
j—AU47 277 AIR PO~ CE INST OF TECH WRIGHT— PATTERSON AFB OHIO SCHO—ETC F~ G 5/1
A MOO€L FOR FORECASTING THE COMPUTER REQUIREMENTS FOR TiE AIR F—ETC(U)
SEP 77 H H DETJCN. I) C JOHNSTON

SJCLASSIF LED AFIT LSSR X 77B pafl.



—

•4

A MODEL FOR FORECASTING THE COMPUTER
REQUIREMENTS FOR THE AIR FORCE

INSTITUTE OF TECHNOLOGY SCHOOL OF
SYSTEMS AND LOGISTICS

Berman H. Detjen, Sqn Ldr , RAAF
David C. Johnston, 2nd Lt, USAF

• LSSR ]—77B

/ ~~~~~~ 
: :2rJ~~

_.~~~~L~ L ‘~~~~~i~j
—• -~•—~•-,~ -~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



p ,
~~ V - V -

~~~~~~ - V  V

The contents of the document are technically accurate,
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 ~ of the School of Systemsand Logistics, the Air Uni’ •

~~~~ 
y, the United States Air

Force, or the Department o~. - ~nse.

t I Nr:~ 
- •-

/ Diic white
I UPd~~~~~y~ ~ If S c t ~~ ~~1 J U S TI r .  I’/ 0 

.— 

‘•Il

I ‘ 3PEC

tnT 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V . .



- . - VV V V ..r. ~~_a_~,mw~
;V_

~
( V.  ~ V~~~ T f ?~YiS .

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

~~AF SQ~ 75-20B APIT Control I’&ither LSSR 1-773

AFIT RESEA~~ ~~~~~~~~
Th.~ pirpose of this questionnaire is to determine t1~ potential for current
and futwe applications of AFIT thesis research. Please return c~~~1eted
q~~sticimaires to: AFIT/SLGR Cmesj s Feedback) , Wright-Patterson AFB,
thio 45433. .

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

a. Yes V b. No

2. I~ you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

a. Yes b; No 
V

3. The benefits of APIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT performing V

tJ .~~~ research.
Can you estimate what this research would have cost if it had been
accciaplished under contract or if it had been done in-house in terms of man-
po~~r and/or dollars?

a. ?.~n-years 
_________  

$ 
_________  

(Contract) .

b. Man-years 
_________  

$ 
_________  

(In-house) .

4. Often it is not possible to attach equivalent dollar values to research ,
although the results of the research may, in fact, be important. Whether or
not you were able to establish an equivalent value for this research (3 above) ,
what is your estimate of its significance?

a. Highly b. Significant c. Slightly d. Of No V

Significant Significant Significance

S. ~~~ ents:

Na~ and Grade Position

Organization Location

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



_ _ _ _  

. - . - -

UNCLASSIFIED
SECUOITY C&.A1$IFICATION OF THIS PAGE (Pk n D III1OrO~~ ________________________________

(
~~ 

mTh#~~~I •~B~p1 ILl ~~I.tl A YIflb ~ £ a~~ READ INSTRUCTIONS
l~~~ I U U ~~I UU~ .UM~~ II U ~~~U IUI~ ~~~~~~~~~~ BEFORE CONPLETINO FORM

C11.ULflT 2. GOVT ACCESSION NO 3. IPIENT S CATALO G NUM SER

A~1 1iS8R—1—77B~5 ~.7 -

I ‘—
~ ~~~~~~~~~~~ V NEPORT E PE~~OD COVERED

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Master ’s hesisz)

L ~~~~TECHNOLOGT jCHOOL OF~~ YSTEMS 
~~~~~~~~~~~~~~~~ 

•. PERFORMING O~ G. REPORT NuNSER

_~•~~~~~ S. CONTRACT OR GRANT HUMSEN( .)

Herman H.JDetjei~~ Squadron Leader, RAAFDavid C.fJohns!~~~ Second Lieutenant, USAF

•. PERFORMING OMGAN1~ ATION NAME AND ADDRESS 10. P~OG A M E  PROJECT. TASK -

Graduate Education Division V
School of Systems and Logistics
Air Force Institute of Technology,WPAFB OH 

_______________________

I t .  CONTROLLING OFFICE NAME AND ADDRESS !3 R~~~ORT DATIV_

Depart ment of Research and Administrativ q~ ) Sea,. 7
Management (LSGR) IL !~. NUNSEN OFAFIT/LSGR , WPAFB OH 45433 116 V~ V V

I4~ MONITORING AGENCY NAME I ADDRE$S (i1 dItl.,unt from Contvollin4 Off ic.) IS. SECURITY C . (a

UNCLASSIFIED
ISa. DECLASSIFICATION /OOWN GRADING

SCHEDULE

~S. DISYmSUTION SFATEMENT (.f ml. R.p o,l)

Approved for public release ; distribution unlimited

17. DISTm.UTION SVA TEMEN1 (of A. ab.Ir.ct .nl.rod in Block 20, if diU.r .nt from R.porf)

L IS. SUPPLEMENTARY NOTES 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 19O~17.

Dire or of Informat ioD
It. KEY WORDS (Comihiia. mi rov.r.. .ld. itn.c..omy med iden(Ifr by block mmeb. r)

Computer System Usage ; Time—Series Analysis; Regression Analysis;
Computer Utilization : Forecasting Models

~~~. A111RACT (CmiUnu. me ,vmi. aid. if .e.c..omy med Sd,nUIy by block m~~b.r)

Thesis Chairman : Eugene E. Jones, Lieutenant Colonel, USAF

4 L ~~~~
t

~~~

DO ~~~‘,, 1473 EDITION OP I NOV ES IS ODSOLETI UNCLASSIFIED
a ~~ TV CLAU*PICA1 ION OP TillS PAGE (~~ .e DM. EnI.r.d)

-/

~ 

V ~~~~~~~~~~~~~~~ ~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V . ~~~~~~~~~~~~~~~~~



P ~~~~~~~~~~ 
,._ 

‘1 
_____________________________________________________________
UNCLASSIFIED

S*CU~~TY Ct.A*SIPIC ATION OP THIS PAQ((lTh 1 •  Lderld) 
-

1:1

This thesis analyzes and forecasts the usage pattern of the
Air Force Logistics Command ’s CREATE computer system by the Air
Force Institute of Technology School of Systems and Logistics. The
analysis uses exponential smoothing in time—series forecasting,
autocorrelation, bivariate correlation, and linear regression
techniques to determine relationships among monthly aggregated
computer usage parameters. The monthly aggregated computer

~ parameters included batch jobs, CPU hours batch , CPU hours , 
V

time—sharing , core hours, log—on hour., log—one and lines CARDIM.
While time—series forecasting can be satisfactorily used in most
cases for forecasting purposes, autocorrelation analysis provided
insight into the cyclic relationships between the data and time.
The authors concluded that an unnecessarily long time—series can
introduce inaccuracies into a forecast because the process of use
of the system changes over t ile . Bivariate correlation analysis and
linear regression demonstrated both simple and multiple linear
relationships between the variables used. The authors concluded
that these linear relationships could be used in defining the
requirements for a new computing system to replace an existing
system or part of a system. ~~~~.. .

UNCLASSIFIED
SECURITY CLASIIPICATIDS OF ‘~ PAOE(IRIml D~~. Int~~ 4)

_ _ _  - — 
- -



~VV . 1 -

LSSR l—7 7B V

(

A MODEL FOR FORECASTING THE COMPUTER

REQUIREMENTS FOR THE AIR . FORCE INSTITUTE

OF TECHNOLOGY SCHOOL OF SYSTEMS

AND LOGISTICS

A Thesis

Presented to the Faculty of the School - of Systems and Logistics

of the Air Force Institute of Technology 
V

Air University

In Partial Fulfillment of the Requirements for the

Degrees of Master of Science in Logistics Management

and Master of Science in Facilities Management

By

Herman H. Detj en , ARMIT (CommEng) David C. Johnston , BS
Squadron Leader , RAAF Second Lieutenant , USAF

September 1977

Approved for public release ;
distribution unlimited

- ~~~~~ V ~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~ — -  ~~~~~~



This thesis, written by

Squadron Leader Herman H. Detjen

and

Second Lieutenant David C. Johnston

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
(Squadron Leader Herman H. Detjen)

MASTER OF SCIENCE IN FACILITIES MANAGEMENT
(Second Lieutenant David C. Johnston)

DATE: 7 September 1977

LI . -

I

:1

ii

I- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - V . - . 

-

_ _ _



- .. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
— - V --V.- --

ACKNOWLEDGEMENTS

First, we wish to thank our wives, Pauline and

Mitzi, for their patience, understanding and support during

the long hours we spent on this research . Without their

help , we would have had difficulty in completing this

effort .

We wish to express our thanks to Cliff Brown

(AFLC/ACDSM CREATE Management) for the assistance he

rendered in providing the data for this research . His

co—operation simplified our data collection tasks

considerably.

We also wish to thank Richard Sowar for the

extensive amount of graphics support he provided and Major

James Abbott and the AFIT/ADS staff for the use of their

computer terminal. 
V

Last , but not least, we wish to thank our adviser ,

Lt Col Eugene E. Jones for the many hours of guidance and

assistance he has provided. His knowledge of forecasting

techniques was of immeasurable assistance to us in

completing this research.

iii

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



~~~~~~~~~~~~~~~~~~~
1

V V

~
V
~~~~~~~

V

V
~~~~~~

V __-_--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V

TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . .. . . .  iii

LIST OF FIGURES . . .. . .. . . . .. .. . .. . ..v i i i

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . x
V CHAPTER 

V

I. INTRODUCTION . . . . . .. . . . . . . . . . . .  1
Statement of the Problem . . . . . . . . . . . 1.

Scope . . . . . . . . . . . . . . . . . . . . . 2

Background . . .. . . . . . . . . . . . . . . 2

School of Systems and Logistics . . . . . . . 2

The AFLC/CREATE System . . . . . . . . . . . 3

The AFIT/LS CREATE System . . . . . . . . . . 3

Forecasting Model Development . . . . . . . . 5
V 

Justification . . . . . . . . . . . . . . . . . 7

Research Objectives . . . . . . . . . . . . . . 9

Research Questions . . . . . . . . . . . . . . 9

II. METHODOLOGY . a . . . . . . . . . . . . . a . 10
Collection of Data . . . . . . . . . . . . . . 10

General . . . . . . . . . . . . . . . . . . . 10

Data Manipulation . . . . . . . . . . . . . . 11

Model Validation . . . . . . . . . . . . . . . 12

Further Model Development . . . . . . . . . . . 14

General . . . . . . . . . . . . . . . . . . . 14

iv

- - - ~~V V V ~ V. V V V V V ~~~ ~~~~.



‘V ~~~~~~~~~~~~~~
V -~~ ~~~~~~~~~~~~~~ ~~ 

~~~~~~~~~~~~~~~~~~~~~~ 
V~~~~~~~~~~~~~

CHAPTER Page

Correlation . . . . . . . . . . . . . . . . . 18

Regression . . . . . . . . . . . . . . . . . 19

Time—Series Forecasting . . . . . . . . . . . 24

- - Cyclic Analysis . . . . . . . . . . . . . . 25

Trend An3lyals . . . . . . . . .. . . . .  25

First Order . . . . . . . . . . . . . . . 26

Second Order . . . . . . . . . . . . . .  26
Third O r d e r . . . . .. . . . . . . . . .  26

Short—Term . . . . . . . . .  27

L.o ng—Term . . . . . . . . . . . . . . . . 27
Error Analysis . . . . . . . . . . . . . . 27

Synthesis . . . . . . . . . . . . . . . . . 27

Model Validation . . . . . . . . . . . . . . 27

Evaluation Criteria . . . . . . . . . . . . . . 27

List of A s s u m p t i o n s . . . . . .  . . . . . . . . 28

Collection of Data . . . . . . . . . . . . . 28

Further Model Development . . . . . . . . . . 29

III. DATA COLLECTION AND MANIPULATION . . . . . . . . 30

Graphic Presentation . . . . . . . . . . . . . 30

Interpretation And Correction of Data . . . . . 33

IV. RESULTS . . . . . . . . . . . . . . . . . . . . . 36

Validation of Anderson And - V

Purne]] Research . . . . . . . . . . . . . 36

Further Model Development . . . . . . . . . . . 40

General . . . . . . . . . . . . . . . . . . . 40

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~V . V V



______________ -

CHAPTER Page

Data Distribution . . . . . . . . . . . . . . 41

Time Series Forecasting . . . . . . . . . . . 42

Correlation . . . . . . . . . . . . . . . . . 46

Simple Linear Regression  . .  .  .  .  53

Multiple Linear Regression . .  . . .
Trend Analysis . . . .   .  .  61 V

Validation of Research Methodology .  .  .  6].

V. CONCLUSIONS AND RECOMMENDATIONS . .  .  .  .  63

Conclusions . . . . .  , .  .  .  63

General . . . . . . . . .  63

Length of Time Series . . . . . . . . . . . . 64

TCAST Results . . . . . . . . . . . . . . . . 64

Correlation And Regression . . . . . . . . . 70

Applicability of Methodology . . . . . . . . 70

Answers To Research Questions . . . . . . . . 71

R eco m men d a t i o n s . . . . . . . . ... . .. ..  72 V

Techniques . . . . . . . . . . . . . . . . . 72

Applications For Furthur Study . . . . . . . 72

M e th o d o l o g y .. . . . . . ... . . . . . .  72

Data . . . . . . . . . . . . . . 73

V vi

— —— - ~~~~~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V  V - ii



I ~~~~~~~~~~~~~~~~~~~~~ 
- V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~V ~~~~~~~~~~ V ~V 

~~~~~~~~~~~~~~~~~~~~~~~ ~V ~~~~~~~~~~~~~~~~~~~~~~~~~~~ V

APPENDIXES Page

- A. LIST OF VARIABLES AND THEIR MNEMONICS . . . . . . 75

[ - B. AGGREGATED DATA FOR AFIT/CREATE USAGE--
- 

- - 
JANUARY 1974 TO MARC H 1977 . . . . . . . . . 77

C. VALIDATION OF ANDERSON AND PURNELL RESEARCH . . . 80
- D. TIME SERIES FORECASTING ANALYSIS—-

APRIL 1975 to MARCH 1977 . . . . . . . . . . 88

E. PEARSON’S BIVARIATE CORRELATION RESULTS . . . . . 91

F. LINEAR REGRESSION RESULTS . . . . . . . . . . . . 95

- G. CREATE : AGGREGATED DATA , GRAPHS AND RESULTS--
JANUARY 1974 TO MARCH 1.977 . . . . . . . . . 105

SELECTED B I B L I O G R A P H Y . . . . . . . . . . .. . . . . .  114

I ~T

- 
V vii  

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



-V
~~~~~~~~~

V . -
~~ ‘rL~2~~J 

~~fV~~~~ ~~~~~~~~~ .~~~ - - - ..z-.. ._ _ _ _ _ _

~:

LIST OF FIGURES

LV FIGURE Page

1. HONEYWELL 365 COMPUTING SYSTEM. . . . . . . . . . 4 
- V

~~ 
GRAPH : BAJOBS , CPUHRB AND LOGONS--

H AFIT/CREATE . . . . . . . . . . . .. . . . 31

2B. GRAPH: CPUHRB, COHRS AND TAPEHRS——
APIT/CREA T E . . . . . . . . . . . .... ..  31

2C. GRAPH : LOGHRS , LOGONS AND CPUHRT—-- 
—

AFIT/CREATE . . . . . . . . . . . . . . . . . 32

2D. GRAPH : COHRS , TAPEUR S AND LNCARDIN—— -

A FIT/CREATE . . . . . . . . . . . . . . . . . 32

3k. TIME SERIES FORECAST-—COHRS——USING
TCAST CYCLE . . . . . . . . . . . . . . . . . 38

3B. TIME SERIES FORECAST——CO ERS——USING
CYC1~E O F 1 0. . .. .. . . .. . . .. . . .  38

4A. AUTOCORRELATION FUNCTION——LOGHRS . . . . . . . . 43

4B. AUTOCORRELATION FUNCTION——CPUHRT . . . . . . . . 43

5. FORECAST AND CONFIDENCE INTERVAL——LOGHRS . . . . 47

6. SCATTERGRAM, REGRESSION LINE AND CONFIDENCE
INTERVAL——LOGHRS VERSUS LOGONS . . . . . . . 51

V 7. SCATTERGRAM , REGRESSION LINE AND CONFIDENCE
INTERVAL—-BAJOBS VERSUS CPUHRB . . . . . . . 52

8. RESIDUAL PLOT FOR MLR RESULTS-—TAPEHRS——
AFIT/CREATE—--JUNE 1976 to MARCH 1977 . . . . 57

9A. GRAPH: BAJOBS, FORECAST AND TREND . . . . . . . . 66

98. GRAPH: COHRS, FORECAST AND TREND . . . . . . . . 66

9C. GRAPH: CPUHRB, FORECAST AND TREND . . . . . . . . 67

9D. GRAPH: CPUHRT, FORECAST AND TREND . . . . . . . . 67

95. GRAPH: TAPEHRS, FORECAST AND TREND . . . . . . . 68

viii

- - - ~~~~~~~ ~~~~~~~~~~~~~ - - . .V~~ V 1Aja~ V V 
V V



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

- V - ~~~~~~~~~~~~~~~~~~ - .- .-—~~ 
-

FIGURE Page

9F. GRAPH : LOGHRS, FORECAST AND TREND . . . . . . . . 68

9G. GRAPH : LOGONS, FORECAST AND TREND . . . . . . . . 69

9H. GRAPH : LNCARDIN , FORECAST AND TREND . . . . . . . 69

10. GRAPH : BAJOBS , LOGHRS AND LOGONS——CREATE . . . . 107

11. GRAPH: CPUHRT AND LOGHRS——CREATE . . . . . . . . 108

12. GRAPH : CPUHRB , TAPEHRS AND COHRS-—CREATE . . . . 109

ix

-

~

- --.-V 
- - - V V V ~~~~~~~ ~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

. . .



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -* ~~~~~~~~~~~~ V~~~~ VV V

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - V ___________________________________________

LIST OF TABLES

TABLE Page

1. COMPARISON OF MEANS AND STANDARD DEVIATIONS
FOR AFIT/CREATE TIME SERIES . . . . . . . . . 41

2. COMPARISON OF SIMPLE LINEAR REGRESSION RESULTS
FOR AFIT/CREATE TIME SERIES . . . . . . . . . 53

3. LINEAR PROGRAMMING FORMULATION AND SOLUTION--
AFIT/CREATE——APRIL 1976 TO MARCH 1977 . . . . 59

4. AGGREGATED DATA FOR AFIT/CREATE USAGE--
JANUARY 1974 TO MARC H 1977 . . . . a a a a 78

5. TCAST ANALYSIS--VALIDATION OF ANDERSON AND
- 

PURNELL RESEARCH——VARIABLE : BAJOBS . . . . . 81

6. TCAST ANALYSIS--VALIDATION OF ANDERSON AND
PURMELL RESEARCH-—VARIABLE : CPUHRB . . . . . 82

7. TCAST ANALYSIS--VALIDATION OF ANDERSON AND
PURNELL RESEARCH——VARIABLE: CPUBRT . . . . . 83

8. TCAST ANALYSIS--VALIDATION OF ANDERSON AND
PURNELL RESEARCH——VARIABLE: COHRS . . . . . . 84

9. TCAST ANALYSIS--VALIDATION OF ANDERSON AND
PURNELL RESEARCH——VARIABLE: TAPEHRS . . . . . 85

il-H
10. TCAST ANALYSIS--VALIDATION OF ANDERSON AND

PURNELL RESEARCH--VARIABLE : LOGHRS . . . . . 86

11. TCAST ANALYSIS--VALIDATION OF ANDERSON AND
PURNELL RESEARCH——VARIABLE : LOGONS . . . . . 87

V 
12. TCAST ANALYSIS--AFIT/CREATE--APRIL 1975 —

TO MARC H 1977——LEAD TIME 2 . . . . . . . . . 89

- 
- 

13. TCAST ANALYSIS--AFIT/CREATE--APRIL 1975
TO MARCH 1977——LEAD TIME 12 . . . . . . . . 90

14. PEARSON’S BIVARIATE CORRELATION COEFFICIENTS
AND LEVEL OF SIGNIFICENCE——AFIT/CREATE——

V JANUARY 1974 TO MARCH 1977 . . . . . . . . .  92

x

-J



!lr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~ — —-- -

~
---

~~
.-

~~~~ ~~~~~~~~ 
— 

~~
—

- - V - 
V - - ~~~~~~~~ 

________ -.

TABLE Page

15. PEARSON’S BIVARIATE CORRELATION COEFFICIENTS
AND LEVEL OF SIGNIFICENCE——AFIT/CREATE——
APRIL 1975 TO MARCH 1977 . . . . . . . . . .  93

16. PEARSON’S BIVARIATE - CORRELATION COEFFICIENTS
AND LEVEL OF SIGNIFICENCE——AFIT/CREATE——
JUNE 1976 TO MARCH 1977 . . . . . . . . . . . 94

17. SIMPLE LINEAR REGRESSION RESULTS——
JUNE 1976 TO MARCH 1977 . . . . . . . . . . . 96

18. MULTIPLE LINEAR REGRESSION RESULTS—-
AFIT/CREATE——JUNE 1976 TO MARCH 1977:
DEPENDENT VARIABLE——BAJOBS . . . . . . . . . 97

19. MULTIPLE LINEAR REGRESSION RESULTS——
AFIT/CREATE——JUNE 1976 TO MARCH 1977:
DEPENDENT VARIABLE——CPUHRB . . . . . . . . . 98

20. MULTIPLE LINEAR REGRESSION RESULTS--
APIT/CREATE——J UNE 1976 TO MARCH 1977:
DEPENDENT VARIABLE——CPUHRT . . . . . . . . . 99

21. MULTIPLE LINEAR REGRESSION RESULTS——
AFIT/CREATE——JUNE 1976 TO MARCH 1977:
DEPENDENT VARIABLE——COHRS . . . . . . . . . . 100

22. MULTIPLE LINEAR REGRESSION RESULTS-—
AFIT/CREATE——JUNE 1976 TO MARCH 1977: 

V 
-

DEPENDENT VARIABLE——TAPEHRS . . . . . . . . . 101

23. MULTIPLE LINEAR REGRESSION RESULTS-—
AFIT/CREATE——JUNE 1976 TO MARCH 1977:
DEPENDENT VARIABLE——LOGHRS . . . . . . . . . 102

24. MULTIPLE LINEAR REGRESSION RESULTS-—
AFIT/CREATE——JUNE 1976 TO MARCH 1977:
DEPENDENT VARIABLE——LOGON S . . . . . . . . . 103

25. MULTIPLE LINEAR REGRESSION RESULTS-—
AFIT/CREATE——JUN E 1976 TO MARC H 1977:
DEPENDENT VARIABLE—— LNCARDIN . . . . . . . . 104

26. AGGREGATED DATA FOR TOTAL CREATE USAGE--
JANUARY 1974 TO MARC H 1977 . . . . . . . . . 106

27. DATA DISTRIBUTION COMPARISON :
CREATE (APRIL 1976 TO MARCH 1977) AND
AFIT/CREATE (JUNE 1976 TO MARCH 1977) . . . . 110

xi

-_ ~.V- —-. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ VV__~_.~~_



V -~~ - -  ~~~~~~~~~~~~~~~~ 
- ____________::V -

- V~~~~~~~

V TABLE Page

28. PEARSON’S BIVARIATE CORRELATION COEFFICIENTS
AND LEVEL OF SIGNIFICENCE —-CREATE--
APRIL 1976 TO MARCH 1977.......... 111

29. MULTIPLE LINEAR REGRESSION RESULTS——CREATE . . . 112 V

- 30. TCAST ANALYSIS——CREATE--APRIL 1975 TO
- MARCH l977——LEAD TIME— 12 . . . . . . . . . . 113

¾ V

~1

xii

_ _  
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V 

- -



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

- f

CHAPTER I

V INTRODUCTION

The Air Force Institute of Technology (AFIT),

located on Wr ight—Patterson Air Force Base (WPAFB) , Ohio ,

performs its assigned mission through the educatior al and 
V

training programs of three separate schools: the School of

Engineering (AFIT/EN) , the School of Civil Engineering

(AFIT/DE), and the School of Systems and Logistics —

(AFIT/LS) .

The computer support for both administrative and

scientific requirements of the three schools is provided by

two separate systems. The first is the Aeronautical System

Division’s (ASD) Control Data Corporation (CDC) Dual 6600

computing system. The second is the Air Force Logistics

Command ’s (AFLC) Honeywell—635 Computational Resources for

Engineering And Simulation, Training and Education (CREATE)

computing system. AFIT/EN and AFIT/DE have access to both

computing systems, while APIT/LS is connected only to the

CREATE system.

Statement of the Problem

At the present time, neither the CDC nor the CREATE

system has a method for forecasting computer support

requirements based on the number of log—ons, computer

1
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processor time and other computer operating parameters. To
I

allow for assessment of the impact of predicted growth of

required computing services through changes in AFIT

(i.e. curriculum, student population and like factors), a

forecasting technique is needed (5).

Scope

V This research will provide an analysis of the CREATE

resources used only by AFIT/LS . No analysis of the CDC 6600

system used by AFIT/EN or AFIT/DE , nor that portion of

CREATE used by these two schools is intended . However , an

- ~

- 

assessment of the research methodology for application to

other computing systems should be possible as a part of the

research.

Background

V School of Systems and Logistics

AFIT/LS offers a twelve—month resident graduate

- 
- 

education program leading to a Master of Science in

Logistics Management or Facilities Management. The school

also conducts a continuing education program which provides

- 

short courses in systems and logistics as required to meet
- 

the needs of the Department of Defense (9:96—136). In

pursuing these programs, AFIT/LS uses the computing

facilities provided by AFLC.

H
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The AFLC/CREATE System

The present AFLC/CREATE system (hereafter referred

to as CREATE) is a Honeywell 635 (see Figure 1). The V

Honeywell 635 consists of two processors, four memory

modules (64000 36—bit words each) and two input—output

control (IOC ) units. The immediate access storage units

are disc drives. The communication unit between the users V

and the computer is a DATANET 355. Over 1.20 time—sharing

terainals and batch—remote units of varying speeds are

connected to the computer from WPAFB and seven remote user

locations. Approximately 60 of the time—sharing terminals

and 4 batch—remote units are located at WPAFB (8).

The workload for CREATE is required to meet one of

the following applications: (1) engineering computation ,

(2) logistics research , or (3) education (AFIT only). In ¶ -

addition, any application must meet at least one specific

workload criteria. The criteria are identified as

statistical analysis, computational methods , simulation,

computer aided instructions, computer aided design ,

mathematical programming or education (11:5). V

The AFIT/LS CREATE System

The AFIT/LS computer facility (hereafter referred to

as AFIT/CREATE) is a portion of the total CREATE system. —

AFIT/CREATE consists of approximately seventeen time—sharing

terminals and one Honeywell 115 remote batch unit which

provides printer , punch and card reader capability.

3
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Forecasting Model Development

Relatively little research was found that provided

information on forecasting techniques used for predicting
- system utilization. Most research seems to be directed

toward analyzing computer system per formance rather than

forecasting future demands on a system.

I Anderson and Purnell. provided the initial e f for t  in

~
- ~ developing a forecasting model for the AFIT/CREATE system.

Their model applied linear regression methods and time—

series forecasting techniques to monthly—aggregated computer

usage data. It was found that time—series forecasting was

more appropriate. However, a longer time data base which

could incorporate two complete cycles of Graduate Logistics

V AU and B classes without schedule interruptions was

required. This would allow increased use of time—series

forecasting techniques and the elimination of linear

regression methods [l:67].
V 

Anderson and Purnell concluded that the time—series

model was capable of incorporating changes in the data base

which are known to be programmed for the forecast period.

V The time—series model also provided a low error term for

each computer operating parameter used (1:66).

V 

- 

However, Anderson and Purnell also showed that

- multiple linear regression of aggregated computer operating

parameters provided an efficient method of defining the

association between the operating parameters (1:31—39). The

5
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usefulness of regression techniques for forecasting compared

V to t ime—series analysis was not fully evaluated. They

indicated the consistency of the data base was lacking for

time—series forecasting techniques to provide as accurate a

V forecast as necessary. Yet the evaluation of regression

techniques to overcome these types of problems was not

addressed. V

Hunt, Diehr and Garnatz undertook similar studies on

the use of the University of Washington computer system.

Their studies were directed toward determining the influence

of different categories of users (students, faculty, etc.) V

on the computing system and the methods of cost accounting

computer usage. Descriptive statistics and correlation
V analysis were applied to model computer use. The most

satisfactory results were obtained using less conventional

cluster analysis techniques (4:232—238).

Hun t , et al. maintained that a knowledge of user

characteristics is important in planning the use of any

large computing system. Using descriptive statistics, they

concluded : (a) mean values of computer usage parameters for

individual jobs were not good descriptors of the population,

and (b) the distributions of the frequency plots of the

computer usage parameters were positively skewed with means

in regions of very low density. That is, the averageu user

is not the typical user (4 :238) .  
V

6
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II
Within the group of users of a computing system,

there are categories of users who use the system in a

particular manner. Using cluster analysis, they showed that

central tendency measures were reasonable descriptors for

the ‘averageTM user in each distinct category. They concluded

that cluster analysis techniques would “ . . . aid in

identifying the characteristics of existential, rather than

postulated computer users [4:238].’

Each of the research approaches described above

provides a different technique for identifying the

characteristics of computer usage and applying this

knowledge for forecasting and planning purposes. This

research effort will apply the principles used by Anderson

and Purnell in developing a suitable forecasting model.

Justification

Watson (12) stated that most Air Force computing

installations collect and record accounting data. However ,

seldom is any use made of these data except to ‘charge’ for

computing services. Accounting data record the quantities of

system resources used. As such, these data are suitable for

evaluating workload characteristics. In particular ,

compiling trends of past usage and performance is useful in

forecasting future demands on the system and provides more

effective management of computing systems.

7
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The importance of evaluation of computer utilization

has been recognized for some time. An installation needs to

identify specific causes of saturation so that limited V

resources may be better managed to improve system 
V 

—

performance (6:671). In a computing system such as the

AFIT/ CREATE system , there is generally a steady increase in

the number of users and use of system resources. The

characteristics of these increases and the effect on

computing resources must be known to be able to anticipate

bottleneckb and to plan for orderly expansion (4:231).

Demands on the CREATE system had continued to

increase and had caused a decline in the ability to respond

to user demands (10). If these demands could be forecast, it

would allow better management of available resources. Also,

planning of expansion to meet growth requirements would be

possible before saturation of available resources and

deterioration of services occurs.

Neither the CREATE system nor the AFIT/CREATE system

has been analyzed for growth and projected workloads with

conclusive results. Such an analysis could add to the

existing knowledge needed for AFIT/CREATE management and

CREATE management as a whole.

8 
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- Research Objectives

The objectives of the proposed research were to:

1. Refine the Anderson and Purnell model, using an

-
- extended data base, to allow forecasting of computer usage.

V 2. Forecast the computer usage for AFIT/LS for a

period of twelve months.

3. Determine if the model could be used for

V specification purposes for other computing systems.

Research Questions

1. Can the Anderson and Purnell model be further

- developed for use as an accurate forecasting tool for

AFIT/CREATE suppor t requiremen ts?

a. If not , what factors contributed to the

model not providing accurate forecasting?
— b. If so, what level of use will the model

-

, 

project for a period of twelve months?

2. Can the model be used to define future system

requirements for AFIT?

3. Does the model have a wider application for use

in future computer system specifications?

9
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CHAPTER II

METHODOLOGY 
V

Collection of Data

General

The specific computer operating data available from

V the accounting repor t are~ :

VARIABLE MNEMONIC

Number of Log—Ons LOGONS
Number of Batch Jobs BAJOBS
CPU Hours Batch Prime CPUHRBP
CPU Hours Batch 

V 

Non—Prime CPUHRBNP
CPU Hours Time Sharing Pr ime CPUHRTP
CPU Hours Time Sharing Non—Pr ime CPUHRTNP
Core Hours Prime COHRSP
Core Hours Non—Prime CPUHRSNP
Tape 10 Hours Prime TAPEHRP
Tape 10 Hours Non—Prime TAPEHRNP
Log—On Hours Prime LOGHRSP
Log—On Hours 

2 
Non—Pr ime LOGHRSNP

Number of Lines CARDIN LNCARDIN
—

These data were collected by two methods:

1. Data for the period January 1974 to June 1976

already extracted from the monthly CREAT E accounting reports

for previous research were recovered f rom tape storage . V

1A comprehensive list of all variables used in this
research, and their mnemonics, is given in Appendix A. 

V

2CAPDIN is a time—sharing subsystem of CREATE that
allows programs that are available on t ime—sharing f i les to
be processed as batch jobs and their output sent to the
batch—remote p r in te r .

Flilli1l/IL • V V  •VVV__-VV_ .._~~
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V 
2. Data for the period July 1976 to March 1977 were

extracted from monthly CREATE accounting reports. These data

were used to extend the data base previously used .

For each parameter, the monthly CREATE accounting

report provides usage data by categories of system users.

V 
The users of the AFIT/CREATE system are:

PROBLEM USER
NUM BER FACILITY DESCRIPTION

WPll86 LSS School of Systems and Logistics
(Support)

WP1187 LSC Faculty Support
(Continuing Educa tion)

WP1].88 LSC Student Classioom Support

- 
(Continuing Ed’icition)

WP1189 LSG Faculty Support
(Graduate Logistics)

V -WP119O LSG student Thesis Support
- - (Graduate Logistics)

WPll9l LSG Student Classroom Suppor t
(Graduate Logistics)

Data Manipulation

For purposes model development , prime and non—pr ime

data were aggregated. The distinction between prime and

- 

~ 
non—prime is made to meet the ‘billing’ requirements of AFLC

Regulation 400—25 (11). Such distinction between the two for

the purposes of forecasting monthly requirements was not

- 
- considered necessary.

Data were also aggregated to provide a single

- j  - monthly total for each computer operating parameter without

distinguishing between the d i f fe ren t  categories o.. users.

j  

- Aggregation did not appear to influence the validity of data

nor any relationships between variables.

- 

V 11 
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The aggregated variables used in forecasting model

were:

VARIABLE MNEMONIC
V 

Number of Log-Ons LOGONS
Number of Batch Jobs BAJOBS
CPU Hours Batch CPUHRB
CPU Hours Time—Sharing CPUHRT
Core Hours COHRS
Tape 10 Hours - TAPEHRS 

V

Log-On Hours - LOGHRS
Number of Lines CARDIN LNCARDIN V

Model Validation

The first step in this research effort was to

validate the conclusions of the Anderson and Purnell (1)

research. Their research made use of Honeywell’s Time Series

Forecasting Program (TCAST) for analysis of past data and

synthesis of the analysis to form a forecast. Validation was

accomplished by comparing the forecasts of computer resource

requirements to actual usage using TCAST .

It was concluded by Anderson and Purnell (1) that

time—series forecasts could be used exclusively to predict 
V

AFIT computer usage. However , a change in the schedule of

the Graduate Logistics classes in 1975 produced variations

in the data base. This change contributed to an unacceptably

large Mean Absolute Deviation ( MAD) 3 (1:59—68). However , no

i. defined as the average of the sum of the
absolute differences between the actual observed value and
the model fitted value .

12
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comparison was made between actual forecasts and subsequent

usage rates that were not included in the base series.

F- To validate the Anderson and Purnell conclusions,

monthly time—series forecasts were made for each computer

parameter. Then, these forecasts were compared to the actual

observed value of the parameter.

Anderson and Purnell concluded that time—series

forecasting could be used to forecast computer usage. To

validate the forecasting technique employed, an analysis of

the forecast error was undertaken. Validation was attempted

for both short—term and long—term forecast lead—times.

A short lead—time was dictated by the shortest

~ 1 practical time that may elapse between making a final

commitment and the time that the commitment is felt.  For the

AFIT/CREATE system, short lead—time was estimated to be two

time periods (months). Data for January usage is not

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ therefore is not available

for providing a short—term forecast for February. However,

January’s data may be added to the existing data base to

forecast usage for March, giving a lead—time of two months.

Long—term forecasting allows management to plan the

use of available resources. With the past data (30 months) a

long—term forecast of 12 months is the maximum that could be

expected with any accuracy because noise in the observed

data is amplified by the forecast. The longer the lead—time,

the greater the amplification (2:214).

- - -

~ 
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Each forecast estimate was made using optimum

forecast parameters that minimize the MAD for the lead—time

specified. The necessary margin for the error of an estimate

- I was established as a multiple (K) of the MAD. A confidence

interval for each estimate was established using the

formula:

Confidence Interval — ~ ± K(MAD )

where ~ is the mean of the observed data.
K is the safety factor for a given level of
confidence (i.e. the probability that the
predicted interval will not fail to contain the
actual value).

If the predicted values occur within the confidence

interval, then the technique was not necessarily considered 
V

to be a valid forecasting model of AFIT/CREATE requirements.

The size of the MAD compared to the mean of the variable

being forecast was also assessed. The smaller the ratio of

the MAD to the mean, the better the forecasting model.

Further Model Development

General
- 

- The ptevious data base used by Anderson and Purnell

included data for the period January 1974 to June 1976. The

computer usage data available from July 1976 to March 1977

were added to the data base to provide an extended time

dependent series.

The detection of bad data and subsequent correction

was the first step. Where inconsistencies appeared to exist,

14
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the activities for that period were examined. Judgements

concerning the validity of data and the actions taken to

correct deficiencies depended upon the situation

encountered.

Model development initially prodeeded on the

assumption that the change in schedule of the two Graduate

Logistics classes did not affect any characteristic inherent 
V

in the data. Then data preceeding March l975~ (time of

schedule change) was removed from the data base. The models

for the two sets of data were compared.

If the model without the pre—March 1975 data

provided better accuracy compared to the model developed

using the pre—March 1975 data, it was to be concluded that

the change in the schedule had a s ignif icant  influence on

the usage pattern of the AFIT/CREATE system. In this case,

model development proceeded without the pre-March 1975 data.

Because of the results obtained , the June 1976 to March 1977

data was also used in a separate analysis. The results

obtained with this series was then compared to the other

series.

Before any statistical analysis was done, the data

was visually inspected . All aggregated computer usage

parameters to be placed in the model were plotted on a

4lnitially, it was intended to make May 1975 as the
separation point because the new Graduate Logistics schedule
began in May 1975. However , March 1975 was chosen to give 24
months of data ; April 1975 to :arcb 1977. 

V
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co on time—series axis . The data were examined to determine

V ( if a relationship between two or more variables existed. For

example, a relationship between LOGONS, LOGHRS and CPUHRT

V 
could be expected to exist. Did the plot indicate an

V 
increase in LOGONS is accompanied by an increase or decrease

in LOGHRS or CPUHRT or both?

In developing a forecasting model, it was considered

necessary to have an understanding of the factors

influencing forecasting accuracy. Brown (2) discussed three

dif ferent  stochastic elements of errors encountered in

problems of forecasting that affect accuracy.

1. The basic element is noise, which obscures the

true process underlying the sequence of observations. The

noise in a set of observations will prevent obtaining exact

values of the true coefficients for the process being

forecast. This noise is defined as:

x(t) — ~( t)  + E( t )

where x(t) is the observed value.
~ (t)  is the true process.

V E( t )  iB the noise at time period t.~
2. The second stochastic element is the residual;

the difference between a model and the actual observation.

The model f i t ted to the observations may not be an

accurate representation of the true process. The

coefficients in the true process may also be changing

slowly with time so that the current process is not

the same as the process generating earlier observations.

16 
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These factors combine to create the residual at t ime T—j

defined by: - 
-

e(T—j) — x(T—j) —

where T .... is the current time period.
j  .... is the number of time periods back from T.
x ( T —j ) is the observed value at time T—j . V

&‘ (T) is the row vector of the estimated value of
the coefficients for time T.

f(—j) is the vector of the fitting functions5
at time — ] .

3. The third stochastic element is forecast error.

Forecast error is like a residual in that it is the

difference between the actual observed values and the

forecast values. The distinction is that the forecast is

forward in time so that the future observation is not one of

the observations used in estimating the model coefficients.

The forecast error is defined as:

e( T+t) x (T+t) — £‘(T)f(t)

where T ....... is the current  time period .
t ....... is the lead—time for the forecast.
e (T+t) .. is the forecast error at time T+t.
x (T+t) .. is the observed value at time T+t.

is the row vector of the estimated value of
the coefficients for time T.

f(t) .... is the vector of the fitting functions.
i’(T)f(t) is the vector product representing the model

of the observations from time period 1 t~

The forecasting process amplifies the noise. That

is, there is a distribution of the forecast itself caused by

5The fitting functions used were the constant,
linear and quadratic functions available using TCAST.
Higher order polynomials were not available and were not be
employed. The method TCAST uses to calculate the optimum
fitting function is dealt with in detail commencing on page
25, Trend Analysis.

17
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past noise. The distribution of the forecast errors is the

convolution of the noise distribution and the forecast

distribution (2:267—268).

Correlation

Bivariate correlation provides a single number

(correlation coefficient) which summarizes the linear

relationship between two variables. These correlation
-

- 

4 
coefficients indicate the degree to which variation (or 

V

change) in one variable is related to variation (or change)

in another variable. A correlation coefficient not only 
V

summarizes the strength of an association between a pair of

var iables, but also provides a means for comparing the

strength of a relationship between one pair of variables and

a different pair (7:276).

Pearson’s bivariate correlation analysis was

performed using the Statistical Package for the Social

Sciences (SPSS) (7). Scattergrams were also produced to give

presentations of the relationships between the selected pair

of variables. The principle assumption of correlation H
analysis is that the variables have a joint bivariate normal

distribution. Therefore, it was assumed that variables to be

introduced into the model were random variables with a joint

bivariate distribution. Pearson ’s product-moment correlation

coefficients, symbolized by r, and scattergraas were

produced for all variable pairs.

18
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Pearson’s r , takes on a value of +1.0 to —1.0. The

larger the absolute value of r , the stronger the linear

relationship between the two variables. If r is positive,

• the two variables tend to increase (or decrease) together. A

negative r denotes an inverse relationship——as one variable

increases the other tends to decrease.

To test the statistical significance of the

population correlation coefficient ~ P~~
) the hypothesis to

be used is:

H : P  00 xy

H1 : P
~~~~~~

0 
V

SPSS reports the significance tests for each

coefficient r Cr being an estimate of the population

parameter 
~xy~

• The level of significance is derived from

the use of the Student’s t distribution with n—2 degrees of

freedom for the computed quantity , and is calculated by:

r n — 2 ~ 1/2r 
________

1 1 —
where n is the number of points correlated .

Regression

Following the examination of the data on a common

t ime axis and the use of correlation analysis, linear

• regression techniques were applied. Both Simple jdnear

Regression (SLR) and Multiple Linear Regression (MLR)

19
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techniques were applied using SPSS. SLR is used to determine

— 
the relationship between a dependent or criterion variable

and one independent variable. MLR is used to determine the

relationship between a dependent or criterion variable and a H

set of independent or predictor variables. The SPSS multiple

F linear regression subprogram REGRESSION (used for both SLR

and MLR) combines standard multiple regression and stepwise

procedures in a manner which provides control over the

inclusion of independent variables in the regression

equations ( 7 : 3 2 0 — 3 2 2 ) .  SPSS uses the method of least—squares

for calculating the regression line . 
V

A measure of efficiency of the regression line is

referred to as the coefficient of determination and is
— calculated by:

R2 EV
TV

where TV — ~~(y—y)
2; the total variation of the dependent

variable about its mean; V.

1I i EV — ~
(
~— V) 2 ; the variation explained by the

regression line.

If R2—l, then all the variation is explained by the

regression , and a ‘perfect” f i t  between the dependent and

independent var iable(s)  has been shown .

For MLR , SPSS provides for the independent variables 
V

to be entered into the equation in a predetermined order or

by forward (stepwige) inclusion. The former procedure is

used when there is a definite causal ordering among the

variables. No causal ordering for the computer usage

20
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parameters was assumed, and forward (stepwise) inclusion was

used in MLR.

Using forward (stepwise) inclusion, the variable

that explains the greatest amount of variance (unexplained

by the variables already in the equation) enters the

equation at each step. The independent variable chosen for

entry is the one which has the largest squared partial

correlation coefficient with the dependent variable, and is

defined by:

R2 - R 2
r 2 y. 123 y.23
yl.23

1 — R 2
y .23

where r21 23 is the square of the partial correlation ofy • y and x1 with x2 and x3 in the equation.

R2 
123 is the coefficient of determination with

x1, x2 and x3 in the equation.

R2 
2 is the coeff icient  of determination with x 2y. ~ and x 3 in the equation.

The~ SPSS subprogram enters the variables in single

steps from best to worst provided the variable meets the

established statistical cri ter ia6 . If the statistical

criteria are not met, an independent variable will never be

entered into the equation.

The F rat io is computed as a test for the

significance of a regression coefficient. The F ratio for a

• 6The statistical criteria used were the F ratio and
the tolerance, T. The default values for F and T used for
these analyses were F—0.Ol and T—0.001.

21
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j
given variable is the value that would be obtained if that

variable were brought in on the very next step. The P ratio

is calculated by:

b2
= _______n-p

5
b
3

where n is the number of data points.
p is the number of terms (variables plus

constant) in the recijresr3ion equation.
b. is the estimate of the coefficient of the
~ independent variable.

is the standard deviation of the coefficient
j  b~.

The tes~ on the statistical significance of the presence of

V an independent variable was conducted in isolation——without

testing any other independent variable in that step.
V A second condition to be met before an independent

V variable is entered in to the regression equation is the

tolerance (T). The tolerance of an independent variable

being considered for inclusion is the proportion of the

variance of that variable not explained by the independent

variables already in the equation (7:346). If the tolerance

criteria7 are not met, the independent variable will never

enter the equation.

7T has a possible range from 0 to 1. A tolerance
of 0 would indicate that a given variable is a perfect
linear combination of the other independent variables. A
tolerance of 1 would indicate that the variable is
uncorrelated with the other independent variables. An
intermediate value of 0.6 would indicate that 60% of the
variance of a potential independent variable is unexplained
by the variables already entered. 
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If an independent variable lacked statistical

h. significance, it was analyzed based on the following

criteria:

1. The data base was too small to give insight into

true relationships among variables.

2. Multicollinearity8 was present. This was

V 
determined using the tolerance value. If the tolerance value

suggested multicolinearity , two alternatives were 
-

— - evaluated:

a. If it was believed that the variable should

be included , a new variable was created as a composite of

the intercorrelated variables. The new scale variable was

introduced into the equation.

b If the introduction of the variable into the

equation was not considered necessary, only one of the

variables in the highly intercorrelated set was used to

represent the common underlying dimension (7:341).

3. The independent variable did not contribute. If

the model was acceptable without the independent variable ,

it was excluded from the regression.

In addition to the significance tests described

above, the overall model was eva1uate~ by:

8Multi collinearity is the inter—correlat ion between
two or more independent variables in a MLR model. It
reduces the ability to account for the explanatory power of
the particular independent variable in the model.

V 
V 
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1. Evaluating the statistical significance of the

V . 1  coefficient of determination using the hypothesis:

H0 : R2 1 0

ill : R2 ,~ 0

The test statistic uses the F test and was calculated by:

— 
(EV) (n—p) 

V

n—p (UV) (p—i)

2. Evaluating the standard error of the estimate

(s ) as a measure of the distribution of the

dependent variable given the values for the independent

variables. The standard error of the estimate is defined by:

s 1(UV) 11/2 
V

V y .x lx 2 . . . xn = 
L n—P J

The lower the standard error of the estimate, the better the

regression line represented the true relationship between

the variables.

3. Subjectively assessing the appropriateness of

the regression as a means of forecasting computer resource

requirements.

4. In the case of - SLR, a confidence inter~-tl which

was calculated for both the regression line and the

V 
dependent variable.

Tim~~—~~er ies  Forecasting

Time—series forecasting techniques may be applied

V when a process is observed at discrete sampling intervals.

Since the data base was collected at discrete monthly

intervals, it was considered appropriate to apply

24
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time—series forecasting of the computer operat4.ng

parameters. In addition , the annual rotation of Graduate

Logistics courses and the computing workload within each
V 

course may exhibit cyclic effects of computer usage that are

suitable for time—series forecasting analysis.

Honeywell’s VTCAST program was used for time—series

forecasting analysis. TCAST follows four fundamental steps

to provide predictions (3:1—1):

1. Cyclic analysis of past data. 
V V

2. Trend analysis of past data. 
V

3. Error analysis for comparing forecast with

actual data . 
V

4. Synthesis of analysis to form a forecast.

Cyclic Analysis. TCAST provides the cycle length

which yields the minimum relative error between the observed

and forecast data. It was expected that the predominant

cycle for AFIT/CREATE computer usage would be 12 months

because of yearly course schedules including a heavier

demand for computer support as students move toward

completion of their research thesis. However , this was not

the case . No variable gave a cycle of 12 or a factor

f thereof . In some cases , the cycle selected by TCAST was used j T

in the analyses. If the cycle selected by TCAST was one , the

cycle that gave the next smallest cyclic error was used .

Trend Analysis. TCAST uses exponential smoothing for

forecasting prevailing general tendencies (trends) , and for

25
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determining relationships between past and future data. The

orders of smoothing used are:

1. First Order. First order exponential smoothing

provides the weighted moving average at a particular time as

the forecast for all future time periods. The basic equation

for first order exponential smoothing is:

Sl~ — ex~ + (1 — a

where Sl~ is the f i r s t  order exponentially smoothed
average of the observations through time t.

x~ is the observed value at time t.

a is the smoothing constant; 0< a <1.
Slt_j  is as above through time t — 1.

The data are we ighted to give more or less weight to older

data by the alpha value . The data p periods ago are weighted

by:

a ( l  — a ) ~

V 
2. Second Order. Second order exponential smoothing V

takes into account the linear rate of change in the single 
V

exponentially smoothed average. The basic equation is:

S2
~ 

=aSl t + (1 
—

where 52 t is the second order exponentially smoothed V

average of the observations through time t.
is as above through time t — 1.

3. Third Order. Third order smoothing takes into

r account the quadratic rate of change in the exponentially
~~~~

. I smoothed average . The basic equation is:

S3t aS2~ + (1 — a)S3t 1
where S3t is the third order exponentially smoothed - 

V

aver age of the observations through time t .
is as above through time t — 1.

26
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TCAST was used to determine the opt imum alpha and

order of smoothing to minimize the MAD. The optimum alpha

and order of smoothing vary for a specified lead—time. The
- lead—times were:

1. Short—Term. A lead-time of two periods (months)

was used for short—term forecasting.

2. Long—Term. A maximum lead—time of 12 months was

established for long—term forecasting . 
V

Error Analyais. The alpha and type of smoothing

which yield the most accurate forecast (minimum MAD) was

used for model development. This error is minimized in the

forecast over the specified lead—time.

Synthesis. After  all analyses have been made , the

results from each are synthesized by TCAST to form a

composite forecast (3:3. 1—3.6 ) .

Model Validation

Once the statistical tests and analyses were 
V

completed and a model developed for AFIT/CREATE, the same

techniques were applied to an additional data base; CREAT E

as a total system. The same statistical techniques and

decision processes used for AFIT/CREATE were applied to V

N 

CREATE.

Evaluation Criteria

Either regression or time—series forecasting , or a

combination of the two techniques was used to forecast

- 

- 
27
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computer usage requirements for the AFIT/CREATE system. In

- 

V addition to the statistical analysis described above, the

V following criteria were evaluated:

1. Accuracy : The more accurate model was preferred. 
V

2. Simplicity: A technique that management is able

- to comprehend would be preferred even if some accuracy must
- i be sacrificed.

3. Appropriateness: The model should be able to

:~ 
meet the needs of the real world environment.

4. Cost: The benefits of introducing and employing

the model in the real world should be at least commensurate

with the cost of introducing the model and maintaining the

data base.

List of Assumptions

Collection of Data

1. The distinction between prime and non—pr ime

accounting data was not considered necessary to forecast

monthly requirements of computer usage. 
V

1~ 
2. The aggregation of data for the different V

categories of users within AFIT/LS did not influence the

validity of the data or any relationship between variables.

- 3. No errors exist in the data base for the period

Jan 74 to Jul 76 compiled by Anderson and Purnell.

- 

- 28
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- Further Model Development
V 1. The change in schedule of the two Graduate

Logistics classes does not affect the usage pattern of the
- AFIT/CREATE system.

2. For the purpose of correlation analysis, the
V 

variables are random variables with a joint bivariate normal

distribution.

29
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CHAPTER III

DATA COLLECTION AND MANIPULATION

Graphic Presentation

Presentation of the data in graphic form is given in

Figures 2A through 2D for the period of January 1974 to

— 

March 1977. The variables given in each figure are:

Figure Variables1

2A BAJOBS, CPUHRB and LOGONS V

2B CPUHRB, COHRS and TAPEHRS
2C LOGHRS, LOGONS and CPUHRT
2D COHRS, TAPEHRS and LNCARDIN

The graphs give a visual indication of the

relationship between the computer operating parameters being

studied as well as the behavior of each parameter versus

time. In Figure 2C, the close positive correlation between

LOGERS and LOGONS can be seen. Examination of the other

graphs indicate similar relationships.

The Anderson and Purnell (1) research did not

include LNCARDIN. However, since these data were readily

available from the monthly accounting records, and the

CARDIN system is used extensively by faculty and students,

it was considered necessary to include LNCARDIN information.

- 

- 1The variables have been scaled so that they may be
presented on a common axis.

.4 
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The data are given in Appendix B, and contain the monthly

aggregation of prime and non—prime variables for the six

problem numbers given in Chapter II.

Interpretation and Correction of Data

It was originally intended to validate the Anderson

and Purnell (1) research without changing the data they

used. However, the graphical presentation of the data posed

questions concerning data accuracy. These questions were

resolved before validation was attempted.

Figure 2C shows a high positive correlation between

LOGHRS and LOGONS. However, the December 1974 value for

LOGURS indicated a prominant increase, while LOGONS actually

decreased. A search of the accounting records for

December 1974 indicated that LOGHRS were in error and the

data base was corrected.

The accounting records available for November 1976

only contained data for the total CREATE usage. No data were . 
-

available for individual problem numbers. To provide data

for this period , the data available for October 1976 and

December 1976 were averaged.

When the data for December 1976 were introduced , all

computer variables indicated a significant increase for that

months usage. This was contrary to the behavior expected

since students were doing little computing work during the

month and were on leave for two weeks. Also, it was noticed

33 V 
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that the LOGONS, while expected to be whole numbers, were

actually multiples of 10 for all problem numbers. Therefore,

all data for December 1976 were divided by a factor of 10.

This made the December 1976 f igures  more consistent with the - 

V

other data points as shown in Figure 2. Also, AFLC CREATE

Management verified that the December 1976 f igures  had been

inadvertently multiplied by 10.

No data could be found for July 1975. Yet, the

Anderson and Purnell research included data for that period.

When introducing LNCARDIN data, the values for June 1975 and

August 1975 were averaged to obtain a data point for

July 1975. V

It was observed that the values for BAJOBS and

LOGONS for July 1975 were exactly the same as for June 1975.

However, the value for other variables for that same time

period were different. Since BAJOBS and LOGONS are contained

in a separate part of the accounting data, it was assumed
— 

that Anderson and Purnell had found the July 1975 data with

the exception of BAJOBS and LOGONS. All of the data, with

the exception of BAJOBS and LOGONS, showed distinct peaks

for July 1975.

These two variables w ere  adju sted as fo11ow~ :

(1) BAJOBS. COHRS gave the highest bivariate

correlation with BAJOBS. Therefore, the ratio between BAJOBS

and COHRS for June 1975 was multiplied by the value of COHRS

for July 1975 to give a value for BAJOBS for July 1975. V

34
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(2) LOGONS . LOGHRS gave the highest bivariate

correlation with LOGONS. Therefore, the ratio between the

means for LOGONS and LOGHRS was multiplied by the value of

LOGHRS for July 1975 to give a value for LOGONS for

July 1975.

No data were available for April 1977 or May 1977

because of fa i lure  of the CREATE accounting system. The data

base for this research was therefore begun at January 1974

and terminated at March 1977.

4

.
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CHAPTER IV

RESULTS 
- V

V Validation of Anderson and Purnell Research - V

V 
Validation of the Anderson and Purnell (1) research

was done using TCAST with alpha values to an accuracy of two

decimal places, except where the MAD error was not

significantly different between two alpha values. Then a

higher accuracy for alpha was used. In addition, the value V

for alpha less than 0.66671 which gave the minimum MAD was

selected. A lead time of two months was used.

For each variable , a forecast was made for

July 1976 , using the Anderson and Purnell data base for the

period January 1974 to May 1976. An additional data value

was successively added to the data base, and another

forecast was made. Forecasts were made up to March 1977 and

then compared with actual observations2.

The cyclic analysis of TCAST provides for automatic

selection of the cycle length which provides minimum cyclic

1
Values of alpha less than 2/(L+1), where L is the - 

-

lead time, must be used. Otherwise, the basis for the
forecasts becomes too heavily biased by the most recen t
data (3 :3—6 ) .

2The complete results of this validation process
are given in Appendix C.
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error——the relative measure of residual variance for that

cycle length. While the data in Figure 2 indicate dominate

cycles by visual inspection for most variables , TCAST was
V 

unable to identify the cycle and gave a dominant cycle of

-
. 

.. . one in a number of the forecasts.

Figure 3A ind icates the forecast that would occur

using the TCAST generated cycle of one. Instead of using the

cycle of one , the cycle that gave the next minimum relative

error was used. In some cases, the d i f ference  in rela tive

error between the two cyclic components was as low as 0.01%,

and for other s, as high as 10%.
V However , to in troduce some cyclic componen t was

V 
considered to be more appropr iate than to in troduce no cyc le

— at all. For the variable COHRS, shown in Figure 3A , the same

forecast was accomplished using a cycle of 10. This is

displayed in Figure 3B. A comparison of the two forecasts

for January 1977 ar e3:
— 

- 

CYCLE 1 CYCLE=10

CYCLIC ERROR 463961 476241
ALPHA 0.01 0.009
TYPE SMOOTHING 1 3
MAD 3283 2140
FORECAST 3323 8427
ACTUAL 299 9 2999

3Tlie methodology followed by Ander3on and Purnell
in the ir research to overcome this type of problem is not
known.
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Review of the results in Appendix C reveals several

significant factors:

V - 1. An overwhelming majori ty  of the forecasts were

more than 25% larger or smaller than the actual value.

2. A very large MAD was experienced in most cases.

V

. For 90% confidence, the half width confidence interval is

2.062 times the MAD ( 2 : 2 8 6 ) .  With the large MAD , a realistic

confidence interval could not be established.

3. A number of variables did give a consistent , or

near consistent cyclic component for all forecasts. These

were :

Varia ble Cycle

LOGHRS 12
CPUHRB 10
BAJOBS 5

4. The more data points added to the forecast, the

better TCAST was able to identify a cyclic component. The

analysis of LOGONS , TAPEHRS and COHRS indicates this result.

However , this was not attributed totally to the longer data 
V

base. It was due in part to more consistency in the cyclic - V

components of the more recent data. Figure 3B indicates this

characteristic. The composite peaks coincide with the actual

data peaks at the end , but not at the beginning of the data .

5. CPUHRT was an exception to both of the above

observations. It was characterized by a decline in usage as 
- 

-

shown in Figure 2C.
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V Further Model Development

General

It was intended to compare the results of model

development by doing separate analyses with and without

pre—May 1975 data. However , since data was not available for

April and May 1977 , the initial comparison was done using

April 1975 as the cut—off. This allowed the use of a full 24

months of data for the period April 1975 to March 1977 to

compare with the complete data base for the period
-

: January 1974 to March 1977.

However , several early observations concluded ti~at

separate model development using the two different

time—series was not necessary. The results of those

observations were :
V 

1. During validation of the Anderson and Purnell

V 
research , it was noted tha t the cycl ic patterns were more

evident in the latter data. Peaks occurred in July 1975 and

July 1976. The July 1974 data were not as consistent.

2. Pearson ’s bivariate correlation coefficients

were calculated for both the January 1974 to March 1977 and

April 1975 to March 1977 data. All coefficients were higher

and levels of significance smaller with the pre—April 1975

data removed.

3. Autocorrelation coefficients we~~ calculated for

both time series. In general , removal of the pre—Apr il 1975

data provided higher autocorrelation coefficients.
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Data Distribution

Figures 2A to 2D give a visual indication of the

variability of the parameters studied in this research. The

mean and standard deviation for all parameters were

V calculated to provide a quantitative measure of this

variability. For this research, three separate series were

used. The mean and standard deviation for each series are as

follows:

TABLE 1. COMPARISON OF MEANS AND STANDARD DEVIATIONS
FOR AFIT/CREATE TIME-SERIES

I I I I
Jan 74 — Mar 7lIAp r 75 — Mar l7IJun 76 — Mar 77~Variable 
______  ~I ______  ______  I______ ______

1 1
Mean I STDDEV ~ Mean STDDEV I Mean STDDEV

_ _ _ _ _  _ _ _ _  I _ _ _ _  I _ _ _ _  _ _ _ _  I _ _ _ _  _ _ _ _

1 1 1 I
I BAJOBS 2162.4 I 772.3 2052.6 I 747.8 11917.6 627.7
CPUHRB 53.7 I 59.5 64.5 71.4 I 43.7 I 25.8
CPUHRT 16.5 19.4 8.7 I 3.6 I 7.5 2.2 I
ICOHRS 4527.9 13713.1 4969.1 4248.7 I5027.0 3478.8 I
I TAPEHRS 166.0 I 247.0 245.1 286.8 I 286.8 305.0 I
I LOGHRS 1652.3 I 480.5 1613.4 478.4 11580.7 369.1 I
I LOGONS 3910.1 11059.2 13787.4 1202.1 13495.8 I 822.2 I

— 
ILNCARDIN I 1496.6 I 650.8 1494.2 720.5 114 13.7 297.4 I
I I I I _ _ _ _  - _ _ _ _  I _ _ _ _  _ _ _ _  

I

No specific conclusions could be drawn from these

results except that BAIJOBS, CPUURT, LOGURS and LOCONS

appeared to be decreasing with time, while COHRS and TAi~~HXS
I

were increasing. These observations were confirmed with

later research. Additionally , high variability did exist for

CPUHRB, COHRS and TAPEHRS.
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Time Series Forecasting

The additional time—series forecasting analysis was

done using a 24 month time—series; April 1975 to March 1977.

Autocorrelation coefficients were calculated for each

variable using a maximum lag value of 10 months. Shown as a

continuous curve (although the function is discrete valued),

the autocorrelation function for two variables are plotted

in Figures 4A (LOGHRS ) and 4B (CPUHRT). Figure 4A is

interpreted as follows : The time—series values tend to be

negatively correlated at a lag value of 5 months, positively

correlated at a lag value of 7 months , and show no

correlation at lags greater than 10 months.

TCAST was then used to establish a forecast for each

variable using lead—times of 2 and 12 months. The forecasts

consistently gave smaller MAD ’s than the January 1974 to

June 1975 data—series used by Anderson and Purnell (TAPEHRS 
V

was an exception). A comparison of the MAD results are4:

Apr 75 to Mar 77 Jan 74 to Jun 75
MAD for a Lead Time of MAD for a Lead

Variable 2 12 Time of 12

BAJOBS 421 482 622
CPUHRB 25.9 24.8 33.6

I CPUHRT 1.9 1.8 24
COERS 1059 1618 3102
TAPEHRS 187 116 107
LOGHRS 238 304 350
LOGONS 530 769 909
LNCARDIN 408 544 -

4A comprehensive listing of the results obtained V

is given in Appendix D.
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Figure 4B. AUTOCORRE LATION FUNCTION- -CPUHRT
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A comparison was made between the autocorrelation

function calculated and the cycle produced by TCAST as being

the most dominate cycle. Generally, if the autocorrelation

function produced a prominent single minimum value as shown

in Figure 4A , or two minimum values where one was not

significantly d i f f e r en t  to the correlation coefficients for

adjacent lag values , TCAST selected a cycle other than one.

Variables that met this criteria , along with the cycle

selected by TCAST and the lag indicated by the maximum

positive autocorrelation coefficient were: V

Autocorrelation
Variable TCAST Cycle Lag

BAJOBS • 8 8
CPUHRB 10 8
COHRS 10 8
LOGURS 7 7
LOGONS 7 7

The difference in the cycle between the two

techniques may be due to greater variability in CPUHRB and V

COHRS than the other three variables. This is shown by the

ratio of the standard deviation to the mean: —

Variable Ratio (STDDEV/Mean)

BAJOBS 0.3055
t’o’1u~~~ ~~COHRS 0.6999
LOCHRS 0.2288
LOGONS 0.2170

If the autocorrelation function gave two prominent

minimum values as shown for CPUHRT in Figure 4B, then TCAST

selected a dominant cycle of one. Again, as was found when

u- ‘ng the longer data—series to validate the Anderson and
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Purnell research, the cyclic error for different lags was

!~ not significantly different. The results of using different

cycles for CPUHRT (Mean—8.734) were:

Cyclic Smoothing
Cycle Error Type Alpha MAD

1 0.9276 1 0.001 1.77
2 0.9753 1 0.001 8.01

V 7 1.0091 1 0.001 2.39

Hence, a simple weighted -moving average was more

appropriate than attempting to introduce a cyclic component.

In fact, by introducing a cycle, the MAD could be increased

significantly. Where TCAST gave a cycle of one, runs for a

cycle of one and other cyclic components were made. The one

that gave the minimum MAD was selected.

With one exception (TAP-EHRS)5, the MADs for the —

April 1975 to March 1977 time—series were smaller than those

obtained with the pre—April 1975 data included. For the

April 1975 to March 1977 time—series with a lead—time of

12 months, the confidence intervals were:

90% Confidence Limits V

k Variable Mean MAD Lower Upper

BAJOBS 2052.6 482.4 1058.7 3046.5
CPUHRB 64.5 24.8 14.0 115.0

V 
(‘PflNWr M . 7  1- .R  ~.0 12.4

I ! COHRS 4969.1 1618.2 1632.8 8305.4
V TAPEHRS 245.1 116.3 5.9 484.3

LOGHRS 1613.4 304.6 9e6 .s 2240.2
LOGONS 3787.4 769.7 2201.7 5373.1
LNCARDIN 1537.7 544.1 415.8 2659.6

5TAPEHRS (Figure 2B) shows a !lgnif:cant increa s
for  ~he las’ data point. This had the  •ff.c t of introducing
large residuals for the co~~ostte forecast.
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While the confidence interval establishes the range

within which a particular computing requirement can be

expected , for management purposes the range is undesirably

large in some cases. Figure 5 shows the confidence interval

V 
f or LOGHRS (the ratio of MAD to mean is smallest for

— 

LOGBRS) .

V 

Correlation

Pearson ’s bivariate correlation analysis was done

for all variable pairs in the following time—series6:

Jan 1974 to Mar 1977
Apr 1975 to Mar 1977
Jun 1976 to Mar 1977

Since the analysis was done on monthly data , aggregated for

pr ime and non—prime values , a coefficient of at least 0.8 at

a level of significance of 0.05 or less was assumed to

indicate a “strong ” linear relationship existed L.~tween the

two Variables correlated.

— The pairs of variables that met this criteria for

the April 1975 to March 1977 data were:

Variables Coefficient Significance

LOGERS LOGONS 0.949 0.001
COURS TAPEHRS 0.931 0.001
CPURRB COHRS 0.890 0.001

comprehensive listing of Pearson’s bivariate V

correlation coefficients are given in Appendix E.
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In addition, a number of correlation coefficients,

F though not meeting the criteria established above, were

above 0.7 and are mentioned specifically :

Variables Coefficient Significance

BAJOBS CPUHRB 0.7765 0.00 1
CPUHRT LOGONS 0.7616 0.001
CPUHRT LOGHRS 0.7500 0.001 -:
BAJOBS COHRS 0.7441 0.00 1

The significance level of 0.001 for all values above 
—

should be noted . Also , for a coefficient of 0.75, using the

variables BAJOBS, LOGHRS and LOGONS, a linear relationship

can be established for all variables except LNCARDIN.

When compared with the correlation coefficients

calculated for the January 1974 to March 1977 data , the

coefficients for the April 1975 to March 1977 time—series

provided: 
V

1. Larger coefficients at smaller levels of

significance,

2. A positive 0.7492 correlation between CPUHRT and

TAPEERS that was —0.0695 in the longer time—series, and

3. Some coefficients in excess of 0.9 compared with

less than 0.9 for the longer series.

LNCARDIN results were of concern since no

correlation coefficient was above 0.4645 (BAJOBS).

Consideration was given to the changes in computing workload

during this period. The most recent major change was the

introduction of the SPSS statistical computing package with

the commencement of the A Class of 1977 in May 1976. To
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determine what relationship existed between the variables

since the introduction of SPSS, the correlation results for

the last 10 months data——June 1976 to March 1977——were

• compared to the results obtained for the two longer series.

— 1 The results were generally superior to those

achieved using the two longer time—series. Some

characteristics were:

1. Four coefficients were greater than 0.9.

2. LNCARDIN was correlated above 0.7 with two other

variables; COHRS and TAPEHRS.

3. A number of smaller coefficients (less than 0.4)

were evident whereas a large number of mid—range (0.4 to

0.7) coefficients existed in the longer time—series.

4. However , both BAJOBS and CPUHRT did not have any V

coefficients above 0.7 for the 10 month time—series.

- - In some respects, the longer time—series had 
- 

-

advantages, while in others the shorter (10 month)

time—series gave better results. These results will be

discussed further in the regression research.

For the shorter time—series, the correlation

cocfficicnt~ ~bcvc 0.7 were:

Variables Coefficient  Significance

COHRS TAPEHRS 0.9678 0.001
• LOGHRS LOGONS 0.9568 0.001

CPUHRB COHRS 0.9372 0.001
CPUHRB TAPEHRS 0.8642 0.001
COHRS LNCARDIN —0 .7785 0.008
TAPEHRS LNCARDIN —0.7785  0 .004
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gave a good indication of relationships between the

variables and reinforced our observations made by examining

the variables on a common time axis. Figures 6 and 7 p’ovide

the re ults of two scattergrams for the 10 month

V 
time—series.

Figure 6 indicates the relationship between LOGHRS V

and LOGONS. A disappointing result was that obtained for

BAJOBS and CPUH RB, which is shown in Figure 7. It had been

though t that a stronger linear relationship between BAJOBS

and CPUHRB would have existed .

Pearson ’s bivariate correlation was also done

between the values for April 1975 to March 1976 and

April  1976 and March 1977 for each variable. This was done

to determine the correlation between the two consecutive

groups of 12 months data. The results were:

Variable Correlation Coefficient

BAJOBS 0. 2125
CPUHRB —0.0924
CPUHRT —0.2809
COHRS 0.0059

V TAPEHRS 0.1645
LOGHRS 0.5652
LOGONS 0.5667
LNCARDIN —0.2609

Since the Graduate Logistics classes are scheduled

at 12 month intervals, it was fel t there could be a

correlation between the two groups of data. However , the

results indicate that no correlation exists. No conclusions

could be drawn .
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Simple Linear Regression

Init ially, it was not intended to do simple linear

regression (SLR). However , since the Pearson’s bivariate

correlation analysis produced better results than

anticipated, SLR was attempted. A comparison of the

results7 for the April 1975 to March 1977 and June 1976 to

March 1977 data series follows:

TABLE 2. COMPARISON OF SIMPLE LINEAR REGRESSION
RESULTS FOR AFIT/CREATE TIME-SERIES

I I 
—

I Jun 76 — Mar 77 Apr 75 — Mar 77
I Dependent _ _ _ _ _ _  _______I _ _ _ _ _ _  _ _ _ _ _ _  ______ I
(Varia ble 1 F I

R~ s sy .x  j 
_ _ _ _ _ _ _  

y.x  y
I 1~~~ I
I BAJOBS I 0.585 I 481.8 I 0.461 487.8 I 627.7 I
I CPUHRB I 0.793 I 33.2 I 0.878 9.5 I 25.8
I CPUHRT I 0.580 I 2.4 I 0.132 I 2.1 I 2.2 1
I COHRS I 0.866 1586.0 I 0.937 I 929.5 13478.8 I
I TAPEHRS I 0.867 I 107.0 I 0.937 I 81.7 I 306.0 I
I LOGHRS I 0.901 I 154.2 I 0.915 I 113.8 I 369.1 I
I LOGONS I 0.901 I 387.6 I 0.915 I 253.5 I 822.2 I
I LNCARDIN I 0.216 I 652.4 I 0.606 I 198.0 I 297.4 I
I I I I I I I

Overall , both time—series produced approximately the

same results for the coefficient of determination (R2).

However , the shorter time—series consistently gave a smaller

standar d error of the estimate (s
~~~
)
~ 

and therefore a

smaller confidence interval for a given level of confidence.

In most cases , the standard error of the estimate of the

7A comprehensive listing of the results of the SLR
analysis for the June 1976 to March 1977 time—series is
given in Appendix F.
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shorter time—series was considerably smaller than the

standard deviation of the dependent variable (Sy)• The 90%

V confidence interval at the mean (~ ) of the independent

variable (x ) for each dependent variable (y) was calculated

to be:

Dependent Independent Mean Confidence Limits at ~
V 

Variable (y) variable Cx) (~ ) Lower Upper

BAJOBS CPUHRB 1917.6 966.0 2869.0
CPUHRB CORNS 43.7 25.1 62.3
CPUHRT LOGHRS 7.5 3.3 11.7
COHRS TAPEHRS 5027.0 3213.0 6840.0

— TAPEHRS COHRS 286.8 127.3 446.2
IJOGHRS - 

LOGONS 1580.7 1358.0 1803.0
LOGONS LOGHRS 3495.8 3001.0 3990.0
LNCARDIN TAPEHRS 1413.7 1027.0 1800.0

The 90% confidence interval for the conditional mean

(regression line) and the dependent variable are given in

Figure 6 for LOGHRS versus LOGONS. The ratio of 5y x  to s~,

for these two variables was the smallest for all the SLR’s

done. However , Figure 6 adequately demonstrates that the

confidence interval is still rather large and a reduction in

the interval was necessary. This was achieved using MLR.

Multiple Linear Regression

The MLR results indicated the shorter time—series

was even more appropriate. For the longer time—series, only

five of the regressions gave an R2 greater than 0.9. Some of

the ~tander~ ~~~~~ e~~ f h e  ~~~imates were 1~ times laraer

than those achieved for the shorter time—series. Therefore,

the following discussion will be restricted to the shorter

time—series; June 1976 to March 1977.
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A summary of the MLR results8 follows:

Dependent
Variable R2 5 8y.x1x2...x~ y 

V

BAJOBS 0.98896 139.9 627.7
CPUHRB 0.99875 1.9 25.8
CPUHRT 0.98945 0.5 2.2 1 •

CONES 0.99901 232.2 3478.8 —

TAPEHRS 0.97745 61.6 306.0
LOGHRS 0.99965 14.4 369.1
T~OGONS 0.99954 37.3 822.2
LNCARDIN 0.99572 41.2 297.4 V

All regressions were significant at the 0.05 level -

of significance. The critical value for the F test and 
—

the F statistic (F 5) are:

Dependent -

Variable F o—1 n—~ F -

S - - c

BAJOBS 25.58 7 2 19.30 
-

-

CPUHRB 228.54 7 2 19.30
CPUHRT 26.81 7 2 19.30
CONES 288.32 7 2 19.30 V

TAPEHRS 54.19 4 5 5.05
LOGHRS 827.01 7 2 19.30
LOGONS 623.35 7 2 19.30
LNCARDIN 66.52 7 2 19.30

The variables LOGHRS, LOGONS and LNCARDIN were not

introduced into the equation for TAPEHRS. Hence, the

different measure for the critical value of the F test. The —

— 

regression for TAPEHRS was considered satisfactory without -

,

the introduction of these variables. Therefore , they were

not included in the regression equation. All three variables
— 

failed the F ratio test of statistical significance.

L 

8A comprehensive summary of the MLR results is
given in Appendix F.
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-~~ ~• To allow statistical inference to be drawn

concerning the appropriateness of the regression equation,

- it is necessary that the distribution of residuals about the
- regression line be normally distributed with a constant

- variance for all values of the independent variable. SPSS

provides a plot of the. standardized residual versus the

- standardized dependent variable to show the distribution of

these residuals and allow a judgement to be made concerning

V the distribution of the residuals. Figure 8 shows the

residual plot for TAPEHRS. Since TAPEHRS had the lowest

coefficient of determination , the residuals for all other

variables were more closely distributed around the

regression line.

To determine the consistency of the MLR results, an

attempt was made to find a solution to the series of

regression equations. To do this, the equations were

-

, 

- 
expressed in matrix form as follows:

— 

z— [ M ] z + c

where z is the column vector of variables in the equations.
M is the matrix of estimated values of the
coefficients in the regression equation. All
diagonal coefficients will be equal to zero.

C is the column vector of constants in the -

regression equations.

Using I as the identity matrix , this may be expressed as:
— - IIJ~~ E~~~~i~~~~~~~

+
~~~~~~

— CM—liz — —C
- TM ’]i —

where !‘ is matrix ~ with minus ones as the diagonal
- 

coefficients.
C ’ is the negative vector of vector £~
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Using the method of Gaussian elimination, an attempt

was made to solve several of the sets of regression

equations calculated in this research. The solutions

consistently gave negative values for some variables. This

was inappropriate. The method of Linear Programming (LP) was

used to constrain the variables to a positive solution using

a contrived objective function .

The objective function was expressed in the form:

Minimize Z — 
~~

k iz . . . . (4.1)

Subject To: [ M ’] z  — C ’

wh ere k. i~ the coefficient of the ith term ; a value of plus
one was used.

zi is the ith variable in vector !~

The results of the LP formulation for the June 1976

V to March 1977 time—series for eight and seven variables

(LNCARDIN excluded) compared to the means of the data are:

LP Solution
8 Variables 7 Variables Mean

BAJOBS 2225.34 1916.81 1917.60
CPUHRB 68.90 43.72 43.70
CPUBRT 8.30 7.50 7.50
COHRS 8417.75 5032.80 5027.00
TAPEHRS 575.43 287.37 286.80
LOGHRS 1648.34 1582.14 1580.70
LOGONS 3509.70 3498.14 3495.80
LNCARDIN 1219.53 — 1413.70

Changing the coefficients of the objective function 
- -

variables in equet.iuü 4.1, ~~eo ~~~~~~~~~~~~

9The system of linear equations, objective function,
and linear program output for 7 variables are given in
Table 3.

58 

— - - V -  — 
~~~~~~~~~~~~~~~~~~~~~ rn ~~~~~—-~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V - - -



- V - V - V - - - 
- V -

- - - 
- 

- -  . .  V V V V VVV~~~~VV ~~~~ 

TABLE 3. LINEAR PROGRAMMING FORMULATION AND SOLUTION--
APIT/CP.EATE--APRIL 1976 TO MARCH 1977

CONSTRAINTS:

Cl:—1. IX1+33.4993X2—36.6S39X3+ .04843X4—2.07815X5—l .17811X6
— + .62789X7.—747.73375;

C2:.~ l996X1—1.SX2+ .82322X3+ .00229X4+ .03538X5— .0I166X7
l6.59985;

V 

C3 :— .11418X1+ .15819X 2—1 .0Z3— .00052X4— .00313X5+ .01712X6
— . 01189X7 —7 .61797;

- C4:.53251Xl+42.44436X2—49.9604X3—1.0X4+6.61776X5+4.6871316
— 2.02I39X7~—281.29883;

- - C5:— .19782X1+6 .535ThX2—4.48513X3+ .05557X4—l .1X5 —134 .7805;

C6:— .13593X1+7.03272X3+.04892X4— .23734X5—1.0Z6+.45563Z7
.1
H

C7:.3O989X1—10.l0999X3— .lS24~~4+ .4578X5+2.13915X6—1 .0X7
20.375;

OBJECTIVE:APIT/CREATE:X1+X+X3+X4+X5+X6+2X7;
MINIMIZE:AFIT/CREATE;

- -

- - ** SIMPLEX SOLUTION ** F-

THE PROBLEM IS FEASIBLE

V NUMBER OF ITERATIONS 9

OPTIMAL VALUE FOR AFIT/CREATE - 12368.48

EFFECT ON F
- 

- I VARIABLE VALUE OBJECTIVE FUNCTION

Xl — 1916.81 0.00 - 
-—

X~~~ = 43 . i~~ 0.~~S
X3 — 7.50 — 0 . 0 0
X4 5032.80 —0.00
X5 — 287.37 0.00

- - 
- X6 — 1582.14 0.00

Xl — 3498.14 —0.00
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to the series of equations, only the value of the objective

function. That is, there is only one point in the eight (or

seven) dimensions where the system of linear equations meet.

With the required accuracy, the solution should be the mean

values of th. variables included in the series of equations.

Th. solution for the seven variables in Table 3 indicates

this result.

The variability of the solution for eight variables

can be attributed tc 4mprecision in the coefficients of the
V 

independent variables. A small change in only one

coefficient can have a significant effect on the solution.

In the system of linear equations obtained for the total

CREATE system, the coefficient for BAJOBS as an independent

variable in the equation for CPUHRT was _Ø •(ØØ77~ Other

coefficients were as high as 40.57624. The coefficient was

changed to —0.00079, resulting in the following change to

the solution:

Coefficient of BAJOBS
—0.00077 —0.00079 Mean

BAJOBS 12483.60 12383.64 12419.42
CPUHRB 430.57 428.53 428.34
CPUHRT 82.04 80.77 81.89 —

COHRS 37239.11 37085.45 37015.36
TAPEHES 1826.61 1832.72 1814.56
LOGHRS 7296.56 7189.16 7252.72
LOGONS 14805.53 14615.27 14716.00

Tne ettect oi tue siuicii1 .üáu~j ~ ~ä a ö 1 .~1v

coefficient is evident. The conclusion that can be drawn:

SPSS provides for five decimal place accuracy. This is not

sufficient when coefficients are of the order of l0~~.
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Trend Analysis

Regressing each variable against time produced a SLR

model which indicated the trend of the variable against

time. The results of the regression are shown in Figure 9

(pages 66 to 69) using the time—series April 1975 to

March 1977 as the base series. BAJOBS, CPUHRT, I~OGHRS and

LOGONS indicate a decrease, while CPUHRB, COHRS, TAPEHRS and

LNCARDIN show an increase.

- - Validation of Research Methodology

The techniques applied to the AFIT/CREATE data

series were appl ied to the data base available for CREATE10

as a whole in order to determine if the methodology used was

appropriate to another series of data . LNCARDIN was not

included in the CREATE analysis since data for  this variable

were not readily available from the monthly accounting

records.

— In general, the results achieved for the AFIT/CREATE

time—series were replicated using the CREATE time—series.

Specifically, some of the results achieved ere:

1. There is less variabi l i ty  in the use of CREATE

as a whole compared to AFIT/CREATE.

2. There is a declining trend in the use of all

- - resources except COHRS.

IO Graphs for the CREATE data, and comprehensive
research results are contained in Appendix G.
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3. The shorter the time—series , the higher the

bivariate correlation coefficients achieved. For the

April 1976 to March 197711 time—series, seven coefficients

were above 0.8, and of those, two were above 0.9.

4. SLR analysis provided two regressions with an R2

above 0.8.

5. The MLR results for the last 12 months of data

gave far  better results than those for the 39 month or 24

month time—series. All of the coefficients of determination

were higher , and all of the standard errors of the estimate

were smaller (except one) for the 12 month time—series.

6. The TCAST results achieved were generally better

than the results for the AFIT/CREATE data—series. TCAST

selected a cycle of one for four of the variables. In

comparison to the mean of the data , the MAD was generally

smaller than for the AFIT/CREATE series. This allowed

smaller confidence intervals to be calculated a~ d was

attributed to less variabil i ty in the data—series.

12 month data—series was chosen to give a
complete 12 months of data whereas for the AFIT/CREATE
analysis, only 10 months of data were used because of the
introduction of SPSS.
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CHAPTER V

- CONCLUSIONS AND RECOMENDATIONS

- Conclusions

f General

Some general observations concerning the

characteristics of the data base should be highlighted.

1. There is high variability in the parameters

r epresenting APT ’P/CRF.ATE usage. CPUHRB . COURS and TAPEHRS

have the highest variability. In general, the peaks in

computer workload for AFIT/CREATE occur just prior to the

graduation of one of the Graduate Logistics classes.

Therefore, the conclusion by Anderson and Purnell that

“ . . . heavy usage rates are a funct ion of the heavy use of

large programs to complete thesis work El:6l],” was

supported. However , the high variability of the data

contributed to the inability of TCAST to give an accurate

forecasting model.

2. The trend analysis of the data indicated some

decrease and some increase in computer usage. This is

~~~~ contrary to the interview results obtained Anderson and

- Purnell which indicated a 20% increase for both time—sharing
- 

- 

and batch (1:54) . Also , some results, whi le  accurate , are

- 
- 

not necessarily ‘intuitively obvious’. That is, while CPUHRB
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is showing an increasing trend , BAJOBS is actually showing a

decreasing trend. A positive correlation would generally be

considered applicable rather than a negative correlation.

Length of Time Series

The most - significant observation of this research

was that use of a long data series can be detrimental when

attempting to define an accurate forecasting model. Both the

time—series forecasting and regression analysis provided

more accurate forecasts using a short data series. V

The reason for the phenomenon is the change in the 
- 

-

t rue process with time (non—stationary) . Two s ignif icant

changes in the AFIT/CREATE usage pattern between

January 1974 and March 1977 were the removal of GASP4B

FORTRAN based time—sharing simulation from the curr iculum

with the 1975 graduating classes and the introduction of

SPSS with the 1977 ‘A” Class.

TCAST Resul ts

In general , the conclusion by Anderson and Purnell

(1:61) that the change in schedule of the Graduate Logistics

Classes in 1975 contr ibuted to TCAST experiencing d i f f i c u l ty

in obtaining a ‘good’ f i t  to the actual data points was

confirmed . Smaller MAD errors were obtained by removing the

data from the time—series that applied to the period before

the change . With the exception of TAPEHRS , it was concluded

that TCAST gave acceptable forecast models.
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However , it was c~ .~~iuded that the dominant cycle

selected by TCAST may not necessarily be the cycle that will

provide the most accurate model . It is appropriate to

compute forecast models with d i f ferent  cycles , choosing

those cycles that give a cyclic error relatively close to

the cycle selected by TCAST. The model selected should have

as small a MAD as possible , and have a composite that is

representative of the actual data.

The forecasts obtained using a lead—time of 12

months are given in Figures 9A through 9G for the April 1975

to March 1977 data—series. For aggregate planning purposes,

the trend line could be-used for forecasting. However , for

highly variable data , a lar ge standard error  of the estimate

would result , giving a large confidence interval For

specific forecast estimates, TCAST can provide an acceptable

model as demonstrated in Figure 5 for LOGHRS. TCAST is k -

unable to pro 1ide an acceptable model if a high end data

value is encountered as for TAPEHRS or the process is

changing signif icantly over a period of time . Brown ’s

adaptive smoothing technique appears appropriate in this

case (5:168). Instead of estimating the coefficients in the

model with a fixed origin in time , the coeff ic ients  in a

model should be re—estimated but with time relative to the

most recent oDservation and the oldest ddta va lue ad. V
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Correlation and Regression

The correlation and regression provided highly

satisfactory results in explaining the relationship between

variables. High bivariate correlation between some variables

allowed SLR to adequately define a linear relationship. In

other cases , MLR was necessary to achieve the accuracy

required . Most importantly, a short data base that

adequately describes the process being modeled is preferred

to a longer data base that may obscure the current process

in a series of data.

SPSS does not provide adequate accuracy in the

calculation of coefficients in the regressions where there

- ~
- is a significant difference in the magnitude of data for

-: d i f f e r en t  variables used in regression analysis. Normalizing

the data in these circumstances is necessary to provide an

improvement in the accuracy of SPSS calculations.

• Applicability of Methodology

The time—series forecasting and regression

techniques could be applied to any time—series of monthly

aggregated data to forecast future usage of a computing

system and to define the relationships between system

parameters.
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Answers to Research Questions

Can the Anderson and Purnell model be further

V developed for use as an accurate forecasting tool for
- 

- 
AFIT/CREATE support requirements? The use of time—series 

V

forecasting techniques as proposed by Anderson and Purnell —

is adequate for a forecasting model . Suff icient  accuracy can

be obtained using time—series forecasting without

introducing regression analysis.

Does the model have a wider application for use in

future computer system specifications? The results obtained

for the AFIT/CREATE system were adequately validated using

data from the total CREATE system. The regression analysis

adequately defined the characteristics of use of the system 
V

by providing a relationship between variables. Using an I :

estimate or prediction for each variable, new , synchronized

system requirements could be established using the

regression equations. V

Can the model be used to define separate system

requirements for AFIT? The recent relocation of the Graduate

Logistics School near the Engineering School provides the -

impetus to consider a separate “stand alone” computer system

for the AFIT schools in the same manner used at larger

universities. The parameter averages used in the regression

I , 

- 

tend to give baseline “requirements” for such a system

applicable to Graduate Logistics. Extrapolating these

“ requirements” through use of a new parameter such as
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student enrollment could provide the baseline for a separate

AFIT computer ..~ystem.

Recommendations

Techniques

It is felt that both time—series forecasting and

linear regression techniques should be applied to the

V monthly aggregated usage data to allow management to

forecast system usage and define the characteristics of

bystem use. The techniques provide a sufficiently accurate

and simple model that appropriately defines the system being

used. For systems that have the necessary statistical

packages available, the cost of applying the techniques on a

monthly basis would be minimal.

• The graphic features within this research increase -

-

- 
- 

the power of explanation of many of the aspects of this

research. This applies in particular , though not

exclusively, to the monthly aggregated data. Managers and

designers of computing systems should consider incorporating

appropriate visual displays of the most frequently sought

information such as the growth and cyclic nature of system

usage into accounting routines.

Aool ication For Further Study

Methodology. The use of enrollments and student

population were not pursued in this research. The effect of 
V

these variables on the use of the AFIT/CREATE system has not 
-
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been adequately defined. Further research could be conducted

• 

in this area to determine if student population does affect

system usage or whether the level of system usage is

dependent upon the characteristics of use.

- - 
- Data. The data used in this research was monthly—

aggregated data and does not provide an indication of the

daily use of the computing system or the characteristics of

its use except on a monthly basis. The techniques applied by

Hun t, et. al. (7) and the use of probability models appear

to be appropriate for research applied to characteristics of

system use .

Currently, some data of each individual log—on

record is “lost” when the monthly CREATE accounting repor t

is compiled. However, AFIT Data Automation staff are

attempting to retain these daily log—on records on tape.

This would allow research using probability models to be

attempted .
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APPEN DIX A

LIST OF VARIABLES AND
THEI R MNEMON ICS

MNEMONIC VARIABLE

BAJOBS Batch •Tobs
V 

COURS Core Hours
COHRSP Core Hours Pr ime 

- 
-

CORHSNP Core Hours Non—Pr ime
CPUHRB CPU Hours Batch
CPUBRBP CPU Hours Batch Prime
CPUHRBNP CPU Hours Batch Non—Prime
CPUHRT CPU Hours Time—Sharing
CPUHRTP CPU Hours Time-Sharing Prime
CPUHRTNP CPU Hours Time—Sharing Non—Prime
LOGHRS Log—On Hours
LOGHRSP Log—On Hours Prime
LOGHRSNP Log-On Hours Non—Prime
LOGONS Number of Log—Ons
rJNCARDIN Lines CARDIN -:
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V APPENDIX B

V TABLE 4. AGGREGATED DATA FOR AFIT/CREATE USAGE-—
— 

JAN UARY 1974 TO MARCH 1977

-

- 
MONTH BAJOBS CPUHRB CPUHRT COHRS

- JAN74 5036.0 26.3624 6.2603 2904.0570
FEB74 1740.0 18.1170 21.8710 2197.5067

- MAR7 4 1863.0 16.1584 11.6515 - 1956.5480
-; APR74 1912.0 20.4529 18.4038 2476.0778

- 
MAY74 2283.0 21.6943 13.6425 2188.6737
JUN74 2615.0 82.1925 55.0941 8187.2261
JUL74 2664.0 81.6403 113.5946 11218.9711
AUG74 1996.0 23.4888 22.2854 2504.3466

- 
- SEP74 2724.0 24.6737 34.4287 3448.9601

-

- 

OCT74 1776.0 16.1220 17.1741 1489.6019
NOV74 3244.0 58.0126 12.5973 4704.7570

- DEC74 2273.0 88.0343 11.8717 4911.9182
JAN75 1564.0 21.7940 40.1670 3321.2786
FEB75 1786.0 14.8607 38.9452 2622.9035
MAR75 2223.0 33.2802 16.0222 3196.7436
APR75 2628.0 36.9185 7.2149 3539.9496
MAY75 1659.0 27.4383 10.3188 2352.8635

V JUN75 3214.0 172.5462 14.9211 12136.6229
JUL75 3844.0 299.4874 20.4711 14513.2323
AUG75 1391.0 44.9589 8.1877 1198.0031
SEP75 829.0 7.2480 10.0349 545.6394

- OCT75 1189.0 9.2264 6.5139 664.6823
— NOV75 1564.0 23.8366 6.5299 1201.9797

DEC75 1870.0 18.8958 5 7312 1606.6381
JAN76 1706.0 20.5460 13.6507 1912.4603

- 
— FEB76 2470.0 36.4945 7.7615 2870.0729

MAR76 2504.0 65.1385 6.5459 5515.0746
APR76 2705.0 153.9560 10.4486 9324.8970
MAY76 2514.0 193.3324 6.3885 11606.2728

V JUN76 1671.0 26.0495 6.4399 3026.6300
JUL76 2567.0 51.7833 8.0288 1612.5805
AUG76 3120.0 68.1732 5.2830 5554.7325
SEP76 1150.0 22.0228 10.7449 3022.5149
OCT76 2232.0 35.5314 5.9027 4257.8051
NOV76 1725.0 29.0282 7.b040 3203.8237
DEC76 1229.0 22.5251 9.7053 2149.8423
2”!77 3.7205 2999.0~ 6L
FEB77 1860.0 53.3490 7.9005 7615.4 27
MAR77 2254.0 102.1224 9.3660 13827.1531

- 
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APPENDIX B

TABLE 4. (continued)

• MONTE TAPEBRS LOGURS LOGONS LNCARDIN

JAN74 20.7 790.170 4076.0 463.0
FEB74 42.5 1957.400 4614.0 1573.0
MAR7 4 18.5 1683.220 3841.0 1454.0
APR74 11.1 1570.521 3657.0 1607.0
MAY74 25.5 1392.780 3231.0 1764.0
JUN74 29.8 2013.650 4054.0 1939.0
JUL74 203.9 2636.570 4538.0 759.0
AUG74 23.4 2415.600 6105.0 1656.0
SEP74 11.8 2190.700 5786.0 2214.0
OCT74 20.7 1237.446 3240.0 1656.0
NOV74 26.1 1357.296 3734.0 2252.0
DEC74 8.5 1308.950 3119.0 2126.0
JAN75 11.8 1570.640 3348.0 1141.0

k i FEB75 26.0 1507.950 3362.0 914.0
MAR75 112.6 2083.920 5025.0 990.0

I J APR75 71.3 1328.000 3526.0 1208.0
MAY75 71.4 1249.380 3350.0 1004.0
JUN75 761.8 2368.560 6803.0 2817.0
JUL75 824.0 2959.200 6936.0 1828.0
AUG75 17.7 1421.340 3521.0 834.0
SEP75 14.0 2209.890 5207.0 792.0
OCT75 8.1 1122.570 2530.0 1000.0
NOV75 37.7 1114.460 2875.0 499.0
DEC75 21.1 1006.370 2538.0 1260.0
JAN76 30.0 1648.030 3773.0 1578.0
FEB76 80.8 1541.450 3915.0 3915.0
MAR76 351.6 1586.960 3606.0 1576.0
APR76 326.4 1967.030 4352.0 2304.0
MAY76 397.9 1392.140 3008.0 1110.0
JUN76 174.3 1778.530 3800.0 1149.0
JUL76 246.6 1898.590 4523.0 1680.0
AUG76 189.1 1727.370 4026.0 1357.0
SEP76 130.0 2202.640 4753.0 1335.0
OCT76 143.2 1581.530 3703.0 1709.0
NOV76 130.8 1311.040 2982.0 1692.0
DEC76 118.5 1040.550 2260.0 1673.0
JAN77 186.4 1026.520 2446.0 2446.0
FEB77 431.4 1583.120 3237.0 1311.0
MAR77 1117.4 1657.440 3228.0 780.0
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APPENDIX G

TABLE 26. AGGREGATED DATA FOR TOTAL CREATE USAGE--
JANUARY 1974 TO MARCH 1977

MONTH BAJOBS CPUHRB CPUHRT COHRS TAPEHRS LOGERS LOGONS a

JAN74 12064 385 72 43750 2003 8371 17436
FEB74 9647 392 98 38044 1888 8581 15749
MAR74 10842 429 124 37458 2066 10039 18277
APR74 11147 349 122 33771 2008 9299 18436
MAY74 13466 450 146 42507 2136 9535 18376
JUN74 11683 449 138 42522 2118 9737 17994
JUL74 13876 549 193 53051 2540 9674 18386

• ALI’74 13930 465 105 38321 2127 10002 21375
SEP74 14145 506 122 44702 2243 9776 20472
OCT74 12180 387 106 33537 1826 8932 18640
NOV74 13201 418 105 34643 2169 8678 17993

-~ DEC74 10366 402 90 32399 1851 6970 14682
JAN75 11870 359 157 35519 2289 9472 18497
FEB75 11822 311 187 32199 1807 8930 17224
MAR75 14652 535 132 45094 2681 9738 20487
APR75 16108 572 134 48608 3430 9396 19620
MAY75 13090 404 84 35268 2045 8108 17577
JUN75 12692 562 122 48553 3198 9490 20632
JUL75 13984 659 127 43366 3077 10579 22625
AUG75 11780 442 129 22915 1771 8797 18599
SEP75 13000 500 130 24170 2376 10468 21361
OCT75 11988 396 113 20841 1932 8528 17178
NOV75 11125 359 99 20660 1761 7835 15854
DEC75 10421 281 80 22946 1244 6430 12856
JAN76 12121 298 108 24776 1151 8466 17058
FEB76 14370 311 85 27262 1243 8714 17630

- I MAR76 16142 483 94 37971 2004 9336 18933
APR76 13921 496 97 39433 1870 9375 18264
MAY76 14492 587 94 44471 1918 870]. 16263
JUN76 12628 355 100 31414 1311 8183 15632
JUL76 7374 252 67 19876 1031 3542 7319
AUG76 14509 402 80 37224 1576 7849 16682
SEP76 12468 421 101 39420 1603 8669 18221
OCT76 11519 343 68 31949 1392 6280 13438
NOV76 13498 421 87 39235 2045 7322 15779
DEC76 11465 428 76 34645 1684 6261 12466

• JAN77 10069 414 60 34675 1936 58~0 12213
FEB77 11461 448 66 39734 2187 6670 13514 -

~~

MAR77 15629 566 81 52102 3216 8377 16801

Note: Data have been truncated to nearest whole number.
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