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| I. Introduction

: | This report extends the study reported in "An Examination of the

P

United States Air Force (Q,R) Policies for Managing Depot/Base Inventories,"

(1]. Reference [1) examined the operating performance of three different

R

. policies: CURRENT, the current Air Force (Q,R) policy; MYOPIC, a system
N myopic variant of CURRENT; and ALLOCATION, an allocation oriented

variant of CURRENT. See [1] for details. The examination in [1] was
conducted via computer similation using the demand history of 4 years for

a sample of 50 items supplied by the Air Force Logistics Command, in co-
operation with the Business Research Management Center. The aonclusions
in (1, p. 21] were: "...the tests descrided here indicate that CURRENT
policy may be improved, perhaps significantly, by adoption of either the
MIOPIC or the ALLOCATION policies.” However, these conclusions were
heavily qualified by the nonstationarity of system behavior during the
test period. In particular, backorder-day performance was extremely
nonstationary. See Figure 4 of [1]. As stated in [1, pp. 18-21):
“The implications of this nonstationarity are twofold: First,
the typical tests used to analyze empirical data .... may not be

o

applied .... ?cemd, and more important, the nonstationarity
implies that the system was possibly not behaving "typically"
during the test period ... the observed relative ... performance
of the three tested policies might have been different had data

been availadble to test the performance of the policies over a

period of more ... years."

This report describes a set of four experiments designed to
investigate the feasibility of reducing or eliminating the non-




2
stationarity of the tests conducted in [1]. These four experiments are

descridbed and analyzed in each of the four following sections, IT - V.

Section VI descridbes our conclusions and suggestions for further study.




Lo ment 1: Initial Conditions

Amcng the possidble causes of the nonstationarity observed in [1] was
the procedure used to initialisze on-hand inventories at the beginning of
1 the simulation. As described in [1, p. 9]:

"For each of the three policies tested, the system was
; initialized as follows: the first two years (8 quarters) of the
iy supplied depot demand history were used to compute the values of:

(411) the quarterly depot MAD required to compute the initial

* (1) wmean daily base demand; (ii) mean monmthly depot demand; and
t; (Q,R) values for each item to be used by the depot and bases. The

system wvas then initialized by setting depot inventory for each

item equal to one-half the calculated depot Q plus lead time demand

see Plus an additional month's supply. Base inventory for each

item wvas set equal to one-half the calculated base Q Plus lead

time demand ... Initial pipeline inventories (cutstanding depot

and base orders) were set equal to gero." :

It is Possidble, however, that this initialization Procedure could
set on-hand inventories (and consequently, inventory position) for a
given item at a given location below its reorder poin£, R. If so,
inventory position would be initialized at a value below that corresponding
to a representative real world situation. The system would thus dbe
short of inventory for the given item, and consequently, suseptible to
backorders in the early quarters of the simulation. Moreover, given the
long lead times for some items, these backorders could remain unsatisfied
for a very long uu,'sccumhtiu & very large number of backorders in
the process.

In order to investigate the influence of initial inventory on the

%%




"
nonstationary behavior of the system, the simulation tests conducted in
(1) were repeated (for A = 113.25), the same items, the same demand patterns,
etc., except that on-hand inventory for each item at each stage was
initialized by selecting a value from a uniform Probability distridbution
vith lower bound R and upper bound Q + R, ULR, Q + R]. The revised
initialization eliminates all Possibility of inventory position being
initialized below its reorder point, and correspondingly eliminates, the
adverse effect on ugkordu-dn Performance. It choul? be noted,
however, the revised initialization procedure could set initial on-hand
inventories above _those corresponding to a representative real world
situation, particularly for items with long lead times and small Q values
(1ead time >> lot size/demand rate). KNonetheless, the impact of this
inappropriate initialization, if i1t should occur, should not extend
beyond the initialization period (quarters 1 - 8) and into the test
period (quarters 9 - 16). f

The results of thetests are given in Table 1 and Figure 1. Table 1
reports theavmumdperrm‘ncemfortbotwmt‘n
period (quarters 9 - 16): Order + Holding Costs, Order _ Acquisition
Cost, Acquisition Cost, and Backorder-Days. In addition, the average
number of partial shipments 1 year from the depot is reportod,l as is the
initial (beginning of quarter 9) and final (end of quarter 16) dollar
asset positions of the system similated under each Policy. For comparison
purposes the corresponding measures from [1] are also reported in paren-
theses.

Analysis of Table 1 indicates that how the system is initialiged

1 As descrived 1n [1], 1f the depot is unable *o supply a given base's
full requisition a partial shipment is made,

F
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6
does have an impact on the measures of system performance. For example,
order + halding cost for CURRENT changed from $188,371/year using the
original initialization to $151,364/year using the U[R, Q + R
initialization. The general pattern is as follows: acquisition costs
are lower using U[R, Q + R]); order costs are higher using U{R, Q + R);
holding costs are lower using U(R, Q + R]. Most important, the relative
performance of the policies is different. Using the original initialization,
both the ALLOCATION and MYOPIC palicies were superior to CURRENT. See
Table 1 and {1, Figure 1]. However, using the U[R, Q + R) initialisation
this is no longer the case. For example, the order + halding cost of
CURRENT and ALLOCATION are virtually identical (= $151,350), but ALLOCATICN
bas more backorder-days (1,741,108) than CURRENT (1,737,708). The
MYOPIC policy has higher order + holding costs ($164,591 vs $151,364) and
higher backorder-days (1,750,134 vs 1,737,708).

Curicusly enough, despite the impact of initialization on ihe relative
perfarmance of the policies, the revised initialization had viturally
no effect on the nonstationary behavior of the policies over the test
period. Figure 1, vhich plots backorder-days for each palicy by quarter
displays virtually the same nonstationary behavior as Figure & in [1].

Conclusion Based on Experiment 1

The initialization procedure evidently can have a significant

effect on the relative performance of the alternative policies. However,
the initialimation procedure evidently has no significant effect on the
ncnstationary behavior of the policies over time. These conclusions

and their impact on necessary future investigations are discussed in
Section VI,
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A second hypothesized cause of the nonstationarity observed in [1)
lies in the nature of the demand pattern of the 50 {tems originally
sampled. The hypothesis was: if the demand Pattern for some or all of
the items in the original sample was nonstationary, this nonstationarity
could cause the nonstationary bebavior observed in the policies. Further-
more, provided that this nonstaticnarity was nonrepresentative (i.e., that
the sample was somehow a "bad" ane), then the nonrepresentative items
could be removed from the sample (and analysis) without invalidating the
objectivity of the tests or the appropriateness of the conclusione
based on those tests.

Iwo dirferent approaches were taken in order to examine this
hypotbesis. These approaches are described in the following subsections.
Approach 3

Inthilwthctiumttmwd-ndfm‘thoﬁitmin
the original sample were examined for significant nonstationarities.

Table Al in the Appendix gives the National Stock Numbers for these
items. Figure 2 is & graph of the aggregate demand dy quarter for these
items. Although Figure 2 does display some nonstationarity (e.g., over-
all demand level is increasing; and the demand Peak in quarter 12), there
is nothing in this graph to account for the magnitude of the nonstationarity
encountered in (1]. However, a close examination of the quarter by
quarter demand for some of the items in the original sample reveals
significant nonstationaries. For example, stock number 1560001092466

bas total demand in quarters 1 - 8 of & units (.5 units/quarter).
However, demand in quarters 9 - 12 and 1k - 16 averages 3 units, and
demand in quarter 13 is 32 units! In order to determine if nonstation
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10

arities of this type accounted for the nonstationarities in (1], stoeck
number 1560001092466 and 11 other items displaying similar nonstationary
bebavior were removed from the nnple,z and the tests repeated for all
three palicies using A = $113.25 and the U[R, Q + R] initialization.
The results for the remaining 38 items are giw'ren in Figures 2 and 3 and
Table 2. Figure 2 is a graph of aggregate demand by quarter for the
38 items. Note that aggregate demand is still increasing over time.
However, the dmdpe.kinperiodlzhudiw. Figure 3 is
& graph of backorder-day performance of the three Policies on a quarterly
basis. Note that the dramatic increase in backorder-days performance
in [1, Figure 4] has also disappeared. Table 2 provides average
anmal performsnce measures for the 3 policies on the 38 item subsample.
Examination of Table 2 indicates that the CURRENT is 8lightly superior
to the two alternative policies. For example, although order + holding
costs for CURRENT and ALLOCATION are about equal (= $46,200/year),
CURRENT yields fewer backorder-days/year (7,662 versus 53,u6kL).

The obvious question, of course, 1s: how representative was the
behavior of the items excluded in this approach. Approech 2 deals
with this question.

Approach 2 i
In Approach 2, a completely new sample of S50 items were selected

from the original set of 461 usable item stock nurbers supplied by AFLC.
The procedure used to select these items was similar to that used to
select the original 50 items. See (1, p. 7). However, the gtock
mumbers were sorted on the basis of average quarterly depot demand for
the entire 16 quarter demand history (instead of the .ﬁ.rlt 8 quarters).

e The National Stock Numbers of the 12 deleted items are given in Table Al

of the Appendix.
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Otherwvise the procedures were 1dcnt1eu.3 A list of the National Stock

Rumbers for the items in this second sample is provided in Table A2 of
the Appendix.

The second sample of 50 was tested in the same manner as the original
for all three policies using A = $113.25 and the U[R, Q + R} initialization.
The results appear in Figure 4 and Table 3. Figure 4 is a graph of the
backorder-day performance of the three policies on a quarterly basis.

Note that, as in Approach 1 above, the dramatic increase in backorder-day

performance in [1, Figure 4] is not to be found. However, nonstationarity
is still present.

Table 3 presents average n.nr_mal Performance measures for the three
policies on the second sample of 50 items. For comparison Purposes,
the corresponding measures from the original sample of 50 items (Table 1)
are presented in parentheses. Table 3 indicates that CURRENT policy is
again alightly superior to the two alternative policies.
Conclusion Based on Experiment 2

The nonstationary behavior of some (12) items in the original sample
was evidently responsible for most of the nonstationarity observed in
[1]. A second sample of 50 items - chosen in a very similar manner -
displayed some nonstationarity, but, emd with the original, this
nonstationarity was insignificant. We can drav no valid conclusions
vith respect to the "representativeness" of the 12 items removed from
the original sample of 50 in Approach 1 above, except, of course, to
note that such items account for 124 of the 100 items sampled. However,

3 In cases vhere a stock number had Already been chosen in the original
sample, the adjacent stock number on the ranked list was chosen.
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we my conclude that the relative performance of the three policies does
depend not cnly on the method of initialization employed, but also on

the sample of items chosen for test. This conclusion is discussed

further in Section VI,
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Nonstationarity in the demand pattern for any item or set of items
hsMofnroin-nuiuwmlmldimtwymta. However,
bonstaticnarity demand poses difficulties in simulations of inventary
systems vhen the supply lead times are long and similated test periods
are short. Such is the case in the gystem under study. Depot supply
times for the items under study range from appraximately b to 18 months.
ma—uunwymmtammmmhm, or 16
Qquarters long. One-half of this history (2 years) was used to initialige
the system, the remaining 2 years (24 months) were used for test.
Consequently, during the test pariod, the depot bas at most 6 (2L/k) or
at worst (24/18) opportunities to resupply itself during the test period.
This means that if the demand history during the test period is unlike
the demand history during the initialization period -- as is likely --
the system will have little or no opportunity to adjust itself to the
nev circumstances before the end of the test period. Consequently, any
attempt to measure the overall performance of the system will dbe con-
founded by the nonstationarity of demand. )

One method for overcoming this difficulty is to artificially shorten
lead times. Although this shortening is unrealistic in practical terms,
it does allow the experimenter to isolate the overall long term behavior
of the system similated from the nonstationary behavior of the demand
Pattern. The degree of isolation depends cn the amount the lead times
are shortened.

In this experiment lead times were shortened by 50%. This amount
is, of course, arbitrary. However, the intent of this experiment is
exploratory. The items tested are the 50 items in the original sample.




18
The results of the experiment are given in Figure S and Table L,

nmsugmborbackorde&dny- for all 3 policies on a
Qquarterly basis. For comparison purposes the backorder-day performance
of these same palicies for the same {tems but full lead times, Figure 4
of [1], are also graphed in Figure 5. It s clear that shortening the
lead times has had the intended effect. Backorder-days for all three
policies dizplay somewhat oscillatory, but stationary behavior between
quarters 10 and 16.

Table 4 provides average anmual performance measures. Fxamination
of Table 4 indicates that the behavior of all of the three polocies is
similar, with CURRENT Policy slightly superior to both MYOPIC and
ALLOCATION.

Conclusion Based on Experiment 3
Experiment 3 clearly indicates that shortening lead times does
isclate the behavior of the system gimulated from the nonstationarity

in the demand patterns of the items sanmpled. This conclusion will be
further discussed in Section VI.
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V. Experiment L: Test Period Extension

As descridbed in Sectiom IV, nonstationary demand poses difficulties

in simlations of inventory systems when the supply lead times are long
and simlated test periods are short. Experiment 3 dealt with this
difficulty by artificially shortening the lead times relative to the
test period. In this experiment, the reverse vas done: lesd times are %
held at their original, real values and the test period is artificially }
lengthened. The test period was artificially extended from 2 years 3
(years 3 and &) t0 10 years by using the & year demand history two more
times. The 10 year test period consisted of years 3, L, 1, 2, 3, 4, 1, B,
3, 4, in the sequence shown. Given the exploratory nature of this study
and the long computer run times necessitated by this experiment, only
CURRENT palicy was tested using A = $113.25. The items tested were

th§ 50 items in the original sample. The results of the test are 1
provided in Figure 6 and Table 5. Figure 6 is a graph of backorder-days
for CURRENT policy over the 4O quarter extended test period. Note that
backorder-day perfarmance for the first 8 quarters of the test period
(quarters 9 thru 16) is identical to that reported in [1, Figure 4].
However, thereafter backorder-days betome somewhat oscillatory, dbut
stationary nonetheless. Table 5 provides the average anmal performance 1
measures. For comparison purposes, the corresponding measures from the J
original two year test period are given in parentheses. It is clear from

Table 5 that the behavior of CURRENT over a long test period is quite

different from its behavior over a shart test periad.

Conclusion Based on Experiment L

Although the construction of the longer test period was arbitrary,

and perhaps not representative of real demand behavior over a long
test period, the conclusion based on this experimest is clear: The long
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run behavior of the policies in question is quite likely very different

from their behavior over the two year test period used in [1].
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; VI. Discussion of Results: Suggestions for Further Study

: | The conclusions of the four experiments conducted in this study may

B | be summarized as follows:
A 1. The long term perfarmance of the policies examined is quite

"*i Possibly different from the performance measured in the
original two year test period.
2. The relative performance of the policies tested over the two
year test pc'.lod is heavily dependent on:
(a) the sample of items tested; and
(b) the method chosen for initialization.

Lale

3. The long term performance of the policies in question may be
(approximately) simlated by:
(s) artificially shortening lead times; and/or
(b) artificially extending the test period.
The implications of these findings for future work are clear:
1. If the relative long run performance of the CURRENT, MYOPIC, and
ALLOCATION policiei are to be appropriately tested, it is essential

k&S

that data for a long period of time (e.g., 8 - 10 years) be collected
or constructed. 7 :
2. It is also essential that the policies be tested on a large sample
of items with varying demand behavior. m' tests conducted here
are not sufficient to indicate the appropriste sample size, but
it is clear that samples of 50 are not large enough.
3. Purther similation work must address itself to the sensitivity of
system behavior and policy performance to initialization procedures.
Of course, it is well-known that sensitivity to initiglization
Procedures decreases as the length of the test period increases.

Nonetheless, attention must be paid to this issue.
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Table Al

National Stock Numbers of Ttems 4n Original Sample

Depot National Stock Number

Ogden Depot:

® = removed for 38-item sudbset

1430008429324
e i
1

1560000750929
1560001092 *
1560001922246
1560001924623
1560004416323
lseoooh'rrms
156000690983

1560007232675
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Table A2

National Stock Numbers of Ttems in Second e
N

Depot Bations) Stock Number
Ogden Depot:

1430001309047
1:3000&76\198
1430007946150
1430008114729
1:300082»;9121
1430009972076
1560001055883
., =

T21269

k 1560005660602
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