Codes 60 and 10 fof the
requisition fill rate, unit fill rate, average unit delay, and
average requisition delay mssasures. Policy Codas 90 and 80
performed particularly well for the low activity samples and for
the unit-based measures of effectiveness. On the other hand, it
was difficult to distinguish a superior policy for the

requisition-based measures for the high activity samples.

When the long supply versus buy dollar curves were
considered, we obtained mixed results. Policy Codes 90, 70, &0,
and 10 were each ranked first or tied for first in at least one
item sample,; but Policy Code 80 was ranked last in all cases.
This is a very interesting result, since Policy Code 60 perforsed
very well with respect to esach of the fill rate and average delay
statistics reported above. Apparently Policy Code 80 achieves
its improved supply-effectivensss versus buy dollar perforsance
by taking higher risks that some of its safety stocks will later
be classified as excess. However, Poiicy Code 80 has excellent
suppart versus buy dollar curves on all the other mseasures of

effectiveness studied.
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IMPLICATIONS FOR THE MANAGEMENT OF REAL~-WORLD INVENTORIES.

As discussed above, we obtained quantitative evaluations for
each of the six policies in a simulated D042 environmant. These
results indicate that Policy Codes 90, 80, 70, and 60, in
descending order of preference, are significantly more cost-
effective than the current D062 rules. However, although the
simulation pravides a detailed description of the D042 systeam,
there are several important differences between the D062
simulation model and the actqal D062 environmsent. These
differences msust be considcrqa in d.tﬁrnining an appropriate

policy for the management of the actual D062 system.

First, in our simulation sodel the sean and variance of
procuremaent lead times were known with certainty, while in
practice these paraseters sust be estimated from available data.
We observed that several policies significantly ocut-perfora the
current D062 rules when accurate lead tise data is available.
Unfortunately, the required lead time data is not currently
available in the D062 system, and it appears that a significant
data processing effort would be required to routinely collect and
update the needed information. Thus, implesentation of Policies
90, 70, or &0 must either (a) await the development of such a
system or (b) use regression or similar estisates as an interim
ssasure. On the other hand, Policy 10 (the current D042
formulas) and Policy 60 do not require lead time variability

paraseters.
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Second, in our simulation model we have perfect information
concerning item requisition counts. In previous studies we have
found that D042 requisition counts are extremely unreliable, and i
we believe that any formula that uses D062 requisition count data
——including the current D062 formulas—— is basing Air Force
safety stocks on a random number generator. This problem appears
particularly severe for the very large number of low activity
items managed by the D062 system. Hence, we believe that the
data processing rule of garbage-in, garbage-out would describe
the results of implementing ary rule that uses requisition count

data from the current D062 system. Thus, rules 70, &0, and 10

could be expected to perform msuch worse in the “dirty-data®
environsent of the D042 system than they have performed in the

'! simul ated system.

P e
S

= Observe that Policy Code 80 is the only rule that avoids

i - both of the severe data problems described above. Al though
: Policy Code 90 provided results which were slightly superior to
5 o Policy 80, Policy 90 requires accurate estimates of lead time
S - variability to deliver on its promise of superior performsance.
3‘;1 On the other hand, Policy 80 does not require these aestimates.

Policy 80 has another clear advantage. HMathematically, Policy 80

|
% b is even simpler than the current D062 formulas, and only a few

% o lines of code would need to be changed to implesent this rule in
| D062, in INSSIM, in EOQSIM, or in any other data system that uses
[}

l' the current D062 formulas. A flow chart documenting the logic

and calculations for Policy Code 80 is presented in Appendix B.
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On the other hand, Working Paper 81-02 documents the FORTRAN code
needed to implement Policy 80 in INSSIM, and provides a logical
framework for the developsent of computer codes for other

effected systems.

In summary, we believe that significant improvements in
inventory management effectiveness may be achieved by replacing
the current D062 rules (Policy 10) by the Policy 80 rules as soon

as possible.
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Policy 80 Flowchart




| QRS T T T L L T T S T T
h
L
-
e
E o
e Pz § k)
! )
: 1.000
., ~—~ . 669 EXP-CON Distribution
T FPOLICY CODE 80O
' ' o
0 Kk’
Safety Factor
1. COMPUTE EOQ arety
P(k) = 1 — .331 exp(-.463 k)
@ = /2AD for kK > O
| TS
2. BOUND EOQ
o
. IF @ < .5D, set @ = .5D A = Cost per order
3 IFQ > 3D, set @ = 3D D = Annual Demand
_ Rate (Units)
| I = Holding Cost
3 - (Qlﬁ-yr)
L 3. COMPUTE OPTIMUM FILL RATE F, . C = Item Unit Cost
PN F=1-QIC/(TT D) = Shortage Cost
b ) per Unit Short
! - 4. BOUND FILL RATE
GMAD = Mean Absolute
IF F < O., set F.= O Deviation (MAD)
q IF F > .9999, set F = .9999 of Demand
per Quarter
i LT = Lead Time in
[ S. COMPUTE SAFETY FACTOR Quarters
' Set k = O
b .
Vi IF F > .669,
! set k = —[1/(.463)1 1n C(1-F)/(.331)1

6. COMPUTE SAFETY LEVEL SL,

L.-.: SL = k GMAD vV LT

|
|
|
i

P S P R S I S N A ..A.‘-‘,.L.A;A‘J




especially for this study.

END

FILMED
3-83

DTIC

"
i1



