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Introduction:

If the underlying pattern of demands is known, forecasting is

an .easy task. For example, if it is known that demands will

increase at the rate of 20 units a month, it is easy to compute

the number of units to be demanded one month, two months, or any

number of months in the future. Further, if it is known that a

design change will result in a decrease in the failure activity

for specific items of, say, 10 units per month, it is easy to

combine this fact with the trend projections to come up with an

accurate estimator of future demands. As another example, if it

is known that demands are proportional to flying activity, and if

it is also known that flying activity is going to double in a

coming period, one would simply double the forecasted rate for

that period.

Unfortunately, in real world systems the underlying pattern

of damand is only known by hindsight. Although hindsight is

completely accurate, it is not useful as a forecasting tool. The

challenge to designers of large scale inventory systems is to

develop forecasting methods which utilize limited samples of

demand information to obtain relatively accurate estimates of

future demands.

In this paper, we present plots of the demands and returns

for one hundred D062 items managed by the Sacramento Air Logistics

Center (ALC), during the 1970's. The specific items presented
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are a very unscientific sample. The plots were developed as a

by-product of a separate study, and consequently may be unrepre-

sentative of the demand histories for Air Force Logistics Command

D062 items as a whole. However, the author has observed many

similar D062 item plots from a number of other samples, and it is

believed that the set of items presented here does provide a

representative picture of the demand and returns patterns to be

found in the history records of the D062 system. In the paper,

we do not attempt to identify any common pattern among the items

presented. Rather, we present this information so that other

analysts may test their own ideas concerning the patterns of

demands which characterize AFLC EOQ items.

Data Sources:

In the- appendices of this report, we present plots of demands

and returns for 100 D062 items. We also present plots of the

flying programs for the primary aircraft supported by each of

these items. In the following paragraphs we discuss the sources

from which this data was obtained.

Aircraft Flying Programs. The D062 System maintains a weapon

code for each EOQ item. This code identifies the primary aircraft

supported by the specific BOQ item. Since it is often assumed

that demand is proportional to flying activity, ye have grouped
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the items presented in this paper by weapon code, and we present

plots of both the item demand activity and the associated aircraft

program activity during the 1970s. Items are also grouped by

demand activity class. In this paper, we define two demand

activity classes. We refer to items which had average demands in

CY71-72 in excess of $5000/yr as "high activity" items, while

items with less than $5000/yr of demands in CY71-72 are called

"low demand" items. For example, Appendix A presents plots of

program activity for the F104 aircraft and for all F104 items in

our sample which had demands during CY71-72 that exceeded

$5000/yr. Appendices B, C, and D present similar plots for high

activity items associated with F/FB111, C121, and T33/F-80

aircraft, respectively. Finally, appendices E through I present

similar plots for "low activity" items; i.e. items with average

annual demands between $1/yr and $5000/yr during the CY71-72

interval:"

Within each Appendix, we first present plots of the observed

and predicted aircraft flying program associated with the given

item set. Actual Program hours were obtained from the G033J

system from output product A-G033J-PAR-Ml-MMO. This information

was collected for the interval July 1970 through June 1979.

Predictions of flying program activity which were made each

quarter throughout the 1970s were obtained from the K004 data

system, using report K004.D$lA RCS: NR-LOG-LR(AR)720S. Reference

2 presents the detailed data for actual and predicted program

! oD
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activity collected in this process. In addition, Reference 2

presents plots of both the actual and predicted program activity,

and plots of the ratio of predicted to actual flying programs for

each aircraft associated with the INSSIM Data Bank. We refer to

this latter ratio as the "forecast accuracy ratio." The plots of

program activity presented in this paper were obtained directly

from this reference.

Figure 1 illustrates the flying program plots presented in

the appendices. For example, Figure lA plots both the actual and

predicted F/FBlll flying programs for the interval CY7l-79, while

Figure lB plots the ratio of predicted to actual program activity.

Since predicted program activity was not available prior to CY73,

we set the forecast accuracy ratio equal to 1.0 for the interval

CY7l-73. For this specific aircraft, predicted flying programs

tended to consistently exceed the actual programs which were

eventually flown. This is not always the case, however. Refer-

ence 3 presents an analysis of flying program prediction accuracy

observed during the CY73-79 interval.

D062 Demand Data:

The item data presented in this paper was obtained from two

samples of Sacramento ALC items obtained from the INSSIM Data Bank.

This data bank currently contains demand histories for thousands

of D062 items managed by the Sacramento, Oklahoma City and Warner
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Robins ALCs for the interval CY71-79, a total of 38 quarters of

demand data.

The INSSIM Data Bank was constructed over a period of years by

AFLC/XRS by Mr. Fred Conway and Mr. Armin Rubbert. In building

this data set, several problems were encountered regarding the

availability of data in past years and the readability of the

"old" tapes in the data bank. As a result, the following rules

were adopted in building the historical data files:

1. Sales, Transfer, and FMS demands were combined to provide

a single demand total per quarter.

2. Non-recurring demands were not available and, thus, were

not included in the data bank records.

3. Sales returns and Transfer returns were combined to

provide a single value for servicable returns by quarter.

4. Lead time and inventory management codes were obtained

from the records corresponding to the first quarter of FY7S.

S. On-hand and on-order assets were obtained from the oldest

available D062 stock status record. This corresponded to the

first quarter of FY74.
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6. Items with Special Codes of C, D, E, I, M, X, U, or N in

any fiscal year were deleted from the file. Requirements for

items with these codes are computed using manual methods, and

consequently were not candidates for inclusion in the INSSIM Data

Bank.

7. Items with incomplete demand histories were also deleted

from the Data Bank. That is, an item was included in the INSSIM

Data Bank only if demand history records were present in the D062

system for each of the fiscal years in the interval CY7l-79.

Hence, this rule eliminates from consideration all items which

either enter or leave a specific ALC's data files during the

CY71-79 interval, or which were transferred from one ALC to

another during the interval. Items which were switched from

management under the D062 computation system to the D041 system,1
or vice 'versa, would also be eliminated by this rule.

The Items in this Report:

In a search for improved forecasting methods, we constructed

two item samples from the Sacramento ALC records in the EOQ Data

Bank. We constructed two item samples; a high activity sample

and a low activity sample. The specific rules used to construct

these samples are as follows:
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Sample' Description

SM.H Items with average annual dollar demands

for the CY71-72 interval in excess of

$5000/yr.

SM.L Items with average annual dollar demands

in CY71-72 that exceed $1/yr, but which

are less than $5000/yr. Only 50% of the

items that met this criteria were

included in our output file.

Note that this data selection rule ensured there was at least one

unit of denand during the CY71-72 interval for all items included

in each sample. Consequently, our sample does not include any

items which had no demands during the CY71-72 interval but which

may have had demands in subsequent periods. New items which

entered the Air Force inventory after the end of CY72 would thus

be excluded from our data sample.

A total of 630 items were obtained for the SM.H data file,

and a total of 6601 items were obtained for the SM.L data file.

The plots presented in this paper were obtained from the first 50

items associated with each data file. For example, Figure 2

I/ ,
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presents a plot of the demands and returns for the first D062

item associated with the F/FB111 aircraft and item sample SM.H.

In this figure the solid line represents the number of units

demanded by quarter, while the dashed line represents the number

of serviceable returns to the system. As another example, Figure

3 presents similar plots of the total demands and returns for the

first F/FB111 item in the low activity sample SM.L.

As noted above, this paper presents an unscientific sample of

100 Sacramento D062 items. The characteristics of the individual

items included in the sample are presented in Tables I and II.

Table I presents the distribution of sample items by weapon code.

As shown in Table I, the majority of items in this paper are

associated with the F104 aircraft. The F104 was a major aircraft

managed by Sacramento ALC at the beginning of the 1970s. Table

II describes the distribution of the sample of items by Federal

Stock Class (FSC). As shown in the table, several FSCs are

represented, but FSC 1560--Aircraft Structural Components--is the

most common category.

i .
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Table I

Distribution of Sample Items by Weapon Code

Number of Items

Code Weapon SM.H SM.L Total

107W M16 Atlas - - 13 13

303Z F104 10 23 33

3Z4Z F/FBlll 21 9 30

941Z Al Sky Raider - - 1 1

955Z C121 S -- 5

968Z T33 14 4 18

Total s0 so 100

im
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Table II

Distribution of Sample Items by Federal Stock Class

Number of Items

Federal Stock Class SM.H SM.L Total

1005 Guns, Through 30 mm -- 1 1

1055 Launches, Pyrotechnic 1 -- 1

1095 Miscellaneous Weapons -- 6 6

1270 Aircraft Gunnery Fire Control 7 16 23
Components

1280 Aircraft Bombing Fire Control -- 4 4

1420 Guided Missile Components -- 1 1

1430 Guided Missile Remote Control 1 5 6
Systems

1440 Lauchers, Guided Missile -- 6 6

1450 Guided Missile Handling and -- 2 2
Servicing Equipment

1560 'Aircraft Structural Components 41 4 50

50 50 100
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The Appendices:

As noted above, the appendices to this paper present plots of

program activity for individual aircraft, and the associated plots

of EOQ demands and returns. For example, Appendix A presents a

plot of the predicted and observed flying program activities for

the F104 aircraft during the CY71-79 interval. This aircraft was

phased out of the USAF inventory in the middle of the 1970's, but

became a Foreign Military Sales system in the late 1970's. This

explains the increase in both the predicted and actual program

activity for this aircraft in the late 1970s. Following the plot

of F104 program activities is the plot of all items from the SM-H

sample which carried the aircraft code 303Z. As noted above,

this code indicates that the item was used primarily in support

of the F104 system. As seen in Table I, ten of the S0 SM-H

items carried a weapon code of 303Z. Appendices B, C, and D

present similar plots for SM-H items associated with the F/Bill,

C121 and T33/F-80, respectively. Next, Appendices E through I

present similar plots of program activity and item demands

associated with the first 50 items in sample SM*L. Finally,

Appendix J presents the FORTRAN programs which may be used to

generate the plots similar to those in this paper. These

routines may be utilized with the CREATE Computing System at

Wright-Patterson AFB. They require the use of Tektronics

graphics terminal to produce the plots.
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Summary:

If the patterns of EOQ demand activity are known, forecasting

future item demands is a simple task. Unfortunately, determining

an appropriate pattern is not easy. This paper presents plots of

the demand and return activity for a number of AFLC BOQ items for

the interval CY71-79. Plots of the predicted and observed flying

program activity for associated aircraft are also presented. It

is hoped that this information may be of value to analysts who

seek to develop new pattern recognition and forecasting techniques.
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APPENDIX J

Fortran Source Listings

: ,,,



2 7'))*TMPLT. S
2800*# RUN=# I NVR/OBJ/ ITMPLT.O( BCD, No())
2610O*ITMPLT.!'
2820 SURROUIJTPJ: ITMPL-T(IPI.T)
2830C
2840C Do TF.KT P~LOT OF 1)0 02 ITEM L)FMAIt)
2850C
2860 PARAMETER NO(YQ=38
2870 COMMON/ I 0FEMND/ I IFWI) (1 I N 000)
2b380 COMMON/I RrFTJR/! RFTIJ:?( I . 14000)
2890 CO r)MPJ/UCocT/JCOST( 1)
2900 CMMN/FSN/ALC. FSN(4). IJ.NOUN().XGTCD().4,IOH, IOP, IPPL. IPPPP
2910 CHARACTE-4 P4LC, F7N .)JM.NOtJN4, MG(TrGD
292r. DIMPrJSION XX(80).YY(f30)
2930 flIMF'lSlOr PTS(4)
2940 CHAF?ACTFP OPTS*4 (4)
2950OC
2960C RFCoPfl DATA P')INr', FOR PUIT
2970C
2980 \IPTS=38
2990 CALL USTAir
3000 DO 120 1=1,38
30!10C
3020 XX(I)=FLOAr (j)
3030 YY( I )-FLOAT( Ii~i:MNf)( 1 .1
3040 XX(I.NPTh;)=XX(I)
3050 YY(I+JPTS)=IRI-TU?(II)
3060 1?20 CONTINUEF
3070C
3030C PI?14~T irFm )ITA ON Riniiff tAAW INS
3031 CALL 'JALPFA
3 0H 2 CALL JA[N(CHAI')

3090OC
31 n') WPITV(9 91? 3) IH.T.Al.C.FS3N.:'M.NJOUN.M;(TC),I~cO-;T( I)
31 10 1:)3 F.Ai(1,///,xuI:MDATA.//
31 ;lr& 1114). 11 IT I () I
J3130R OlkLco,TlflAf6/

3 M .T Il. A 6/. /

42;3'' 1 .3 [f1- IA I." ~ M ~ S I ,p

_3;) .1) ( ;. I V ) TP171TJI7,
J?'0 14 43 Ff'?J A r( /, Rr-,rtipj~s /C 1, H ,

I .,.- - -



J-2

321 OC
3280C Do PLOT
3290C
3300C
3310C PPEPAPE. FOR GRAFTICS WItTH FORTRAN 1/0
3320C
3330C
3360C
3370 CALL USET('[)EVICF11)
3380 CALL USET( "PFPCFNTIJN ITS")
3390 CALL UI)ARFA(40..OO.,20.,90.)
3400C
3410 CALL UPSE(" XLABFLllv 10TI NO. (I =JAN I1)\")
3420 CALL UPSFT("YLA3FLl".lNJk48FR OF tNIT9\")
3430 CALL LJSET(llKi3OTH.A:3FLS')
3440 CALL U9FT(',YBoTHLA3FLSl")
3450OC
3460 CALL USFT( "G4II)AXE")
3470 OPTS(l )="LINE"
3480 OPTS (2 ) =11)ASH1"
3490 ovrs ( 3) =1"ASH01
3500 OPTS (4) )=11ASH1'
3510 CALL UJPSE(" 9Ff PASH",,32.)
3520 PTS(I = NiPTS
3530 PTS(?) z NPTS
3540 PTS(3) = Nr'TS
3550 PI'S (4) NP rS
3560C
3510 CALL UPRIIT(50,10.."0---------',ROSS UNJIT DFMAN) PFFP OTPV\')
3580 CALL UIP4INr(90.,a.,lo- - - - UNIrM PFTJVNJFT) iiy OTP\o")
3590 CALL IJPLOT(XX.YY2...PTS.OPT9)
60c
3 61 IOc rETtQN T.' ALF'HAPNUM FIPIC MOI)C
36?0rC
3630 CALL U.AIf4(CHAf?)
3 641 CAL U 11ALPH A

3ol ,) CALL.. tJ:N
3 600c
3olr0 QQ0O Cr)Nri*,iF
36-30 'F OI
j6 40
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