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“ 
~ ystem myopic3 varian t to current Air Force polIcy . (2) the allocation po1~~v.and (3) the “depot only” policy. Two questions were examined. First , Is it
possib le to formulate an alternative policy which has the same desir ,~h1e pro-perties of current Air Force policy (ease of computation and implementation )
but which is somewhat closer to optimal from a cost and/or backorder performance
stdndpolnt? Second , is it possible to formulate an alternative polic y which has
most of the desirable properties of current policy, but which is substantially
closer to optima l from a cost and/or backorder performance standpoint? Based
on a very smal l sample size , bo th questions were aff irmative.

~~~~
‘ 

~‘The second study (ADA031486 ) used demand history for a sample of 50 1 tenis
tha t were currently stocked by the Ogden and Oklahoma City Air Log istics Center
(depots systems). This paper evaluated the two most promising alternative
polic ies: system myopic pol icy and allocation policies .

Operating performance measures were : (1) average annual order plus holdin g
cost; (2) average annua l order plus acquis1tln~ cost; and (3) average annualbackorder—days at the bases. The report concludes that , at least under certain
circumstances , system operating performance may be improved , perhaps substan-
t~al ly , by adoption of either of the proposed alternative policies. However,
during the later part of the operating performance test period signi fi cant
non—stat lonari t ies emerge.

~ A third study was then ~nit1ated . This report titled , óAn Experim ental
Examination of Non—Stationary Behavior in Simulated Tests of alternative
Polic ies fortManaglng the USAF (Q, R) Depot—Base Inventories ,’ extends the
second report. In this extension a set of four experiments are conducted whic h
are designed to investigate the feasibility of reducing or elimin ating the non-
stationarity of the test conducted in the prev ious study. :\Impllcatlons of the
tests and alternatives are provided in the report.
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I. Introduction

This report extends the study reported in “An ~~~ ra~~~~ nation of the

United States Air Force (4,R) Policies for P~naging Depot/Base Inventories,”

El). Reference [1) v~~~ 4 ned the operating perforeance of three different

policies: ~JRREIT, the current Air Force (Q,R) policy; MYOPIC, a system

~ ropic w.riant of aJ~~~IT; end AILOCATIC*~, an ailocetion oriented

vsxiant of WRR~ IT. S.. (3.) f o r  details. The 1~!’ln$tion in El) vu

conducted via cc~ *rter si~~lation using the dr .nd history of 
~ years for

a is of 50 items supp3.i.d by the Air Force Logistics C~~~ nd, in co-
operation with the ~~siness Research )fanag ent Center. The ~onclusions
in (1, p. 21) were: “...the test s described here indicate that QJRRU1T

policy mey be i~~roved, perhaps significantly, by adoption of either the

MYOPIC or the AILO~ATI~~ policies.” However, these conclusions were

heavily qualified by the nonstatioz*rity of system behavior during the

test period. In ps.rticular , backorder-day psrformsnc. was extremely

nonstationary. S.. Figure ie of El). As stated in El, pp. 18.21):
“The i~~1iosticns of this nonstationarity are twofold: First ,

the typical tests uaed to analyse ~~ irica1 data .... may n.~t be

applied .... Second, and more i~~ortant, the ncnstationarity

i~~1ies that the system vu possibly not behaving “typically”
during the test period ... th. observed relative ... performance

of the three tested poli cies might have ben different had data

been available to test the performanc, of the policies over a

period of more ... years.”

This report describes a set of four experiment, designed to
investi gate the feasibility of reducing or eliminatin g the non- 

. — --- ,- .== . -  — -  .—
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stationarity of the tests conducted in (1). These four experiments are
described and analyzed in each of the four following sections, II - V.

Section VI describes our conclusions and suggestions for further study.

I
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TI. Lcperiment 1: Initial Conditions

A~~~g the possible causes of the nonstationarity observed in (1) was
the ~ ‘oosdure used to initiali se on-band inventories at the beginning of
the si~ ’lation. As described in (1, p. 9):

“?c~ each of the three policies tested, the system vu

initiali zed as folløws: the first two years (8 quarters) of the
supplied depot demand history were used to co~~ute the values of:
(i) mean daily base d~~~’d; (ii ) mean monthly depot d.wid; and

(iii) the quarterly depot I4AD required to co~~ite th. init ial
(~~it ) values for each item to be used by the depot and bases. The

~~sta was them initialized by setting depot inventory for each

Item equal to one-half the calculated depot Q plus lead time demand
plus an additional month’s supply. Base inventory for each

Item was set equal to one-half the calculated base Q plus lead
time d eand ... Init ial pipeline inventories (outstanding depot

and base orders) were set equal to zero.”
it is ~~~~~~~~ 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 point, R. If so,
inventory position would he initiali sed at a value blow that corresponding
to a zi~~esentative real world situation . The system would thus be
short of inventory for the given item, and consequently, suseptible to
backorders in the early quarters of the stenlaticn. Noreover, given the
long lead times for some items , these backorders could remain unsatisfied
for a very long ties, accuenl.ating a very large nu~~er of backorder, in

the process.

In order to investigate the influenc , of initial inventory on the



nonstationary behavior of the system, the sienlation tests conducted in
(1) were repeated (for )~ • 113.25), the same items, the urns demand patte~ng,
etc., except that on-hand inventory for each item at each stage was
initiali zed by selecting a value from a uniform probability dis tributi on
with lower bound B and upper bound Q + B, UER, Q + R). The revised
init ial ization eliminates all possibility of inventory position being
init4 alt zed below its reorder point, and corresponding3~y .li m1nates, the

adverse effect on backorder-day performance. it shou ld be noted,
bowev~r, the revised initialization procedure could set initial on-band
inventories above those corresponding to a representative real. world
situation, particularly for items vitb long lead t imes and email Q values
(lead time ~~> lot size/d..!~niS rate). Nonetheless , the i~~act of this
inappropriate init ialization, if it should occur , shoul d not extend
beyond the initialization period (quarters 1 - 8) and into the test
period (quarters9_~~6)

The r sults of the ~ sts are given in Table 1 and Figure 1. Table 1

I reports the average annual performance measures for the two year test
period (quarters 9 - 16): Order + Holding Costs, Order Acq uisition

I Cost , Acquisgtion Cost, and ~~ckorder-1~ys. In addition, the average

I n~~~er of partial shipments 1 year from the depot is reported,1 
as is theI init ial (beginning of quarter 9) and final (end of quart er 16) doUar

I asset positions of the system siuil.ated under each poli cy. For c~~ ax ison

I pzrposes the corresponding measures from [1) are also reporte d in paren-f theses.

L 

Analysis of Table 1 indicate s that how the system is initi alized

1
As described in (1), if the depot is unable to supply a given base ’ sfull requisition a partial shipm ent is made .

— -
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6
doss have an i~~~ct on th. measures of system performance. For example,
order + holding cost for CVRR~ IT changed from $188,37l/year using the

original initia lization to $l51,36~/year using the U(R, Q +
initialization. The general pattern is as follows: acquisition costs

• are lower using UER, Q + B]; order costs are higher using tIER, 4 + B];
holding costs are lower using tIER, 4 + B]. Mast important, the relative
perfozmanc. of the pol icies is different. Using the original initiali zation,
both the ALt~~~TroN and ~IUOPIC policies were superior to a3BR~IT. See
Tabl e 1 and [1, Figure 1]. However , using the tIER, 4 + B) initia lization
th is is no lomg ,r th, case . For~~ ample,tbe oyder + aolding coet of

~ J~
(
~ IT and AILOCATI~ q are vi rtually identical (: $151,350), but AILOC&TI~~

has ~~~e backorder-days (l,7’el,108) than ~ JRR~~T (1,737,708). The
IaOPIC policy has higher order + holding costs ($l6~,39l vs $15l,36A~) and

higher backorder-days (l,750,331e vs 1,737,708).

Oaricusly enough, despite the i~ *ct of initi alization on ~b. relative
performanc, of the policies, the revised initialization had vitua.1ly
no effect on the nOnststjo~~~y b.havjor of the policies over the test
period. Figure 1, which plots backoider-dsys for each policy by quarter
displ ays virtual ly the same ncnstatio~~7 behavior as Figure ~i in El].
Conclusion ~~sed on ~~periaent 1

The init ialization procedure evidently can have a significant
effect on the relative performance of the alternative policie*. However,

I’ the init iali zation procedure evidently has no significant effect on the

~~
statiocazy behavi or of the policies over time. These conclusions

I and their i~~*~t on necessary future investigationa are discussed in
BeetionVl.
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XII. ~~pertment 2: Sample X*ta

A second hypothesized cause of the Donstationarity observed in Ei]
lies i~ the nature of the demand pattern of the 50 items originally

- 

smpl.d. The hypothesis ~~s: if the demand pattern for sor. or all of
the itema in the original sample was nonstationary, this nonstatioctarity
could cause the nonstat ionary behavi or observed in the policies. Further-

~~~e, provided that thi s Donstationarity was nàurepr.sentatjve (i.e., that

• the sample ve.s scashow a “bad” one), then the nocrepresentative items
could be removed from the ‘~“~p1e (and analysis) without invalidating the
obj ect ivi ty of the tests or the appropriateness of the conclusions
based on those tests.

Two different approaches were taken in order to ~Ia~4 ne this

hypothesis. - 
These approaches are described in the following subsections.

Approach 1

In this approach the time pattern of d~~ nd for the 50 items in

the origin al sample were .r ~ M1 
~ed for significant nonstationarities .

Table Al in the Appendin gives the Rational Stock Nu~~ers for these
it~~~. Figure 2 is a graph of the aggr~~~te d~~~nd by quarter for these
items, Although Figure 2 does display s~~~ ncnatatio ~~~ ty (e.g., over-
all d~~and level is increasing; and the d~~-~’d peek in quarter 12), there
is nothi ng in thi s graph to account fo r the magnitude of the ncmstationaz.ity
enc~~~tered in El) . fiowev er, a close ~ w~~nation of the quarter by
quarter d~~ -’~d faa’ s~~~ of the itema in the orig inal sample reveals
signifloent nonstatianaries. For ~~ ‘~pls, stock n1~~ er 15600010~~Ie66
has total d~~ nd in quarters 1 - 8 of I units (.5 units/quarter) .
Bow.~.a- , ~~~~~ in quarters 9 - 12 and 1). - 16 averages 3 units, and
demand in quarter 13 is 32 units t In orde r to detereine if nonstation-

-L
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an ti cs of this type accounted for the nonstationanities in El), st ock

n~~ er 1560O01092~e66 and 11 other items displaying ~(~‘4i.r nonatatio nary

behavior were removed from the sample,2 and the test s repeated for all
three policies using )4 - $113.25 and the TJ(R, Q + R] initialization.
The results for the remaining 38 items are given in Figures 2 and 3 and
Table 2. Figure 2 is a graph of aggregate demand by quair ter for the
38 items. Note that aggregate ~~~~ is still increasing over time.
However , the d~~ -nd peak in period 32 has disappeared. Figure 3 is
a graph of backorder..da~r performance of the three policies on a quarterly
basis. Note that the dreeatic increase in backorder-deys perfaa~~nce

- 
in El, Figure Je] has also disappeared. Table 2 provides average

‘~“ua1 performance measures for the 3 policies on the 38 item subsample.
• ~~.~lis.tion of Table 2 indicates that the CU~t~ T is slightly superior

to the two alternative policies. For example, although order + holding
costs fo r ~ JR~ 31’r and CATI~~ are about equal (: $146,200/year),

~3R~~ T yields fewer backorder-days/year (1~7,662 versus 53 ,)~61~).
The obvious question, of course, is: how representative was the

behavior of the items excluded in this approach. Approach 2 deals
with thi s question. 

-

Approach 2 -

In Appr oach 2, a completely new sample of 50 items were selected
from the original set of J461 usable item stock nunbers supplied by AFLC.
The procedure used to select these items was ~

4
~

4 1’~~~ to that used to
select the ori~i’~a1 50 items. See El, p. 7). However, the itock
un~~ers were sorted on the basis of average quarterly depot demand for
the entire 3.6 quarter d~~~nd history (instead of the first 8 quarters).

2 The Rational Stock Numbers of the 22 deleted items are given in Table Al.of the Appendix. 
- 4

_ _ _ _  
-
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Otherwise the procedures were identical.3 A list of the National Stock

Iu~~ers for the items in this second sample is provided in Table £2 of
Lu 

the Appendix.

The seoon~ sample of 50 was test ed in the sam. manner as the original

v for all three policies using )4 - $113.25 and the I(E, Q + B) initia lisation.
The results appear in Figure ~e and Table 3. Figure ~e is a graph of the

-
- backorder- day performance of the three policies on a quarterly basis.
- • Note that , as in Approach 1 above , the dra~~tic increase in backorder- day

performanc, in El, Figure I~) is not to be found. However , nonstationarity
4 is sti ll present. - 

- - -

Table 3 presents average annual performance measures for the th ree
policies on the second sample of 50 items. For cc~~arison pox-poses,
the corresponding measures from the original emple of 50 items (Table 1)
ens presented in parentheses . Table 3 indicates that CUBR~~T policy is
again slightly superior to the two alternative policies .
Conclusion ~~sed on ~ cperiment 2

Tb. nonstationary behavi or of some (12 ) items in the original —‘qle
was evidently respon sible fo r most of the nomstaticnarity observed in
(1). A second sample of 50 items - chos en in a veay similar manner -
displayed some nonstationanity, but , cc~pared with the original, this

nonstationsnity was insignifi cant. We can draw no walid conclusions
with respect to the “rspr.serltativsn.ss” of the 12 items removed from
the original sample of 50 in Approach 1 above, except, of course , to

mate that such it~~~ account fo r 12% of the 100 item, sampled. However,

In cases where a stock number had already been chosen in the originalsample , the adjacent stock number on the ranked list was chosen.

• 
_________________________________



-- -
- 

- —  — — - ---w-.’ - • 
— ________________ —• -  — —

_____

- -  - - -—- L- . ---~~~~- •~~~~ - - -  - -  - -

- Itt1-
~~ Ii Ti Lii’

- -

- 70 .. .- _ _ _ _-____ .: -

• ~
_:_
:~~ .T •

-~~~ - 

- 4 -
~~~~~ 

- ;
- 

- 

-

. -~ 
5
-

- 
—

~~~~~~~
- - - - — -  - --- i-  - - - -- -

- -  

- - 

—
- 1~- 60 — -. - 

i/ --\~
-——-——— —

- 1/ ~~~- 

:
-
:~~~~

— - -
. 

S 
- 

- 

- -

- -  - - - - -- -— --- --- --  -

:i IT - - - - -- - -‘  -- -

• - - - ----- - - -

_ _ _ _  ~JRIt~~T
- 

— - 
___ ~~0pIc

10 - - - - - - - - - • - - - -

/ • - I - -
• / -

it, ~ 1~2 !~ L t, t6 I 

-

Quarte r 
— 

‘ S  ~~~~~~~~~~~~~~ 
- r

-~~~ ~~~~
— 

—

—-5— - -- - -
~~~~~~~~~~~~~~~~~~~~~~~~~~ • --~---—-— -5--- 5-



• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

~~~~~~~~~~~~~~~ -‘T~~1 ’  -: - - -  - —- — - — --- - -- 5---- — — - - -

--- --5- -

• 15

.4

-

-~ - -

~

~I ! ~~~~~ ! -

I
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

p a
* C

8 *

ill I 
-
~~

1 1

~ 

-



- -

~~~~~~
-
~~~~~ 

— -
~~

-
~~~

—
~
-—-

~~~ 
-‘

~
-
~~~~ 

- — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

- 
1~~~~~~ - ’-~~

16
we may conclude that the relative psrtorm,nce of the thre e policies does -

depend not only cm the method of initiali sation employed, but also on
the ‘~r1e of items chosen for test. This conclusion is discusse~
further in S ction VI.
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IV. ~~periment 3: Lead Time Reduction

Jcnstaticnanjty in the d~~ i~4 pattern for ai~ item or set of it em,
is a fist of lif. in ~~‘~aging a~~ reel world inventory system. Howe~s,
Donstationarity d - ~d poses diff iculties in s4 ialationa of inventory
syst~~ when the ipply lead times are long and siemla.t d test peniod.s
are abort. aath is the case in the syst em under study. Depot supply
times tow the it under study range from approaimately ~I to 18 ~~ ths .
Tb. d~~~ d histo ry provid.d tow this study via only le years, or 16
quarters long. One-half of this history (2 years) was used to init ialise
the syst em, the r~~ ining 2 years (214 months) were used for teat .
Consequently, - during the t..t period, the depot has at most 6 (214/14) or
at i~~st (214/18) opportunities to resupply itself during the test period.
This ~~ na that if the de~~nd history during the test period is un~f~~~
the d~~ M histo ry during the initialization period -- as is likely --
the system will ba-vs little or no opportunity to adjust itse lf to the
nev circumstances before the end of the test period. Consequently, 

- 

any

attempt to measure the overall performance of the system will be con-
founded by the ncnstationarity of d~~ nd.

One method for overcced.ng this difficulty is to e.rtificial.1y shorten
lead times. Although this sbortmning is unrealisti c in practical terms ,
it does allow the experimenter to isolate the overal l long term behavior
of the system simi]ated trom the nonstatiomary behavior of the demand
pattern. The degree of isolation depends on 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.-

_  _
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The results of the experimen t are given iii Figure 5 and Table 14. -

Figu re 5 is a gr~ph of backorder..day for all 3 policies on a
quarterly basis • For c~~~s.rison purpose s the backorder..~~y pertorm,nce
of thes e same policies for the same items but full lead times, Figure 4
of~~l),are al.so graph~~~jfl pljg~ .e5~ Tt is clear that sliortening the
lead times has bad the intended effect . Backorder-days tow all, three
policies display somewhat os~4 llatory, but stationary behavior between
quarters 10-and 16.

Table 14 prov ides average annual performance measures • ~~~~~ nation
of Table 14 indicates that the behavior of all of the three polocies is
a4~ ’1a- , vi th CU~~~~ policy slight ly superior to both I~ OPIC and

Conclusion Based on ~cperiaent 3

~ cperiment 3 clearly indicat.* that short ni~g lead times does
isolate the behavior of the system s1~ i1ated from the nonstatio narity

in the demand patterns of the items sampled. This conclusion will be
further discussed in Section VI.

_ S 

_ _  _ _ _ _
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~~~eriment 14: Test Period ~~tensiori

As describ.d in Section IV, nonstaticcary d m,li~ poses difficu lties
in st~~1ations of inventory systems when the supply lead times are long
and N1~ tlat.d test periods are short . ~~~eri nt 3 dealt with this
difficulty by artitir4 ally shortening the lead times relative to the
test period. In this experiment, the rev~~se was done: lead times are
held at thedr original, real values and the test period is artif icls.l1,y

- 

- 
lengthened. The ti.t period was artifi cial ly extended from 2 years
(years 3 and 14) to 10 year’s by using the 14 year d~~ .M history two more
times. T h e 1 O y rtes t perio d consisted Of~~.~,~~ 3 1 i 1 2 3 4  1,2,
3, 14, in the sequence shown. Given the exploratory nature of this study
and the long c~~~zter run times necessitate d by this ~~~eri nt, only

aø~~~-r policy was tested using). $113.25. The items test ed were
the 50 it ~~ in the crigI~na1 sample. The results of the test are
provided in Figure 6 and Table 5. Figure 6 is a graph of backorder- days
for au~~rr policy over the 1*0 quarter extended t t  period. Pate that
be~~order-da,y Performance for the first 8 quarters ed the test period
(quarters 9 thru 16) is identical to that reported in Ci, Figure 4).

Roi,.ver, thereafter backorder-day, become somewhat ost~li]atory, but
staticmazy nonetheless. Table 5 provides the average annual performance

aurss • For cc~~~rison purposes, the eorrsspondisg EstSuzee from the
original two year test period are given in parent~~ es. It is clear from
Table 5 that the behavior of CUBREIT over a long t t  period is quite

— 

different from it. behavior over a short test period. 
-

~ I Conclusion Based on Experiment~~
Although the construction of the longer test ~~ iod was arbitrary,

and perhaps not representative of real demand beh~~ior over a long

- - 

test peri od , the conclusion baa: on thi s experiment is clear: -
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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 [i).

H 
~ i~~_ - - 
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VT. Discussion of Results: ~aggestions for Further Study

The conclusions of the four experiments conducted in this study may
be s~~~ rized as follows:

1. The long term performance of the policies zanined is quite
possibly different from the performance measured in the

original two year test period.

2. The relative performance of the policies tested over the two

ysar test period is heavily dependent on:

(a) the sample of items tested; and
-
~ (b) the method chosen for init ialization.

3. The long term performance of the polici ~~ in question may be
(appr~~imateiy) simgated by:

(a) artiflc4a]iy shortening lead ti.ss; and/or
(b) artifii~1a1ly extending the test pesiod.

The i~~ 1 
~~ tions of these finding s tor future ~~~k are clear:

1. If the relative long run performance of the C~JRRnqT, ?~ 0PIC, and

AIL0CATI~~ policies are to be sppropriate3y teste d, it is essenti al
-

~~ that data for a long period of time (e.g.. 8 - 10 years) be collected
or constructed, 

- .  

-

2. it is also essenti al that the polici es be tested on a large sample
of items with varying demand behavior. The tests conducted here
are not suffi cient to indi~~te the appropriate sample size, but

it is clear that samples of 30 are not large enough.
3 • Further sim~1ation work ~rst address itself to the sensitivity of

system behavior and policy Performance to initialization procedures .
Of cou rse, it is well-known that sensitivit y to initialization
procedures decreas es as the length of the test period increases .
Pomathel.ss, attentio n ist be paid to this issue .

I

_ 
___________ _
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Natio nal Stock Numbers of Items in Original Sample

National Stock Number

Ogden Depot :
1143000814293214
15600000143727
15600006141083
1560000750929 •
15600010921466 *15600019222146
13600019214623
15600041416323
l5600014777-,~8
156o0O69098~~1560007232675
15600078861401 *
1360007886507
13 00079146304 *
1560008592935
1560008592959 *
136000860103.0
1560008715949
1360009109121
15600091699014
1560009192751
1560009313633
1560009317395
1360009533664
1560009979210
162000914231451
16500002251453. *
1650000885767
16500014197922
1680001337096
16800078316149 *
29130073855140
301400095651415
5306009371975 *
53100014790272
5315008113772
5365004197823
5895006p11354
59350014833294
59140008782091
5961000584170
661500908714149
66800089145069

Oklahoma Depot:
16500005004140
28140000203350 *
28140007986003 *

• . r~~~~d for 38-item subset 
~~~~ *

2925003.277816
S 

2995007988157 * ____

- —  
_ ___ — — -
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National Stock Numbers of Items in Second ~ -mpl.

5 _____ National Stock Number
Ogden Depot:

1430001309147
l143oo0le7~~198
14300079146150
14300081114729
14300082149121
11430009972076
l%oooo6~89~3

- - 15600010514888— 

1560001351619
13600043751445
15600O1472j~69

1560006069652
1560007881990

15600O81~~1478
156000857~~3.6156O00859&~~15600086010145
13600c87~~ 4~1560008995993
1360CO9~~~o9
l560Q09O~~883
1560009192~~6l36000%k~982
1560009277775
1560009366609
156OO09k1I~~4 ~ r
13600091438766
156000967~~3j .

163ooc2262~~168ooO91414oi~61730009109113
173000990146%
301400011467686
3U00O6514~~52
481OO01432D53~14920008887657
3314000142.16660
5950008177911
3962001093793
6683000727119 —

Oklahoma Depot:
165000965~~ 4
281400060%~~28140007986505 - 

—

2814OOO9i~~~ 4
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