
AD—AOSA 0Th AIR FC*CC INST cc TCCII WRISIIT—PATTCRSOtI AFD 0+110 5C140—CTC F/S 15/S

(NICLASSIFICD AFIT L15R 7.17A ~~~c2~~
1 SINSLE NOVINS AVERAIC NC Ot—CYC (U)

_ _ _

DO_________LU



ØrA i —Ii

i I.’ ~ ~~ 
______

I. ,~J L~
____  

~~3 2

~~~~~ : ~~~~ ~2.o

HH L8
111.11’ 

25 HIH~
4 i~tt~

M V R  ) J ) ~ Y RFSOLUTION iisr U~A~~
N N ’  H I J F ~ A L s r AN t  A PEr -  P



r

~~

~~~V CUPY AVA~ABLE IL) [~C L~~ ~ 1
PE~MJT FULL Y IECI&E ~~~

UNITED STATES AIR FORCE
>— AIR UNIVERSITY
0~ AIR FORCE INSTITUTE OF TECHNOLOGY

/ ~~ Wright-Patterson Air Force Bas. ,Ohio
/
~~~~1. ~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _o1_~ -.c_~ r

~~~~~~~~~~~~~~ 1 \ ’

-~~ 

— I
I

,

~~~~~~~~ ~~L ] .  L
4



H
F

H

A COMPARATIVE ANALYSIS OF T~~
D04i. SINGLE MOVING AVERAGE AND

OTHER TINE SERIES ANALYSIS
FORECASTING TECHNIQUES

Jim S. Brantley, Captain, USAF
Donald E. Lorernan, Captain, USAF

LSSR 7—77A

(S - -

L : L ~ . 
L

/ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j~~~~ r - - ~~~~~ 
__

~~~~~~~~ $g~~~ 
-



The contents of the document are technically accura te ,
and no sensitive items , detrimental ideas , or deliterious
information are contained therein. Furthermore , the views
expressed in the document are those of the author and do
not necessarily reflect the views of the School of Systems
and Logistics , the Air University , the United States Air
Force , or the Department of Defense.

~~i~i



S 

USAP SCN 75-20fl AFIT Control N~nber LSSR 7—77A

AFIT RESF ‘~C I ~~SESS’~~\T

The purpose of th i s  ~t .:c’stionnairc’ is to detei~nine the potential for current
and future app l~ c~it iens of .\FIT ti~e~~~ research. Please return completed
questionnaires t~~: .\FIT/ SLGR (Thesis Feedback) , Wri ght-Pat terson AFB ,
Ohio 4S433 .

1. Did this research contribute to ;~ current Air Force project?

a. Yes b . No

2. Do you believe this research tc~ ic is si gnif ican t enough that it ~. ould
have been researched (or contracted ) b your organization or another agency
if AFIT had not researched it?

a. Yes b. No

3. The benefits of .\FIT research can often he exDressed by the equivalent
value that your agency received by virtue of AFIT perfoiinin~ the research .
Can you estimate what this research i~ouid have cost if  it had been
accomplished under contract or if it had been done in-house in term s of man-
power and/or dollars~

a. Man-years 
_________  

$ 
________  

(Contract).

b. Man-years 
_ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _  

(In-hou se).

4. Often it is not nossible to attach equivalent dollar values to research ,
although the results of the research ~av , in fac t , be im portant. Wh ether or
not you were able to establish an e5itiivalent value for this research (3 above),

S what is your estiriate of its signi ficance?

a. High])’ b. Significant c. Slightly d. Of No
Significan t Significant Significance

S. Coments:

Name and Grade Pos ition

Organizat ion I~ cation

~~~~~~~~~~~~~~~~~~~ ~~~ ..~~~~~~~~~ . 
L~~~~5 ~~ . ~~~~~~~~~~~~~



~
— - - - .- - - - - . -

~ —-~ - - 

~
- 

~~~~~~~~~~~~~~~~~~~~~~~ 

5 —- -5 .- -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

p
OF~~ICJA L 9USIP4ESS

PENA LT Y ~ OR PR IV A T E  USE. $300

AFIT/LSGR (Lt Col Barndt)
Wright—Patterson AFB, OH 45433

, WORM
JUL 14

--



UNCLASSIFIED
S E C U R I T Y  C L A s S I F I C A T I O N  QF TNIS PAG E (W~~ n bet. Ent.,.aI

7~~. REPORT DOCUMENTATION PAGE
’ 

BEFOR E FORM
2. GOVT A CCESSION NO. 3. R E S  £ N T S  C A T A L O G  NUM 4E~~

~LSSR—7 — 77A
4. ri ’t~7~~ S~~~t i t t . j  5. TY PE QF REPORT & PERIOC C~, EREC

A COMPARAT IVE ANALYS IS OF THE DO 41 SINGLE
i MOVING AVERAGE AND OTHER TINE SERI ES
ANALYSIS FORECASTING TECHNIQUES , 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1.- U . - 
. .‘ 6. C O N T R A CT CR OP. A NT  NUMB~~P’()

~z7~ in S./ Brantley,

~~~~~~~ _ _ _  ~Capt -U5~A~ -

9. PERFORM I NG OR G A N I Z A T ON N A M E  AND AC O RES S ~O. P R O G RA M  ELE%i E~I .  opo~~E:T. TAS,(
AR EA & #O RK UNIT  NUMBERS

Graduate Education Division
School of Systems and Logistics
Air Force Insti tute of Technology ,WP~ FB ,OH _______________________
Ii . CONTROLL ING O F F I C E  NAME AND A DDRESS ‘ 12. ~ E P O R T * E

Department of Research and Adzninistrativ&-~ Jun1~~~77
Management (LSGR ) T~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~

AFIT/LSGR , WP AFB , OH 45433 99 ~~~~~~~~~~~~ -1
~~~~~LJ -

14. MON IT ORING A GE NC ’, NAME A AQQRESS(iI thlMr .n I irom Contro l l ing Off ice)  IS.  SECU RITY ~~~~~~~ 
- at ihii

UNCLASSIFIED
IS. C E C L A S S I c I C A T . C M . D O W N G RA D I N G

S C 1-4 ECU L E

6. D IS T R I B U T I O N  S TA T E M E N T  (of thai ~~epo rt)

Approved for public release; distribution unlimited

t 7 .  DISTRI BUTION STATEMENT (of the abst,.et ertt.r.d in Block 2~~, if diff.,ent from Report)

15. S a.i P~~L E M E N T A P Y  NO T ES
‘AP?ROVE~~Ft~.R

’ PIJSLIC RELEASZ AR l~O-l7~
- - 5  ‘S -.

3~~~AL~~.G~~ss, 
CAP ,USA~

Director ot Ixsforoat ion
19. ~ EY cORD S (Continu, on rev.,,. iade ii n.c..,. r,’ ~ ,d identify by block number)

FORE CASTING
TINE SERIES ANALYSIS
EXPONENTIAL SNOOTHIN G
REPARABLE GENERATIONS
D04 1 SYSTEM
20. A B s T RA C T  Ccniinu. ~n r.’.rs. side if n.ceat.ry mid id ,nca f ~ t~r blcc,c numb.,)

Thesis Chairman : John M. Pearson, Major, USAF

CD 1 J A N 73 ~473 £D ITICN O F t  NOV 65 IS OBsOLET E uycL s~I~ ::D ö/~ . ~ ~SEC U R I T y  C_ AS 5 I~~IC~~~ o~ 
0 ~~~~ i4~hen ‘et c ~ nr.rvd) —

~~~~~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -- -. -



- ‘

UNCLASSIFIED
SECURITY CLASSI FICATION OF THIS PAQE(lThml bet. Enf.r.sd)

‘
This thesis examines the forecasting technique used in the Air
Force Logistics Command D041 reparable asset management system.
The process of retrieving usable data from the D04l Data Bank
is described in some detail, including computer problems and
potential pitfalls. It was hypothesized that the mean of the
absolute values of the D04 1 forecast error was equal to zero .
This hypothesis could not be rej~~~ ed, but the resul ts are ques-
tionable because~~after the fact forecasts were used . It was
further hypothesized that another time series forecasting tech-
nique (exponential smoothing) would also yield an error distribu-
tion with a mean of zero. This hypothesis could not be rejected;
however , the variances for the exponential smoothing forecast
error distributions were less than the D041 forecast error dis-
tributions for all four lead times examined (one, two, three and
four quarters).,

/‘ 
... ..“

\~

~~~~~~~~
-- ~ .1i

S EC UUIT ~ C~~AS SIF! CA T ICU OF ‘u” P a G E rW ~.n Oat. Ent.r.d)

.

~ 

., . !‘~~~ø ’ ,c!~~~~~~~~~~~.vr4 
~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

- - ‘-.-
~~~~~~~~~~ 

‘-—
~~~

- —- -
~~



F” ~~‘~‘ ‘~~~~ -‘5-’ -‘ ‘ ‘ “ ‘ — — — S ~.—. --._~—_ .__ ., 
““-“~~~• ‘• .-_-~~~~.-,.——-‘— .‘—-.,.-.~s-s~.-- , 

~~~~~~r
- ’ ’ - : -

~ ~~~~~ 
~~~ ‘‘ ‘5-~~ 5-~~~”• ~~~~~~~~~~~ “ “ ~‘~~~~~~ ‘- ‘-‘‘‘“ -

LSSR 7—77A

A COMPARATIVE ANALYSIS OF THE D04l SINGLE MOVING AVERAGE

AND OTHER TINE SERIES ANALYSIS FORECASTING TECHNIQUES

A Thesis

Presented to the Faculty of the School of Systems and Logistics

of the Air Force Institute of Technology

Air University

In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Logistics Management

By

Jim S. Brantley , BS Donald E. Loreman, BA
Captain, USAF Captain , USAF

June 1977

Approved for public release;
distribution unlimited



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

This thesis, written by

Captain Jim S. Brantley

and

Captain Donald E. Loreman

has been accepted by the undersigned on behalf of the
faculty of the School of Systems and Logistics in partial
fulfillment of the requirements for the degree of

MASTER OF SCIENCE IN LOGISTICS MANAGEMENT

DATE: 15 June 1977

COMMITTEE CHAIRMAN

ii

- ‘~~~‘
_ ‘‘~‘J- ~~~~~~~~~~~~~~~~~~~~~ •



P.’ ‘ -
~

‘ 
~~~~—‘ ~~~~~~~~~~~~~~~ 

. ——-S.5----—-
~~~~~~~~

- --’-.-- .——’ - -5---— -’-- ’——

ACKNOWLEDGEMENT

The authors wish to express appreciation to

Major J. M. Pearson for his able assistance as our Faculty

Advisor and to the staff and faculty , School of Systems

and Logistics, Air Force Institute of Technology, for their

help in this research effort . An additional note of recog-

nition is due Phyllis Reynolds for her professionalism in

typing this thesis.

I

I

iii

~~
l
lj a_ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -



~ - - ‘ - ‘.5-- -‘~~~~~ - - ‘ -— 5-—’

I

TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS iii

LIST OF TABLES vi

LIST OF FIGURES vii

Chapter

I. INTRODUCTION 1

Background 1

Statement of the Problem 2

AFLC Forecasting System 3

Research Justification 4

Areas of Investigation 12

Research Question 13

Research Hypotheses 13

II.  RESEARCH METHODOLOGY 14

Population of Interest 14

Definition of Variables 15

Data Requirements 16

Data Collection 16

Research Approach 18

Testing the First Research Hypothesis . .  18

Testing the Second Research Hypothesis . .  22

List of Assumptions 23

List of Limitations 23 5

iv

~~~t 
l~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~ 

- .  — 5--  .544



, .  -- -5-- -5-----

Chapter Page

III. FINDINGS AND ANALYSIS 24

The D04l Forecasting Method 24

The TCAST Forecasting Method 24

Comparison of the Two Forecasting Methcds   25

IV. CONCLUSIONS AND RECOMMENDATIONS 28

Conclusions 28

Recommendations 29

APPENDICES 30

A. D04l DATA BAN K DATA RETRIEVAL 31

B. TIME SERIES FORECASTING DATA PREPARATION . . .
C. STATISTICS COMPUTATION 64

D. RESULTS OF THE STATISTICAL HYPOTHESIS TESTS .  90

SELECTED BIBLIOGRAPHY 95

A. REFERENCES CITED 96

B. RELATED SOURCES 97

V

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~ 

_
‘±

~~~~~~~~~~~~~~~~~~~~~
, ‘ -,

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



pr.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-. 5- 5- ” - ’~~~ ,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~ .‘ .“-‘ ~ 5 - S ”5-” . ~~~~~~~~~~~~~~~ ‘ T’•T~~~~~~~.

- 

- 

LIST OF TABLES

Table Page

2.1 Significant Variables 17

2.2 Example Determination of Forecast Errors
for r=1 and T=2 21

3.1 Characteristics of TCAST Forecasts 26

A.1 D041 Data 51

A.2 Data After Preparation 52

A.3 Computed D041 Forecast Error 54

3.1 TCAST Data for Lead Time One 60

B.2 TCAST Data for Lead Time Two 61

3.3 TCAST Data for Lead Time Three 62

B.4 TCAST Data for Lead Time Four 63

D.l D041 Hypothesis Test Results 92

D.2 TCAST Hypothesis Test Results 93

D . 3  Forecasting Method Comparison Hypothesis
Test Results 94

Vi

kL~~.
__

n-,.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _



5 - - --- - - - -- ~~~~- - -  .-,-~~~~~~ , 5 5- -- — -~~~~~ 5-- -- - ~~~~~ -~~~~~~-- — -

LIST OF FIGURES

Figure Page

A.1 FSN/MSN Conversion Program 38

A . 2  FSN Selection Program 40

A.3 OFM Demand Data Retrieval Program 42

A.4 Past Program/Reparable Generation Data
Retrieval Program 45

A.5 Data Preparation Program 48

A.6 D041 Forecast Error Computation Program . .   53

C.1 Statistics Computations for D041 Forecasts
in Lead Time One 66

C . 2  Statistics Computations for D04 1 Forecasts
in Lead Time Two 67

C.3 Statistics Computations for D041 Forecasts
in Lead Time Three 68

C.4 Statistics Computations for D041 Forecasts
in Lead Time Four 69

C .5  Statistics Computations for TCAST Forecasts
in Lead Time One 70

C . 6  Statistics Computations for TCAST Forecasts
in Lead Time Two 71

C.7 Statistics Computations for  TCAST Forecasts
in Lead Time Three 72

C.8 Statistics Computations for TCAST Forecasts
in Lead Time Four 73

C . 9  D04 1 Error Distribution for Lead Time 1     74

C.lO D041 Error Distribution for Lead Time 2     75

C.1l D04 1 Error Dis t r ibut ion for  Lead Time 3     76

Vii

—

~~~~~~~

-

~~~~~~~ 

-

~~~~~~

-- 

~~~~~~~~~~~~~~~~~~~~~ ~~ 
—

~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



‘5- 5- ’ ---

Figure Page

C.12 D041 Error Distribution for Lead Time 4 . . . . 77

C.13 TCAST Error Distribution for Lead Time 1    78

C.14 TCAST Error Distribution for Lead Time 2    79

C.15 TCAST Error Distribution for Lead Time 3    80

C.16 TCAST Error Distribution for Lead Time 4    81

C.17 D041 Error Over Time for Lead Time 1 82

C.18 D041 Error Over Time for Lead Time 2 83

C.19 D041 Error Over Time for Lead Time 3 84

C.20 D04l Error Over Time for Lead Time 4 85

C.21 TCAST Error Over Time for Lead Time 1 86

C.22 TCAST Error Over Time for Lead Time 2 87

C.23 TCAST Error Over Time for Lead Time 3 88

C.24 TCAST Error Over Time for Lead Time 4 89

viii

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --.
~~

‘
~~~~~~

i-’_
~~

_
~ ~~~~~~~~~~~



CHAPTER I

INTRODUCTI ON

Background

During the past fifteen years, much outside

pressure--Congressional and taxpayer--has been placed on

the Department of Defense to improve the management of its

materiel acquisition system as well as other resource

expenditure programs. This pressure, combined with the

aggressiveness of individuals involved in the materiel

systems, has generated many innovative techniques to

improve the support of our weapons systems (1:22-23). As

a result, the focus has been on obtaining the maximum

national defense for minimum dollar expenditure; a goal to

be achieved through the effective use of national resources.

The management of the Air Force portion of these

national responses is the responsibility of the Air Force

Logistics Command (AFLC), which ‘ . . . mus t maintain the

ability to replenish base stock levels through a constant

flow of recoverable materiel to and from our global deployed

Air Force units [12:2-2].” The materiel support system

required to accomplish this mission involves the management

of 1.8 million line items worth approximately 9 billion

dollars (7:34).

1
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Statement of the Problem

Forecasting for and acquiring spare parts is an

important facet of the materiel support system. Forecasts
5 

are used to develop dependable systems and to formulate

decisions concerning the technical and economic feasibility

of retaining a system in use (4:15—16). The economics of

spiraling prices and austere budgets make reliable esti-

mates, or forecasts, especially critical. The exponential

acceleration of spares cost provides sufficient justifica-

tion for basing requirements computations upon the best

available forecasting methodology (1:22). As new data

sources become available, as improvements are made in fore-

casting techniques, as added insight of needs is received,

and as other uses for planning factors are considered ,

current forecasting methods require modification or com-

plete change. Forecasting is an evolutionary , dynamic

process, and the method which served well yesterday may

not continue to be the best method for use today (8:351—

358). Operating systems managers in Headquarters AFLC

suspect that the forecasting technique incorporated in the

AFLC materiel support system is biased , i.e., the expected

value of the forecast error is not zero. The problems

analyzed in this research are to determine the bias of

the current AFLC forecasting technique and to compare this

bias to that of other selected forecasting methods.

2
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AFLC Forecasting System

The Air Force Logistics Command manages spares

according to the provisions of the Recoverable Consumption

Item Requirements System (D041), a computer based inventory

control system (12:1-1). In this context, spares are

defined as recoverable items coded with an Expendability—

Recoverability-Reparability-Code (ERRC ) of XD, which indi-

cates that the spare is reparable at the base or depot

level when necessary . Spares constantly move through a

cycle of transactions from the supply activity ’s warehouse,

to installation on an end item , to removal from a higher

assembly after failure, through a repair facility , and then

back to the supply activity ready for reissue once again.

Spares stockage, after initial procurement with the weapon

system, is based primarily on past demands or reparable

generations. Information concerning these reparable gene-

rations at both base and depot level is accumulated and

consolidated through the Air Force Recoverable Asset Manage-

ment System. This data is input to the D041 System to

provide the data base which is used to produce the fore-

casts. These forecast computations are made monthly, for

* 

quarterly periods. The initial quarter identifies specific

items requiring buy, repair, termination and disposal

actions (12:1-1). The second quarterly computation (FY-2)

is used for adjusting previously initiated item actions ,

updating workload projections for annual negotiation , buy

S - 
- S . ’  S
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actions in process, termination and disposal (12:1—1).

The third quarterly computation (FY-3) is used to develop

budget requests and update logistic actions in process

(12:1—2). The fourth quarterly computation (FY-4) is used

to update logistics actions in process, initiate new

actions, and provide data input into other systems (12:

1—2).

Forecasts are made in the form of a reparable

generation rate, which provides a basis for the require-

ments computation performed by the item managers. The com-

putations combine the forecast with other asset availabil-

ity data to determine actual requirements. These require-

ments are further modified by subjective external factors

called additives (5).
- 

The intricacy and subjectivity of the requirements

computation procedures are beyond the scope of the proposed

research effort. This research focused only upon the sta-

tistical model incorporated in the D04l System used to fore-

cast reparable generations. Consequently, the only van —

ables considered were the data points, or actual reparable

generations and the resulting forecasts.

Research Justification

A number of sophisticated statistical forecasting

techniques are available, but time series analysis seems

to be the most promising for forecasting demand data . Time

4
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series analysis is based upon the concept that a sequence

of observations composing a time series is one realiza-

tion of jointly distributed random variables. The past

history of the time series is thus used to provide informa-

tion about the mechanism which describes its evolution

through time, and the mechanism derived is used to fore—

cast the future (1:18—19).

The procedural forecasting instructions outlined

in current Air Force directives are descriptive transla-

tions of the basic mathematical forecasting models used to

predict future requirements. Little management attention

is given to the forecasting technique unless significant

disparities exist between forecasts and reparable gene-

rations. The tendency, even then, is to modify the fore-

casts rather than to question the validity of the tech-

nique generating the forecasts (6). The effectiveness of

the AFLC spares support system depends upon the accuracy of

forecasts; therefore, it is imperative that the most accu-

rate forecasting techniques available be used. The system

currently in use (D041) depends primarily on one of the

simplest statistical techniques available——the weighted

moving average, specifically a twenty-four month moving

average (12). Its effectiveness must be determined and

compared to that of other forecasting techniques if the

Air Force is to operate an efficient logistics system.

5
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The moving average technique smooths fluctuations

in time series and is applied to trend lines as well as

seasonal and cyclical variations. Smoothing takes place

by fitting a straight line to successive groups of n years

by the method of least squares (13:337). However, when

n is 24 months, a straight line may not adequately fit.

A parabola may perhaps be the best fit in the least-

squares sense (13:861). The moving average technique also

assumes that successive observations are statistically

independent, i.e., assuming this year ’s reparable genera-

tions are independent of last year’s generations, but

usually this is not true (13:865). This technique assumes

that the data are stationary (data mean and variance do

not change over time) and that the data are not autocor—

related (independent of previous time periods). The moving

average technique is simple, and easy to use because of

its straightforward calculations. In formula form, the

predicted value of reparable generations, t~~, for period t

(made in period t-l) is such that the average for

time t+1 is:

= 
~~~~ 

+ ~ ( gg ~~~) (Equation 1)

where:

is the forecast reparable generations for
period t+1,

6
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n is the number of periods,

t is the time period ,

is the actual reparable generation in period
t, and

is the actual reparable generations in period
t- n.

The error associated with this forecast is the difference

between the forecast value and the actual demand value.

With the simple moving average forecasting technique the

forecast error is small, but its standard deviation is

greater than the standard deviation of the actual data

(11:4). The moving average technique merely smoothes out

the fluctuations in the data by “moving” the arithmetic

mean value through the time series (10:234). This tech-

nique reacts slowly to sudden changes in the data and is

ineffective if the data is erratic. If a step change

in demand occurs, the moving average takes n periods

(the moving average base) to level off at the new demand 
a

(11:5). However, in the case of continuously increasing

demand , estimated demand responds slowly and always under-

estimates actual demand . When this occurs, the forecast

becomes more biased (11:4); that is, the absolute value of

the expected value of the error increases. The forecast

lags ’behind the trend in demand , and the amount of lag

depends cn the number of periods in the forecast. Altera-

tions are then required to offset the bias in the moving

~ 
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average forecast causing yet another problem. The “cor-

rected” level often overshoots the actual demand and does

not return bo the mean. The moving average technique is

not easily adapted to adjust for forecasting over long

periods, nor does it allow for averaging over arbitrarily

varying time periods (11:6).

Application of the moving average technique to

time series data requires data with a characteristically

linear function and a definite rhythmic pattern of fluctua-

tion which repeats periodically (10:234).

In summary , the moving average is simple to ccmpute

and has merit if the basic assur~iptions have been met,

but it has a serious disadvantage in that it responds slowly

to changes in the demand pattern (11:6) . Data at the

beginning of a series are lost. Moving averages may gene-

rate cycles or other movements which are not present in the

original data. Moving averages are affected by extreme

values (11:6). A method of averaging that allows for an

easy change of the series length and overcomes the effects

of extreme values should be used. Further support for dis-

continuing the use of the simple moving average was found

in the Predictive Techniques Study, Phase I: “Compar ison of

Some Forecast Methods” done by M. D. Lum , L. L. Blair and

J. R. Stuart. They used generated data and concluded that

the 24 month single item moving average for items with

long-term exponential or linear trend was the worst of all

8
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methods tested , and that double exponential smoothing with

specified constants using Brown ’s tracking signal (an out-

of-control signal that indicated the difference between

the forecast and new datum has become significantly larger

than one would expect by chance) ranked best for the items

with exponential trends. The study also recommended that

efforts be made to investigate applications of other tech-

niques, and that real data be used in the future studies.

A more reliable method for forecasting appears to be neces-

sary and a search for this method has led statisticians

to the exponential smoothing technique (9:iii-v).

Exponential smoothing uses the fundamental idea

that any new estimate of demand is related to the previous

estimate corrected for new information. Like the simple

moving average, exponential smoothing also assumes station-

arity and independence. The estimating equation is:

New Estimate = G (New Demand) + (l-e) (Old Estimate)

( Equation 2)

where 0 < 0 < 1 is the smoothing constant. Small values of

the smoothing constant (~~) can be used to place heavier

emphasis on demands from the distant past and little weight

on more recent demands. Conversely, larger values of

theta can be used so that the distant past has little effect

on the forecast (11:7). By varying theta , the item ’s

demand history can be increased or decreased in importance

9
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for making forecasts, and the method can be repeated using

as many different thetas as desired . Overall, when the
4

smoothing constant is small, the function behaves like the

average of a large amount of past data, and therefore the

variance of the estimate is small. When the smoothin

constant is large the function will respond rapidly to

changes in the pattern. The advantages of exponential

smoothing are simplicity , ease of calculations, minimal

data requirements once the forecasting method has been

developed , simple control procedures for the forecasts;

and the straightforward manner in which data enter the

forecast (11:8). Therefore, if forecasting is performed

several times, over many items, exponential smoothing can

be routinely accomplished . For unexpected sudden changes

in the demand pattern , the estimator is unbiased in the

long run; but for steadily increasing demands the esti-

mator is biased because the forecast lags behind the

demand (11:9).

Double exponential smoothing is similar to single

exponential smoothing and the conclusions can be extended

to any order of smoothing. The single smoothed value of

the data will increase to the value of theta in response

to the data input, while the response of the double

smoothed value is theta squared (G2). The order of smooth-

ing is based on the choice of the degree of the polynomial

5
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model that is to represent the data and the subsequent

selection of a smoothing constant for the respective order.

This smoothing constant controls the number of

past observations that have any effect on the forecast.

Flexibility of changing the constant should be considered

to obtain stable forecasts from stable processes and

forecasts that respond rapidly when the value of any

coefficient appears to have changed greatly (11:9). Two

values should be selected for  the smoothing constant : one

for  stable conditions and a higher value for conditions

of rapid change. A small value includes many observations;

but for  larger values, only rec ent data are included .

With the higher order models, more coef f ic ien ts  must be

estimated. Since more coeff ic ients  are needed , the number

of past observations should also be increased to insure

better coefficient estimators by using as many data points

as necessary to satisfy the degrees of freedom requirement

for the model.

The moving average method does not attempt to

assess rate—of-change in the data points as a function of

time . In other words, the technique only estimates the

current level of a factor without regard for whether that

factor is increasing or decreasing , making no attempts to

ad j ust for  t rends.  The forecasts  wi th  the moving average

are always the same, regardless of the forecast lead time

(number of time periods into the future for  which the

11
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current forecast is being made). Thus the moving average

forecasts straight ahead . In contrast, the exponential

smoothing method estimates both the current  level of a factor

and the current linear rate—of—change for the same order.

Forecasts made are a linear function of the forecast lead

time using these estimates. Exponential smoothing attempts

to account for and to follow trends , and it can follow the

direction of these trends by forecasting upwards , downwards

or s t ra ight  ahead (9 : 9- 1 0) .

Headc!uarters AFLC suggests that the double exponen-

tial smoothing method should be analyzed for possible AFLC

use (5) and that the present D041 prediction method should

also be compared against other more currently developed

predictive techniques (6).

This thesis continues the research conducted by

Captain Bruce R. Christensen and Mr. Gene J. Schroeder , who

used simulated models (2:Ch.l) to conclude that the expected

value of the distribut. ton of forecast errors presently found

in the D04l System was not zero (3:Ch.l—3). Their recoin-

mendation was to incorporate actual D041 data into the

investigation of the bias produced by the single moving

average forecast and other techniques such as time series

analysis (3:37).

Areas of Investigation

There are two areas of invest igat ion that provide

the objec t ives  for the proposed research:

12
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1. To determine if the D04l  System forecasts  are

biased .

2. To ca lcula te,  review and compare the forecast

error of time series analys is  methods to that of the D04l

System to determine which of the techni ques is the best ,

in terms of minimum error , to forecast fa i lures  of spare

parts .

Research Question

What forecasting technique should the D041 inventory

management system use to provide the most accurate forecasts?

Research Hypotheses

1. The use of the weighted moving average tech-

nique leads to biased forecasts in the AFLC material sup-

- port system.

2. The use of the time series analysis technique

leads to forecasts with significantly less bias than that

of the D041 System .

13
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CHAPTER II

RESEARCH METHODOLOGY

Population of Interest

This research focused upon the characteristics of

the D04l forecasting technique, the technique currently

used to create quarterly forecasts for 125 ,000 recoverable

items in the Air Force inventory . Of these 125,000 items,

approximately 45,000 items are forecast subjectively by

the responsible item manager, rather than by the D041

System based on past demands (5). These items are excluded

from consideration since they do not typify the statistical

technique used in the D041. The population was further

limited to the nine Federal Stock Classes listed below:

1560 Aircraf t  Structural

1615 Helicopter Components

1630 Wheel and Brake Components

2915 Engine Components

5841 Airborne Radar

5865 Electronic Countermeasure

5905 Resistors

5910 Capacitors

6615 Airborne Gyros

14
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The selection of these classes was based upon the past

history of inaccurate forecasts and consequential problems

as recommended by Ms. Anita Clevenger of AFLC (5). Class

1560, Aircraft Structural , was specifically selected

because of its stable demand pattern. The population was

further limited by the requirement for eight years data

necessary to examine the performance of the techniques over

an adequate time period.

Definition of Variables

Within the D041 forecasting environment , approxi-

mately 20 variables interact to influence the requirements

computation for spares. Examination of most of these

variables is beyond the scope of this research. With the
- focus on the performance of the forecasting technique

itself , only the following variables were considered (5):

1. Base reparable generations , i.e., the number

of failures.

2. Organizational Field Maintenance (OFM ) demand

rate, i.e., the predicted ratio of future reparable gene-

rations to the predicted number of flying hours.

3. Operational Program , i.e., the number of flying

hours for the spare in question.

4. Projected Operaticnal Program , i.e., the number

of flying hours forecast for future periods.

15
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Data Requirements

Data used in this research consisted of 31 quarters

of forecast data and 35 quarters of actual reparable gene-

rations for a single Master Stock Number (MSN). To

obtain this data, three elements of data were collected

for each of 31 MSNs over the time period FY 69-2 to FY 77-4.

These data elements, as shown in Table 2.1, consist of

the OFM demand rate, the base reparable generations and the

past operational program. To obtain a forecast of units

demanded, the OFM demand rate is multiplied by the pro-

jected operational program . However, the forecasts pro-

vided by AFLC were obtained by multiplying the OFM demand

rate by the past operational program (e.g., actual hours

flown). This data , then, does not reflect the actual D041

forecasts and , hence, any conclusions drawn concerning the

biasedness of these forecasts is of questionable signifi-

cance.

Data Collection

The required data was available from the D04l Tape

Library (5). Computer programs had to be written to

extract the required information from the D04l tapes and

transfer it to a data file in the CREATE System . Appendix

A describes this data retrieval in detail. Master Stock

Numbers were initially selected according to the following

edit criteria:

16
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1. Element is in one of the 9 classes previously

defined .

2. Element is coded XD.

3. Element is forecast by the D04l Sytem, not by

the IN.

The initial computer run resulted in 500 MSN5 (Classes 1615,

1630, 2915, 5841, and 6615). Subsequent runs against the

above edit criteria reduced the usable data to 31 MSNs, all

in class 6615.

Research Approach

The stated purposes of this research are to analyze

the performances of different techniques used for fore-

casting reparable generations and to compare their accurate-

ness. The basic approach was: (1) to compare the D04l

single moving average forecast with actual reparable genera-

tions for the same time period to determine the forecast

bias, and (2) to compare the two methods (D041, and time

series analysis) with each other to determine which tech-

nique offered the least amount of bias.

Testing the First Research Hypothesis

The first research hypothesis was: The use of the

weighted moving average technique leads to biased forecasts

in the AFLC materiel support system . This is to say that

the expected value of the forecast error presently found

18
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in the D04l System is significantly different than zero.

The hypothesis may then be stated as:

H0: E(e ) = 0

H1: E(eT) ~ 0

where:

E ( e T ) is the expected value of the forecast error,
for fixed lead time

Each D041 forecast from quarter five (F? 70-2) to quarter

34 (FY 77-3) was compared to the actual reparable genera-

tions for quarter six (F? 70—3) to quarter 35 (FY 77-4).

The forecast error associated with each time period , for

each Master Stock Number was calculated as:

eT(t) = ~~ (t) 
- g ( t )  (Equation 5)

where:

e ( t )  is the error term associated with ( t ) ,  a
T lead time of -r~

~ ,. (t) is the forecast for period t made periods
ear l ier,  and

• g(t) is the actual reparable generations in
period t.

The final data pattern consisted of four error distribu-

tions (one for lead times of 1, 2, 3, and 4 quarters) for

each ’Master Stock Number. The data points were the error

[e (t)} values for t = 1 , 2 , 3, ... T for a fix€’d lead

time , r .

19
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Table 2.2 should clarify the explanation of fore-

casts made for various time periods for lead times one and

two (3:20).

The first research hypothesis was designed to deter-

mine if the D04l forecasting method is biased . The expected

value of each error distribution for a fixed lead time was

calculated according to

E(eT) = 

t=l 
[
~~T

(t )  - g(t)] (Equation 6)

where:

E(e
~
) is the expected value of the forecast error

made for lead time T,

~ (t )  is the forecast reparable generations for
period t with lead time T,

g(t) is the actual reparable generation in period
t, and

n is the number of data points in the distri-
bution.

The hypothesis was then tested for each error distribution.

Rejection of the null hypothesis means that the D041 fore-

• cast technique is biased (13).

A computer program was written to compute the fore-

cast errors, and an SL library program (SIMFIT) was used to

determine the statistic properties of these errors.

20
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Testing the Second Research Hypothesis

The second hypothesis states: tise of the time

series analysis techniques leads to forecasts with signifi-

cantly less bias than that of the D04l System. To obtain

a basis for comparison , forecasts were made from the same

data base and lead times using SL library program TCAST.

These forecasts were compared to the actual reparable

generations for the period and the resulting errors were

calculated according to Equation 5. The expected value for

each distribution was then calculated according to Equation

6 and tested with the following hypothesis:

H0: E(eT) = 0

H
1
: ECeT) � 0

- As with the first hypothesis, SL library program

SI~~~IT was used to compute the statistical properties of

these errors. If the statistical test resulted in the

rejection of the null hypothesis, it was inferred that the

tested forecasting technique was biased . Conversely, if

the null hypothesis could not be rejected , the inference

was that the tested forecasting technique is not biased .

The expected values of the error distributions

obtained from the two forecasting techniques were tested

for signif icant  statistical difference according to the

following hypothesis:

22
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H .  <eT D 0 4l  eT TCAST

H1
: E(e1) ! D041 > 

~
E ( e T ) ‘ TCAST

If the statistical test results in the reject ion of the

null hypothesis, the time series (TCAST) forecasting tech-

nique is inferred to be more accurate than the D04l tech-

nique. Conversely , if the null hypothesis cannot be

rejected , the inference is that there is no significant

difference between the techniques.

List of Assumptions

1. The D04 1 fo recasting procedures have been

applied consistently through the period of time examined

by this research.

2. The error terms for a specific lead t ine are

statistically independent.

3. Forecasting errors are normally distributed.

Lis t of Limitations

The research was limited to the forecasting tech-

niques as applied to a subset of reparable items. Extrapo-

lation to forecasting for other non-reparable items may

require additional research.

23
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CI-LAPTER III

FINDING S AND ANALYSIS

The D04 1 Forecasting Me thod

The D04l forecasting method was investigated to

determine if the forecast was biased . The forecast error

distributions and their statistics were computed by com-

puter programs for lead times of one , two, three, and four

quarters (refer to Table D.l). For this particular NSN

(661500735893), the null hypothesis could not be rejected

at any reasonable confidence level for any of the four lead

times examined, inferring that the D041 forecasting tech-

- nique is unbiased for these data.

The graph plots (Figures C.9 through C.12) show the

error distr ibution to approximate rather f la t  norma l curves

which are in fact very close to uniform distribution curves.

The TCAST Forecasting Method

The exponential smoothing fo recasting method (TCA ST)

was investigated to determine if it produced forecasts which

were biased . The distribution of forecast errors and its

statistics were computed for lead times of one, two, three,

and four (refer to Table D.2).

The TCAST model was optimized for each forecast

made. Nearly 72 percent of the 102 forecasts made were

24
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optimized with third order exponential s~ oothing , which

takes into account the quadratic rate of - hange in the

single exponentially smoothed average. Third order exponen—

- 
tial smoothing normally results in more resccnsive fore—

casting than first or second order.

Similarly, larger alpha (smoothing constant) values

usual ly  resul t  in more responsive forecast ing , but in these

data , 86 percent of the 102 forecasts were optimized with

• smoothing constants of .1 or .2 (refer to Table 3.1).

The null hypothesis could not be rejected at any

reasonable level of confidenc e for  an~’ of the lead times

of one , two , or three , in fer ring that  the TCAST method of

forecasting is unbiased for these data . Hc-wever, for a lead

time of four quar ters, the null hvDothesis could be rejected

wi th 87 percent confidence, infer r ing  tha t the TCAST me thod

of forecasting , for a lead time of four quarters , is biased

for these data .

The graph plots (Figures C.13 through C.16) of the

error distributions approximate rather flat normal curves

wh ich are,  in fac t , very close to uniform distribution

curves.

Comparison of the Two Forecasting Methods

The statistics of the D041 and the TCAST forecast-

~~~ methods were compared to determine if the TCAST method

offered less bias than the D04l. The nul l  hypothesis could

25 
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not be rejected wi th  any reasonable confidence for any of

the fo ur lead times , in fe r r ing that there is no s ta t i s t ica l ly

sign i f ican t  d i f ference  in the expected values of the fore-

cast errors for these two methods.

For all four lead times, the D041 forecasting method

produced positive mean error values, inferring a somewha t

consistent tendency to over—forecast. However, the TCAST

method produc ed negative forecast  error means for  lead times

one , three and four , inferring a tendency to under—forecas t .

27
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The first research hypothesis stated that the use

of the weighted moving average forecasting technique by

the AFLC material support system led to biased forecasts.

Because of the nature of the forecasts provided by AFLC ,

no conclusions can be reached concerning the biasedness

of the D04l forecasting technique.

The second research hypothesis stated that the use

of time series analysis technique would lead to signif i-

cantly more accurate forecasts. Again, no f i rm conclu-

sions can be stated regarding differences in accuracy

between the two techniques. However, the TCAST forecasts

were statistically unbiased and made no use of “after the

fact” information as did the D041 forecasts. Also , the

variance of the distribution of forecast errors for the

TCAST technique was substantially less than the variance

associated with the distribution of forecast errors for

D041. This smaller variance means that the risk associated

with ‘using the TCAST forecast is less than that associated

with using the D04l method .
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Recommendations

Recommendations for further research include the

following :

1. Research should be conducted using a larger

variety of items. The data needed for this research is

available in AFIT/CREATE Library under permanent D041

file.

2. The future program forecasting procedures and

their ramifications should be studied . The projected fly-

ing hours (future program) are a driving force in the

calculations to determine how many reparable assets of a

given type will be required .

3. The Box and Jenkins forecasting technique should

be investigated as a possible better forecasting method .

This method should be compared to both the D041 results and

the exponential smoothing time series results in this

thesis.

4. The thesis results obtained from generated

data by Captain Bruce Christensen and Mr. Gene Schroeder

should be compared to the results of this thesis and any

other techniques studied using real data.

29 
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APPENDIX A

D04l DATA BANK DATA RETRIEVAL
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The Current D04l Data Bank consists of approxi-

mately 330 magnetic tapes containing a staggering volume

of historical information. It is in fact this volume

which greatly complicates actual usage of the available

data . In order to ferret out the bits of information per-

tinent to the issue at hand, hours of computer time were

consumed in a computer search through the information.

In acquiring the data for this research e f fo r t ,

much time was dedicated to locating a knowledgeable person

to explain system access procedures. Ms. Anita Clevenger

of the Policy and Systems Division, HQ AFLC and Ms.

Virginia Thomas of the CREATE Application Support Group

- were able to jointly and cooperatively furnish the required

guidance. Ms. Thomas can furnish copies of the quarterly

D04l Data Bank control ledger and the file format for each

record .

The first set of problems encountered involving

- 
learning the use of tapes. A set of permanent tapes was

secured through the use of System NE~TAPE. In order to

preclude confusion and the inadvertent destruction (write-

over) of one of the data tapes, a control log was used .

For each program run the numbers and labels of the tapes

read from, and written to, were recorded in this control

log. A CARDIN NOSLEW control card was used immediately

32
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prior to defining the “write to” tape in order to suppress

any carriage control format instruction and therefore to

obtain accurate “read” and “write” actions. Some of the

D04l tapes are in marginal condition , which occasionally

caused a run to abort with an irrecoverable input error.

In each case, running the same program again after request-

ing special assistance of the operator resulted in a satis-

factory run. Should this have failed , Ms. Thomas could

have requested the reconstruction of the defective tape.

Program design incorporated the minimum number of

tapes for each single run because of the limited number of

tape drives (14) available on the CREATE System. If a

single run required more than three tape drives, some delay

was experienced. Several smaller runs rather than one

large one were pre erred .

In this research effort, the basic programming

approach was to run the program against the first available

data to arbitrarily select 900 Master Stock Numbers (MSNs)

according to certain criteria , and write them to a data

- tape. The next run read these MSNs from the data tape,

read through the next quarter ’s data tapes until the MSNs

and desired list of information matched , and then wrote

all of that information to another data tape. The follow-

ing run read that information , read the next quarter ’s

information , and wrote all the desired information to a

third data tape. In other words, all the desired
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information was transferred back and forth through each

consecutive run. From this, it is obvious that runs

had to be made in sequence. From discussions with the

computer Operator , it was learned that a CARDIN MSG1 con-

trol card could be used to instruct the operator to run

that program only after the completion of a previous run .

Therefore, an entire series of runs could be entered at

one time. Preparing the runs in sequence led to the fact

that prior to quarter 74-3 , only first and third quarter

data was retained in the Data Bank. After 74-3, data was

retained for each quarter .

Beginning with quarter 75-4, MSN5 became National

Stock Numbers (NSNs) including the “00” (e.g., 6615003147504).

Prior to 75-4 MSNs were really Federal Stock Numbers

(FSNs) without the 00 (e.g., 66153147504). In order to

make this transition in the series of runs , a conversion

program was written to read the information already col-

lected from a data bank and write it back to another data

tape, inserting the 00 with a format statement. See

• Figure A .l for a copy of this program.

In order to retrieve the data necessary for this

research, three specific pieces of information were required ,

for each quarter , for an unknown number of MSNs. The OFM

demand rate is available on the 01 record ; the base

reparable generations are available from the 03 record;

and the past program is available from the 11 record.
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The first run selected the initial set of (in this case)

Federal Stock Numbers: 100 in each of five classes. The

only other criteria were a requirement for existing data in

the first quarter (70-2) and a computer made forecast for

that quarter (card column 090 of the 01 record should be

blank). An “E” in that card column would indicate a

manipulated forecast. The program (Figure A.2) was run

against the 01 record in quarter 70-2, which consisted of

three tapes. These tapes appeared to be in stock number

sequence. Results were 500 Federal Stock Numbers and the

associated OFM demand rate for that quarter. This informa-

tion was then written to a tape which in turn provided the

basis for the run against the next quarter ’s data.

These runs against quarter 71-1 and subsequent

quarters were made with the program in Figure A.3 , which

is the final run against quarter 77-4. This series of

runs retrieved the OFM demand rate for each of the stock

numbers remaining in the data sample. Since stock numbers

were eliminated when no data was found or when a manual

forecast was made, the number of stock numbers in the

sample rapidly decreased from 500 to 46 with the final run.

With the demand rate data in hand , the next runs

were made against the 03 and 11 records to obtain the past

program and reparable generations data. The records show

in the D04l Data Bank Control Ledger as only the 03 record ,

but the 03 through 11 records are carried on those tapes.
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Sequence appears to be by Air Logistics Center, then stock

number , then record type. Since eight quarters of data

are carried on each quarter ’s records, it was necessary

only to run against the 71-1, the 72-3, the 74-3, the 76-3

and the 77-4 tapes to obtain a full set of data for the

stock numbers in the data sample. A sample of the program

can be seen in Figure A—4.

Programming logic for this series was similar to

that used for obtaining the OFM demand data. The end

results were 22 quarters of OFM demand data (because of

the missing quarters) on one tape and 35 quarters of past

program and reparable generation data on the second tape.

To mesh them together , compute the forecast and write all

the data to a permanent data file, another program was

written (Figure A.5). As the data was read from the tapes

prior to adjusting , the quarters did not match. The data

for a sample MSN appeared as in Table A.l. The missing

OFM demand rates were filled in by straight line averaging

the nearest actual demand rates. The limitations of this

step were recognized , but it was deemed more valuable to

compute the statistics for a larger sample of error points

than to rely on strictly actual available data. Since no

demar~d rates were available for the first four quarters

(FY 69-2 through FY 70-1) no forecasts were analyzed for

those quarters.
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Th e end result of this program run was a usable

stream of 35 quarters of data . The fu l l  data f i l e  for all

31 remaining stock numbers is established as a permanent

file under the name D04l. This file is accessible for

other potential uses. The data for the stock number

examined in this research is tabulated in Table A.2.

The actual data points to be examined in this

research were the errors of the forecast. A computer pro-

gram (Figure A.6) to read the D041 data (forecast and

reparable generations) and compute the forecast errors

for lead times one, two, three, and four (Table A .3) was

accordingly written.

Time became one of the largest problems in obtain-

ing this data file. The programs themselves normally

requtred 15 to 35 minutes of computer time each. When this

requirement is combined with the tape drive requirements

and sequencing requirements , a data retrieval project

becomes a formidable task requiring a significant number

of calendar days to complete. The situation is complicated

by computer down-time and the fact that jobs this large

are only run at night and on weekends. Once the tape and

formats were identified , writing and running the set of

programs in this appendix required approximately six weeks

of continuous daily runs .
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TABLE A. 1

D04]. DATA

OFM Past Reparable
Quarter Demand Rate Program Generations

1. 69—2 * 1016 28
2. 69— 3 * 936 25
3. 69— 4 * 914 23
4. 70— 1 * 861 30
5. 70— 2 . 0336 816 24
6. 70— 3 * 791 21
7. 70— 4 * 693 32
8. 71—1 .0314 571 24
9. 71— 2 * 580 22

10. 71— 3 .0357 621 33
11. 71— 4 * 548 21
12. 72—i .0380 479 17
13. 72— 2 * 497 32
14. 72— 3 .0433 533 15

15. 72— 4 * 502 17
16. 73— 1 .0424 493 24
17. 73—2 * 577 17
18. 7 3 — 3  . 0 3 6 7  809 16
19. 7 3 — 4  * 928 27
20. 74—1 .0301 981 1].
21. 7 4 — 2  * 663 14
22. 74—3 .0243 652 10

23. 74— 4 .0235 435 11

24. 75—1 .0218 285 10
25. 75— 2 .0213 364 10
26. 75— 3 .0222 383 ii
27. 75—4 .0202 392 7
28 76— 1 .0247 384 15

29 .  76— 2 . 0 2 6 6  342  12
30. 76— 3 .0283 379 8

31. 76—4 .0293 384 15
32. 77—1 .0300 342 12
33. 77—2 .0339 379 8
34. 77—3 .0335 335 11

35 .  77—4 .0 3 5 7  324 13

*Indicates missir~g data.
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TABLE A . 2

- DATA AFTER PREPARATION
IISN 6 6 1 5 0 0 0 7 3 5 8 9 3

P A S T  R E P A R A R L E
Q U A R T E R  OF PI DR P R O G R A M  F O R E C A S T  G E N E R A T I O N S

1 0.9999 1016 . 0. 28.
2 0.9999 936 , 0. 25 .
3 0.9999 914 . 0. 23 .
4 0.9999 061. 0. 30- .
5 0, 0336 816 , 26,577 6 24 ,
6 0.0325 791, 2 .5225 21.
7 0.0325 693 . 18.5575 32 .
8 0, fl 3 1 4 571. 18.2120 24.
9 0.0336 58 0 , 20 ,8346 22.

10 0.0357 6’l. 19 ,5 636 33 .
11 0 .0369 548. 17 .6512 21.
12 0. 038 0 479 , 18 .8060 17.
13 0.0407 497 . 21.6665 32 ,
14 0. 0433 533 , 21 .7366 15 ,
15 0 .0429 502. 21. 1251 17 ,
16 0.0424 493 . 24.4648 24 .
17 0. 0396 577 , 31.9960 17.
18 0.0367 80 9 . 34 ,0576 16.
19 0. 0334 928. 32.7654 27.
20 0.03 01 981, . 19 ,9563 11.
21 0.0272 663. 17.7344 14.
22 0.0 243 652 , 10,5705 1~~,
2 3 0.0235 435. 6.6975 11,
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29 0, 5-
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33 0 .0339 379 . 11.35 65 8.
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35 0. 03 57 324. 0. 13 .
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APPENDIX B

TIME SERIES FORE CASTING DATA PREPA RATION



-----

The forecasting method used was that of the Honey-

well Corporation TCAST computer program in the AFIT CREATE

Library . This program reviews the exhibited characteris-

tics of a variable and describes its behavior by perform-

ing an intrinsic analysis on discrete data. In the analysis

each data point is split into base series , trends , seasonal,

5- cyclical and erratic components. Base series are known

historical data values which are considered constant over

given periods of time; trend refers to the long-term growth

or decay of the system; seasonal refers to regular annually

recurring periodic f luctuat ions which are predictable;

cyclical is a wave-like f luctuat ion about a trend which is

not constant nor predictable; erratic refers to the unex-

plained or randcm variation that occurs for unknown reasons.

After the analysis on each data component the results are

combined and the forecasting model developed generates a

forecast.

The forecast generation followed five objectives :

1. Evaluated trends in the historical  data .

2.  Dampened the erratic variations.

3. Responded to true changes in the physical

process as they occurred.

4. Projected trends in fu ture  time periods.
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5. Used program generated optirnu’>~ forecast param-

eters to accomplish the previous four object ives.

A “ signal,” the deterministic part of the time

series, consists of the long—term trend, cyclic and seasonal

e f f ec t s  and this signal is separate from the random vari-

ation. This signal and the random variation projections

are used together to determine a future process value.

Logically these steps were followed to develop a signal:

1. Display the data and visually determine any

obvious characteristics.

2. Remove any apparent growth or decay trends.

3. Remove any s ignif icant  cyclical components.

4. Evaluate the residua l trends of the ori ginal

corrected data and determine their type and order of

growth or decay .

5. Fit the residual trends to an appropriate

program method : exponential smoothing .

6. Forecast for the future period using the

appropriate programmed time series forecast model.

7. Continue to update the model as new data

becomes available .

As updat ing continues various alphas are selected wi th in  the

TCAST Program to cive the smallest mean absolute deviat ion

( MAD ) of the forecast  errors for each smoothing type .

Ge n e r a l l y ,  alphas  w il l  be between .01 and .3 for  f i r s t
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order smoothing and .3 to one for second or third order

smoothing . After smoothing has been accomplished the

residual left is due to random variations and these would

produce errors in any forecast model.

Forecasts for this study were generated by trun-

cating the TCAST program through the use of ASK function.

Accordingly, all extraneous data was sent to a file dump

while only the forecast information was asked for on the

teletype, thereby decreasing the actual time for the te~e-

type operation of TCAST. The actual operation of TCAST

was easily accomplished by following the instructions that

— can be obtained from AFIT/CREATE Library .

The forecasts generated were obtained by using the

first eight data points to establish a computational base

for the first forecast, with additional data items input

to continue forecasting into future periods. Forecasts

were generated for lead times (number of periods in the

future being forecasted ) of one, two, three and four.

Specifically , for lead time one , forecasts began in the

ninth quarter and continued to the 35th quarter; for lead

time two, forecasts began in the tenth quarter and con—

tinued to the thirty-fifth; for lead time three ; fore-

casts began in the eleventh quarter and continued to the

thirty-fifth quarter; and for lead time four fore—casts

began in the twelft’>.i quarter and continued to the thirty-

fifth quarter. One complete TCAST run had to be made ~or
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each needed forecast; i.e., tOt, first run included the

first eight data poir’>~ s to form the data base to forecast

for the ninth period , the second run included the data

base plus the influence of the ninth periods actual usage

to forecast for the tenth period , and so forth. Each run

continued to regenerate forecast for the past periods for

which a forecast had already been extracted but these were

disregarded and only the last period forecasted on each

run was extracted.

After the forecasts were obtai ned for each quarter

the type smoothing (first order , second order , or third

order) was recorded , as was the alpha (optimal weighted

value). Following this the actual reparable generations

were subtracted from the forecasted values and this differ—

5- ence represented the error for each quarter . The error

was rounded to one decimal place and both positive and

negative values were obtained . (See Figure B.l through

B.4.) These differences represented the error distribu-

tions data base.
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TABLE B . l

TCAST DATA FOR LEAD TIME ONE

Order Smoothing Reparab le  Forecast
Qtr. Smoothing Constant Forecast Generations Error

8 3 .2 25.453 24
9 2 .8 19.429 22 3.5
10 1 .3 27.253 33 —13.6
11 3 .1 24.953 21 6.3
12 3 .1 22.370 17 8.0
13 1 .1 26.092 32 —9.6
14 3 .1 21.706 15 11.1
15 3 .1 19.830 17 4.7
16 1 .2 22.536 24 —4.2
17 3 .1 18.911 17 5.5
18 3 .1 17.407 16 2.9
19 3 .1 19.550 27 —9.6
20 3 .1 16.516 11 8.6
21 3 .1 15.026 14 2.5
22 3 .2 10.008 10 5.0
23 3 .2 8.8349 11 —1.0
24 3 .2 7.8006 10 —1.2
25 2 .2 8.6828 10 —2.2
26 2 .2 8.6299 11 —2 .3
27 3 .1 6.7158 7 1.6
28 2 .2 9.3022 15 —8.3
29 1 .6 12.156 12 —2.7
30 3 .1 7.2936 8 4.2
31 2 .2 10.514 15 —7.7
32 2 .3 12.162 12 —1 .5
33 2 .2 9 .3 827 8 4 . 2
34 1 .2 7 .7 8 4 7  11 — 1 . 6
35 15 — 5 . 2
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TABLE B . 2

TCAST DATA FOR LEAD TIME TWO

Order Smoothing Reparable Forecast
Qtr . Smoothing Constant Forecast Generations Error

9 1 .3 2 5 . 9 8 5
10 3 .1 2 4 . 0 9 8  33 — 7 . 0
11 3 .1 26.659 21 3.9
12 3 .1 24.756 17 9.7
13 3 .1 21 .929  32 — 7 . 3
14 3 .1 2 4 . 6 5 2  15 6 . 9
15 3 .1 21.242 17 7.7
16 3 .1 19.211 24 2.8
17 3 .1 19.950 17 2.2
18 3 .1 18.281 16 4.0
19 3 .1 16.672 27 —8.7
20 3 .1 19.08 1 11 5.7
21 3 .1 15.781 14 5.1
22 3 .1 14.195 10 5.8
23 3 .1 11.684 11 3.2
24 3 .1 10.096 10 1.7
25 3 .1 8.5976 10 .1
26 3 .1 7.5072 11 —2.4
27 3 .1 7.0772 7 .5
2 8 3 .1 5 .5248  15 — 7 . 9
29 3 .1 7.0390 12 —6.5
30 2 .2 9.2174 8 — 1 . 0
31 2 .2 7. 9214 15 — 5 . 8
32 2 .2 10.175 12 —4.1
33 2 .2  10.491 8 2 . 2
34 1 .4 9 .6 9 3 2  11 — . 5
35 13 — 3 . 3
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TABLE B .3

TCAST DATA FOR LEAD TIME THREE

Order Smoothing Reparable Forecast
Qtr . Smoothing Constant Forecast Generations Error

10 2 .5 25.117
11 1 .8 22.638 21 4.1
12 2 .2 27.594 17 5.6
13 3 .2 2 3.838 32 —4 .4
14 3 .2 17.109 15 8.8
15 3 .2 26.159 17 .1
16 3 .2 17.179 24 2.2
17 3 .2 13.819 17 .2
18 3 .2 18.207 16 —2.2
19 3 .2 15.177 27 — 2 . 2
2 0 3 .2  12.870 11 4 . 2
21 3 .2 21.246 14 —1 .1
22 3 .2 12.779 10 11.2 5-
2 3 3 .2  10.619 11 1.8
24 3 .2  6 .3872  10 .6
25 3 .2 5.2920 10 —3.6
26 3 .2  4 . 3 9 4 3  11 —5.7
27 3 .2 4 . 4 5 5 9 7 — 2 . 6
28 3 .2  5 .8945  15 — 1 0 . 5
29 2 .2  5.1863 12 — 6 . 1
30 2 .2 8.0304 8 —2.8
31 2 .2  8 . 6 8 9 4  15 —7.0
32 1 .8 8.8621 12 —3.3
33 1 .8 13.772 8 .9
34 1 .4 10.338 11 2.8 - 

-

35 13 —2.7
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TABLE B . 4

TCAST DATA FOR LEAD TIME FOUR

Order Smoothing Reparable Forecast
Qtr. Smoothing Constant Forecast Generations Error

11 3 .3 8 . 0 4 5 0
12 3 .3 18.625 17 —9.0
13 3 .2 30.163 32 — 1 3 . 4
14 3 .2 2 3 . 4 7 6  15 15.2

5- 15 3 .2 15.709 17 6 . 5
16 3 .2  2 6 . 3 5 9  24 — 8 . 3
17 3 .2  15.927 17 9 . 4
18 3 .2 12.164 16 — .1
19 3 .2 17.436 27 — 1 4 . 8
20 3 .1 16.967 Il 6.4
21 3 .2 11.475 14 3.0
22 3 .1 18.112 10 1.5
23 3 .2 11.548 11 7.1
24 3 .2 9.1894 10 1.5
25 3 .2 4.4506 10 — .8
26 3 .2 3.4062 11 —6.6
27 3 .2 2.5908 7 —3.6

- 28 3 .2  2 . 8 8 4 6  15 —12.4
29 3 .2  4.7567 12 —9.1
30 3 .2 2 . 5 0 8 2  8 — 3 . 2
31 3 .1 5 .0361 15 — 1 2 . 5
32 3 .1 5 .5723  12 —7. 0
33 2 . 2 6 .7 2 5 8  8 — 2 . 4
34 1 .4  8 .5 2 6 2  11 — 4 . 3
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STATISTICS COMPUTAT ION
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The statistics for the error distributions were

computed using the LSS/SThff’IT program . The program fitted

the error data points to an internally determined distribu-

tion type, and then provided the type distribution derived

and the statistics as shown in Figures C.l through C.8.

These statistics were then used to perform Student ’s t

tests on the null hypotheses.

The SIMFIT Program gave the uniform d is t r ibut ion  as

the predominate distribution f i t t i ng  the data ( smal est

maximum error) for five of the eight error distributions .

However, the histogram provided by SIMFIT empirically dis-

played the data in symetrical form . The normal distribu-

tion ’s maximum error was larger than the U n i f o r r~’ s, hc~-

ever , in testing for the Uniform the larger errors were n o t

sufficient to reject the Uniform distribution at the 90

percent confidence level. But since empirical evidence

must be weighted more heavily than theoretical, the normal

distribution was accepted as being the predominant distri-

bution , which supported the previous assumption that the

forecast error was normally distributed . This can be more

clearly seen in the graphs in Figures C . 9  through C . l6 .

The slightly larger variance of the D041 forecasts

can be easily seen in the graphs (Figure C.l7 throu-Th C.2-fl

w h i c h  p lo t the forecast error over time .
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Figure C.l. Statistics Computations for ~041Forecasts in Lead Time One
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Fi;ure C.2. Statistics Computations for D04l
Forecasts in Lead Time Two
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Figure C.3. Statistics Computations for D041
Forecasts in Lead Time Three
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Figure C.7. Statistics Computations for TCAST
Forecasts in Lead Time Three
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Figure C.8. Statistics Computations for TCAST
Forecasts in Lead Time Four
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RESULTS OF THE STATISTICAL HYPOTHESIS TESTS
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This appendix tabulates (see Tables D.1, D.2, and

D.3) tha following information used in, and resulting from ,

the statistical hypotheses test:

1. The mean forecast error for each error dis-

tribution.

2. The variance of each distribution.

3. The standard deviation for difference between

the means for each lead time.

4. The standard error of the difference between

the means for each lead time.

5. The number of observations for each distri-

bution.

• 6. The Student t Test Statistic computed as follows:

a. For the D041 and TCAST error distribution ;

— 
distribution means - hypothesized mean

distribution standard deviation

b. For the comparison of the two methods ;

= 
difference between error distribution mean
standard error of the difference between

the means

7. The confidence level at which the null hypo-

thesis could be rejected .
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