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Egeface

This thesis presents the results of 114 contacts made with manager:
in the aaerospace Industry, both government and civilian. The purpose of
this document is to analyze the data gathared in the course ¢of these
contacts, s0 as to obtain a batter understanding of the current applica=
tions of PERT/CPM, CDA and CRA. By this underscanding, I hope to he
able to influwnce managers in thelr fulure use of these techniques.

1 am very gratefui to the many individuals, in the Alr Force and
private industry, who unselfishly gave mo informatiom about the managee=
ment techniques being used in thelr organizations,

I would also like to thank Major ibdward J. Dunne, my advisor, for
his support and guidance throughout this research effort. Without his
advice, this thesis would not .: ist today.

Finaily, I would like to aclnowledge the invaluable assistance and
patient understanding +t my wife, Julie, during the months devoted to

the research and prapartion of this thesis,
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il ripid pace »7 toeclmolopical progress in the last 75 years has
causad the dovelopment of a number of new management tools, but perhaps
the most controversial of these 1s network based management, Two
closely related methods wxlist, the Program Evaluation and Review Tache
nique (PERT) and the Critical Path Method (CPM). These methods are
ofton spoken of today as ono, called PERT/CPM., Two important analytical
techniques often used with PERT/CPM are Cost Duration Analysis (CDA) and
Critical Resource Analysis (CRA). PERT, CFM, CDA, and CRA have gone
through many changes since they were devele in the late 1950's, and
the current theoretical and mathematical approaches to them can be quite
camplex, 7This theory tends to dominate published material in the nets
work management field, there being little documentation of practical
applications of PERI/CPM. This disparity was investigated in the aero=
space industry in this thesis,

Contacts werc made with 114 organizations, 48 military and 66 pri=
vate industry, Information was received from 105, and of these, 48 were
using some form of PERT/CPM. In the military, 38 percent were using
PERT/CPM; while in industry it was 47 percent. Thare was a significant
discrepancy in the experience levels between Air Force and industry,
with the industry having considerably more experlence., The use rates
fur CDA and CRA were found to be quite low, witih only 9.3 percent and
7 percont, respectively, of current PERT/CPM users reporting the use of

thesc techniques. Individuals interviewed were asked to evaluate CIA

vi




and CRA, and it was found that the most often mentioned reasons for

not using CDA and CRA were thelr camplexity and cost,

vii




PERT/CPM AND SUPPLEMENTARY ANALYTICAL TECINIQUES:

All ANALYSIS OF AERUSPACE USAGE

1 Introduction

Backezound

The history of management contains records of the use of many
various types of tools and techniques, The advent of what has been
called sclentific management in the early 1900's brought about a trend
toward complex managerial systems, and thls trend contlnues today. The
rapid pace of technological progress in the last 75 years has spawned
the development of a number of very interesting managnrial tools, and
one of the most controversial of these is network bascd management,
This management tool can be thought of as two very closely related
methods, the Program Evaluation and Review Techmlque (PERT) and the
Critical Path Method (CPM), Each of these was developed by a different
grour, to be used on different types of projects, but they still have a
considerable amount in comman, Through the 20 years or so since they
were concaived, thase methoeds have undergone evolutionary changes,
additions, and deletions, There are many supplemental analytical
methods which have been used with PERT and CPM, but the two must common

are Cost Duration Analysis (CDA) and Critical Resource Analysis (CkA).

These two analytical techniques will he examined in detail in this paper,

but some definition of terms is first reauired.




Iexminology
PERT and CPM originated as sepirate methods, but are now often
thougu! of as the same thing, In this paper, when one or the other is
used it is meant thal method specifically; when PERT/CPM 1s used, 1t is
meant both methorls taken together as a generic set of networking methods,
The reader is assumed to have a basic familiarity with PERT/CPM, and 1f
this is not the case the reader is referred to an Introductory text on
PERT/CPM (Ref 6, 13, 41),
PERI: A PERT network consists of & group of events or activities
usually represented by circles and arrows linked togather in a
mannaer which represents the project to be completed. Moat often
constructed as an Activityeon=Are (or Arrow) network (AsonwA)
Three time estimates aroe used, pessimistic, moat llkely, and opti=
mistic; this allows statistlical information to be calculated, such
a8 the probability of completing the project on time,
CEMt This technique i3 similar to PERT in appearance, hut the
circles or nodes usually represent the activities, hence it is
often called Activity~on-Node (A=on=N). Only one time estimate 1s
used for each activity, which is simpler, but allows for no sta=
tistical calculations, As a result, CPM networks are often
raferred to as deterministic, as opposed to a PERT network which
ic probabilistic,
gost Iuration Analvsis (CQA). This is a method of econamic
analysis which can bo applied to PLR1/CPM networks, E£ach activity
in a network is assignel a direct cost for i1ts normal complation

time, and then is assigned other values of direct cost (usually




higher) for various shorter completion times, down to a time which
is believed to be the shortest feasible activity completion time,
Using these direct costetime relationships for each activity in a
network, CDA prozressively decrhases total project completion time
in such a manner that the project direct cost is increased the least
possible amount, This project direct costetime rclationship can be
combined with indirect costs, and other data such as honuses for
early completion and penalties for late completion, This then
allows further economic analysis which can indicate a project come
pletion time which 18 optimal in terms of minimmm total project
cnst,

CDA has also been callod other names: timeecost tradeeoff
analysis; coat optimization; schedule compression; synthesis,
¢ritical Resource Analvsis (CRA). This 1s an analytical technique
used with PERT/CPM networks which have one or more resourcos that
are available only in limited quantity, When a resource is ree
quired for the completion of several activities which may bea
scheduled at the same time, this technique is ugsed to develop a
dchadule or sequence for the employment of these limited resources.,
Thesa schedules or sequences of employment allow the project to be
completed in either the desired time, or if that is not possible,
in theo shortest feasible time greater than thae desired time,

In the ~irst case, where it is posasible to schedule resources
into the network without mrlifying it or lengthening 1t, the method

1s called pesource levaling. In the second case, when this is not




possible and the netwvork must be modified in ~ome way, the method
is called pe¢soureca schedulipg.

Examples of resources which are often available only in fixed
numbaer, and hence could become criilcal resources are: kLev super=
visory personnel, special machinery or equipment, storage or

working space, and transportatiion equipment or vehiicles,

Asgearch Oblectives

PERT/CPM networking technlques, cost duration analysis, and
critical resource analyziz are often major topical areas in many managece
ment, Operations Research (OR), and Inuustrial Englneering texts and
perlodizals (Ref 6, 11, 12, 20, 24), The ovaerall vbjective of this
affort is to determine the extent, type, and mamner in which these net=
work management techniques are currently being used in aerospace rulated
activities In government and industry. Subsidiary to this genaral theme
ara specific objectives to be achieved in support of the overall effort,

PERI/CPM Usage. At one time, use of PERT was mandatory on all
major LDOD acquisition contracts. Since that time, tha usce of PERT and
C™ scems to have dwindled considerably (Ref 11, 14), An objective of
this research is to determine how much PERT/CPM is being used today in
rajor aerospace acquisition programs, both bty contractors and by the
Alr Force, Additionally, in what situations, If any, is PERT/CPM used
more often (l.e.t research, davelopment, pru-productiaon, mass producs
tion, qual'ty assurance, etc,).

The above specific objectives deal with factual use of PERT/CPM,

Also to be Irvestigatud ia the opinior. ot PERT/CHM users as to tho
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nothods! usefulness and desirabllity vorsus other contemporary manage-
ment tools., These data will be recognized for what they are = opinion,
and will be treated accordinglv.

CHOCRA VYsagg. Thesc analyticel techniques have often been recsme
mended in the literature as importunt tools to augment PERT/CPM networks.,
An objective to this study 1s to determine to what extent CDA/CRA is
being employed by users of PERT/CPM networks. The reasons for nanagers'
use or nonw=usn of CDA/CRA technigues 18 also to be invastignred, Thsse
reasons, when compared to the theoretical literature, may have impoitant
implications for future research in the area., If managers are not using
CDA/CRA, is it hecausa they have tried it and tound it unsuitable, or
have they relied on negative reports of others, Or are they uninformed
of the poteniial usefulness of these techniques? These are all questions

addressad by this study,

Methedolozy

In order to accomplish the objectives of the research, a search of
the literature was necessary, and data on PERT/CPM usage had to be
gathered and analyzed.

Elteratuce Search. In order to properly place today's usa of
PERT/CPM and CODA/CRA in perspective, a knowledge of the history of the
techniques is necessary., To meet this end, a concentrated search was
mada of the available literature., Emphasis was put on historical develop-
ment of CUA and CRA, and on the theory as currently contaired in the
literature. Historical information on PERT/CPM was also gathered in

the cnourse of the research, Much of the material concerning carly PERT




are DOD documents, therefore extensive use of the Defense Documentation
Conter (DDC) and the Defense logistics Studies Information Exchange
(DISIE) was made. Prior theses and dissertations, at this institution
and elsevhere, were axamined, These papers were most helpful, often
saving more extensive background investigation,

Interviews. The actual data about usage of network management
tuchniques come from interviews with persons In both the Alr Force and
industry. A survey could have been used, hut a survey of nonegovernment
employees was ruled out by Alr Force, DOD, and Office of the Management
and Budget (OMB) policies. Only a very limited number of surveys of
this type are allowed ammually to be done by government employees, and
the approval necessary could not be obtalned. FPor this reason, inter=
views of industry represuntatives was chosen as the next best altermna=
tive method, For consistency of analysis, interviews of Alr Force
persomel were also used,

Approximately 100 knowledgeable lndivl&unls were contacted in the
Air Force and industry, A knowledgeable individual is defined as one
who has informatiur, from persanal or direct supervisory experience, of
the use or noneuse of PERT/CPM and CDA/CRA by that individual’s organie
zation, To get to that person often requirad contacting two or three
others in tho same organization, since special attention was given to
contacting the person most knowladgeable about PERT/CPM in each organie
zation, For a list of organizations contacted, sec Appendix A3 for a
list of persons incerviewed, soe Appendix B, Some interviews were cone
ducted in person, while some were conducted by telephone, depending

on the amount of information believed ac the time to be avallable, and
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on the location of the individual., Most industrial interviews were by
tclephone, while Alr Force interviews wcre about 50 percent by tele-
phone. Ragardless of whether telephone or personal, each interview was
structured the same as much as possible, Questions were formulated and
answvers recorded using the format shown in Appendix C, It was often
necessary to define CDA and CRA and occasionally PERT/CPM., This was
done using ailghtly modifled versions of thoe definitions presented pro=
viously in this chapter.

Sources for persons to interview were many and varied, At Wrighte
Patterson AFB, the Aeronautical Systems Division (ASD) computer center
personmel were helpful in pinpointing PERT/CPM users, Other sources
ware the writer's personal Xnowledge, telephone directories, organiza-
tional charts, and word of mouth from other PCRT/CPM users. In industry,
sources were Dayton Chambor of Commerce publications, magazines, adver=
tising circulars, telephone directories, and references from other PERT/
CPM us¢rs. A word of explanation is necessary about the apparent duplie
cation of some organizations in Appendix A. Some organizations (Air
Fforce and industry) have quite centralized ocontrol functious, so thet
one office has knowledge of the workings of many projects, and a
knowlwmigeable individual in that office was the only contact necussary
in that organization., Othor organisationc are quite rigidly divided

by project or diviasiun, and are responsible toc the parent orgenization

only as a cost center, In this case, a imovledgeable individual had
to be contacted in each responsibility center. In a decentralized

organization, on occasion, a person could be found who had been in the

company for many years and knew the workings of many areas,




After the detalled questions concermning CDA and CRA, additional
comments were solicited regarding PERT/CPM, and thene wara recorded as
accurataly as possible. These comments were helpful in defining attie
tudes and other subjective gvaluations of the data by tha interviewsr,
These interview evaluations will be dimcussed lator,

There appear to be some distinct advantages to interviewing versus
surveying in a research project such as this., Ono advantage is the
ability of the interviewer to draw out a reticent participant.

Questions in a survey may not be interprsted in the same manner by
everyone, but in an interview they can be re=phrased., Another advantage
18 the abllity to contact the ane persan (or persons) in an organisatlon
who have the most knowledgoe about the subject. The most obvious ade
vantage is the number of returns, Survey return ratus can ba quite low,
on the order of 20 to 30 parcent, Thera are some disadvantages o
interviowing as well, the largest being time and work., Even by telu=
phone, interviewing almost 60 paople is time consuming, as is getting in
touch with the right person, Another disadvantage is interviewer blas,
Leading questiong and interviewer reactions were controlled to some
degree with the atructured format that was used.

Analyais ¢f Agta. When all interviews were completed, the answers
were coded and transferrad to computer cards. The design of the format
for the transfer of data was done after most of the interviews were
complate, and thus it was able to accommodate pertinent comments outside
the structure of the interview format, The data was analyzed using the
facilities of the ASD computer center, with a remote batch terminal fram
the Aly Force Institute of Technology, School of Engineering. The

8




ASD/AYIT system consists of a COC 6613 and a CDC CYBER 74 operating
system and peripherals, The Statiaticel Package for the Social Sciences
(SPSS) 1s a set of programs avallable, some of which were used for this
analysis,

Jata wvac &ll, e by parcMiitascs 16 varioud cateyuries, und then
broken down further by cross=tabulation techniques. Frequency of
rasponses, as well as numbers of rosponses are presented in the analysis
sections later. Liste=wise and caseewise deletions of missing data were
both usaed, whichever seemed most appropriate to the goal of maintalining

objectivity, while maintaining a significant numbor of data points,

2cope and Linitations

The enormous number of uses being made today of PERT/CEM precluded
a detalled satudy of all agperts of their use. Thias research project
has examined the uses to which PERT/CPM have been put, and are being put
today in the aerospace acquisition fleld. This field 1s not limited to
national defense acquisition, since it includes data from civilian aero=
space organizations not on military contracts. The aerospace field
includes both aeronautics (i,e,: aircraft and systems) and astroniutics
(spacecraft and systems),

There are other types of networks in use today other than PERT/CPM
type nstworks, such as precedence natworks used in Line-of=-Balance (1OB)
systems, and a network used by tha Air Forze in 1ts Logistics Compoaite
Modul, These natworks are mentioned as necassary to make points in

thia report, but are not specifically aexamined in detall,




The use of CPM is falrly common in the construction industry,
aespecially for large, complex jobs, These applications will not be
oxplored closaly, but mentioned as nocessary to contrast them with aeroe
space applications.

Limitations imposed on the usv of surveys have been mentioned
previously., Time limitations and wilde geographic separation also pres
cluded personal interviews with many more participants, Finally, time
vas the controlling factor of the number of interviews, The 37 intors
views obtalned have bean assumed to ba a r¢presentative crossesection
of the industry and Alr Force.

In this chapter, a short background of FERT/CPM has boan presented
as an introduction to tha subject, and some basic terms have baen
defined, The objectives of this paper, the assumptions made, and the
methodology which was used have been presented. ‘

In Chapter II, the davelopment of PERT, CPM, and their supple=
mental analyses 1s traced., The current theory of CDA and CRA 1s pres
sented, and past application areas of PERT and CPM are identifled,
Chapter III is an analysis of the results of the interviews to determine
the pattorn of usage of PERT/CPM in the aerospace industry, Use on
various types of projacts will be documented, and assessments of PERT/
CPM made by the respondents will be examined. Chapter IV contains the
analyesis of CDA and CRA usage. An oxamination of management percep=
tions of these analytical methods will be made, and the relationship of
these perceptions to actual practice will be explored, In Chapter V,
the literature on CDA and CRA is compared to its actual use, and conclue
alons are drawn about the implications of this on the future manager,
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11 Historical and Iheoretical For3pgctives

Before exeninin;; the uses being made today of PERL/CPM this
chantey will serve as review of the development of PERT and CFM, and
of the current state of theory about CDA and CRA. Although PERT and
CPM had origins in different types of application areas, they have
recontly bacome thought of and spoken of as one and the same by some
authors (Ref 10, 11, 12, 24), Cost and resource analyses of these nate
works have likewise been recantly lumped togot:hor.' despite earlier dis=-
tinctions. '[hesc early differences and the recent interweaving of
concepts and techniques is significant, and the tracing of these events
will build a necessary background against which today's techniques nay

be viewed,

levelopmsnt of CRM.

CPM was probably the first networking tecinique developed to be
used as a management tool, The E. I. DuPont de Nemours & Company began
development of the method in 1952, and by 1955 the basic concepts of
Critical Path Scheduling (Ref 14116) vere outlined, In 1956 and 1937
further work was done, including the use of computer programs to test
and demanstrate the tachnique. ‘[he development effort was a joint
project of DiPont and the Remington Rand Division of Sperry Rand Cor=
poration., James E, Kelley, Jr. was the principle developer of the model
and the mathomatical technique, while he was head of Remington Rand's
INIVAC Applications Research Center. Morgan walkef. the DuPont engineer

who worked with Kelley, headed DuPont's Systems Engineering Development

1
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Group, These two men ploneoered the development of CPM, and continued
for years afterward to be the authorities on ir.

Tae £irst large scale use of this new procedure was on the periodic
overhauls of a chemical plant in lLouisv!lle, Kentucky, <1he problem at
the plant was the downtime lost during overhaul, since a complete shute
down was necessary for safety reasoni. Using Critical Path Scheduling,
DuPont engineers were able to cut downtime from 125 hours to 93 hours,
and anticipated cutting downtime further through the use of CDA (Ref
1161), Even at this time, in 1959, Cost Analysis was a part of this
natworking method,

Cost Analvais. Kelley and Walker's early version of CPM contained
provisions for cost analysis which differ in no basic way from those
being used today., This concept of Cost Duration Analya\is (CDA) was
well established as an integral part of CPM by Kelley and Walker, and
was considered by some as more important than later statistical analysis
introduced in PERT (Ref 1366), Th« methodology used at that time by
Kelley was the primaledual algoritim, a special type of parametric
linear program (Ref 173296), The primaledual algorithm has undergone
some evolutionary sophistication since then, but remains the basis of
many CDA methods (Ref 103263 12161). A later section in this chapter
will deal with thae current theory of CDA,

Descurce Analvsls. The basic foundations for CRA were laid by
Kelley and Walker, bul the technique was not devaloped as axtensively
or as oarly as CDA was developed. The idea that certain resources may
be in chort supply, and hence may control the completion time of the

network was expressad by a number of authors in this early time
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period (Ref 1, 4, 17, 41), The first reduction of this ~encont tc
practice probably occurred in the 1960-1962 t.ime frame in comnection
with the then rapidly developing CPM technique. Although no specific
literature on its earlier development could be found, in 1961 Kelley
proposed two heuristic rules for its solution (Ref 20:352«354),

During the years 1957-1958 a parallel effort at aeveloping a nete
work management technique was taking place which, tliough not an oute
growth of CPM, did have 1its genesis in some of the carliest CPM de=

velopment,

Raveloraent of FERL
In early 1957, the Navy started development of the Polaris or

Fleet Ballistic Missile (FBM) weapon systew. The Speclal Projects Office
for Polaris concluded that existing management systems were inadequate
to handle the 250 major contractors and 9000 subcontractors involvec in
the program (Ref 14:14), In January 1958, a special study group was
formed of individuals from Booz, Allen, and Hamilton (a management
consulting f£irm), Lockheed's Missile System Division, and the Navy's
Special Projncts Office, The development of CPM had not been overlooked
by the Navy, and DiPont had briefed the Navy about CPM in mid=1957
(Ref 14317). In developing PERT, however, the Mavy carried on where
DuPont had left off, and doveloped PERT to £it the needs of the FBM
Program,

These needs were for a technique which could handle the uncertainty
which existed in the program, Efforta o7 this type and slze had never

hefore bean attempted, so single t'me estimatoes for activities were
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rejected in favor of three time ostimates for each activity. This
permitted the use of statistical analyses an the network, such as the
standard devlation of the time estimates, and the probabllity of onetime
completion, ‘lhe result of this dovelopment effort was PERT, at that
time called the Prograum Evaluation Research Task (Ref 30, 31). The
Sumnary Report Phase 2 of the implementation of PERT at the Strateglc
Systems Project Offica, dated September 1958, makes no mention of CDA
or CRA (Ref 31). Nor is any mention made of CDA or CRA in an article
about PERT by D. G. Malcolm et al, which was recaived by the publishers
in April 1959 (Ref 41).

EERL An the DOD, When the Navy's successful use of PERT bacame
known, the use of PERT in the military services and NASA spread very
quickly, By 1960, tha Air Force had developed the Program Evaluation \
Procedure (PEP), and its use was soom widespread in the Alr Resecarch
and Development Command, which became the Alr Force Systems Command
(AFSC) in 1961 (Ref 14222), Also in 1961, the term PEP was replaced by
PERT, the two being so similar only a name change was neaded in the
standardization efforts then underway. There were many PERT coordine
ating councils and groups in the DOD, all try. .z to make PERT vory set
and regimented (kef 14323-26)., By April 1964, the Alr Force had pube
lished a series of five manuals callod USAF PERL (Ref 3842), These
manuals, vhich included PERT/COST and all nocessary computer System
information, wore the definitive word on PERT at tho time, and remiin
valuablo reforences today. Also, by mid=1964, PERT and PERT/COST were
mandatory for use on all major defense acquisition contracta, and all
major program offices in all services were using it (Ref 14:29),

14



For a detailed historical account of this period, and the use up to
1974 of PERT in the Alr Force, see Ewa:f arnd Nanney (Ref 14), There
has heen speculation that PERT has fallen out of favor in the Alr Force,
but some authors believe that it has morely found its proper placc (Ref
112693 24192; 24:82),

BERL/COST. Management rusponsibility is oftem thought of as being
divided into tbhree arcas: time, cost, and performance (Ref 343l),
PERT 1s a plamming and acheduling tool useful only in relating time and
performance, not in the area of cost control, An extension of PERT into
tho area of custs was conceived by its developers (Ref 4:17), The
actual development of PERT/CUST was done by Management Systems Inc,
during late 1961 and early 1962, while under contract to the Department
of Dotense (Ref 14342), ‘'The PERT/CPM approach focuses on a Work Dreake
down Structure (WBS), rather than on activity networks as in the basic
PERT and CPM tochniques, Tha WBS divides into Work Packages, which at
that time were of about three months duration and represented a maximum
of $100,000 (Ref 9329), These Work Packages were organized by project,
and cut across the fuactional lines of traditional cost accounting
systoms (Ref 34:2). In practice, PER1L/COST reports were couparisons
among actual, estimated and budgeted costs, and between actual and
estimated times for each Work Package (Ref 14143), Daspite the funda=-
mental differences which existed baetween PERT and PERT/COST, they wore
often used togather and hacame closely assoclated in the minds of many
people, Thls relationship resulted in CDA and CRA being assoclated
by some people with PERT/COST, when in fact they were usaed with PERT

networks.,
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Ihe PERI Su £ts. CDA and CRA were sometimes presented as
optional analyses to be used with PERT if desired, and were often
identified as "PERT Supplements" (Ref 951043 15339=40; 36:22-25). There
were two "PERT Supplements" identified in these referances, "Timc«Cost
Option Procedure" and '"Regsource Allocation Procedure.," These procedures
amounted to very simplistic CDA and CRA, respectively. 7The Time«Cost
Option Procedure did not involvae a true optimlzation of time versus
cost, but merely construction of various sub=optimal plans, the choice
of which to use being left to the managar, Essentially, this was
satisficing rather than optimizing (Ref 9:104), The Resource Alloca=
tion Procedure similarly was not an optimization procedure, but merely
a houristic procass, the detalls of which were left up to the manager.
'L‘hese”"PER'r Supplements" ware not part of the development of CDA and
CRA, but merely nffeshoots, since CDA and CRA (in connoction with CPM)
had at that time roached a greater loval of sophistication (Ref 171296:
20:347), ‘The blanding and intorweaving of concepts at this time re=
sulted in some confusion, For example, the author of an instructional
book on PERT called CPM a "nonm!litary PERT/COST system," which it
certeinly is not, The unsophistication of the imee«Cost Option Procas
dure was short lived. In 1965, another supplement to PERT was proposad
called Schedule Comproassion (SC), This analytical technique was similar
to CDA as practiced in CPM, but had tha additional probabliliatic
features of PERT., It reliod on the use of expected value techniques
and statistical analyses to find an optimal timae=cost tradeoff (Kef
15849), Other more sophisticated methods of CDA were subsequently
developed whorein PERT wag cited as a netjork suitable for CDA
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techniques (Ref 2581). 1ln recent years, other CDA techniques have also
been advanced "or use with PERT ne*works {Ref 3323 35:55). These CDA
techninues were proposals only, and their actual application, if any,
Ais unknown, They wers cited here to show that, in theory at least, CIA

is also consldored a part of PERT.

Surzent ibeory

Terce are a large number of current theoretical approaches tn the
solution of networks and their supplemental analyses., A detailed dow
gcription of each here would be bayond the scope of this thesls, but a
listing or mention of the major approaches to the problem is believed to
be appropriate,.

Natworkg. Frovious sections have dealt with the two most common
network management techniques, PERI and CPM, A baslic knowledge of these
by the reader has beon assumed, and the hilstorical development of each
has been briefly outlined., There have been a number of other network
tochniques proposed which differ from PERT and CPM in varying degrees,
Two of those techniques will be sumarized here hecsuse they represent
the extromo directiona in which network development has gone, the simple
and the complex. To add to the canfusion existing already in this field
regarding taiminology, both of these technlques have the same acronym «
SNAP. 'The first to be discussaed 18 the Simplified Network Analysis
Portrayal (SlIAP), horeafter called Simple SNAP (Ref 5)., The second to
be discussed 18 the Stochaatic Notwork Analysis Program (SNAP), hore-
after called Stochastic SNAP (Ref 43),

The Simplified Network Analysis Portrayal (Simple SNAP) has been

presented as a networking approach only slightly moie complex than the
17




Bar or Gantt chart, 1ts maln appeal is simplicity, which has been
accomplished, in essence, by stripping away all complex time estimating
and probabicity functions from PERT. What remains 1s a proecedence
diagram of the activities to be accomplishod, showing interrclationships
anong activities, In practice, the author uses a diagramming technique
not umlike the flow dlagram which might be used by a computer programmer.
The Critical Path is not explicitly idemtified, and yes/no decision
nodes are used, 7he advantage of simplifying a network to this axtent
15 that 1t can work where a full blown FERT/CPM could not be used. In
the paper proposing this technique, the author presents case studies of
offices in which it was successfully usods All othor network methods
had failed in these offices, prusumably as a result of uveresophisticaw
tion or lack of accoptance by persommel., Apparently Simple SNAP is the
answer when the boss will not support a PERL/CPM effort, or the manager
desires to keep the affort simple (Ref 5:18«25),

The Stochastic Network Analysis Program (Stochastic SNAP) is a
complete notwork based managemont systam, including provisiors for costs
and resourcos, What o8 Stochastiv ENAP different from PERT and CPM
is that it i- a stochastic simulation model, Each activity time is
reprosented by a random varlable, the distribution of which has been
approximated from throe time estimates (as in PERT) using a triangula~
probability distribution function (pdf), ‘This triangular pdf is then
mappad onto a uniform pdf, and the Monte Carlo technique is used to
develop the frequency distributions (Re” 43:3; 110), i 18, when the
model 1s iterated, that 18, actual network performance 15 simulated a
nunber of times, the critical path and all sub=critical patlis are
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identified by the number of iterations o which thev were critlcal,
Stochastic SNAP has gone further toward probabilistic construction than
even PERT, and 1s necessarily a compuier based system, since the sug=
rested number of iterations is betweon 100 and 250 (Ref 43:18),
Advantages of this system are in its closeretosrealslife repre=
sencation of activity times, and its flexibility to perform whateif
type calculations on an «xisting retwori., These calculations include
newly proposed costs and resource levels, and anable networks to be
refined toward optimality through an interactive mode using a multia
color graphict terminal, albelt with the manager 2roviding the major
impetus rather than a canned CDA or CRA optimizing routine. Stochastic
SNAP is being used extcnsively at the Kaval Alr ODevelopment Center
(NNADC), William Grove, Pernsylvania where Computer Sciences Corxporation
a~ts as the management consultant assisting the Navy with Stochastic
SNAP. In addition, two System Program Offices (SPO) at the Alr Force
Elaectronic Systams Dlvislion, Hanscom AFB, Massachusetts, are in the
early stages of using Stochastic SMAP o rumote terminals fiam NADC,
Uf the 10 or so n:twork programs examined for this paper, Stochastic
SNAP shows the most advantages and has the must promise as a contender
tor the next generation of network management programs, However, it is
more complaey than most, and hence may be more costly in the long run,
Cogt Juratlon Analvsis. When a prajact has been renresented by a
network management technique, further very useful information can be
gathered by applying CDA. Each activity can be assigned a direct cost
for completion at the estimated (normal} time. The total netvork direct

coet is than the sum of all the actlvity dlrect ccsts, and the network
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time is the sum of the times of the activities on the longest path
through the network. 1t may be desirable to know something about the
cont to complete the network In a shorter time, and costs for each
activity at shorter times may be estimated. What is now necessary to
know is which activities to shorten and by how much, The answer to that
question is found through CDA. As mentioned previously, this analysis
was an original part of CPM, and was oxtended to PERT. Many methods
axist to golve this problem, and only some of the more prominent ones
will be mentioned,

The primale=dual flow algorithm which Kelley originally used (Ref
17, 21) is still a valid method, but contained some assumptions which
limited it somewhat?

(a) The truc time=cost rclationship of activities is continuous

and convex,
(b) Linear or placewise linear accurate appraximations may be
made to the true relationship for cach activity.

(c) All activitles are independent (Ref 10:27; 17:298),
Other methods which do not nssume (a) or (h) above hare also been dee
veloped, Thesn include altemmative solutions to linear (or plecewise
linocar) cost=timc relatimships, continuous convex curves, continuous
concave curves, and a discontinuous nonincreasing function (Ref 12161«
118), 'This liat is strictly representative, not exhaustive, and there
are often more than ono method to solve the problem for any givan shape
of the coste=time curve, Several comprehensive reviews of the state of
the art of CUA. and CRA have beon published, Krishnamoorthy (Ref 23) in

1968, Duie (Rof 10) in 1971, and Elmaghrabv (Ref 12) in 1977, In

general, these complax methods are in*ended to be cumputerized. They




often yleld exact optimal solutions which, of course, are only as exact
as the cost ostimates made for the activlitles,

Of particular intorest to managers should be methods which consider
the resource availability along with costetime trade=offs, One such
"total package" approach to CDA and CRA was proposed by Durme (Ref 10),
Another model which considers resource=duration intaractions is presented
by Flmaghraby (Ref 12:173).

In addition, there are some feasible heuristic methods which are
considerably more simple, scme of which can be done by hand (Ref 6:5583
9:104=1073 15349643 17:104«132), These heuristic methods do not yield
optimum solutions, but rather provide a high probability that a better
than average solution will be identified., These heuristic methods oftsn
make assumptions which are valid only for speclific uses of networking,
and hence are limited in application, For simple applications, or in
cases whera valid simplifying assumptions can be made, these heurlstics
have the advantage of considerable cust and time savings,

critical Resource Analvsis. CRA is a type of analysis which may be
used with a PERT/CiM network in which a resource is in some sense criti-
cal, A resource can be almost anything, but is most commonly specialized
personnel or equipment, A criticai resource is something whose use is
in somoe way limited because of number, cost, avallability, or other
reason, CRA can take on two forms, depending on the project set up,
1f no set end date exlsts, but completion is desired as soon as possible,
rosource schadullng will be used to arrange activities in the network to
fit the avallable resources.‘ Various heuristic assignment rules exist
which increase the chances of arriving at an optimal (minimum) project
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duration, The other case is where a sat end date sxists for the project,
Here, resources must be allocated within the available slack of the nete
work, while obsarving the raesource constraints present., This method 1s
Isgource leveling, and is also solved by various heuristic assignmant
rules (Ref 63367),

One marked difference between CRA and CDA 18 the lack of completely
defined optimal methods in CR.\, There are a few, but they are of
limited application, and only rarely useful (Ref 12:169). The heuristic
epproach to a problem necessarily produces a proliferation of methods.
Some of the most common are: allocate resources serially; schedule job
with the longest (or shortest) duration first; aschedule a particular
department £irst; achedule job with least technical uncertainty first,
Along with one or more of these, preference can be given jobs with the
least alack, and non=critical jobs can, if possible, be rescheduled to
free resources for critical joba (Ref 635663 443130), These are only a
few of the possible rules, and many combinations of varioug rules are
possible. Elmaghraby (Ref 123155«168) and Dunne (Ref 10121=24) 1list
and discuss aome of the more common heuristic methoda,

Among the optimal methods available, the Branch and Bound (B&a)
algorithm seems to be most prominent (Ref 28ii; 123204), However, thae
upper limit on the number of activities the B&B algorithm can handle
has been claimed to be thirty (Ref 2:23), Integer Linear Programming
models are also in use (Ref 12:16Y), as wall as Assembly«line Balmicing

tecihniques (Ref 12:185),
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licat of Network i t

One impetus for ttis thesis was the apparant imbalance between
theory and application in the literature, That initial observation was
not unfounded, nor was it limited to any particular period of time.
Certainly applications were not lacking, becanuse some organizations
were and still are using networking. What is lacking is documentation
of these applications, and information about how widespread such applie
cations are. There are notable exceptions, usually the "firsts"™ to use
something, or comprebensive reviews done years htox'- (Ref 14, 30, 31),
This situation is particularl; true for CDA and CRA. These two analye
tical methods, howaever, may also suffer fram a true lack of applications,
not merely & lack of documentation,

EERI/CPM Use in the Literature. As mentloned previously, PERT use
wvas mardatory on major defense acquisition contfacts for a period of
about two years, and was atill used after that, and continues to bo used
today in many arsas of DOD acquisiticn. Present use will be discussed
in Chapter III. Outside of DOD and 1ts contractors, early PERT/CPM usa
was less standardized, but still substantial, A 1962 survey of major
PERT users showed 66 percent of compar:ies using it on military projects,
19 percent using it on commercial projects, and 15 percent using it on
both (Ref 4:3). The number of users on which these percentages are
based however, was not disclosed by the authors of the original report
(Ref B3156), In 1964 a survey of 183 PERT users showed about 40 percent
using it on research and development, 33 percent were using it on con=
struction, and varlous percentages less than 17 percent each in six

other categories (Ref 14318«19), A 19653 gurvey of 186 Portune 500
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Corporations showed results favoring construction, with only 48 percent
uging it for research and development, while 53 percent used it in cone
struction (Ref 33), Other categories where PERT/CPM was being used in
the above surveys were$ Product Planning, Maintenance, Computer Instale
lation, Marketing, Equipment Installation, Firat Run Products, and
Syatems and Procedures Installation,

During this time period, many companies reported excellent results
using PERT/CIM, saving miilions of dollars (Ref 7320223 32:1896), But
at the same time PERT was coming under fire as being too rigid and ine
flexible to apply to all systems, and 48 having many pitfalls that une
wary managers were falling into in Increasing numbers (Ref 16:9). FPERT/
COST in particular began to be criticlzed widely, and its use eventually
declined, in part due to the adoption of the criteria approach by the
DOD, wt!erein standards for acceptable man.yzement systems were sct, and
PERT was no longer required for contractors (Ref 73363 14153), Since
that time, PERT/COST seams to have been used vory little, while systems
accompllshing essontially the same thing, but not called PERT/COST,
have been in use,

CDA/CRA Jn the Literature. How much these two analytical teche
niques are usad in industry today is not apparent from the litoraturc..
Nor is it apparent to what &xtent they have been used in the pas:, Some
conclusions can be drawn from the surveys above, For instance, of the
corporations using PERT/CPM in construction, a good many were probably
using CDA and CRA., Construction has traditionally lent itself well to
time=cost trade=offs for obvious reasons, Research and development, on

the other hand, probably was not using the analytical methods to the
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extent that the construction industry was. Aside from these generalizae
tions, there are a fow other conclusions that can be drawn from the
literature,

Typical PERT/COST and early PERT publications used some applica-
tions in thelir text and report examples, but they were at a low level of
sophistication, providing only a framework within which a manager could
implement his own heuristic assignment rules (Ref 36122«25), More
sophisticated examples can be found in many taxtbooks, particularly
more recent ones (Ref 6, 12, 17), These examplas may be based on facts,
but have been adapted for the teuching role, The same was found true
for the outlines designed to be used to toach a PERT/CPM course (Rof 27),
Occasionally, an article or paper may be found whera the author uses
concrete examples to illustrate his theoretical points (Ref 29),

For the most part then, Information on CDA and CRA use remains
based on spaculation or inference, 9n the other hand, theory about CDA
and CRA abounds. An informal survey of texts in the fields of Operation
Research, Production Management and Industrial Engineering revealed that
23 of 29 texts examinud contained a section on network management which
included theory about CDA and/or CRA. The following chaptars will re-
port on an investigation of the use of PERT/CPM, CDA, and CRA in the

aerospace industry, both government and private.
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111 Agroppace Applications of PERI/CEM :

ane of the rasearch objectives of this paper is to determine to
what extent PERL/CIM 18 being used today in the aerospace Industry.
This chapter presents the results of 1l4 contacts made with potential
PERT/CPM users in the military and private industry. A summary of the
rasults of these interviews is presented in Tables I through X1V, In
surveys dono by othars (which were discussed earlier in this poper) many
industries were axamined to determine their use of PERT/CRM. This paper
concentrates on one particular industry to determine the pattern of use
of PLRT/CPM and CDA/CRA., In addition to use or noneuse of PERT/CPM,
this chapter also cvontains information on: type of method used; the
axtent to which PERT/CPM is used in each organization; type of project \
usad onj oxperience and training of individuals intarviewed; availability
and uae of computerss and the opinions of those interviewed about the

usefulness of PERI/CPM,

doalvels of Alr Yoxce ULilization

Thero are some basic functional and organizgtional differencins bee
tween the Alr Force and industry which prevant a joint discussion of
same areas of PERT/CIM use, For thls reason, PERT/CPM usage rate, type
of mathod used, and frequency or mode of operation will be treoated
soparately., 7The remaining topleca of experience and training, avail-
ability and use of computers, and user assessment of PERT/CPM usefule

ness will be treated jointly,
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Fortyseight Air Force organizations were contacted, and PERT/CPM
use information was obtained from all of them. Alr Force organizations,
unlike industry, can be agpregated into larpe functional areas, The
distribution of contacts made in this study was as follows:

Alr Force Systems Command (AFSC)

Aeronautical Systems Division (ASD) o ¢ o o o o s » « » « 20
AF erght Asronatutical lLaboratories . . . e o o o o 0 o @ 5
AF Human Resources LabOTAtOTY ¢« « o o ¢ o ¢ o ¢ = » s ¢ o 1
6570th Aerospace Madical Research laboratory o« ¢« « « o 1

Wright=Patterson ArB, Ohio

Spaca and Missile Systems Organlzation (SAMSO) ., o o « o 10
Los Angales AFS, California

Electronjc Systems Division (ESD) S e 6 0 0 0 0 06 0 0 0 8 9
Hanscom AFB, Massachusetts

Alr Forco logistics Command (AFLC)

Alr Force Acquisition Logistics Division (AFALD) , . .. 1
Wright=-Pattarson AFB, Ohio

Alr Force Audit Agency (AFAA)

ASD Audit Off1C8 s o o o o o o o ¢ ¢ ¢ 6 6 ¢ ¢ 6 a ¢ & o 1
Wright=Patterson AFB, Chio

For a complete list of organizations contacted, consult Appendix A,
These organizations are not meant to be an exhaustlve list of PERT/CRM
users, but rather a represuntative samploa., Because of its proximity to
the Air Force Inatitute of Technology, ASD was given more thorough treats
ment than other organizations, but tho usage pattern and percentage are
beliaved to be consistent in similar orzanizations regardless of gao=
graphical location.

wWhile contacting individuals in an organization, every effort was
made to obtain & complete interview from those who wore currontly using

PERT/CPM, The structured Interview format in Appendix C was used for
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this purpose, In only five of 18 organizations currently using PERT/CPM
was this not possible. In addition, five individuals who had used PERT/
CPM in the past were Interviewed, as well as three who reportec the
definite intention to use 1t in tha future, and one porson who found
PERT/CPM completely unsuitable in his area of responsibility. This
made total of 22 individuals interviewed who were employed by the Alr
Force in aerospace acquisition management, Appendix B is a listing of
individuals interviewed, cavegorized by Air Force, industry, and PERT/
CPM vendors.

DERT/CPM Usgre. Of the 48 Alr Force organizations contacted, 18
were curvently using saae form of PERT/CPM for management, Five organie
zatlons reported having used PERT/CEM in the past, but they were not
uging it currently. Thore wore 25 urganizations not using any form of
PERT/CPM., Table I shows these figures, and the fact that 38 percent of
the organizations contacted in the Alr Force are currently using
PERT/CPM,

The extent to which the 18 using organizations utilized PERT/CPM
varied considerably., About half had a rather large and complete network
managoment system implemented, The ramainder used PERT to a markedly
lesser aextent, ‘fhe large network systems are charactorized by a standard
reporting system extending throughout the organization, and at least one
staff member dedicated solely to the creation/update of activities in
the natwork. A managemoent consultant firm is often utilized under con=
tract to the organization as the operator of the system, and tha cone
sultant {lrm usually owns the software being used to maintain tha nate

work on the computer. These owners/operaturs of PERT/CPM system
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‘Table I

PERT/CPM Usage

PERT/CPM
Milltary* }Industry vandor Total

Organizations Contacted 48 60 6 114
Information Received 48 51 6 1;

Currently using PERT/CPM 18 24 6 48

Past user of PERT/CPM 5 A - 9

Not now using PERT/CPM 25 23 - 48
Interviews Conducted 23 28 6 57

Currently using PERT/CPM 14 24 6 44

Past user of PERT/CPM 5 4 - 9

Nevor used PERT/CPM 4 0 - 4
Porcentages of

Information Recelved

Currently using PERT/CPM 33% 47% 100% 46%

Past user of PERT/CIM 107% 8% - 9%

Not now using PLRI/CPM 52% 45% - 46%

“includes one U. S. Army Corps of Englnaeaers construction project.
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software 1re what have been called PERT/CPM Vendors in this paper.
These Vendors and thelr systems will be described further In a follow=
ing section,

The other half of PERT/CPM users in the Alr Force sample are small,
often one man operations, These notworks are usually on tho order of at
moat 300 activities. Two ware maintained manually, while the remainder
were computerized. Typically, the manager using a small PERT/CPM nets
work has had some prior aiperience, either practical or academic, with
natworking., The computer program usad with these smaller networks 1s
generally simpler than 1s the case with the larger systems, and in no
case contained any provisions for CDA or CRA.

ype of Mathod Usad, The actual method usad by each respandant was
detormined, and is presented in Table II, PERT was the most common
response, followed by CPM, These distinctions were drawn by the uscrs,
not the Interviower, MNo speciflc attempt was made to determine whether
one or three timo estimates were used, nor whather Activity-one=Arrow or
Activity=cneNnde networks were in use. In the couiso of some interviews,
it became apparent thu. some respondents wore using one time estimate,
yat calling the teciinique PERT. In this research, the position 1s takmn
that the distinctions between PERT and CPM have became blurred over the
years, and the empirical evidence seems to support that positiomn, The
othor methods listed in ‘Table II are epacific computer programs usaed
by some of the ormanlzations interviewed, Thesn programs aro beliovod
to be representative of the various other PERT/CPM programs available,
SNAP has alveacy been describted in Chapter 11 of this paper, M™S IV
will be dizscussed under thoe industry analysis section in this chapter,
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Mark I1I, Concord II, and Oscar will be discussed in the section of

this chaptor dealing with PERT/CPM Vendors.

‘table II

Type of Mathod Used

Air Force | Industry | Vendor
PERT 9 17
CPM 1 7
PERT & CPM 1 3
PMS IV (1BM) 1
Mark III (Program Control Corp) 5 3
Concord II (Concord Industries Inc,) 1 1 \
SNAP (Computer Sclences Corp,) 2 1
EZPERL (Systonetics Inc.) 3
USCAR (Onwline Systems Inc.) 1
Total 22 28 6 ;

EZPERT (pronounced "Easy PERI") is strictly speaking not a PERT
program, b'it a collection of plotting routinos designed to be used in
conjunction with a standard computer PERT package. The package used at
WrightePatterson AFB is the COC PERT«-TIME program, Output from this
program can be channeled to EZPERY, whi-h preducea the desired naetwork
plot on a computer driven plotter surh as a CL.LOMP plotter. There is

a distinct improvement in the rcadability of a graphic display of a
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network, as compared to a computer line printer output, Other such
PFRT plotting roivtines oiist, and one of theso, called NETPLOT, is also
in use at Vri,ht-PLictorson AFB and clsewhere in the Alr Force.

Al Popce=tontractor interface. Therc are several different ways
in which Alr Forca PERT/CPM uetworks can be created and maintalned, The
networks can be n:lely Air Force created and meintalned where the infore
mation is derived {rom required contractor ruports. Original networks
may be creatad by a contractor, then the Air Force can maintain them,

A contractor may create and maintain a networlk, providing information
coples to the Alr Force. The first option, an Alr Force created and
majntainod network, is being usad by 10 of 13 Air Force urganizatlons
currently using PERT/CPM, One organization monitors contractor created
and maintained networks, and the remaining two organizations maintain
contractor created networks, In the cantaext abeve, contractor means the
major or prime contractor for thae program, as opposed to a mmagement
consultant type contract in which the PERT network may be created and
maintained for the Air Force under contract with a PERT/CPM Vendor,

There 1s anotiior typae of operation which was not found to bha used
in the sample of orpanizations in this study, the jolint Air Forco=
Contractor notwork., JThese types of networks waere in uge previously,
but were apparently abandonod as a viable method. In a jolnt network,
olthor party may create or modi{y activitices or whole natworks, In one
organization which had previously used joint networks, the problem was
summed up as one of documentation, One party would make changes without
the other's lnowledge, causing considorable problams (Ref 37:108).
Apparontly close cooperation between the Air lForce and a contractor has
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its limits, since now almost all Air Force networks are created and

maintained solely by the Alr Force.

Malysis of Industry Utilization

Sixty organizations were contacted in private industiy, and ro=
spmses were obtained from 51, 7The nine non-responding organizations
ware so for various rcasons, most commonly this investigator®s inability
to clrcumvent various bureaucratic snarls. Some organ’zations ware
quite secretlve about their mar.agement practices, and others practiced
a circular version of pass the Luck.

In the case of five corporations, it was necessary to caiact more
than one division to get camplete information., This occurred in com=-
panies with decentralized ca.trol functions in which no persen at the
corporate level was knowledgeable enough about the PERT/CPM use of the
various aerospace d'visions in the company. Appendix A listc organizae
tions contacted, with notation of their PERT/CPM and CDA/CRA use or nois
uso,

In the 51 organizations from which informacion was obtained 28 in-
torviews werce conducted, Current user. -ere 24 of these 28, while tha
remaining four were past users of PERT/CIM. Appetidix B contains a
listing of individuals interviewed.

PERI/CPM Usase. Table I shows tha breakdown of PERT/CEM users in
industry, and how they comparn to military organizations. The 47 pere
cent use of FERT/CPM in lidustry appears to be somewhat larger than the
38 percent use of PERT/CPM by the military. Thic is baliaved to be a

truc reflec.ion of reality, and in fact may be more pronounced when
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onlv larger privata: industry organizations are considered, In order to
obtain the broad spectrum of opinion and sample various types of organi=
zations, some smaller, local firms were included in the sampled organi=
zations., Those smaller firms were typically employing less than 50
people, and were locally owvned and operated, Six such firms wore cone
tacted, and only one is using PERT/CPM. When these siy organizations
are excluded, the PERT/CIM use percontage increases to 51 percent. This
porcentage 18 believed to be a more reasonable figure to compare to
militery organizations, since the sizos of the organizations being come
pared are better matched. An analysis of PERT/CiM users by size was
rejected because of the diff'culty of sultable criteria for grouping.

Ivpe of lethod Usgd. Table II lists the industry responses cone
cerning methods being used, ‘:L'ne corments made about the military ree
sponses are also true of the industry responses, that 18, they are user
perceptions of vhat his organization is using as a technique. Same
small manual networks were being used by individuals in some companies,
but these thras users wero a minority., The majority of the using organi-
zat.lons used automated cechmiquas, but the oxtent of application varied
from simple time-only CPM netwvorks to large complex systems with costs
and resources included,

Grumman Aorospace Corporation usos a managoment system designed by
IBM called the Progrom Management System [V (PMS IV), This package cme=
sigtas of four modulos or procesnsors: Netuvork Processor; Report Proe
cgasor; Resovurce Allocation Proceasor] Cosat Processor. Together these
processors make # complete network managament syastam, including all
aspects or PERT/CUST. The Cost proucessor has provisians for establishing
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time=cost relationships for various functional activitiss based on
step, linear or none-lliiear functions, Unfortunately, no provision is
made for Cost Duration Analysis (Ref 18:20«21), The Resource Alloca=~
tion Processor does perform Criticel Resource Analysis functions, in=
cluding both resource leveling and resource scheduling, The technique
used by thle processor is the serialeparallel allocation procedure, in
which activities are started as soon as possible vhen resource cone
straints allow. If restrictions exist on resources which prevent acti=
vitios from starting as soon a8 possibla, than selected priority rules
are applied. Up to three of these rules may be used in combination,
and the user may select from a list of seven of these heuristic alloe
calion rules (Ref 18:26~31).

Although lacking CDA, PMS IV still remains an sxcellent Management
system, No specific data was obtained on the costs to use PMS IV, but
the complexity of a full system of all four processors leads ane to
believa it might be substantial. Quice a few other network management
systems are available, with varying degrces of complexity and hence cost,
A summary of these programs was published in July 1976, including
several others with CDA and/or CRA (Ref 22:11),

How Often BERI/CEM Appliad. Each private industry user of PERT/
CPM was asked how often this technique was used in his organizatiun,
The responsas to this question are sumarized in Table iTlI, The most
interosting figure in this table is the almost 30 percent who reported
being required to use networking on some government cemtraccs, or by
some commerciel customers. FERT has not been rcqulrod on all Defense
Acquisition contracts for ovor 10 years, but apparently It is being

33

P




required by a substantial number of managers in the position tao dictate
its use, 1his was confirmed by two Air Force organizations, one quite
large and onc smaller, which require the use of networki:; on all cone

tracts.

Table IIX

How Oftan PERT/CEM Applied

o o — e iy P P o et st et B S Uy popanp sy

How often PERT/CPM is applied by private industry firms reporting the
use of PERT/CEM

Every Project 3 137
Normally 10 427
Occasionally or on exception basis 4 17%
when required to by contract/custamer 7 29%
Total 24 1007

Of the three organizations who reported use on every project, only
one irumman) uses & large, complete networking system. Another 18 &
large acrospace accessory manufacturer in which CPM is used by all
project managers. The last is a small local aarospace operation which
makos extcnsivae use of CPM,

The orzanizations reporting norual use of PERT/CPM indicated use
on "moat" er "almost all" projects., Generally use was up to the projest
manager, but often central planning and control groups were availubla to

assist him, particularly with ccmputer applications of networking,
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The occasional users mentioned using PERT/CPM on a few projects,
genernlly only their largest ones, Thaese usors expressed no knowledge
of any requirements to use PERT/CPM an a.ny projectse This is as opposead
to the usars required to apply PERT/CPM by ~mitract/customer, who were
obviously also occasional users of PERT/CPM, but were using it, at least

in some casrs, orly because they were being forced to do sc,

lyps of Frojgct Vsed On

In Chapter II, survays were reviewed which indicated PERT/CPM use
on many types of projects, but Research and Development (R&D) and cone
struction were the major areas, While limited in this paper to aero=
space industries, two construction uses of PERT/CPM will be mentioned
for purposes of comparison, First, however, the aecrcuypace uses shown in

Table IV will be outlined Liriefly,

Table 1V

Type of Projact PERT/CPM Vsed On

Alr Force Industry Total

Research and Development 2¢ 26 46
Production 0 1 1
Auditing 1 0 1
Constructlon 1 0 1
Not Specified 0 1 1
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Asrospace Arogs. Not surprisingly, the vast majority of aerospace
applications were in the area of R&D, Inharent in today's aerospace
industry is a need for large amounts of R&D, and PERT had its beginnings
in this area as well. Table IV shows that of 50 organizations inter=
viewed in the aerospace area, 46 were using FERT/CPM in the R&D fiaeld.
Only one firm reported use in production, and this was a small local
operation, This firm acknowladged that the use of CPM In production
was not ideal, but the cost of a separate production orianted system
such as Line=of-Balance would be prohibitivae,

An Interesting application of PERT was found in the auditing fleld,
Planning audits can be quite a complex task, and the interrelationships
of schedule and personnel problems can be represented by a PERT network
quite waell, An article documenting some auditing applications of PERT
has been published (Ref 24), and the individual who was interviewed for
this paper is planning to implement a PERT network in his area of ree
sponsibility,

A word of explanation is necessary about the construction use of
PERT/CPM included ir. the aerospace area uses of PERT/CPM. This applica-
tion 18 for the design, building, and inatallation of equipment in the
Compressor Research Facllity at WrightePatterson AFB, The management
of this eifort iz under the control of an aerospace organization, the
Aeronautical Propulsion Laboratory. The personnel involved have had
extensive experiance in aerospace management, and the technijues being
used are more closely related to those being used elsevhere in the aero=
space area (Ref 37:14), For these reasons, this construction applica=

tion of PERT/CPM has been included in the aerospace area, It is in
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reality an ufospnce organization managing the acquisition and installae
tion of equipment for a new and complex reagarch facility, and cannot
fajirly be compared with the construction of, sav, an office building.
Sonptryuction Area. In addition to the aerospace related construce
tion above, one other aonstruction PERT/CPM user was interviewed, The
construction project in question is in Lima, Ohio and involves over 40
million dollars administered by the U, S. Army Corps of Enginesers, The
Corps 138 integrating contractor for the bullding of a new plant for the
construction of the Army's new battle tank., CPM is used mxtensively by
the Corps on this project, and is a contractual requirement for all
participating private industry., HNo CDA or CRA is in use now, although
prior use of CRA on a different project was mentioned, The interesting
thing about this epplication of CPM is that it differs in no appreciable
wvay from many in the aerospace industry. Construction and R&D applicae
tions have in the past been thought of as different types of network
management, but the evidence, albeit based on only two conatruction
projects, indicated that there may now be little if any diffurence,
This tendency has aluo besn accentuated by the use of well integrated
naetwork management systams (such as IBM's PMS IV) by the aeruspace in~
dustry. The impetus behind such a tendency is thought to be the transi=
tion avay from the time critical management period of the 1960's to the
more resource critical management period of the 1970's, It appears that
aerospace may have gained from the construction industry in the knowls

eadge of effective means of resource planning and control,
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Experience and Iraining

Six questions asked in sach interview dealt with the experience of
the organization or individuals' training in PERT/CPM. The results are
presented in Table V, categorizod by At. torce and Industry,

Experience. There is a gap of ovar 81X yaars between the personal
aexperience of Alr Forca and industiy users. This gap is bellieved to be
the result of persomnael turnover in the Alr force, and generally reflaects
the younger work force in tha Air Force in comparable positions of ree
gponsibility. The gap between organizational experience in the Alr Force
and industry is more than likely a reflection of the persmal experience
gap, This could come about because of the selfwraported nature of this
information, since the less experienced Air Force personnel would be
likely to have less than completely accurate 1dus"of how long their
organizations had, in fuact, been using PERT/CPM.

Ixalning. The type of training recelved also reflacts the younger
Alr Force managers, with the larger number of Alr rorce users having had
c.ol.lege courses with PERT/CPM than had the industry managers. Industry
users seam to have had more formal organizational training and on the
job training than Alr Force users, However, checking the correlation
between formal organization tralning and whether the course is still
offered, only two of the industrial users who have had the training say
tha the coursaes are still being offered. Another noticeable differance
is the houra of formal training ruceived, The average number of hours
for current users in industry 18 much higher than for the Air Force.
Theso differences point out that when industry did provide PERT/CPM
training, it provided morc than the Air Force, and that tha Alr Force

40

e et e N _— - —— .




Table V ;

Experience and Training of Current PERT/CPM Users |

Alr Force Industry
(n=13)

Average organization's experience
in years,.
with range in parentheses 9.7(1=18) 13,4(2=19)

Average persmal experience

in years,
with range in parenthesas 5.2(1=15) 11.4(2=18)
Typa of training recseived i
(number of times ment:ioned)
1
: Undergradu:te 4 0 {
Postgraduate 6 4
Formal organizational 1 9 \i
on the job t:aining (OJT) 8 23 !
Average amount of training received
in hours,
with range in parenthesas 9,6 (6=30) 16,6 (6=30)

(OJT not included) o

Average yoars since last training,
with range in paronthescs 5.1(1=13) 10,8(3=16)
(0JT not included)

Course taken (or similar course)
stil] offored?

’ yus 9 5
. .

no 0 8

uncertain 1 0

not applicable (OJ'I‘ only) ' 3 11
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has now come to rely more heavily on academic training, rather than

formal organizational training.

labllit d Usg of C s

While the use of a ~omputer 18 not a necessity for any PERT/CPM
network, networks of any slze can quickly become quite cumbersome to do
manually., Three separate questions about computer use were asked during
oach interview to obtain the full informatiom. Quustions were asked to
dotermine computor avalilability, PERT/CPM program availability, and
whethor the program was baing used, Table VI presents the responsas to
these quastions for current PERL/CPM users. All Air Force users had
both computer support and a PERT/CPM program available, although one {
individual was uncortain of this, Only three Alr Force current users . \i
of PERT/CPM were not using computer support, Of current industrial
PERT/CPM usaers, two had no computer support available, Five industrial
users had a computer available but no PERT/CPM program, and ona was un=
certain. Three addit‘onal industrial users were not making usoc of an
availabio program, for a total of eleven industrial PERT/CPM users who
wora using a menual systam. Thero are 46 percent of industrial wasors
who manually creato and update networks, while only 23 porcent of Alr
Forco managers using PERT/CPM do this, Perhaps the differsnce can be
axplained by the avallabllity of Alr Force computing support, since an

Alr Force manager has to worry little, ii any, about tha cost of such

camputer support to his projoct,
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Table VI

Computer Availability and Utilization
by Current PERT/CPM Users

Alr Force |Industry

—— —
n—— ey it

Computer support avallability

Yas 13 22
No (¢] 2

PERT/CPM program avalilability

Yas 12 16
No 0 3
Uncertain 1 1
Computer unavallable 0 2

Current use of PERT/CPM program

Yas 10 13
No 3 3
Program unavallable 0 8

At many major military aerospace aoquisition organizations, the
actual day to day operation of network management systems is being done
by rrivate organizaticns under contract to the government, Thase conm
tractors arc knowi by many names, but "management consultants” is a
froquantly used generic teym for them. They have bean called PERT/CIM
vendora in thic paper Lo differentiace them from other typas of manage-
ment camsultants, but also to make it claar that most of then are also
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selling the government a product, gaenerally a software package, Roprae
santatives from four such organizations were interviewed, totaling six
interviews in all, All four systems have featuras which make them
better than any other, according to the individuals intexrviawed, ‘ihis
has soame truth In it, since each has some rodoeming features, and there
ig no one syster which stands out among the rest. Three make claim to
being Interactlva, to varving degrees. All have the camblfi;:y to track
costs and other ragources, but none has the ability to optimize as in
the classical type of CDA or CRA., The display of networks varies soma=
vhat, but SNAP (desoribad in detail in Chapter 11) has the ablility to
dieplay notworks on a graphics oquipped Cathode Ray Tube (CRT). This is
a distinct advantage, giving a managoer quick and ocasily visibla food=
back on changes. 1his feakure can lead to casily lmplemented heuristic
typo CDA or CRA. 'Iwo other systems can use CRT'as for input or output,
but not for graphlc displays of a network, Non<CRT displays of networks
inslude a bar chart format which also indicates all interrelatiomshipsa,
and a clasajcal camputer produced notwork diagram. Specific information
on any of these mathods can best be obtalned from the vendors thomselves,
listod in Appendix A,

Because of the ohvlous Lias which these vamdors have toward PERT/
CPM systems, they have bean axcludad from consideration L much of the
foregeing analysis, and will ho explicitly ldentified and corrected for

in the following analysis of results,

User Asacesmente of FPERT/CEM

Each person interviewod was asked two questions about his opinion

oi the uscfulnogs of PERT/CMM. The first question asked about
oA



usofulness for plamming a project, and the second arsl.ed about usefulness
for controlling and scheduling a project. Both questions were answored
using the same numerical scale of one to nine, ranging from the worst
] secn Oor uscd to the best seen or used. The text of the quentlons and
the complote scale used (Scale B) are found in Appendix C.

Elaonlng Usefulness. The rosults of this question are shown in
Table VII., The table is a copy of the output from SP3S, modified only
slightly., The column labeled "code" is the values on the ono to nine
scale, and the absolute frequency colum glves the number of responsecs
for each code., There were four individuals who declined to rate PERT/
CPM, indicated by the "no respunse' category label. Thaese individuals
felt that thay had not had enough experiance to fairly ratc the teche
nique. There were six PERT/CPM vendors interviewed, and all six rated A
PERT/CPM as nine for planning, and also for controlling. Since these
individuals are selling PERT/CPM as a business, they are certainly
blased. The relative frequency colum includes the nonwresponses and
Vendors, while the adjusted frequency colum does not, 'The statistics
following the table have been calculated without the noneresponses and
vendors,

By far the most common response 1. that PERT/CPM is tho best thing

avallable for planning, with 70,2 percent of the individuals vating
PERT/CPM giving 1t the highest possible rating., The mean of the ra=-
sponses was 8,235, and a 95 percent confldence interval about this mean
ranges from 7,812 to 8,699,

controlling Usefulness. Tlable VIII shows the results of thls user

assossment of PERT/CPM controlling usefulness, The arrangement, scales
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ani statistics are identical with those of Table VII deseribed above,
The raespanses to this question fall ge.erally lower than for planning
usefulness, bnt 28,3 percent of the respon-dents think PERT/CPM is the
beat method ava'lable for controlling. The mean of 6,348 >uts the
averag: response somowhat above "a littlu bet'er than the others," The
95 percent confidence interval abou* thir mean ranges from 5,676 to
7,020, & larger range than for planning usefuln.ss, which along with
the larger standa:d deviation of the controlling usefulness indicates
a groeater diversity of opinion about controlling than planning usefule

ness of MERT/CiM.

Summexy. of Agxospace Applications of PERI/CEM

Information was received about PERT/CEM use from 105 organizations
out of 114 contacted. Of these 105, 48 were currently using PERT/CIM,
oxr 46 percent of those from whom informatian was obtained, In additiom,
at least nine organizations were past usecs of PERT/CPM, and all nine of
these were interviewed. In all, 37 Interviews were conducted in person
and by telephone, 23 with military organirarims, 34 with private indus=
try users 'r vendors of FERT/CM. 'Tahle 1 shows the somplets reakdown
of results of these conta:ts,

Research und Development was the most common type of project PERT/
CPM was used an in both the Alr Force and industry, with 92 percent of
the users in this paper being In that situation., The «xperience and
training of the organizations' persommel shows some cignificent differe
ences between Alr Force and industry, both in experience and training,

The Air Force apparently has individuals with more recen’ academic
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training, while industry hLas much more experience and on the job traine
ing. Six orgenizations have computer programs avajlable but are not
using them, and elgnt organizations have no PERT/CPM computer program
avalluble to them. The rcmalning 23 current PERT/CPM users are using
computers, for 62 percent ccmputer use with PERT/CPM,

The final section in this chapter presented tha results of the
opinion ot all individusls interviswed about the usefulness of PERT/CPM
for planning, and its usefulness for controlling and scheduling. On a
scale of one t0 nine, the mean for planning usefulness was 8,26, and the
mean for cuntrolling usefulness was 6.35. These results show that
managers perceaive PERT/CPM as being sigificantly more useful for plme=
ning than for controlling.

Along with the inveatigation of the use and opinims about PERT/
CPM, knovlaedgn of the use of CDA and CRA by aerospace managers could be
usoful, Questions sbout tha use of CDA and CRA were asked on all inter=

views, and the results are presonted in Chapter IV,
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IV Asrogpaco Applications of CDA and CRA

Coot Duration Analvsis

b Since CP was first developed Ly Kelley in the late 1950's, CDA
haa been associated with network management tecimiques., CPM, because
of its detarministic nature, was associated more closely with the con=
struction industry than any other industry for mamy years, Also,
duspite the basic differences in structure between PIRT and PERT/COST,
CDA has become associated in somo manager's minds with PERT/COST, These
factors and othor influances have caused considerable d'Iferences of
opinion among managers in the aerospace field about the usefulness of
cost analyses of any Kind assoclated with network management systems,
Two steps are necessary to implement CDA in a network, First, coste A\
time relationships must be established for each activity; secondly,
thesae relationships and other outside factors must be analyzed in soms
manner to obtain an optimum or near optimum timeecost tradeeoff, The
first of these . “eps has been accomplished in a simplified manner by &
nurber of PERT/CPM users. This allows the natwork to be used as a means
of cost tracking and control during project exeoution, as opposed to

the normal pro=execution use of CDA. This process will be rcferred to

a3 cost tracking, and can be thought of as a techmique related to, bLut

not as camplex as CDA,.

cont Tracking

Cost tracking uses same of the mame concepts as PERT/COST, but 1s

rot nearly as camplex as PERT/COST. In cost tracking, a cos: eatimate
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is made for each activity in the network resulting in an overall project
planned or budgeted cost versus tima curve, Each of the cost tracking
programs has the capability of showing budgeted versus actual amounts
spant to datm, eithor graphically or in tabular form. The graphic form
is often two cost versus time curves plotted on the same graph, which
can be ganerated for tha whole project, or any suhepart therecof. The
source of Information for the actual cost curve varies between Air Force
and industry syste s, however, The Alr Forca.ulumu a certain percent
of funds expended based on the elapsed time since an activity has
started, while industry practice is to use actual figures as accumulated
in accounting systems, Of course, industry users of cost tracking also
have need for and regularly use projected figures,

The use of cost tracking by current PERT/CPM users is presented in
Table IX, There are one Alr Force and two industry organizations now
using cost tracking, for eight percent use, Three PERT/CR{ vendors are
also using cost tracking, and when these three are included, the total
current use rate is 14 parcent. In addition, two organisations in
industyy had used cost tracking, but ao longer do; While cost tracking
is not being used extunsively, its use does show that some managoers are
using PERT/CPM networks with costs, but short of the complexity of CDA,

Hpg~Cost Obtimizatlon. The optimization of cost versus time is
really the central issue in CDA, This optimization was done by only
two industry users of PERT/CPM, and threce organizations have used it In
the past, There were no organizations in the Alr Force sample that
used CDA, Two PERT/CPM vendors were using CDA, but not at any organie

zatims Interviewed for this paper. Thus, of 43 organizations using
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Table IX

CDA Usage by Current PERT/CPM Users

Alr Force | Industry | Vendors

Never heard of it before 1 0
Heard of it in passing 7 4 0
Nead mors information about 't to

decide if suitable 2 0 0
Not suitable for use in my

organization 1 11 0
Will probably use in the future-CDA 1 1 0
Have used it in the past

Cost Tracking 0 2 0

CDA : 0 3 0
Now using '

Cost Tracking 1 2 3

CDA 0 2 2

Total 13 24 6

PERT/CPM, less than five percent are using CDA if vendors are excluded,
and about nine percent if the vendors are included, This includes some
quite iarge organizations with large network management systems. The
availability of computer programs for CDA could be a factor in this,
but the following data seems to indicate otherwise.

CDA Capputer Prozram Avallability. 7Table X is a summary of the
availability and use of CDA computer programs. In answer to vhether
sufficiaent CDA programs are available, notice that two Alr Force organi=

zations have CDA programs available, but are not using them, If
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industry had the need for these programs, it could have the use of the
programs, since the two are commercially avallable. It 18 reassuring
to note that there are no industrial organizations which have CDA pro=
grams avallable and are not using thom. One f£inal fact 1s that five
industrial PERT/CPM using organizations have had CDA programs available
in the past, but no longer do, Additional comments received in intere
views revealed that two industry and one Alr Force organizationa which
no longer use PERT/CPM report having had a CDA program available and
also having used CDA, Those facts all gseem to suggest that CDA may have

some sorious drawbacks,

Table X

CDA Computer Program Avallability
by Current PERT/CPM Usars

Industry
Program avallable, using
Cost Tracking 1 2 3
CDA 0 1 2
Program available, not using
Cost Tracking 3 0 1
CDA 2 0 0
Program not available 7 13 0
Camputer not available 0 2 0
Usod to be available 0 5 0
uncertain (4] 1 0
Total 13 24 6
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Evaluation of CDA bv Ugers. Durlng each interview, questions were
askad about why the individual was using or not using CDA, DBoth posie
tive and negative reasons were recorded, These reasons or factors for
use or non=use of CLA form un evaluation of the technique, since they
represent both sides of the question., Current users, past users, and
those who had never used CDA were tabulated separately, using the come
puter technique called CROUSSTABS, which is a part of SPSS,

All responsas are shown in Table XI, the numbers in the table being
the number of times the pnrtlcﬁhr response was recorded, Each indivie
dual was allowed three positive and threo negative factors. No attempt
was made to £ill these numbers of responses, nor were any factors A
suggested during interviews. Thae factors tabled are ones that the indie
viduals being interviewad offared, with only vory minor combinations
for apace and readability., Tho positive factors of '"Got govermment cone
tracts" and "Eyewash" need a word of explanation. The individuals
making those comments percelivad CDA as benofitting thaem bacause of its
ability to convince pro.spect:ive customers that they had a sophisticated
management sSystem,

For curront CDA users, therae wore 16 positive responses to l4 negae
tive, coming from nine interviews, However, five of these nino intere
views were with PERI/CPM vendors using CDA, and thelr objectivity is
doubtful. The most vociferous nogative reosponses came from those who
had never used COA, In the 28 interviews of the Individuals who had
ncver used CDA, only four expressed any furthe:: interest in CDA by

saying they might use it In the future or neceded more information about
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Table X1

| CDA Evaluation by All with PERT/CPM Experience

Nunber of Times Response Racorded
b CDA Use
Current Past Never Total
Positive factors
Fast 5 5 5 15
Accurate 5 2 6 13
Handles large amounts of
data 4 1 4 9
Eyewash . 2 1 2 5
Got govormment contracls 2 2
{ Negative factors
Too complax 3 3 17 23
Too expensive 3 3 13 19
Not necessary 2 4 11 17
Lack of acceptance 4 -6 10
Slow update 2 2 4
Naeeds too much data 1 2 3
Inaccurate data used 2 2
Overlaps CSC3C 1 1 2
Males manarors decisions 1 1 2
Forced to usu it 1 1
Scattera rosponsibility 1 1
Inflaxible 1 1
Moaningless 1 1
Number of Interviews 9 8 34 51

1t. Past users of CDA leaned toward the nregative, with 14 negative and
11 positive factors recorded on eight Interviews,.

In summary, the imost often mentioned reasons for not using CDA
wero ite complexity and cost. Those who had positive cooments most

often sald CDA was fast and accurate,
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critical Resource Analvels

CRA has also beon assocliated with CPM for many yoars, and like CDA
is helioved to suffer from false assoclatim in some manager's minds
with PER1/C0ST. Like CDA, CRA may be viewed as a two gtep process. In
CRA, the resource requiremonts of oach activity must be known, as vall
as the overall resource constraints of the project, 7Those resource cone
straints have most often hoot manpower limltations, and only one other
resource was found used with CRA In the Investigatlions for thls papar.
The socond atep in CRA is tho allocation of the limited resources to the
notwork following somo heuristic allocation rules, A number of the
organizations contactaed did accomplish the first step toward CRA of os=
tablishing the manpowor=timae relationships for the network in use, and
this has boon called manpower loading, This manpowor loading as used
hore refers specifically to this operation only as done in direct asaoe
ciation with a PERY/CPM network, and not the manpower loadinz associatod
with nmenatwork manpower managemont. Table X1I presents tho results of
CRA use by curront PERT/CPM usars,

Maneower Loadina. ©nly ono Alr Force organization is now uaing
manpowuar loading, while two industry organ :ations ara now using it and
two have used it in tho past, Thraee PERT/CPM Vendors dre also using
manpower loading, and each uses quito simllar computer mothods to diae
play thom, Cutputa from thana manpower loading computer programs
usually take the form of a histogram of manpower use versus elapsed time
since the beginning of the project, Most users of manpower loading wero
of tho opinion that ne further automated analysis was neceded. They
thought that tho managers should be in the decision making process about
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Tuble XIi

CRA Usage by Current PERT/CPM Users

%—-—-“%m.

Alr Force Industry Vedors

Neovor heard of it before

Heard of it in passing 1 3 1
Naeed more information about it
to decide if sultabla 3 0
Not sultnhble for use in my
organization 1 13
Will probably use it in the future 0

Havo used it in tha past!

Manpower Loading 0 2 0
CRA 0 3 0

Now usings
Manpower Loading 1 2 3
CRA 0 1 2
Totals 12 24 6

resource allocation, and resisted anylnuggoltlon that a agt method,
computerized or not, should talce that prerogative away from the manager.
Further ovaiuatlons of why thoso users of manpower loading are not
interosted in using CRA are found in tho mectioun on evaluation of CRA,
Besource Allocaticd. Moe the manpower loading histogram has boan
ostablished, CPA may be accamplislied on the network to lavel the histoe

gram to meet a rostriction on manpower levels, ‘his may or :.ay not ba
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possible within the original project duration, If it ls not, resource
schaduling allocation rules can be applied to keep the project duracion
to a minieuwm, while still obeying manning restrictions. "here wore no
Air Force viganizations using CRA, and only one industry user currently
using CRA, Two PERT/CPM Vaendors are using CRA at present, but not at
an organizotion interviowed for this paper. In addition, threa industry
users of PER[/CPM veportol having used CPA in the past. From verhal
desuriptions of othar CRA computer tecihniques, they soom to follow the
same format as the PMS IV resource allocation processor described in
the industry section in the previous ciapter. Since CRA was used by
threo organizations in tho past, they apparently had computer programs
at ona time,

SEA Commputer Progxam Avallability. Table XIII contains the results
of the availability of computer programs for CRA and mmpower loading.
Notice, as in CDA, that the Alr Force has CRA and manpower loading
computor programs available but 18 not using tham. Appareuntly industry
finds this economically unwisae, Also as with CDA, if industry needed ci
wanted CRA programa, they could got tham, since there are at loast four
available cammercially,

While computar programs cortainly are justifiod on larger CRA
problems, sono smallor problems can be handled with a manuul CRA toche
nique., A past PERT/CPM and CRA user raported good success with such a
manual CRA in schaduling the dispatch of fuel trucks on a large governe
ment flying 1nnta11ntl§n. Priority rules formed the basis of the simple

heuristic assipnmont alpgorithm used, and results were much improved

over previous schemos,




Table XIII

CRA Computer Program Avallability
by Current PERT/CPM Users

— j
Alr lorce Industry Vendors {
Program avallable, using
Manpower Loading, 1 1 3
CRA 0 1 2 i
Program avallable, not using
Manpower Loading 3 0 1
CRA 1 0 /] ;
Program not avallable 7 14 0 |
Computar not available 0 2 0
Used to bae avallable 0 4 0
Uncertain 1 2 0 \
Totals 13 24 6
Evaluntion of CRA by Ugerg. ''he same quastions asked of cach

individual intarviowed about CDA weore asked . bout CRA. Thare wera no
evaluations of CRA by anyonc who had not used PEP1/CPM before, 'The
evaluations are prosented in Table XIV in the same format as tho CDA
evaluations proviously prosentad. Two additional negative factors were
added to the list for CRA. '"Poraonnel objoctions' roferred to the
foelings of the paople being allocated, This caterory included orpanie
zations which reported that thoir unlons would not allow any sort of
manpowor control by computerized methods. "Always undermannaed! is the

common complaint of many people, but here thoy meant that being
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Table XIV

CRA Evaluation by All with PEUI/CPM B:perience

Number »>f Times Responses Lecorded

CRA Uso
— Current Past Never | Total
Positive factors
Accurate 4 4 5 13
Fast 5 2 3 10
Handles large amounts of
data J 2 3 10
Eyowash 2 3 1 6
Got government contracts 2 2
Negatlive factors
Too complex 2 3 2% 26
loo expensive 2 4 11 17
Not necoessary 4 12 16
Lack of accoptance [ 6 10
Slow updato 2 2 4
Inaccurata data usod 3 3
Makes nunagaers decisions 2 1 3
Noads too much data 2 2
Ovaerlaps CSCSC 1 1 2
Paoraonnel objections 1 1 2
Always undermamed 2 2
Forced to uge i¢ 1 1
Scatters reaponsibilicy 1 1
Inflexible 1 1
Meaning'ass 1 1
Number of Intorvicous 9 8 35 51
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undarmamed would not allow CPA to be used because veople could not be
moved frcm one project to another. As before, these evaluatios are
selferceported by the persons intorviewed, and are their peccerntions of
why they are usin® or not using CRA. N9t surprisingly the current

users of CRA 1list more pouitive factors than negative, vhiile the oppo=
glte is true for others. Notice that the largest number of mentions of
negative factors was “roo camplex" and "too expensive,” the same top
two as “or the CDA ovuluation. Also as with CDA, most of the opvosition
to CRA cames from those who have noavar used it, and 14 of the 29 who

fit this labei express 1.0 desire to know emy more about CRA,

Swenary of Agrospace Applications. of GRA end CRA

The use of CUA and CRA by thosa currently using PERT/CPM was inves=
tigated, and the results are shown in Tables IX and XII, respectively,
There were four organizailions using CDA, or 9.3 parcent. There were
three organizations using CRA, or 7 parcemt, Considoring CDA and CRA
toguether, thare wera six organizations, or 14 percent, who were using
a type of analysis on PERT/CPM networks which amounted to a step toward
CDA or CRA, called cost tracking and manpower loading, respectivaly,

I'nre:: Alr Fforce organizations had CDA or CRA coamputer programs
available, but were not using than., Six more had cost tracking or
manpowor loading programs available, but were not using thom, This
situation was not found In industry, since such unnecessary costs are
appareatly controlled more closaly in industry.

Carmaents by those currently using CUA and/or CRA indicate that

they arc generally pleasad with it, with 32 positive comments compared
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to 25 negative coments, Past users of CDA and/or CkA, not surprisingly,
had more negative ccmments about the tachniques than positive ones, with
13 posltive to 22 negative reosponses. Parhaps one of the more interest=
ing results of ihese evaluations of CDA and CRA were the responses by
those who had never used CDA or CRA., These individuals were overwhelm=
ingly negative about CDA and/or CRA. There were anly 26 positive com=
ments, and 110 negative camments, These results, along with thae others
discussed proaviously, lead one .u believe that the most strenuous rasise
tance to using CDA and CRA cames from those who know the least about
them. This state o1 affairs can only boe changed by largeescale sducae
tiomal efforts, tempored by the kriowiedge that almost half of the people
who need tha infoimation have said that they hava no desira for more

information.
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vV Sumarv and conclusions

Sumgagy 9i Asgospace Usang

Almost twmty years have passed since the fifat uses of necvork
management systems, These first networks, PERT and CFM, have undergone
some evolutionary changes in that time, and are now perceived by some
authors and managers as only alight variations on the same central
technique, in this paper called PERT/CPM. During this period, various
supplemental analytical techniques have been proposed and/or used with
the basic naetwork techniques. These supplemental techniques have been
called many things, but perhaps most descriptively Cost Duration
Analysis (CDA) and Critical Resource Analysis (CRA). Another network
technique relatoed to PERT but based on a work breakdown structure *
rather than activity times was developed, called PERT/COST, Despite
basic structural and mathematical differences, CDA and CRA seem to have
been associated with PERT/COST, nossibly to the detriment of CDA and
CRA. 1

The literature of the flelds using these techniques is quite well
stacked with theoretical and mathematical treatments of PERT/CPM, CDA,
and CRA., Documentat.ion of the application of these techniques, on the
other hand, is sparse. In order to investigate the use of PERT/CIM,
CDA and CRA in the aerospace industry, ll4 organlzations were contacted,
48 from the military and 66 from private industry. Data was gathered
fran 105 of theso organizatioms, and this information was analyzed to
determine tho extent of the actual application of PERT/CPM, CDA, and
CRA.
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PERT/CRM Usaze. Table 1 shows tha results of contacts with the
potential PERT/CPM users. Military usc was 38 percent, which was
slightly lower than the 47 purcent for industiy. For the whole sample
including PERT/CPM Vendors, the use rate was 46 percent. Industry hud
a substantial load over the Air Forece in experience with PERI/CRM,
presumably the result of parsonnel turnover of Air Forco maragers. Tho
Air Force, however, had a lead in tho amount of coilegc craining of its
PERT/CPM users. All Alr Force organizations had a PERT/CPM{ program
availabla, but three individuals chose to usc a manual network, In
industry, there wore also three individuals using manual netwerks when
computers werc availahle, but also eight others who had no PERT/CPM
program and/or combut:er available, This made a total of Ll or 46 pers
cent of industrial users of PERT/CPM using a manual network, An avalus
ation of the planning usefulness versus contrslliing usefulness of PIR1/
CPM was made by 53 of the 57 porsons interviewed. ‘'‘ae six PERT/CPM
Vendors intorviewed were axcluded becausc of bilas. On a one to nina
scale with one beling the worst and nine the best, plarning usofulnoss
got a moan score of 8,3, wvhila controlling usofulness, on the same scala,
got a mean of 6,3,

chA anil CRA Usage. CDA and CRA wore both found to have a step
halfway toward the full CDA or CRA technique, For CDA this unalysis
wus cnlled cost tracking, while for CRA 1t was called manpuwer loading,
Of currmt users of PERT/CPM, four or %.2 porcert are now using CDA,

An additivnal six are using cvost tracking, ‘Ivo CDA programs and throe
cost tracking camputor programs arc available in the Alr Force, but arae
not being used, In an ovaluation of CDA, complexity and coast wore

o4
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cited as reasons for non~use most often, while those using it most
often sald it was fast and accurata,

There are only three individuals, for 7 percant of the current
PERT/CPM users, who are currently using CRA, Six others are using mane

power loading., One CRA program and three manpower loading programs

—— e e e -

were avallable to Alr Force managers but were not heing used, An evale
uation of CRA by thuse interviewed ylelded about the same results as
CDA, with complexity and cost again the leading reasons for not using
the technique, For both CDA and CRA, most of the resistance to the

techniques came from those who had not used them,

The organizations interviewod are belleved to be a fair samplae of

the aerospace industry, both military and civilian, Nonetheless,

draving abgolute comclusions about such a large industry from a sampla
of 105 organizations would be hazardous at best, Rather, the following

shovld be taken as reasoably possible interpretations of what nay in

fact be true,
PERI/CPMes There has been same spaculation that PERT has undergcne

some sort of change in managers! minds since it was flrst introduced in

the carly 1960's, The evidenco gatherad in this research shows that
PERT/CPM 18 being used in slightly less than half of the organizations
in the acrospace industry. This can be compared to only four of
thirteen Alr Foraa program ofZices using PERT/CPM in 1974 (Ref 14367),
This indicates a congsiderable degrae of acceptance and success over a

20 year period., Also, PERT and CPM may huve hlended, but the marriage
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appears to have been beneflcial, with the beat of both remaining in
today's large complox network manageament systams like IBM's PMS IV,
'tThe data gathered also indicatod a percoption of PLERIT/CPM as most
bameficial as a planning tool, which may be limiting further applica=
tions by samo managers.

ChA and CRA« Originally assocliated with CPM, these methods became
associated with FERT and, at least in the minds of some managers, with
PERT/COST. Neither appears to ba very much in use in the aerospace
industiye Derhaps they simply are perceived as not needed, or perhaps
they have suffered from the perceived uaoclatit;n with PERT/COST,
Evaluations of CDA and CRA by those interviewed demonstrate that another
reason for tho small use rate of these methods is L;h. complexity and
cost of implementation,

The promise that techniques to facilitate making trade-offs among
resourcos are not needed is hard to beligve., Today, more than cver,
resources of all kinds aro extremely important. When PERT was first
instituted in the military acquisition fleld, time was paramownt, The
continued sacurity of tho country depended on rapid completion of several
projects. In today's military acquisition climate, howover, emphasis 1is
on cost, and getting more for the dollars spant, CDA and CRA are teche
niques which are aimed spocifically at minimizing costs or efficlaently
using resources, and so should be of more and more importance as time
goes on, The fact that there is a solid theoretical hase for these
techniques is a positive factor. Computer programs implementing these
techniques are also avallable, but may lack same refinements simply
because they have not had the benefit of much use, Apparently a good
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many managers are concluding that the costs (in terms of persomnel, time
and data gathering) of implemanting thaese resourceeoriented management

systems are not balanced by the benefits gained,

Recommendations

In order for managers to implament any system, they must perceive
that it will bemefit thaem to do so. The evidence gathered in this
research indicates that most managers do not peréelve CDA or CRA in that
light, A policy by the government of forcing methods like these on cone
tractors will not work. An educational program for contractors can
have anly limited succesa,.since almost half of those interviewed oxe
pressed no desire for further infcrmation about CDA and CRA, In induse
try, aconomic incentives must axist for use of methods like these, and
incentivas could ba provided by the government in the form of contrace
tual requiroments for time=cost tradeoff studies and the use of resource
allocation procedures. Thase techniques may have the potential to save
the govermment money in the long run, and closer studies of their appli-

cation, in govermment and industry, are certainly warranted,
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Appandix A

organizations Contagted

‘ Private Industry
1. Allied Technology Inc., Dayton, Ohlio.
2. AMF Electrosystems, AMF Inc,, Vandalia, Ohio,
KR ATC Inc., Dayton, Chio.
4, AutoeValve, Inc,, Dayton, Ohio,
5. AVCO Corp., Willmington, Massachucetts.
l 6, DBendix Corp., Avionics Division, Dayton, Ohio.
7. Bendix Corp., Commumnications Division, Baltimore, Maryland.
8, Bueing Co., Seattle Division, Seattlae, Washington,
9, Centro Corp., Dayton, Ohio,
10, Elano Enterprises, Xenia, Ohlo,
11, E«Systems Inc., Dalles, Texas, I
12, Garrat Corp., Phoenix, Arizoma,
i 13, Gayston Curp., Layton, Ohio,
14, General bynamics Inc,, Fort Worth, lTexus,
15, General Electric Corp,, Aerospace Elactronic Systams,
Utica, New York.
” 16, General Motors Corp., Detroit Diesel Allison Division, Dayton,
) Ohio,.
17. Goodyear Aerospace Corp., Akron, Ohlo,
18. Grumman Aerospace Corp., Dayton, Ohio,
19, Grumman Aerospace Corp., Bothpage, New York,
20, GITIE Sylvania Inc,, Dayton, Ohio,
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26,

27.

28,

29,
30,

3l.

39,
40,
41.
42,

43,

Hohart Brothers Company, Troy, Chio,

lloneywell inc., Avionicvs Division, St. Petersburg, Florida.
‘lughes Aircraft Company, Culver City, California.

Hyland Machine Company, Daytan, Ohlo,

lear Siegler Inc., Instrument Astronlcs Division, Grand Rapids,
Michigan,

Litton Systems Inc., Guidance and Control Systems Division,
Dayton, Ohio,

Lockheed Alrcraft Corp., Space and Missile Systams Groub,
Sunnyvalo, California.

Lockhaeed Alrcratt Corp., Missilo Systems Division,
Sunnyvale, Califomia,

Marquart Company, Dayta, Ohlo,
Mariin Marietta Aerospace, Dayton, Ohio,

McCauley Accessory Division, Cessna Alrcraft Company,
myton’ Ohic,

MeDonnell Douglas Corp., Layton, Ohio

Monsanto iesearch Corp., Mound LalLoratory, Miamisburg, Ohio.
Norden Unlted Technology Corp., Norwalk, Conne.ticut,
“orthrup Corp., llawthorne, California.

Parker=liannifin Corp., Irvine, Califomia,

Palmac Systems Inc., Dayton, Ohlo,

Pratt and Whitney Division, United Airerart Corp., Dayton, Ohlo,
Projects Unlimited, Inc,, bayton, Chto,

Raytheon Company, Missile Divislon, Bodford, Massuachusetts,
tockwell Intornational, Anaheim, Californla,

Rohr Industries, Chula Vista, California.

Singer Company, Simulatim Prouducts Ulvision, Dayton, Uhto,
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44, Singer Compauy, Kearfott Division, Little Falls, New Jersey,

45, (perry Rand Corp,, Sperry Flight Systems Division, Phoenix,
Arizona.

46, Sperry Rand Corp., Sperry Division, Sperry Systems Management,
Great lleck, New York.

) 47. Sperry Univac Company, NDefente Systems Division, Salt Lake
City, Utah,

48. Sundstrand Corp,, Dayton, Ohio,
49, Systems Development Corp., Santa Monica, California.

50, Syscems Research lLaboratory, Computer Sciences Group,
Dayton, Ohio,

51, Tech Development Inc., Dayton, Ohtio.

52, Technology Inc., Instruments and Controls Division, Day: m, Ohio,

53, Technology Inc,.,, TechnologyeScientific Services, Dayton, Chio,

54, Teledyne Ryan Aeronautical, San Diego, Califomia,. A
55, Teledyne CAE, Dayton, Ohio,

56, Teledyne Systems Company, Teledyne Inc,, North: idge, Califommia.

57, TRW Corp., Defense and Space Systems Group, Redondo Beach,
California.

58, United Alrcraft Products, Inc., Vandallia, Ohio,
59, Vought Corp,, Vought Aircraft Division, Dallas, Texas.

60, Willlams Research Corp., Walled Lake, tlichigan.

Military
) A\L Force Andli Azency (AFAA)
ASD Audit Office, WPAFB.

Alr Force Acqulslition Logistles Division (AFALD), WPAF3,




]

0 Sys
Aegonautical Systens Divislon (ASD), WPAFB.
Aeranautica. Equipment SPO (AE)
Alrlift SPO (SI28)
AMST SPO (5IR9)
A=10 SPO (YX)
Camptroller (AC)
EF=111A SPO (SD25)
Fighter/Attack SPO (SD27)
F=15 SPO (YF)
Fe=16 SPO (YP)
International Fighter SPO (SD5)
Maverick SPO (SD65)
PLS/RPV SPO (SD26/31)
PRAM Office (RA)
Propulsion SPO (YZ)
Simulator SPO (SIR4)
Specialized Systems (SDX)

Strateglic Systems SPO (YY)

Aeropropulsion Laboratory

Flight Dynamics Laboratory

Materials Laboratory
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Electronic Systems Division (ESD), Hanscom AFB

JTIDS Office

TRITAC Office

AWACS (E~3A) SPO

Airborne Command Post (Ee4) SPO
Surveillance and Navigation SPO

Camptroller

Advanced Space Programs

Navstar GPS SPO

Launch Vehicles SPO
Re-em:x;y Systems

Satellite Data Systems
Space Comminications Systums

Lima Area Office, Lima Modification Center, Lima, Ohio

EERL/CEM Yendors
Program Control Corporation
A=10 SPO, WPAFB
NAS, China Lake, Califormnia
PCC Office, WPAFB
OneLine Systems Inc., Los Aageles, California,

Computer Sclences Corp., Huntingdon Valley, Pensylvania.
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2,

3.

b

S

6o

7o

8.

9.

10;

11,

12,

13,

14,

Bersons Interviewed

Avlon, Ed, Boeing Company, ALCM Program, Seattle, Washington,
Regarded by Boeing as the company expert on FERT,

Batos, Charles, 6570th Aeromedical Research Laboratory, Human
Engineering Division, WPAFB, Ohio,

Baush, Jim, General Dynamics Inc., Management Support Group,
Ft, Worth, Texas.

Bible, Richard, Airborne Command Post (E=4) SPO (ESD/YSM),
Business Management Division, Hanscom AF3, Massachusetts.

Bitter, Steve and Bill Perry., Singer Company, Kearfott Divisim,
F=16 Assistant Program Diractor and Director of Management Support,
Little Falls, New Jersey.

Boenning, Charles, Allled Taclnology Inc,, Director of Engineering,
Dayton, Ohio,

Bosingor, Al., Sperry Rand Corp., Sperry Division, Sperry Systans
Management, Programs, Great Neck, New York.

Brewer, larry. ASD Comptroller's Office, Directorate of Program
Control, WPAFB, Ohio,

Srown, Roger, VU. S. Army Corps of Engineers, Lima Area Offlce,
Lima Modification Center, Project Engineer, Lima, Ohio,

Bush, Chan., Vought Corp., Vought Alrcraft Division, Enginearing
Administration and Management, Dallas, Texas,

Crews, Ron. Alr Furce Audit Agency, ASD Audit Office, WPAFB, Chio,

Davis, Bill, Program Control Corporation, WPAFB Repre¢sentative.
W‘PAFB, Ohio,

Dietrich, Walt., Simulator SPO (ASD/SIR4FF). Financlal Managument
Branch. WPAFB, ULhio,

Duscommun, Carol, On=Line Systems Inc,, Marketing Representative,
Los Angeles, California.
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15, Elder, Paul, PLS/RPV SPO (ASD/SD26P), Program Control,
WPAFB, Ohio.

16, Fickef, Jay. System: Research laboratories Inc., Computer Sciences
Group, Computer Applications Division, Dayton, Ohio.

17, Foster, Willlam. Space Commumnications Systems (SAMSO/SKP),
Director of Program Control, Los Angeles AFS, California,

18, Fout, Bruce, Hobart Brothers Company, Troy Division, Engineering,
Troy, Ohio,

19. Gihson, Jim. Launch Vehicles SPO (SAMSO/LVP), Program Control,
Los Angeles AFS, California,

20, Hardy, larry. Sundstrand Corp,, Dayton Office. Daytomn, Ohio.

21, Harris, Nlck, Unlted Aircraft Productr Inc., President,
Vandalia, Ohio,

22, Hassler, Bob, Lockheod Alrcraft Corp., Space and Missile Systems
Group, Chief of Information Processing. Sunnyvale, California.

23, Hefernon, Reginald. Goodyear Aerospace Corp., Chief of Program
Control and Planning. Akvon, Ohio,

24. Hendrixson, Jerry., Concord Industries Inc., Prasidemt,
Los Angeles, Callfornia.

25, Himmelmann, Carl. Grumman Aerospace Corp., Resource Department,
Plans, Controls and Budgets Division, Master Schedule Section.
Bethpage, New York,

26, Hogden, Vernon. Air Force VWright Aeronantical Laboratories,
History Office., WPAFR, Uhio,

27, Johnson, Ray. Technology Inc., Instrumemts and Cantrols Division,
bayton, Ohio,

28, Judson, David., Alr Force Materials Laboratory, Manufacturing
Technology Division, letals Branch, WPAFB, Ohio,

29, Klein, John. GCeneral Electric Corp., Aerospace Electronic Systems,
Chief of Programs, Plans and Controls., Utica, New York.

30, Kovacs, Sam, Strategic Systems SPO (ASD/YYPF), Financlal Manage=
ment Division, WPAFB, Ohio,

31. leClairo, Richard, NKC=10 SPO (AFALD/YTFX), Plans and Programming
Division. WPAFB, Ohio,
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32,

33.

34,

35,

36,

37.

38.

39.

40,
41,

42,

43.

45,

46,

47,

48,

Locws, Jim, Parker-Hannifin Corp., Engincering Division,
Irvine, California,

MacElroy, Joe. System Development Corp., Estimation and Price
Development Group, Santa Monlica, Calilornia.

Mason, Will, ESD Comptroller's Office (ESD/ACBB), Business
Management Division., Hanscom AFB, Massachusetts,

Miller, Bob. TRW Corp., Defonse and Spa'E:e Systems Group, Programs,
Redondo Beach, California.

Miles, Ross, F=16 SPO (ASD/YPEX), Analys)s and Integratien Division,
WPAFB, Ohio,

Mitchel, Walker and Donald Schmidt. Alr Force Aoro Propulsion
Laboratory, Technical Facilitjes Division, Compressor Research
Farility Acquisition. WPAFB, Ohio,

Nydeger, Jolm. F=16 SPO (ASD/YPEL), Analysis and Integration
Division, WPAFB, Ohio.

Perion, David, Technology Inc., Teclmology=Scientific Services,
Froject Management Branch, Computer Systoms Section, Dayton, Ohio,

Price, Jim, Program Control Corporation, A=10 SPO, WPAFB, Ohio,

Punroy, Fred., Strategic Systems SPO (ASD/YYP), Program Control,
WPAFB, Ohio.

Roase, Virnce, Sperry Univac Company, Defense Systems Division,
Configuration Management, Salt Lake City, Utah,

Reeves, Jerry. Teledyne Inc., Teledyne Sysitems Company, Program
Management, Norchridge, California,

Regan, Dick, Raytheon Company, Missile Divisim, Bedford,
Massachusetts,

Ricdeger, Doug., Maverick SPO (ASD/SD65P), Program Control,
WPAFB, Ohlo,

Robertsan, John. Progiam Control Corporation, NAS China lake.
China Lake, California,

Robins, Frank, Lockheed Alrcraft Corp,, Missilo Systams Division,
Sunnyvale, Califoria,

Russell, Thad. JTIDS SPO (ESD/DCBX), Business Management Office.
Hanscom AFl, Massachusetts,
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49,

50,

5l.

52,

33.

34,

35,
56,

57,

Schugart, Rex., Loar Siegler Inc., Instrument Astronics Divisionm,
Grand Rapids, Michigan.

Seela, Don, EF=1llA SPO (ASD/SIR5P), Program Control., WPAFB,
Ohio,

Spencer, Chuck. Grumman Aerospace Corp., Dayton Office,.
Dayton, Ohio.

Swanks, Julia and Mike Durieko, Ailr Force Fiight Dynamics
Laboratory, Financial Management and Computer Services, WPAFB,
Ohio, .

Taylor, Dmald. Canmputer Sciances Corp., Defense Systems Division,
Cambat Data Systems Center, Operations Manager, Huntingdon
Valley, Pannsylvania.

Triscari, Tom. Alrlift SPO (ASD/SI28P), Program Control, WPAFB,
Ohio,

Tyson, Barry. Garret Corp., Dayton Office. Dayton, Ohio,

Wilber, Joz. Bendix Corp., Communications Division, Engineering
Diraectorate. Baltimore, Maryland,

Yonko, Jon. Monsanto Resesarch Corp,, Mound Laboratory.
Miamisburg, Ohio,
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S tervi Fo

PERT/CIA/CRA Usage Scale (Scale A)

(0) I have never heard of 1t before,

(1) I have heard of it in passing, know what it is, but do not know
any detalls about 1it,

(2) 1 hava talked to others or reed a fair amount about it, but need
to investigate further to determins 1f I can use it,

(3) I have found out all I need to know about it, and presently it is
not suitable for use in my operation, :

(4) I have found out all I nead to know about it, and I will probably
use it in the future.

(5) I have used it in the past, but no longer do,

(6) I am currently using it as a management tool,

BERI Plannins/Controllinz Vsefulness Scalg (Scale B)

Q)
2)
(3)
%)
(5)
()
¢))
(®)
)

Worst 1 have used or saen used
A little better than the worst
Better than tha worst

Not quite as good as others
About tho same as others

A little boetter than others
Better than others

Not quite the best

The best I have usod or sean used

P T P

N




Sample Intexview

Name:
Organization:
Phonas

Dateat

To wvhat extent are you acquainted with network management?
a, 0 1 2 3 4 5 6 (Scale A)
b. Name used¢t PERT CMM Other

How long has PERT been useds

a, Personally years
b, Organlzation _________ voars

Have you had any formal training in PERY, including formal courses
given by your organization?

a. College Postegrad Organlization

b, Time spent on PERT? waeks

¢, When last course completed ______ ___ weeks
d, Is cougse still being offered? vyes no uncertain
Do you have computer support avallable to you?
ves no uncertain
a, Is a PERT program available? ves no uncertain
b. If so, are you using it? vyes no

What 18 your opinlon about PERT as a means of plaming (and replanning)
a project, compared to other methods you have used? (examples: regular
staff meetings; budgets; checklists; milestones; standard planning
outlines) (Scale B)

1 2 3 4 5 6 7 8 9
the worst about the tha best
I have used samc as the I have usad
othars

What is your opinion about PERT as a means of scheduling and controlling
a project after all planning (and replanning) has been done, compared

to other methods you havo used? (cxamples: regular staff meetings;

bar Gantt) charts; milestone charts; line of balance; linear program=
ming; trouhle shooting problems only; managemant by exception) (Scale B)

1 2 3 4 5 6 7 8 9
the worgt about the the best
I have used same as the I have used
otlieras
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To what extent are you acquainted with Cost=Duration Analysin?
a. 0 1 2 3 4 5 6 (Scale A)

If available, does your computer program for PERT have an option for
solution of CosteDuration problems?
not available yes no uneertain

(0) I HAVE NEVER HEARD OF CDA BEFORE,

Do you think someone else in your organization may have
heard of 1t?

(1) I HAVE HEARD OF CDA TN PASSING, INOW WHAT I1 IS, BUT DO NOT KNOW
ANY DETAILS ABOUT IT.

l. Where did you hear about it?
Under vhat circumstances?
When?

2. From what you knew about it, do you think it could work
for you?
why? (or why not?)

3. Bofore you talked to me, had you intended to look into
it further?

(2) I UAVE TALKED TO OTHERS, OR READ A FAIR AMOWNT ABOUT CDA, BUT NEED
[0 INVESTIGATE FURTHER TO DETERMINE IF I CAN USE IT.

1. Where did you leam about it?
When?

2. From what you know about it, what may be some benefits of
using 1t?
Do you foressee any problums with 1t?

3. Do you lean onc way or another about using it?
(3) I HAVE FOUND OUT ALL I NEED TO INOW ABOUT CDA, AND PRESENTLY IT
IS NOT SUITABLE FOR USE IN MY OPERATIQ.
l, VWhere did you first lecarn about t?
Undor what circumstances?

When?
when was thie last time you heard (or read) anything about 1t?
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%)

()

3

b,

What is there about it that you find unsuitable?

Were thare other factors which entered into your decision?
Which of these factors influenced you the most?

Were vou aware of come positive factors?

Do you think this technique could be used by other orpaniza=
tions in the aerospace industry?

Are you awvare of anyone who is?

What are the major differences between them and your
organization, that thoy can use it?

Do you think you may someday reconsider, especilally if some
of the problem areas could be eliminated?

I HAVE FOWND OUT ALL I NEED TO KNOW ABOUT CDA, AND WILL PROBABLY
USE 1T N THE FUTURE,

1.

3.

Where did you first learn about it?

Under what clrcumstances?

When?

When did you last hear (or read) anything about it?

What benefits of using it were most influential in your
decision to use 1t?

What other thing does 1t do well?

What problem areas can you foresee in using it?

Why are you not using this maethod now?

I HAVE USED CDA T THE PAST, BUT NO L(NGER DO,

1.

r
.

3.

4.

———

Where did you first learn about it?
Under wha: clreumstances?
When?

How long has 1t been since you usad it?

Why did you stop using 1it?

Have you read or heard anything about it since you
last used 1t? .., anything new?

Was Lt usefnl to you while you were using 1t? How?

How extensively did you usa it?

Do you plan to usc it again? In the same format and methods?
What type of mathod did you use? (Mame or descriptian),

Are you aware of othor aerospace organizations which continue
to use this technique successfully?

If 8o, why can they use it and not you?
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(6) I AM CURRENTLY USING CDA AS A MANAGEMENT TOOL,

1. VWhere did you first learn about it?
Under what clircumstances?
When?
Av¢ you keoping up to date on improvements? How?
When was the last time you heard or read about samething
new regacding it?

2. How extensively do you use it?
Do you try to apply it on every project possible,
or anly 1f problems arise?

3. What aspect of the technique do you find the best?
What are some areas that you feel are weak or need improvement?
Have you had any problu. *'th 1t?

4, What type of mathod are vou using? (namo or description).

5. Lo you know of other Aerospace organizatlons which are
using or have used it?
Why do you think mure organizations do not usge it?

To what extent are you acquainted with Critical Resource Analysis?
a, 0 1 2 3 4 5 6 (Scale A)

If avallable, doas 3 sur computer progranm for PERT have an option for
the solution of Crli:ical Resource problems?
not avallable yes no uncertain

(0) I HAVE NEVER HEARD OF CRA BEFORE,
1. Do you thiak someone else in yuur organlzation may have
heard of it?
(1) 1 LIAVE HEARD OF CKA T PASSTNG, KNOW WHAT IT 1S, BUT DO NOT INOW
ANY DETAILS ARBOUYL IT.
i, Where did you hear about it?
Under what circumstancesa?
When?
2, From what vou know about it, do you ¢hink it could work
for you?

Why? (or way not?)

3, Bofore you valkaed to me, had you intendod to look into
it furthor?
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3)

%)

I HAVE TALKED TO OTHERS, OR READ A FAIR AMOUWNT ABOUT CRA, RUT
MNEED TO DIVESTIGATE FURTHE:x TO DETERMINE IF I CAN USE IT.

1. Where did you learn about it?
When?

2. From what you lnow about it, what may be some henefits of
using it?
Do you foresee any problems with it?

3. Do you lean one way or another about using {t?

1 HAVE FOWND OUT ALL I NEED TO KNOW A30OUT CRA, AND PRESENTLY IT IS
NOT SUITABLE FOR USE IM MY OPERATION.

1, Where did you first learn about 1t?
Under what circumstances?
When?
When was the last time you hcard (or read) anything aboubt it?

2. What is therc about it that you find unsuitable?
Were there other factors which entered into your decision?
Which of these factors influenced you the most?
Were you aware of some positive factors?

3. Do you thirk this technique could be used by other
organizations in the aerospace industry?
Are you awvare of anyone who is?
What are the major differences between them and your
organization, that they can ugse it?

4, Do vou think you may someday reconsider, especially if some
of the problem arcas could be eliminated?

I AVE FCUND QUT ALL I NEED 10 KNOW ABOUT CRA, AND WILL PROBALLY
UsE IT IN THE FUIURE.

1, Where did you first learn about it?
Under what circumstances?
When?
When did you last hear (or read) anythins about it?

2, What benefits of using it were most Influential In your
decision to use it?
What other thing does it do well?
What problem arcas can y7u foresee in using 1t?

3. Why are you not using this method now?
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)

I IAVE USED CRA IN THE PAST, BUT NO LNGIXR DO,

1.

Se

I MM

1.

2.

4.

5.

Where did you first learn about it?
Under what circumstaaces?
When?

How long has 1t been since you used it?

Why did you stop using it?

Have you read or heard anything about it since you last
used it¢7 eee anything new?

Was it useful to you while you were using 1t? How?
How extensively did you use it?
Do you plan to use it again? In the same format and methods?

What type of method did you use? (Name or deccriptiom)

Are you aware of other Aerospace organizations which continue
to use this technique successfully?
If so, why can they use it and not you?

CURRENTLY USING CRA AS A MANAGEMENT TOOL.

Where did you first learn about it?

Under what circumstances?

When?

Are you keeping up to date on improvements? How?

When was the last time you heard or read aboi : samething
new regarding {t?

How extensively do you use it?
Do you try to apply it on every pre¢jaect possible, or
only If problems arise?

What aspect of the techriique do you find the hest?

What are some areas that you fael are weak or need improvement?
Have you had any problems with it?

What type of method are you using? (name an description)

Do you know of other Aerospacr organizations which are using

or have used it?
wWhy do you think more orpanizations do not use it?
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Lawrence J. Klementowski was horn in Lackawanna, New York on
Ap~il 10, 1949, He graduated from high school in Athol Springs, New
York in 1967 and attended the State University of New York at Buffalo
from which he graduated in 1971 with a Bachelor's degree in Chemical
Engineering and a commission in the United States Alr Force.

After completing pilot training at Williams Air Force Base,
Arizona, he flew the C~9A Nightingale at Scott Alr Force Base, Illinois,
In March 1976 he completed Squadron Officer School in residence at
Maxwell Air Force Baso, Alabama, and was assigned to the Scott Command
Post. While serving there as a Wing Officer Controller, he continued
to fly the aeromedical airlift mission in the Z=9A, He entered the Air
Forcc Institute of Technology in June, 1977,

Ha is married to the former Jullamne A, White of Yonkers, New York.

They have two daughters, Carissa Loulse and Kimberly Meredith.

Permanent address: 271 Patrice Tlerrace
Willimsville, New York 14224
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*The rapid pace of technological prosress in the last 73 years has caused
tiie development of a number of new manazement tools, bui porhaps the most
controvarsial of these is network bLased sanagenent., Two clesoly related
methods exist, the Program Evaluation and Review Technlque (PERT) and tho
Critical Path Method (CFM), These methods are often spoken of today as one,
culled PERT/CDM, Iwo lmportant annlytical tec!wmiques often used with PERT/

Chi are Cost Duration Analysis (CR\) and Critisal Rosource Analysils (CRA). —wuc |
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PERY, CRI, €\, and CRA have goue throuph many changes since they were
developed in tha late 1950¥s, and the enrrent theoretiecal and mathematinal
cepproaclves o thien cca bo quive conplexs  This theory tonds to doulnate
publichod naterial in the netvork nanagesoat {ield, there being sittle docu=
eataticn of peoctical applizaticas ol Pand/oot, Thin disparlte was favestie
pated in the aerospace industry in this thesis, -

-
Contacts were made with 1i4 ogganizations, 48 military and 66 private
tndustry., Informatlion was received from 105, mmd of these, 48 waere uzing some

form of PERT/CAM. In the military, 38 percent were using PERT/CIM3 while in
industry it wes 67 poercent, There was a significant discrepancy in the
wiperience lovels between Alr Foree and industry, with the industry having
considerably more cupericices The use rates for CDA and CRA were found to bo
quite low, vith only 9,3 percout and 7 percent, respectively, of current
PERRT/CI users yvoporting the use of these tochniques. Individuals interviewed
wers asked Lo wvaluate Co) and LA, and Lt was [ound that the most often
mentioned reasons for not using CDA end CPA were their camplexity and cost,
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