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'Ibis thesis presents the results of 114 cotacts made with manager.-

in the aerospace industry, both government and civilian. The purpose of

this document is to analyze the data gathered in the course of these

contacts, so as to obtain a butter understanding of thu current applica-

tions of PERT/CPM, Cak and CRA. By this understanding, I hope to be

able to influcince managers in their fu.ure use of these technliqes.
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I would also like to thank Major Luward J. Dunno, my advisor, for
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Abstract

i 7u rpid pr-cc '4 too]mological progress in the last 75 years han

caused the development of a number of new management tools, but perhaps

the most controversial of these is network based management, Two

closely related methods axist, the Program Evaluation and Review Toch-

nique (PERT) and the Critical Path Method (CPH). These methods are

often spoken of today as one, called PERT/CPM. Two important analytical

t.clhniques often used with PERT/CPM are Cost Duration Analysis (CO ) and

Critical Resource Analysis (CRA). PERT, CPM, CDA. and CRA have gone

through many changes since they were develo in the late 1950sl, and

the current theoretical and mathematical approaches to them can be quite

complex. This theory tends to dominate published material in the net-

work management field, there being little documentation of practical

applications of PERT/CPe.. This disparity was investigated in the aero-

space Industry in this thesis.

Contacts were made with 114 organizations, 48 military and 6A pri-

vate industry. Information was received from 105, and of these, 48 were

usings some form of PERT/CPM. In the military, 38 percent were using

PERT/CPM; while in industry it was 47 percent. 11here was a significant

discrepancy in the experience levels between Air Force and industry,

with the industry having considerably more experience. The use rates

fur CLX mnd CRA wore found to be quite low, with only 9.3 percent and

7 percent, respectively, of current PERT/CPH users reporting the use of

these techniques. Individuals interviewed were nsked to evaluate CIA
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-and CRA, and it was found that the most ofrtn mentioned reasons for

not using CflA and CRA were their complexity and cost.
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PERT/CPM AND SUPPLiMfTARY ANALYTICAL TECHNIQUES;

AN ANALYSIS OF AEROSPACE USAGE

backjround

The history of management contains records of the use of many

various types of tools and techniques. The advent of what has been

called scientific management in the early 1900's brought about a trond

toward complex managerial systensa and this trend continues today. The

rapid pace of technological progress in the last 75 years has spawned

the development of a. number of very interesting managorial tools, and

one of the most controversial of these is network based management.

This m-vnagement tool can be thought of as two very closely related

methods, the Program Evaluation and Review Technique (PERT) and the

Critical Path Method (CPM). Each of these was developed by a different

group, to be used on different types of projects, but they still have a

considerable amount in common. Throujh the 20 years or so since thoy

were concoived, these methods have tudergone evolutionary changes,

additions, and deletions. There are many supplemental analytical

methods which have been tised with PERT and CPM, but the two most common

are Cost Dluration Analysis (CIa) and Critical. Resource Analysis (CUA).

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

but some definition of terms is first required.

: _• ,..• • • ... , •J.,,,,.m -- ,,o nI ,•-lmll Ii luu~lll I I ~ llllllll ~ ll Imll~llllll "IImnnmI mm nnll ll II nnn lm llmn1



Terminolo&X

PERT and CPM originated as sepi.rate methods, but are now ofteni

thougi*i of as the same thing. In this paper, when one or the othci is

used it is meant that method specifically; when PER'r/CF is used, It is

meant both methods taken together as a generic set of networking methods.

The reader is assumed to have a basic familiarity with PERT/CPM, and If

this is not the case the reader is referred to an Introductory text on

PERT/C'4P (Ref 6, 13, 41).

U: A PERT network consists of a. group of events or activities

usually represented by circles and arrows linked together in a

manner which represents the project to be completed. Most often

constructed as an Activity-on-Arc (or Arrow) network (A-.o-A)

Three time estimates are usedt pessimistic* most likely, and opti-

mistic; t'his allows statistical information to be calculated, such

as the probability of completing the project on time.

JCt This technique is similar to PERT in appearance, but the

circles or nodes usually represent the activities, hence it is

often called Activity-on-Node (A-on-N). Only one time estimate is

used for each activity, which is simpler, but allows for no sta-

tistical calculations. As a result, CJ•M networks are often

referred to as deterministic, as opposed to a PERT network which

is probabilistic.

Cost Duration Analysis (CMA). This is a method of economic

analysis which can bo applied to P&RT/CPH networks. Each activity

in a network is assignel a direct cost for its normal completion

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

p2



higher) for various shorter completion times, down to a time which

is believed to be the shortest feasible ictivity completion time.

Using these direct cost-time relationships for each activity in a

network, CIA progressively doc.'_. asos total project completion time

in such a manmer that the project direct coat is increased the least

possible amount. This project direct cost-time relationship can be

combined with indirect costs, dani other data 6.ch An hna.ses for

early completion and penalties for late completion. 'Ihis then

allows further economic analysis which can indicate a project com-

pletion time which is optimal in terms of minimum total project

CJX has also been called other names: time-cost trade-off

analysis; cost optimization; schedule compression; synthesis.

gritical Resource Analysis (CRA). This iR an analytical technique

used with PERT/CPM networks which have one or more resources that

are available only in limiited quantity. When a resource is re-

quired for the completion of several activities which may be

scheduled at the same time, this technique is used to develop a

schAdule or sequence for the employment of those limited resources.

These schedules or sequences of employment allow the project to be

completed in either the desired time, or if that is not possible,

in the shortest feasible time greater than the desired time.

In the ":lrst case, where it is possible to schedule resources

Into the network without mnIfying it or lengthening it, the method

is called resource levelina. In the second case, when this is not

3



possible and the net3!ork must be modified in --mle way, the method

Is called renourcA schedulistr.

Examples of resources which are often available only in fixed

number, and hence could become criLial resources arc: key super-

visory personnel, special machinery or equipment, storage or

working space, and transportation equipment or vehicles.

desearch OJS

LIERT/CFM networking techniques, cost duration analysis, and

critical resource analy-zls are often major topical areas in many manage-

mant, Operations Research (OR)$ and Inuustrial Engineoring texts and

periodicals (Ref 6, II. 12, 20, 24). The overall objective of this

effort is to determine the extent, type, and marner in which these net-

work management techniques are currently being used in aerospace rolated

activities in government and industry. Subsidiary to this general theme

are specific objectives to be achieved in support of the oversll effort.

PR L g. At one time, use of PERT was mandatory on all

major L]OD acquioition contracts. Since that time, the use of PERT and

CPiM seems to have dwindled considerably (Rot 11, 14). An objective of

this research is to determine how much PERT/CPM is being used today In

rijor aerospace acquisition programs, both by contractors and by ýhe

Air Force. Additionally, Wz what situations, if any, is PERT/CPM used

more often (i.e.t research, development, pru-production, mass produc-

tion, qual'ty assurance, etc.).

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

Also to be Ir-'estigatud is the oplnlor. ot PERT/CPM users as to tho
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mrthodst usefulness and desirability versus other contemporary mmaage-

ment tools. These data will be r-'ognoized for what they are - opinion,

and will be treated accordingly.

G. These analytical techniques hAve ofte. been rec-

mended in the literature as irxportant tools to aurent PERT/CPH networks.

An objective to this study is to determine to what extent CDA/CRA is

being employed by users of PERT/CPM networks. The reasons for nawlagers'

use or non-uso of CIW/CRA techniques is also to be investigsred, 71isse

reasons, when compared to the theoretical literature, may have important

Impl'cations for future research in the area. If canagors are not using

CMa/CRA, is it because they have tried it and round it unsuitable, or

have they relied on negative reports of others, or are they uninformed

of the poten-ial usefulness of these techniques? These are all questions

addressed by this study.

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.

Literature S&rc-h. In order to properly place today's use of

PERT/CF4 and CL//CRA in perspective, a knowledge of the history of the

techniques is nscessary. To meet this and, a concentrated search -,as

made of the available literature. Emphasis was put on historical develop-

ment of CJA and CRA, and an the theory as currently contained in the

literature. Historical Information on PERT/CPM was also gathered in

the course of the research. Much of the material concerning early PERT
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are DOD documents, therefore extensive use of the Defense Documentation

Center (DDC) ani the Defense logistics Studies Information Exchange

(DLSIE) wau made. Prior theseb. and dissertations, at this institution

and elsewhere, were examined, These papers were most. helpful, often

saving more extensive background investigation.

•. The actual data about usage of network management

techniques come from interviews with persons In both the Air Force and

industry. A survey could have been used, but a survey of non-government

employeer, was ruled out by Air Force, aDOa, and Office of the Mmaguement

and Budget (C(4B) policies. Only a very limited number of surveys of

this type are allowed annually to be done by government employees$ and

the approval necessary could not be obtained. For this reason, inter-

views of industry representatives was chosen as the next beat alterna-

tive method. For consistency of analysis, interviews of Air Force

persormel were also used.

Approximately 100 knowledgeable Individuals were contacted in the

Air Force and industry. A knowledgeable individual is defined as one

who has information., from personal or direct supervisory experience, of

the use or non-use of PERT/CPM and CiM/CRA by that Individual's organi-

zation. To get to that person often requir'd contacting two or three

others in th.e same organization, since special attention was given to

contacting the person most knowledgeable about PERT/CFM in each organi-

zation. For a list of organizations contacted, sev Appendix At for a

list of persons interviewed, see Appendix B. Some interviews were con-

ducted in person, while some were conducted by telephone, depending

on the amount of information believed at the time to be available, and
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on the location of the individual. Most industrial interviews were by

tolephonep w•dile Air Force interviews were about 50 percent by tele-

phone. R3gardless of whether telephone or personal, each interview wits

structured the same as much as possible. Questions were formulated and

answers recorded using the format shown in Appendix Ce It was often

necessary to define Cah and CRA and occasionally PERT/CPM. This was

done using s~lghtly modified versions of the definitions presented pre-

viously in this chapter.

Sources for persons to interview were many and varied. At Wright-

Patterson AFB, the Aeronautical Systems Division (ASD) computer cetter

personnel were helpful in pinpointing PERT/CPM users. Other sources

wore the writer's personal Unowledge, telephone directoriess organiza-

ticnal charts, and word of mouth from other PERT/CPM users. In industry,

sources were Dayton Chamber of Commerce publications, magazines, adver-

tising circulars, telephone directoriesp and references from other PERT/

CPH users. A word of explanation is necessary about the apparent dupli-

cation of some organizations in Appendix A. Same organizations (Air

Force and industry) have quite centralized control functitu, so that

one office has knowledge of the workings of many projects, and a

knowtedg.eable individual in that office was the only contact necossary

in that organization. Other organizations are quite rigidly dividod

by project or division, and are responsible to the parent organization

only as a cost center. In this case, a knowledgeable individual had

to be contacted in each responsibility center. In a decentralized

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

company for many years and knew the workings of moy areas.



After the detailed questions concerning CDA and CRA, additional

comment•S were solicited regarding PERT/CPK, and thene wera recorded as

accurately as possible. These comments were helpful in definin% atti-

tudes and other subjective evaluations of the data by the interviewer.

These interview evaluations will be discussed later.

There appear to be some distinct advantages to interviewing versus

surveying in a research project such as this* One advantage is the

ability of the interviewer to draw out % reticent participant.

Questions in a survey may not be interpreted in the same manner by

everyone, but in an interview they ca€ be re-phrased. Another advantage

is the ability to contact the one person (or persons) in an organisatlon

who have the most knowledge about the subject. The most obvious ad-

vantage is the number of returna. Survey return rat" can be quite low,

on the order of 20 to 30 peront. There are some disadvantages to

interviewing as well, the largest being time and work. Even by tele-

phone, interviewing almost 60 poople is time consuming, as is getting in

touch with the right person. Another disadvantage is interviewer bias..

Leading questions and interviewer reactions were controlled to some

degree with the structured format that was used.

Analysis f . When all interviews were completed, the answers

were coded and transferred to computer cards. The design of the format

for the transfer of data was done after most of the interviews were

complete, and thus it was able to accommodate pertinent comments outside

the structure of the interview format. The data ias analyzed using the

facilities of the ASD computer conter, with a remote batuh terminal from

the Air Force Institute of Technology, School of Engineering. The

8



ASD/A1'IT system consists of a CDC 0613 and a CDC CYBER 74 operating

system and peripheraib. The Statisticel Package for the Social Sciences

(SPSS) is a set of programs available, some of which were used for this

analysis.

jeta b r 1y Udz .L s iX& vatkLiua categuriea, and then

broken down further by cross-tabulation techniquez. Frequency of

responses, as well as numbers of responses are presented in the analysis

sections later. List-wise and case-vids deletions of missing data were

both used, whichever seemed most appropriate to the goal of maintaining

objectivity, while maintaining a significant number of data points.

ScoDe and Limit~ationts

'he enormous number of uses being made today of PERT/CIM precluded

a detailed study of all aspe-ts of their use. This research project

has examined the uses to which PERT/CPI have been put, and are being put

today in the aerospace acquisition field, This field in 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 anm systems) and astroeitutics

(spacecraft and systems).

There are other types of networks in use today other than PERT/CIAP

type networks, such as precedence networks used in Line-of-Balance (WB)

systems, and a network used by the Air Forie in its Logistics Composite

Model. These networks are mentioned as nectssary to make points in

this report, but are not specifically examined In detail.
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The use of CPR is fairly common in the constructiorn industry,

especially for large, compiae jobs. These applications will not be

explored closely, but mentioned as necessary to contrast them with aero-

space applications.

Limitations Imposed on the uso of surveys have been mentioned

previously. Time limitations and wide geographic separation also pre-

cluded personal interviews with may more participants. Finally, time

was the controlling factor of the number of interviews. The 57 inter-

views obtained have bean assumed to be a representative cross-section

of the industry and Air Force.

In this chapter, a short background of PERT/CPM has been presented

as an introduction to the subject, and some basic terms have been

defined. The objectives of this paper, the assumptions made, and the

methodology which was used have been presented.

In Chapter I1, the development of PERT, CPR, and their supple-

mental analyses is traced. The current theory of CDA and CRA is pre-

sented, and past application areas of PERT and CPM are identified.

Chapter III is an analysis of the results of the interviews to determine

the pattern of usage of PERT/CPM in the aerospace industry. Use on

various types of projects will be documented, and assessments of PERT/

CPR made by the respondents will be examined. Chapter IV contains the

analysis of COM and CRA usage. An examination of mnmagement percep-

tions of these nnalytical methods will be made, and the relationship of

these perceptions to actual practice will be explored. In Chapter V,

the literature on CLM and CMA is compared to Its actual use, and conclu-

sioms are drawn about the implications of this on the future manager.

10



II Historical and Theoretical PersDeg

Before ext,.ininl; the uses being made today of PERT/CPM th4q

CI-rJte.- W11.1 serVe as roviow of the devolopment of PERT and CPM, 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

recently become thought of and spoken of as one and the same by some

authors (Ref 10, 11, 12, 24). cost and resource analyses of these net-

works have likewise been rec.3ntly lumped together, despite earlier dis-

tinctions. Tlheso 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 may

be viewed.

jQsloml2=Mt of CFK

CP4 was probably the first networking technique 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) were outlined. In 1956 and 1957

further work was done, Including the use of computer programs to test

and demanutrave the technique. The development effort was a joint

project of 00Pont and the Remington Rand Division of Sperry Rand Cor-

poration. James E. Kelley, Jr. was the principle developec of the model

and the mathematical technique, while he was head of Remington Rand's

UINIVAC Applicatians Research Center. Morgan Walker, the DuPont engineer

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

11



Group. These two men pioneered the development of CPH, and continued

for years afterward to be the authorities on it.

T;,e first large scale use of this new procedure was on the periodic

overhauls of a chemical plant in LouisvIlle, Kentucky. The problem at

the plant was the downtime lost during overhaul, since a complete shut-

down was necessary for safety reasons. Using Critical Path Scheduling,

DuPont engineers were able to out downtime from 125 hours to 93 hours,

and anticipated cutting downtime further through the use of CDA (Ref

1561). Even at this time, in 1959, Cost Analysis was a part of this

networking method.

ia. Kelley and Walker's early version of CPH contained

provisions for cost analysis which differ in no basic way from those

being used today. This concept of Cost Duration Analysis (CM) 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 1066). Th6 methodology used at that time by

Kelley was the primal-dual algorithm, a special type of parametric

linear program (Ref 171296). The primal-dual algorithm has undergone

some evolutionary sophistication since then, but remains the basis of

many CM nwethod. (Ref 10$26; 12161). A later section in this chapter

will deal with the current theory of CM*

Resource Analysis. The basic foumdations for CRA were laid by

Kelley and Walker, but the technique was not developed as extnsively

or as early as CM was developed. The idea that certain resources may

be in chort supply, and hence may control the completion time of the

network was expressed by a number of authors in this early time

12



period (Ref 1, 4, 17, 41), The first reduction of tb).s 'c.•tC tc

practice probably occurred in tho 1960-1962 time frame in connection

with the then rapidly developing CP• technique. Although no specific

literature on its earlier development could be found# in 1961 Kelley

proposed two heuristic rules for its solution (Ref 200352-354).

During the years 1957-1958 a parallel effort at developing a net-

work management technique was taking place whichp thiough not en out.

grovth of CP9, did have Its genesis in some of the earliest CPM de-

velopment.

L)•v9oAT. t ot PERT

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

Fleet Ballistic Missile (F3f) weapon systen. The Special Projects Office

for Polaris concluded that existing management systems were inadequate

to handle the 250 major contractors and 9000 subcontractors Involvee' in

the program (Ref 14t14). In January 1950, a special study group was

formed of individuals from Booz, Allen, and Hamilton (a management

consulting firm), Lockheed's Missile System Division, and the Navy's

Special Projects Office. The development of CPH had not been overlooked

by the Navy, and DuiPont had briefed the Navy about CPH in mid-1957

(Ref 14s17). In developing PERT, however, the Navy carried on where

DuPont had left off, and developed PERT to fit the needs of the FBM1

Program*

These needs were for a technique which could handle the uncartainty

which existed In the program. Efforts of th•f! type and a.•z. had never

before been attempted, so single t0me estimates for activities were
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rejected in favor of three time ostimates for each activity. This

permitted the use of statistical analyses on the network, such as the

standard deviation of the time estimates, and the probab~lIty of on-time

completion. The result of this development effort was PERTO at that

time called the Prograzl Evaluation Research Task (Ref 30, 31). The

Summary Report Phase 2 of the Implementation of PERT at the Strategic

Systems Project Office, dated September 1958, makes no mention of CDA

or CRA (Ref 31)0 Nor is any mention made of C/1k or CRA in an ar-ticle

about PERT by D. G. Maloolm et al, which was received by the publishers

in April 1959 (Ref 41).

PERI in the DOD. When the Navy's successful use of PERT became

known, the use of PERT in the military services and NASA spread very

quickly. By 1960, the Air Force had developed the Program Evaluation

Pronodure (PEP), and its use was soon widespread in the Air Research

and Devolopment Command, which became the Air Force Systems Command

(AFSC) in 1961 (ReW 14$22). Also in 1961, the term PEP was replaced by

PERT, the two being so similar only a name change was needed in the

standardization efforts then underway. There were many PERT coordin-

ating councils and Rroup. in the DOD* all try: . to make PERT very set

and regimented (Ref 14S23-26). By AprIl 1964,, the Air Force had pub-

lishod a series of five manuals called I§ALRT (Ref 38-42). These

manuals, wAhich included PERT/COST and all necessary computer system

information, wore the definitive word on PERT at the time, and 'ezmain

valuable references today. Also, by mid-1964, PERT and PERT/COST were

mandatory for use on all major defense acquisition contrncts, and all

major program offices in all services were using It (Ref 14:29).
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For a detailed historical account Of this period, and the use up to

1974 of PERT in the Air Force, see twatt and Nanney (Ref 14). There

has beon speculation that PERT has fallen out of favot in the Air Force,

but some authors bdlievr thatr it has merely found its rropor place (Ref

11:49; 14s92; 24:82).

P. Managaient rusponsibility is often thought of as being.,

divided into three aroahs time, coat, and performance (Ref 34:1).

PERT is a planning and scheduling tool useful only in relating time and

performance, not in the area of cost control* An extension of PERT into

the area of costs was conceived by its developers (Ref 4:17). The

actual development of PERT/COST was done by Management Systems Inc.

during )Ato 1961 and early 1962, while under contract to the Department

of Detense (Ref 14s42), The PERT/CPR approach focuses on a Work Break-

down Stvucture (W13S), rather than on activity networks as in the basic

PERT and CM•! techniques. The WBS divides into Work Packages, which at

that time were of about three months duration and represented a maximum

of $100j000 (ReHf 929). Th•se Work Packages were organized by project,

and cut across the functional lines of traditional cost accounting

systems (Ref 34:2). In practice, PERT/COST reports were couparlsons

among actual, estimated and budgeted costs, and between actual and

estimated times for each Work Package (Ref 14t43), Daspite the funda-

mental differences which existed between PERT and PERT/COST, they were

often used together and bocame closely associated in the minds of many

people, Tits relationship resulted in CDA and CRA being associated

by some people with PERT/COST, when in fact they were used with PERT

networks.
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The PERT SupD-mlwts. CDY and CRA were sometimes presented as

optional analyses to be used with PERT if desired, and were often

identified as "PERT Supplements" (Ref 9s104; 15:39-40; 36:22-25). There

were two "PERT Supplmnents" idontifiod in those references, "Time-Cort

Option Procedure" and "Resource Allocation Procedure." These procedures

amounted to very simplistic CDY and CRA, respectively. The Time-Cost

Option Procedure did not involve a true optimization of time versus

cost, but merely construction of various sub-optimal plarsp the choice

of which to use being left to the manager. Essentially, this was

satisticing rather than optimizing (Ref 9:104). The Resource Alloca-

tion Procedure similarly was not an optimization procedure, but merely

a heuristic process, the details of which were left up to the menager.

These "PERT Supplementa" wore not part of the development of CIX and

CRAO but merely ntf-shootat since CDA and CRA (in connection with CPH)

had at that time reached a greater level of sophistication (Ref 17:296;

20:347). The blending and interweaving of uonoepts at this time re-

sulted in somae confusion. For examplo, the author of an instructional

book on PERT called CM4 a "nonmi.litary PERT/COST system," which it

certainly is not. 'Te unsophistication of! the Time-Coat Option Proce-

dure was short Lived, In 1965, another supplement to PERT was proposed

called Schedule Compression (SC), This analytical technique wa similar

to CIA as practiced in CPM, but had the additional probabilistic

features of PERT. It relied on the use of epected value techniques

and statistical analyses to find an optimal time-cost tradeoff (Ref

15:49). Other more sophisticated methods of CLiA were subsequently

developed wherein PERT was cited as a net.fork suitable for CDA

16



techniques (Ref 25M1). lu recent years, other CI]a techniques have also

been advanced :or use with PERT noetorks (Rof 3s2; 35:55). These CL)A

techniques wore proposals only, and their actual application, if any,

Is unknown., They were cited here to show that, in theory at least, CLA

is also considored a part of PERT.

Thero are a large nunber of current theoretical approaches to the

solution of networks and their supplemental analyses, A detailed de-

scription of each here would be beyond the scope of this thesis, but a

listing or mention of the major approaches to the problem is believed to

be appropriate*

Nework*. Previous sections have dealt with the two most common

network nauiagement toclmiques, PERT and CPM. A basic knowledge of these

by the reader has boon assumed, and the historical dwvelopment of each

has been briefly outlined. There have been a number of other network

techniques proposed which differ from PERT and CIP1 in varying degrees.

Two of these techniques will be summarized here boceuse they represent

the extrma directions in which network development Ias gone, tLh simple

and the complex. To add to t-he confusion existing already in this field

regarding terminology, both of those techniques have the same acronym -

SNAP. 'Thc first to be discussed is the Simplified Network Analysis

Portrayal (SNAP), hereafter called Simple SNAP (Ref 5). The second to

be discussed is the Stochastic Network Analysla Program (SNAP), here-

after called Stochastic SNAP (Ref 43).

The Simplified Network Analysis Portrayal (Simple SNAP) has beon

presented as a networking approach only slightly move c;omp.ex than the
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Bar or Gantt chart. Its main appeal is sLmplicitv, which has been

accomplished, in essence, by stripping away all complex time estimating

and probabiLity functions from PERT. What renmains is a precedence

diagram of the activitios to be accomplished, showing interrolationwhips

among activities* In practice, the author uses a diagramliing technique

not unlike the flow diagram which might be used by a computer programnmer.

The Critical Path is not explicitly identified, and yes/no decision

nodes are used. The advantage of simplifyinr a network to thic extent

is that it can work where a full blown PERT/CPM could not be used. In

the paper p-:oposing this technique, the author presents case studies of

offices in which it was successfully used. All other network methods

had failed in those offices, presumably as a result of uver-sophiatica-

tion or lack of acceptance by personnel. Apparently Simple SNAP is the

answer when the boss will not support a PERT/CIPM effort, or the manurer

desires to keep the effort simple (Ref 5s18-25).

The Stochastic Network Analysis Program (Stochastic SNAP) is a

complisto network based management syatum, including provIsiors for costs

and resources, What makes Stochastic %AP different from PERT and CPM

is that it Ir a stochastic simulation model. Each activity t;.me is

represented by a random variable, the distribution of which h'Is been

approximated from throe time estimates (as in [ERT) using a triangula-

probability distribution function (pdf). 'Ihis triangular pdf is then

mapped onto a uniform pdf, and the Monte Carlo technique is used to

develop the frequency distributions (Rer 439.; 110). 1 is# when the

model is iterated, that is, actual network performance it simulated a

ntsiber of times, the critical path and all sub-critical paths are
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identified by the number of iterations on which they were critical.

Stochastic SNAP has gone further toward probabilistic construction than

even PERT, and is necessarily a compu;.or based system, since the sug-

,ested number of iterations is between 100 and 290 (Ref 43:18).

Advantages ot this system are in its closer-to-real-life repre-

sencation of activity times, qnd its fl•nibility to perform what-if

type calculations on an .ixIting network. These calculations include

newly proposed costs and resource levels, and enable networks to be

refined toward optimality through an interactive mode using a multi-

color graphict terminal, albeit with the manager 2roviding the major

impetus rather than a canned Cia or CRA optimizIng routine. Stochastic

SNAP is being used extcnsively at the Naval Air 4evelopment Center

04ADC), William Grove, Pennsylvania where Computer Sciences Corporation

acts as the management consultont assisting the Navy with Stochastic

5WA. In addktion, tvo Systma Program Oftices (SPO) at the Air Force

Elctronic Systfxi Division, Hanscom AB, Massachusetts, are in the

early stages of using Stochastic SWA xi rwote terminals from hADL.

uf the 10 or so ,.ztwork programs mcamiod for this paper, Stocha3tic

SNAP shows the most advantages and has the most promise as a contender

tor the next genieratimi of network management programs. However, it is

more coipl•ex than most, and hence may be more costly in the long rum.

Cost lltratim Analv.ii. When a project has been represented by a

network minmaement technique, further very useful information can be

gathered by applying CLak. &ich activity can bn assigned a direct cost

fror compl.etion at the estimated (normal) time. The total nem.ork direct

cort is them the sun of all the activity direct cc3ts, and the netvork
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time is the sum of the times of the activities on the longest path

through the network. It may be desirable to know something about the

cort to complete the network In a shorter time, and costs for each

activity at shorter times may be estimated. What is now necessary to

'mow is which activities to shorten and by how much. The answer to that

questimi is found through CLA. As mentioned previouslyq this analysis

was an original part of CH41, and was extended to PERT. Many methods

nxist to solve this problem, and only some of the more prominent ones

will be mentioned,

The primal-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 true time-cost relationship of activities is continuous
and convex.

(b) Linear or piecewise linear accurate apprcximations may be
made to the true relationship for each activity.

(c) All activities are independent (Ref 10:27; 17t298).

Other methods which do not nasume (a) or (b) above havie also been de-

veloped. Thesrs include alternative solutions to linear (or piecewise

linoar) cost-tima relatimships, continuous convex curves, continuous
concave curves, and a discontinuous nonincroasing, function (Ref 12:61-

118). This l1it Is strictly representative, not exhaustive, and there

are often more than one method to solve the problem for any givan shape

of the cost-time curve. Several comprehensive reviews of the state of

the art of CLY. and CRA have boon publL|hed, Kriahnsamoorthy (Ref 23) in

1968, L•Lni.n (Ref 10) in 1971, and Elmaghrabv (Rcf 12) in 1977. In

general, these complex methods are Intanded to be cumputerized. They
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often yield exact optimal solutions which, of course, are only as exact

as the cost estimates made for the activities.

Of particular ix~torest to managers should be methods which consider

the resource availability along with cost-time trade-offs. One such

"total package" approach to CDM and CRA was proposed by Duwne (Ref 10).

Another model which considers resource-duration intaractions is presented

by Elmaghraby (Ref 12:173).

In addition, there are some feasible heuristic methods which are

considerably more simple, some of which can be done by hand (Ref 6:558;

9:104-107; 15:49-64; 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 often

make assumptiQLs which are valid only for specific uses of networking,

and hence are limited in application. For simple applicationgs or in

cases where valid simplifying assumptions can be made, these heuristics

have the advantage of considerable cost and time savings.

Crit~ical Resource Ana1sis, CRA is a type of analysis whicb may be

used with a PERT/Cr'M 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 critical resource is something whose use is

in some way limited because of number, cost, availability, or other

reason. CRA can take on two forms, depending on the project set up.

if no set end date exists, but completion is desired as soon as possible,

; V s will be used to arrange activities in the network to

fit the available resources. Various heuristic assignment rules exist

which increase the chances of arriving at an optimal (miinimum) project

21

4a



duration. Tbe other case is where a set end date exists for the project.

Here, resources must be allocated within the available slack of the net-

work, while obsorving the rasource constraints present. This method is

ro JuryJ•, and is also solved by various heuristic assignmcrit

rules (Ref 6W567).

One marked difference between CRA and .C is the lack of completely

defined optimal methods in CPA., There are a few, but they are of

limited application, and only rarely useful (Ref 12:169). The heuristic

approanh 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; schedule a particular

department first; schedule Job with least technical uncertainty first.

Along with one or more of these, preference can be given Jobs with the

least slack, and non-critical jobs can, if possible, be rescheduled to

free resources for critical Jobs (Ref 60566; 44sl30)o These are only a

few of the possible rules, and many combinations of various rules are

possible. Elmaghraby (Ref 12s155-168) and Dunne (Ref I0821-24) list

and discuss xame of the more conmion heuristic methods.

Among the optimal methods available, the Branch and Bound (BMd)

algorithm seems to be most prominent (Ref 211; 12s204). However, the

upper limit on the number of activities the B6B algorithm can handle

has been claimed to be thirty (Rae 2223). Integer Linear Programming

models are also in use (Ref 12:169), as waell as Assembly-line 3alaticing

techmiques (Ref 12:185).
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A-volirationa of Networkina in t Literature

One importu for IH-A thesis was the apparent imbalance between

theory and application in the literature. That initial observation was

not unfounded, nor was it limited to 'ny particular period of time.

Certainly applications were not lacking, because some organizations

were aid still are using networking. What is lacking is documentation

of these applications, and information about how widespread such appli-

cations are. There are notable ecceptions, usually the "firsts" to use

something, or coprebenhive reviews done years later (Ref 14, 30, 31).

This situation is particularl'; true for Cak and CRA. These two analy-

tical methods, however, may also suffer from a true lack of applications,

not merely a lack of documentation.

PERT/C]M Use in the Literatute. As mentioned previously, PERT use

was mandatory oan major defense acquisition contracts for a period of

about two years, and was still used after that, and continues to be used

today in many areas of DOD acquisition. Present use will be discussed

In Chapter III. Outside of DOD and its contractors, early PERT/CPe use

was less standardized, but still substantial. A 1962 survey of major

PERT users showed 66 percent of companies using it on military projects,

19 percent using it on comercial projects, and 15 percent using it on

both (Ref 4t3). The number of users on whicn these percentages are

based however, was not disclosed by the authors of the original report

(Ref 8s156). In 1964 a survey of 183 PERT users showed about 40 percent

using it on research and development, 35 percent were using it on con-

struction, and various percentages less then 17 percent each in six

other categorles (Ref 14I18-19), A 1965 survey of 186 Fortune 500
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Corporations showed results favoring construction, with only 48 percent

using it for research and development, while 53 percent used it in con-

struction (Ref 33). Other categories where PERT/CPH was being used In

the above surveys were$ Product Planning, Maintenance, Computer Instal-

lation, Marketing, Equipment Installation, First Run Products, and

Systems and Procedures Installation.

During this time periods many companies reported excellent results

using PERT/CPH, saving millions of dollars (Ref 7t20-22; 32s896). But

at the same time PERT was coming under fire as being too rigid and in-

flexible to apply to all systemas, and as having many pitfalls that u-

wary managers were falling into in increasing numbers (Ref 1609). PERT/

COST in particular began to be critic5.zed widely, and its use eventually

declined, in part due to the adoption of the criteria approach by the

DOD, wherein standards for acceptable mm"aement systems were set, and

PERT was no longer required for contractors (Ref 7:36; 14$53). Since

that time, PERT/COGT seem. to have been used very little, while systems

accomplishing essentially the same thing, but not called PERT/COST,

have been in use.

CDAUCRA in ghe Literature. How much these two analytical tech-

niques are used in industry today is not apparent from the literature.

Nor is it apparent to what extent they have been used In the past. Some

conclusiona can be drawn from the surveys above. For instancn, of the

corporations using PERT/CPM4 in construction, a good many were probably

using CVak and CRA. Construction has traditionally lent itself well to

time-cost trade-offa 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 generaliza-

tions, there are a few other conclusions that can be drawn from the

li terature.

Typical PERT/COST and early PERT publications used some applica-

tions in their text and report examples, but they were at a lIix level of

sophistication, providing only a framework within which a manager could

implement his own heuristic assignment rules (Ref 36s22-25). More

sophisticated examples can be found in many textbooks, particularly

more recent ones (Ref 6, 12, 17). These examples may be based on facts,

but have bean adapted for the teaching role. The same was found true

for the outlines designed to be used to toach a PERT/CEH course (lof 27).

Occasionally, an article or paper may be found wbero tha author uses

concrete examples to illustrate his theoretical points (Ref 29).

For the most part then, information on Ca& and CRA use remains

based on speculation or inference. On the other hand, theory about CIA

and CPA abounds. An informal survey of texts in the fields of Operation

Research, Production Management and Industrial Engineering revealed that

23 of 19 texts examhitid contained a section on network management which

included theory about CIA and/or CRA. The following chapters will re-

port on an investigation of the use of PERT/CPM, CIA, and CRA in the

aerospace industry$ both government and private.
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III Aerospac.1 AoPlications- of ?ERTICFR

Coe of the r'search objectives of this paper is to dot:ermino to

what extent il.R'/CJ3i is being used today in the aerospace Industry.

This chapter presents the results of 114 contacts made with potential

PERT/CPf users in the military and private industry. A summary of the

results of these interviews is presented in Tables I through XIV. In

surveys done by others (which were discussed earlier in this pacper) many

Industries were examined to determine their use of PERT/CP14. This paper

concentrates on one particular industry to determine the pattern of use

of PERT/CPM and CD&/CRA. In addition to use or non-use of PERT/CFK,

this chapter also oontains information on: type of method used; the

extent to which PERT/CPH is used in each organization; type of project

used on; experience and training of individuals interviewed; availability

and use of computers; and the opinions of those interviewed about the

usefulness of PERT/CT4.

Afalvsis of Air Force Utilization

Thero are some basic functional and orgmniz4tional differsncos be-

tween the Air Force and ind.istry which prevunt a joint discussion of

some areas of PERT/CPN use. For this reason, PERT/CNM usage rate, type

of method used, and frequency or mode of operation will be treated

separately. The remaining topics of experience and training, avail-

ability and use of computer., and user assessment of PERT/CPM useful-

ness will be treated Jointly.
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Forty-eight Air Force organizations were contacted, and PERT/CRM

use information was obtained from all of thetu. Air Force organizationai,

unlike industry, can be aggregated into large functional areas. The

distribution of contacts made in this study was as follows:

Air Force Systems Command (AFSC)

Aeronautical Systems Division (ASD) . .. . .... . . 20
AF Wright Aeroniutical Laboratories . . .. .. .. . . 5
AF Human Resources Laboratory a 9 o e . 9 . .* * 1
6570th Aerospace Medical Research Laboratory . . . . . . 1

Wright-Patterson AFB, Ohio

Space and Missile Systems Organization (SAN3O) . . . . . 10
Los Angeles AFS, California

Electronic Systems Division (ESO) , **o 000000 9
Hanscom AFB, Massachusetts

Air Force Logistics Coauand (AFLC)

Air Force Acquisition Logistics Division (AFALD) . . . . 1
Wright-Patterson AFB, Ohio

Air Force Audit Agency (AFAA)

ASD Audit Office . . * . . .. .. . . . . . ... . . 1
Wright-Patterson AFB, Ohio

For a complete List of organizations contacted, consult Appendix A.

These organizationa are not meant to be an exhaustive list of PERT/CIM

users, but rather a representative sample. Because of its proximity to

the Air Force Institute of Technology, ASD was given more thorough treat-

ment than other organizations, but the usage pattern and percentage are

believed to be consistent in similar organizations regardless of geo-

graphical location.

While contacting individuals In an organization, every effort was

made to obtalm a complete interview from those who wore currently using

PERT/CPH. The structured interview fozmat 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 2ERT/

CR•1 in the past were interviewed, as well as three who reported the

definite intention to use It in the future, and one por:on who tound

PERT/CPH completely unsuitable in his area of responsibility. This

made total of 22 individuals interviewed who were employed by the Air

Force in aerospace acquisition management. Appeidndx B is a listing of

individuals Interviewed, categorized by Air Force, industry, and PERT/

C¢H vendors.

PERT/CPH !.nsa. Of the 48 Air Force organizations contacted, 18

were curt.,ntly using sase form of PERT/CIM for manage t, Five organi-

zations reported having used PERT/CPM In the past, but they were not

using it currently. Thore were 25 urganizations not using any form of

FtRT/CPM* 'gable I shows these figures, and the fact that 38 percent of

the organizations contacted in the Air Force are currently using

PIRT/Cpt4.

The extent to which the 18 using organizations utilized PERT/CPM

vat-ed considerably. About half had a rather largo and complete network

management system implemented. The remainder used PERT to a markedly

lesser extont. 'ili large network systenm are characterized by a standard

reporting system axtending throughout the organization, and at least ono

staff member dedicated solely to the creation/update of activities in

the network. A management consultatt firm is often utilized under con-

tract to the organization as the operator of the system, and the con-

sultant firm usually owns the software being used to maintain the not-

work on the computer. ohese owners/operators of PERT/CIH system
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Table I

PERT/CPI'1 Usage

PERTVCPM
Military', Industry Vuidor Total

Organizations Contacted 48 60 6 114

Information Received 48 51 6 105

Currently using PERT/CPM 18 24 6 48

Past user of PERT/CPH 5 4 = 9

Not now using PERT/CPM 25 23 - 48

Interviews Conducted 23 26 6 57

Curretly using PERT/CPM 14 24 6 44

Past user of PERT/CP14 5 4 - 9

Never used PERT/CPH 4 0 - 4

Percentages of

Information Received

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

Past user vf PEITA/C• 107. 8% - 9%

Not now .ising PERI/CR4 52% 45% - 46%

*includes ono U. S. Army Corps of Engi.neers construction projoct.
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software ire what have been called PERT/CPM Vendors in this paper.

These Vendor, mad their systems will be described further in a follow-

IngJ section.

"The other half of PERT/CRM users In the Air Force sample are small,,

often one man operations. These networks are usually on the order of at

most 300 activitie:. Two were maintained manually, while the remainder

were computerized. Typically, the nmnager using a small PERT/CPI net-

work has had some prior experience, either practical or academic, with

nsetworking. The computer program usad with these smaller networks is

generally simpler than is the case with the larger syst-ems, and in no

case !ontained any provisions for CUM or CRA.

Tyie of Mgthod Uad. The actual method used by each reslandomt was

determined, end is presented in Table II, PERT was the most common

response# followed by CPM. Those distinctions were drawn by the users,

not b..he interviower. No specific attempt was made to determine whether

one or three timo estimates were used, nor whether Activity-on-Arrow or

Activity-on-Node networks were In use. In the course of some Interviews,

it became apparent tIuL some respondents were using one time estimate,

yet callin, the techmique PER1T. In this research, the position is taken

that the distinctions between PERT and CP4 have become blurred over the

years, and the empirical evidence sea• to support that position. The

other methods listed in Table II are epecif ic Qomputer programs used

by some of the organizations Interviewed. These programs are believed

to be representative of the various other PERT/CPM programs available.

SNAP has already been described In Chapter TI of this paper, PMH IV

will be dibcussed under the industry analysis section in this chapter.

30



Mark III, Concord II, and Oscar will be discussed in the section of

this chapter dealing with PERT/CPM Vendors.

Table II

Type of Method Used

Air Force Industry Vendor

PERT 9 17

CPH 1 7

PERT & CP4 1 3

PMs Iv (IBM) 1

Mark III (Program Control Corp) 5 3

Concord I1 (Concord Industries Inc.) 1 1

SAP (Computer Sciences Corp,) 2 1

UZ.PERT (Systonetics Inc.) 3

USCAR (On-Line Systemn Inc.) 1

Total 22 28 6

UZPERT (pronounced "Easy PERT") is strictly speaking not a PERT

program, b,'t a collection of plotting routines denignod to be used in

conjunction with a standard computer PERT package. Ilie package used at

Wright-Patterson AFB is the CLX PE•R -TDIE program. Output fromn this

program can be channeled to EZPER'I, whili produces the desired network

plot on a computer driven plotter su,,h as a C2.XU1P plotter. There is

a distinct improvaiient in the roadability of a graphic display of a
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network, as coMpared to a computer line printer output. Other such

PERT plottinu roLtinos ccoist, and one of these, called NETPUWT, is also

in use at Wrir,it:-P"'-torson AFB and elsewhere in the Air Force.

Air tkorc ctror icrfaco. 'here are several i-forcnt ways

in which Air Force PERT/CPM ILWoNOrKs can be created and maintained. The

networks can be s.,lely Air force created and maintained where the infer-

mation is derived from required contractor reports. Original networks

may be created by a contractor, then the Air Force can maintain themn.

A contractor may create and maintain a notwork, providing information

copies to the Air Force. The first optlon, an Air Force created and

maintained network, is being used by 10 of 13 Air Force )rganizatlons

currently using PER'f/CPH. One organization monitors contractor created

and maintained networks, and the remaining two organizations maintain

contractor created networks. In the context above, contractor means the

major or prime contractor for the program, as opposed to a management

consultant type contract in which the PEUT network may be croatod and

maintained for the Air Force under contract with a PERT/CPM Vendor.

Thero is anottiur type of operation which was not fouad to be used

in the sample of organizations in this studyv the joint Air Force-

Contractor network. Those types of networks were in use previously,

but were apparently abamdonod as a viable method. In a joint network,

either party may create or mod'fy activities or whole networkcs. In one

organization which had previously used joint networks, the problem was

summod up as one of documentation. Qie party would make changes without

the other's knowledge, cattsing, considerable probla¶s (Rof 37t108).

Apparently close cooporation between the Air Force and a contractor has

32



its limits, since now almost all Air Force networks Lre created and

maintained solely by the Air Force.

Ana]vsIs oL Industry Utilization

Sbity organizationm were contacted in private industry, and re-

spanses were obtained froi 51. The nine non-responding organisatlons

were so for various reasons, most commonly this investigator'A inability

to circumvent various bureaucratic 3narls. Some organ'zations w3re

quite secretite about their management practices, ,'•d others practiced

a circular verLion of pass rhe buck.

In the case of five corporations, it was necessary to canLa.ýt more

than one division to get complete information. This occurred in caim-

panios with decentralized cotrol functions in which no person at the

corporate level was knowledgeable enough about the PERT/CPM use of the

various aerospace dWivsicns in the company. Appendix A liste organiza-

tions contacted, with notation of their PERT/CPM and CD[/CRA ise or non-

us-Do

In the 51 ori..anizatiozw from which informa-lon was obtained 28 In-

torviiews were cotducted. Currant user. -ere 24 of these 28, while tLh

remaining four were past users of PERT/C[M. Appendix B contains a

listing of individuals interviewed.

gSjT&Lia, . Table I shows the breakdown of PERT/CM4 users in

Industry, and how they compar to military organizatlons. The 47 per-

cent uqe of PERT/CP4 in Lhdustry appears to be somewhat larger than the

38 percent use of PERT/CPM by the military. Thic. 11r. boltaved to be a

true reflec.:ion of reality, and in fact may be more pronounced when
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oAlv larger privat," industry organizations are considored. In order to

obtain the broad spcctrum of opinion and sample various typos of organi-

zations, some smaller, local firms were included in the sampled organi-

zations. These smaller firms were typically employing less than 50

people, end wore locally owned and operated. Six such firms wore con-

tacted, and only one is using PERT/CPH. When these sb: organizations

are excluded, the PTA.T/CIl4 use percentage increases to 51 percent, Thin

percentago is believed to be a more reasonable figure to compare to

military orgatizations, since the sizes of the organizations being com-

pared are better inatched. An analysis of PERT/Ck?4 users by size was

rejected because of the diff'-ulty of suitable criteria for grouping.

Tyne of Mathod Used. Table II lists the industry responses con-

coming. methods being used. the iomments made about the military re-

sponses are also true of the industry responses, that is, they are user

perceptions of what his organization is using as a technique. Some

small manual networks were being used by individuals in some companies,

but these threr users were a minority, The majority of the using orgati-

zations used automatel zocbaiquas, but the extent of application varied

from simple time-only C114 networks to large complex systems with costs

and resources included.

Crumman Aerospace Corporation uses a management system designed by

IBM called the Program Management System IV (PMS IV). This package ron-

sistei of four modules or processors: Net'vork Processor; Report Pro-

cessor; Rsoiwrco Allocation Proc6ssor; Cost Pr•oessor. Together these

processors make u complete networK 'anagament system, tncluding all

a~pects oi PERT/C1S. The Cost processor has provisions for establishing
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time-coest relationships for various fucmtional activitils based on

step, linear or non-lhaear functions. Unfortunately, no provision is

made for Cost Duration Analysis (Ref 18:20-21). The Resource Alloca-

tion Processor does pertozm Critical Resource Analysis functions, In-

cluding both resource leveling and resource scheduling, The technique

used by thig processor is the serial-parallel allocation procedure, in

which activities are started as soon as possible when resource con-

straints allow. If restrictions exist on resources which prevent acti-

vities from starting as soon as possible, then selected priority rules

are applied. Up to three of these rules may be used in combination,

and lhe user may select from a list of seven of these heuristic allo-

cat ion rules (Ref 18s26-31).

Although lacking CDAj, IS IV still remains an excellent Management

system. No specific data was obtained on the costs to use P1S IV, but

the complexity of a full system of all four processors leads one to

believo it might be substantial. Quite a few other network management

systams are available, with varying degraes of complexity and hence cost.

A summary of these programs was published In July 1976, including

several others with CDA end/or CRA (Rof 22111).

How Often PEILTJCgP AnAliud. Each private industry user of PERT/

CPH was asked how often this technique was used in his orgenization.

The responses to this question are sumarized in Table I1I. The most

interesting figure in this table is the almost 30 percent who reported

being requirod to use networking on some government contracca, or by

some commercial customers. PERT has not been raquired on all Wafense

Acquisition conttracts for over 10 years, but apparently it is being
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required by a substAntial number of managers in the position to dictate

its use. Ibis was confirmed by two Air Force organizatiý.nsj one quite

large and ono smaller, which require the use of networki-ii, on all can-

tracts.

Table III

How Ofta PERT/CPM Applied

How often PERT/CPH is applied by private industry firms reporting the
use of PERT/CR1

Every Project 3 13%

Normally 10 42%

Occasionally or on exception basis 4 17%

When required to by contract/custaoer 7 29%

Total 24 10W.

Of the three organizations who reported use on every project, only

one i•rrusnan) unes a large, complete networking system. Another is r,

large aerospace accessory nwnufacturer in which CtH is used by all

project managers. lae t is a small local aerospace operation which

makes extensive use of CIM.

,he ornaiizations reporting normal use of PERT/CPH indicated use

on '1oat" or "almost all" projects. Generally use was up to the project

manager, but often tentral planing and control groups were availlblO to

asuist him, particularly with computer applications of networicing.
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'the occasional users mentioned using PERT/CNM on a few projects#

generally only their largest onns. Those users expressed no knowledge

of any requirements to uws PERT/CNN on any projects. This is as opposed

to the users required to apply PERT/CF4 by -Mtract/customer, who were

obviously also occasional users of PERT/CPM, but were using it, at least

in some case-a, orly because they were being forced to do so.

I=qm of Prolect Used On

In Chapter II, surveys were reviewed which indicated PERT/CAP use

on many types of projects, but Research and Development (R&D) and con-

structiou were the major areas. While limited in this paper to aero-

space industries, two construction uses of PERT/CNN will be mentioned

for purposes of comparison. First, however, the aerospace uses shown in

Table IV will be outlined briefly.

Table IV

Type of Project PERT/CPM Used On

Air Force Industry Total

Research and Development 20 26 46

Production 0 1 1

Auditing 1 0 1

ConstructIon 1 0 1

Not Specified 0 1 1
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Aerospace Areas. Not surprisingly, the vast majority of aerospace

applications were in the area of R&D. Inherent in today's aerospace

industr, is a need for large amounts of R&U, 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 PERT/CIM In the R&D field.

Only one firm reported use in production, and this was a small local

operation. This firm acknowledged that the Use of CPM In production

was not ideal, but the cost of a separate production oriented mystem

such as Line-of-Balance would be prohibitive.

An interesting application of PERT Ras found In the auditing field.

Planning audits can be quite a complex task, and the interrelationships

of schedule and personnel problems can be represented by a PERT network

qui t e well. 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 re-

sponsibility.

A word of explanation is necessary about the construction use of

PERT/CPM included Irn the aerospace area uses of PERT/CPM. This applica-

tion is for the design, building, and installation of equipment in the

Compressor Research Facility at Wright-Patterson AFB. The management

of this esifort Is under the control of an aerospace organization, the

Aeronautical Propulsion Laboratory. The personnel involved have had

extensive experience in aerospace management, and the techniques being.

used are more closely related to those being used elsewhere in the aero-

space area (Ref 37M14). 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 aerospace organization managing the acquisition and installa-

tion of equipment for a new and complex research facility, and cannot

fairly be compared with the construction of, say, an office building.

Construction Area. In addition to the aerospace related construc-

tiOn above, one other conatructiom PERT/CIM 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 Engineers. The

Corps is integrating contractor for the building of a new plant for the

construction of the Army's new battle tank. CPM is used extensively by

the Corps on this project, and is a contractual requirement for all

participating private industry. No CDA or CRA is in use now, although

prior use of CRA on a different project was mentioned. The interesting

thing about this application of C1R4 is that it differs in no appreciable

way from many in the aerospace industry. Construction and R&D applica-

tions have in the past been thought of as differont types of network

management, but the evidence, albeit based on only two construction

projects, indicated that there may now be little if any difference.

Ibis tendency has aluo been accentuated by the use of well integrated

network management systems (such as IBM's PMS IV) by the aerospace in-

dustry. Mie impetus behind such a tendency Is thought to be the transi-

tion away from the time critical management period of the 19 60s to the

more resource critical management period of the 1970's. It appears that
r

aerospace may have gained from the construction industry in the knowl-

edge of effective means of resource plumning and control,
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Experience and Training

Six questions asked in each interview dealt with the experience of

the organization or individuals' training in PERT/CPM. The results are

presented in Table V, categorized by A'-. euorce and Indristry.

Exeneu. There is a gap of ov-ir six years between the personal

experience of Air Forco and Industry users. This gap is believed to ba

the result of personnel turnover in the Air F'orce, and generally reflects

the younger work foroe in thn Air Force in comparable positions of re-

sponsibility. The gap between organizational experience in the Air Force

and industry is more than likely a reflection of the personal experience

gap. This could come about because of the self-reported nature of this

Information, since the less experienced Air Force personnel would be

likely to have less than completely accurate ideas of how long their

organizations had, in fact, been using PERT/CPM.

ZX.1 o"DM The type of training received also reflects the youngsr

Air Force managers, with the larger number of Air Force users having had

college courses with PERT/CPM than had the industry managers. Industry

users seem to have had more formal organizational training and on the

Job training than Air Force users. However, checking the correlation

between formal organization training and whether the course is still

offered, only two of the industrial users who have had the training iay

the the courses are still being offered. Another noticeable difference

is the hours of formal training rcceived. The average number of hours

for current users in industry is much higher than for the Air Force.

These differences point out that when industry did provide PERT/CPM

training, It provided more than the Air Force, and that the Air Force
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Table V

Experience and Training of Current PERT/CPX Users

Air Force Industry
(n-13) (n-24)

Average organization's experience
in years,,
with range in parernthses 9.7(1.18) 13.4(2-19)

Average personal experience
in years,
with range In parentheses 5.2(1-15) 11.4(2-18)

Type of training received

(number of times mentioned)

Undergrad'ut te 4 0

Postgraduate 6 4

Formal organizational 1 9

On the job training (OJT) 8 23

Average amount of training received
In hours,
with range in parentheses 9.6(6-30) 16.6(6-30)
(OJT not incliuded)

Average years since last training,
with range in parontheses 5.1(1-13) 10.8(3-16)
(OJT not included)

Course taken (or similar course)
•;till offered?

y,.•s 9 5

no 0 8

uncortain 1 0

not npplicable (OJT only) 3, 11
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has now come to rely more heavily on academic training, rather than

formal organizational training.

Ayailability and Ug-eof Computers

While the use of a "omputer is not a necessity for any PERT/CPM

network, networks of any sioe can quickly become quite cumbersome to do

manually. Three separate questions about computer use were asked during

each interview to obtain the full information. Questions were asked to

datermine computer availability, PERT/CPM program availability, and

whether the program was being used. Table VI presents the responses to

these questions for current PERT/CP4 users. All Air Force users had

both computer support and a PERT/Cfl program availablo, although one

individual was umcortain of this. Only three Air Force current users

of PERT/CPM were not using computer support. Of current industrial

PERT/CP4 users, two had no computer support available. Five industrial

users had a computer available but no PERT/CRM program, and one was un-

certain. Three additronal industrial users were not making use of an

available program, for a total of eleven Industrial PIRT/CPi users who

were using a munual system. Thera are 46 percent: of industrial tanoru

who manually create and update networks, while only 23 percent of Air

Force mnnazers using PERT/CPM do this. Perhaps the difference can be

explaired oy the availability of Air Force computing support, since an

Air Force monager has to worr little, it any, about the cost of sa~ch

computer support to his project.
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Table VI

Computer Availability and Utilization
by Current PERI/CR4 Users

Air Force Industry

Computer support availability

Yen 13 22

No 0 2

PERT/CR4 program availability

Yes 12 16

No 0 3

Uncertain I 1

Computer unavailable 0 2

Current use of PiRT/CPt program

Yes 10 13

No 3 3

Program unavai lable 0 8

Vendors of PiLRT/CC '.ychriteus1L

At many major military aerOspace aoquiiation organizations, the

actual day to day operation of network management systems is being done

by private orgaalzatieqs under contract to the government. Those oon-

tractors are Imown by many names, but 1hranagement consultants" in a

frequently used generic term for them. They have been called PERT/CR4

vendors in thi6 paper to differentiate them from other typqa of manage-

mont consultants, but also to make it olaar that mostt of them; are also
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selling the government a product, generally a software package, Repro-

nas~tiatives from four such organizations were interviewed, totaling six

interviows in all. All four systems hava features which make them

better than any other, according to the individuals interviewed, 'Ibis

has some truth in it, since each has some redoeming featuren, and there

is no one system. which Stands out among the rest. Three make claim to

being interactive, to varing degrees. All have the capability to track

costs and other resources, but none has the ability to optimize as in

the classical type of CDA or CRA. The display of networks varies some-

what, but SNAP (describqd in detail in Chapter II) has the ability to

diaplay networks nn a graphics equipped Cathode Ray Tube (CRT). This is

a distinct advantage, giving a managar quick and easily visible food-

back on changes. 'Ihis feature can lead to easily implemented heuristic

typo CDI or CMA. Two other systems can use CRT's for input or output,

but not for graphic displays of a network. Non-CRT displays of networks

in'lude a bar chart format which also indicates all interrelationshipa,

and a classical computer produced network diagram. Specific information

an any of these mothods can boat be obtained from the vendors thensulves,

listed in Appendix A.

Because of the obvious bias which these vendors have toward PERT/

CPM systams, they havu beon excludad from consideration Li much of the

foregoing analysis, and will be explicitly Identified and corrected for

in the following analysis of results.

User Assosasments of PERT/CEM

Each person interviewee was asked two questions about his opinion

o' the usefulness of PERT/1'PM. The first question asked about
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usofulness for planning a project, and the second ar-Lkd about usefulness

for controlling and schoduling a project. Both questions wore answered

using, the same ntuierical scale of one to nine, ranmlIng from the worst

seon or used to the best somi or used. 'The text of the quertions and

the complete scale used (Scale B) are found in Appendix C.

Planning UsefuLness. The results of this question are shown in

Table VII. The table in a copy of the output from SPSS, modified only

slightly. The oolumn labeled "code" is the value on the one to nine

scale, and the absolute frequency column gives the number of responses

for each code. There were four ind.viduels who declined to rate PERT/

CR4, indicated by the "no response" category label. These individuaUl

felt that they had not had eough experinnce to fairly rate the tech-

nique. There were six PERT/CPt4 vendors interviewedi, and all six rated

PERT/CFM as nine for planning, and also for cmntrolling. Since these

individuals are selling PERT/CAM as a business, they are certainly

biased. The relative frequency column includes the non-responses and

Vendors, while the adjusted frequency column does not, The statistics

following the table have been calculated without the non-responses and

vendors.

By far the most common response I.& that PFRT/CPM Is the best thing

available for planning, with 70.2 percent of the individuals rating

PERT/CPM giving It the highest possible rating. The mean of the re-

spouses was 8.255, and a 95 percent confidence interval about this mean

ranges tram 7.812 to 8.699.

CMontrollinx Usefulness. Table VIII shows the results of this user

assessment of PERT/CPM controlling usefulness. The arrangement, scales
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ani statistics are Identical with those of Table VII 'sscribed above.

The responses to this qtiestion fall geerally lower than for planning

usefulness, bit 28.3 percent of the respondents thlnk PERT/CPM is the

beat method available for controlling. 'hoe mwi of 6.348 ,uts the

average response somewhat above "a littlu bete or than the others," 12e

95 percent confidence interval about thir .men ranges fron 5.676 to

".009 1a larger range than for planning usefulrwss, which along with

the larger standa:.d deviation of the controllihg usefulness indicates

a greater diversity of opinion about controlling than planning useful-

ness of ,ERT/CAM(.

WVr M_. f Aroo3poe ADnlicationa 2X JSRTtCR4

Information was received about PERTI/CP. use from 105 organizations

out of 114 contacted. Of these 105, 48 were currmtly using PERT/CP14,

or 46 percent of those from whom Information was obtained. In addition,

at leant nine organizations were past users of PERT/'I'M, and all nine of

these were Interviewed. In all, 57 interviews were conducted in person

and by .teephone, 23 with military organl7atizi, 34 with private indus-

tr, users -r vendors of PERT/CPH. Table I shows the iomplet•i breakdown

of results of these conta!v;ts.

Research and Development was the moat common type of project PERT/

CI• wus used on in both the Air Force and Industry, with 92 percent of

the users in this paper being In that situation. The experience and

training of the organizatioms' personnel shows some eigntfic•nt differ-

ences between Air Force and industry, both in experience and training.

The Air Force apparently has individuals with more recen acadmic
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training, while industry ths much more experience and on the job train-

Ing. Six orgenizations have computer progrmno av'tilable but are not

using them, and eight organizatiotts have no PERT/CPM computer program

available to them. The zreaining 23 current PERT/Clil users are using

computers, for 62 percent computer use with PERT/CIN.

The final section in this chapter presented the results of the

opinion of all individuals interviewed about the usefulness of PERT/CIM

for planni•ig, and Its usefulness for controlling and scheduling. On a

scale of one to nine, the mome for planing usefulness was 8.261, and the

mean for controlling usefulness was 6.35. These rerults show that

managers perneeve PERT/CPM an being slanificantly more useful for plan-

ning than for controlling.

Along •ith the 1Investigation of the use and opinions about PERT/

CPM, knoladgn of the use of COA amd CRA by aerospace maagwers could be

useful, questions about the use of CJX and CRA were asked on all inter-

views, and the results are presented in Chapter IV.
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IV A&MMoo Ao&lICAtlans of CDA ffd CRA

Coat =ration Analvisa

Since CPM was first devolopod ty Kelley In the late 1950's, CDM

has been associated with network management techniques. CI1, because

of Its deterministic nature, was associated more closely with the con-

struotion Industry than any other industry for many years. Also,

despite the basic differences in structure between PERT and PERT/COST,

CMK has become associated in some manager's minds with PXRT/COST. These

factors and other influences have caused considerable d".1ferences of

opinion mong managers in the aeroapaoo field about the usefulness of

cost analyses of any kind associated with network management systems.

Two step. are necessary to implement CDA in a network. First, cost.

time relationships must be established for each activity; secondly,

these relationships and other outside factors must be analyzed in some

manner to obtain an optimum or near optimum time-cost trade-off. The

first of those s':•pa has been accomplished in a simplified marmer by a

number of PERT/CPM users. This allows the network 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 referred to

as cost tracking, and can be thought of as a technique related to, but

not an complex as CDAM.

Cost tracking uses some of the sane concepts ao PERT/COST, but is

not nearly as complex as PERT/COST. In cost tracking, a cost estimate
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is made for each activity in the network resulting in an overall project

planned or budgeted cost versus tims curve. Each of the cost tracking

programs has the capabl~ity of showingy budgeted versus actual amomnts

spent to data, either graphically or in tabular form. The graphic form

is often two cost versus time curves plotted on the same graph, which

can be generated for thu whole project, or any sub-part thereof. The

source of information for the actual cost curve varies between Air Force

and industry systc'B, however, The Air Force asumes a certain percent

ot funds expended based on the elapsed time since an activity has

started, while industry practice is to use actual figures as accumulated

in accounting system. 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 Air Force and two industry organizations now

using cost trackings, for eight percent use. Three PEftT/Cftl vendors are

also using cost tracking, and when these three are Included, the total

current use rate is 14 percent. In addition# two organizations in

Industry had used cost tracking, but no longer do. While cost tracking

is not being used extensively, its use does show that some managers are

using PERT/CPM networks with costs, but short of the complexity of CDM.

TIma.Cost l Ttimization. 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 thrce organizations have used it in

the past. Tere were no organizations in the Air Force sample that

used CD. Two PERT/CPM vondors wore using CM9, but not at any organi-

zations interviewed for this paper. Thus, of 43 organizations using
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Table IX

CDM Usage by Current PERT/CPK Users

Air Force Industry Vendors

Never heard of it before 1 0 1

Heard of it in passing 7 4 0

Need more information about 't to
decide if suitable 2 0 0

Not suitable for use in my
organizat ion 1 11 0

Will probably use in the future-CMA 1 1 0

Have used it in the past
Cost Tracking 0 2 0
CM 0 3 0

Now using
Cost Tracking 1 2 3
CMk 0 2 2

Total 13 24 6

PERT/CPM, less than five percent are using CMA if vendors are excluded,

and about nine percent if the vendors are included. This includes some

quite large organizations with large network maiagemait systems. The

availability of conputer programs for CM could be a factor in this,

but the following data seem to indicate otherwise.

C/a Camouter Arogm Availabilitv. Table X Is a summary of the

availability ad use of CGk computer programs, In answer to whether

sufficient Cak programs are available, notice that two Air Force organi-

zatimn have CiM 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 coimercially available. It is reassuring

to note that there are no industrial organizatloniw which have CDA pro-

gram& available and are not using thom. One tinal fact is that five

industrial PERT/CPH using organisationas have had CD& programs available

in the past, but no longer do. Additional coaments received in inter-

views revealed that two industry and one Air Force organizations which

no longer use PERT/CRI report having had a Cil program available and

also having used CDA, Those facts all seam to suggest that CDA may have

somae serious drawbacks.

Table X

Ca Computer Program Availability
by Current PERT/CPN Users

Air Force Industry Vendors

Program avallable, using
Coat Tracking 1 2 3
CDA 0 1 2

Program available, not using
Cost Tracking 3 0 1
CDA 2 0 0

Program not avallable 7 13 0

Computer not available 0 2 0

Used to be available 0 5 0

UncertaLn 0 1 0

Total 13 24 6
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Ey•j.atlot of CZ by Users. During each interview, questions were

asked about why the individual was using or not using CDA. Both pool-

tive and negative reasons were recorded. These reasons or factors for

use or non-use of C1)A form un evaluation of the technique, since they

represent both sides of the question. Current users, past users, and

those who had never used COA were tabulated separately, using the com-

puter technique called CRiSSTADS, which is a part of SPSS.

All responses are shown in Table XI, the numbers in the table being

the number of times the particular response was recorded. EUch indivi-

dual was allowed three positive and three negative factors. No attempt

was made to fill these numbers of responses, nor were any factors

suggested during interviews. Mhe factors tabled are ones that the indi-

viduals being interviewed offered, with only very minor combinations

for space and readability. The positive factors of "Got government con-

tracts" and "Eyewash" need a word of explanation. The individuals

making those comnents perceived CDA as benofitting them because of its

ability to convince prospective customers that they had a sophisticated

management system.

For currant CIDA users, there wore 16 positive responses to 14 nega-

tive, coming from nine interviews. However, five of those nine Inter-

views were with PERT/CPM vendors using CrA, and their objectivity is

doubtful. The most vociferous negative responses came from those who

had never used CUA. In the 28 interviews of the individuals who had

nrýver used CIM, only four eapressed any further interest in Cak by

saying they might use it in the future or needed more information about
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Table Xl

CIA Evaluation by All with PERT/CPM Experience

Nunber of TLmos Response Recorded

CLD Uso
Current Past Never Total

Pos itive 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 govorzumnt contracts 2 2

Negative factors

Too complax 3 3 17 23
Too expensive 3 3 13 19
Hot neoessary 2 4 11 17
lack of acceptance 4 .6 10
Slow update 2 2 4
Needs too much data 1 2 3
Inaccurate data used 2 2
Overl.Aps CSCC 1 1 2
Makes mnna~turs decisions 1 1 2
Fo,rced to uso it 1 1
Scattera roupon ib lI ity 1 1
Inflexible 1 1
Meaningless 1 1

Number of Intervriews 9 8 34 51

it. Past users of CDA leaned toward the ret/ative$ with 14 negative and

11 positive factors recorded on eight interviews.

In summary, the most of ton mentioned reasons for not using CIA

were its complexity and cost. Those who had positive commenta most

often said CDA was fast and accurate.
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Criticyl Resource Analysis

CRA has also boon associated with aPM for many years, and like C13

is bollovod to suffer from false associati.in In somo manager's minds

with PERT/COST. Like CDA, CRA may be viewed as a two stop process. In

CRA, the resource requirements of each activity must be known, an well

as the overall resource constraints of the project. Those resource con-

straints have most often beos manpower limitations, and only one other

resource was found used with CRA in the investigations for this paper.

The second step in CRA is the allocation of the limited resources to the

network following some heuristic allocation rules. A ntumber of the

organizations contacted did accomplish the first step toward CRA of oe-

tablishing the manpower-time relationships for the network in usep and

this has boon callad manpower loading. This manpower loading as used

here refers specifically to this operation only as done in direct asso-

ciation with a PERT/CPM network, and not the manpower loading associated

with non-network manpower management. Table XII presents the results of

CRA use by current PERT/CPa users.

Manpower oadi. Unly Orte Air Force organization is now using,

manpowor loading, while two industry orgax'-.ations arc now using, it and

two have used it In leho past. Three PERT/CalI Vendors are also using

mranpower loading, and each uses quite similar computer methods to dis-

play them. Cutputas tron thoe manpower loading computer programs

usually take the forTn of a histogram of manpower use versus elapsed time

since the beginning of the project. Most users of manpower loading were

of the opinion thnt no rurther automated analysis was needed. They

thouwht that the managers should be in the decision making process about
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T-ble XII

CRA Usage by Curront PERT/CPM Users

Air For'co Indtistry Veidors

Never heard of it before 1 0

Heard of It in paasing 7 3

Head more Information about it
to deolde if suitable 3 0

Not Suitrble for use in my
organization 1 13

Will probably use it In the future 0

Have used it In tho past,,

Manpower Load irg 0 2 0
CRA 0 3' 0

Now us tig 8

Manpower Loading 1 2 3
CIA 0 1 2

_ _- -- - - --

Totals 13 24 6
- • i ia I_

resource allocation, and rosisted any suggestion that a not mothod,

computorlzed or not, should takeo that prerogative away from the manager.

Further evaluations of why those users of manpower loading are not

interested in using CRA are found in the secticni on evaluation of CRA.

Resource Allocatiorn, One the manpower loading histogram has boon

establ$,shed, CPA asy be accaoplished on the network to ledvel the histo-

gram to meet a restriction an manpower levels. '1iis may or .-ay not be
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possible within the original project duration. If it Is not, resource

achedaling allocation rules can be applied to keep the project duracicn

to a minL',um, while s!11l obeying manning restrictions. There were no

Air Force oL~ganitatiois using CRA, and only one industry user currently

using URA. Two PERT/CPM Vendors are using CIA at present, but not at

an orga.isation interviewed for this paper. In addition, three i,-,dustry

users of PERT/CIM reportoJ having used CIPA in the past. From verbal

desuriptions ot other CRA omputer techliques, they seem to follow the

same formuat as the PMS IV resource allocation processor described in

the industry section in the previous clapter. Since CMA was used by

three organizatlons in the pasu., they apparently had computer programs

at OqO tim.o

CM Comutar Pr•Soam Avalabt&litv. Table XIII contains the results

of the availability of coomputer programs for CRA and manpower loading.

Notice, as in CDA, that the Air Force has CRA and manpower loading

computer programs available but Is not using them. AppareuLtly industry

finds this economically unwise. Also as with COA9 if industry needed cr

wanted CRA programs, they could got them, since there are at least four

available commercial.ly.

While computter programs certainly are justified on larger CRA

problem•s sue smaller problems cart be handled with a manual CRA tech-

nique. A past PERT/CM4 and CRA user reported good success with such a

manual CRA in scheduling the dispatch of fuel trucks on a large govern-

ment flying installation. Priority rules formed the basis of the simple

heuristic assignment algorithm used9 and results were much improved

over previous schemes.
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'table XIII

CRA Computer Program Availability
by Current PERT/CPM Users

Air Force Industryy Vendors

Program avallablet using

,Wanpower Loadin 1 1 3
CRA 0 1 2

Program available, not using

Manpower Loading 3 0 1
CRA 1 0 0

Program not available 7 14 0

Computer not available 0 2 0

Used to be available 0 4 0

Uncertain 1 2 0

Totals 13 24 6

va1.untiMn of CRA by Uaers. 'Jhe samo quoetlons asked of each

individual interviewed about COA wore isqkod , bout CRA. there were no

ovaluations of CRA by anyone who had not used PE.iPT/CfPM before. The

ovalu•itions are presented In Table XIV in the same format as the CDY

evaluations previously prosentad. Two additional negative factors were

addcd to the list for CRA. "Porionnol objections" referred to the

feelings of the people being allocated. 'this cateo!ory included organi-

zations which reported that their unions would not allow any sort of

,mnpower control by computerized mothods. "Always undermanned" Is the

common complaint of many people, but hero they meant that being
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Tabic XIV

CUA Zvaluatlcn by All with PERT/C4PM l-paricne

Nuniber .)f Tiyncx. Rersponses Recorded

CH.A Uso

Curremt Past Never Total

Positive factors

4Acurato 4 4 5 13
Fast 5 2 3 10
Handles large amoumts of

data 3 2 3 10
Eyewash 2 3 1 6
Got govornment conuracts 2 2

Negative factors

Too complex 2 3 21 26
Too expensive 2 4 11 17
Not necessary 4 1,2 16
lAck of acceptance 4 6 10
Slow update 2 2 4
Inaccurate data usod 3 3
Makes managers decisions 2 1 3
Needs too much data 2 2
Overlaps CSCSC 1 1 2
Porasonel objoctions 1 1 2
Always tudarimmod 2 2
Forced to use it 1 1
Scatters responsIbi1ity 1 1
Inf loxiblo 1 1
Mouning ,oss 1 1

Numbor of Interviews 98 368
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undarwmaxrd would not allo,: C.•A to be used because. people could not be

moved frcm one project to another. As before, these evaluations are

scf-roprrted by the persons Intirviowed, and are their prccetl -tons of

why they are using or not using., CRA. NOt surprisingly the current

users of CRA list more po:itive factors than neoat~ve, while the oppo-

site Is true for others. Notice that the largest number of mentions of

negative factors was "too complex" and "too expensive," the same top

two as 'or the CMY ev.luation. Also as with CDA, nost of the opposition

to CRA eomes from those who have never used it, and 14 of the 29 who

fit this label express ito deulro to know any more about CMA.

•.•. MArosace Aaolieat&icS of CQi and CIRA

The use of CIA and CRA by those currently using Pr.RT/CPM was invs-

tigatod, and the results are dhc'n in Tables IX and XII, rewpectively.

There were four or;anizaticnts using CMA, or 9.3 percent. There were

three organizations using CRA, or 7 porcent. Considering ClA and CRA

tog-ther, tharo were six orbanizations, or 14 percent, who were using

a type of analysis on PERT/CPM networks which amounted to a step toward

COA or CRA, called cost tracking and manpower loading, respect'v4ly.

Vhre;;. Air Porce organizations had CIU or CRA computer programs

availible, but were not using them. Six more had cost tracking or

manpower loading programs available, but wore not using them. This

situation was not founa Li industry, since such unnecessary costs are

apparrnitly cuntrollLI more closely in industry.

Comments by those currently using, CEA and/or CRA indicate that

they arc gene-'al.y pleased vith it, with 32 positive comments compared
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to 25 negative comments. Past users of CD& and/or CRA, not surprisingly,

had more negative ccnments about the tnchniques than positive onesJ, with

13 positive to 22 ne&ative responses. Parhaps one of the more intorebt-

ing results of chese evaluations of CM and CRA were the responses by

those who had never used CDA or CRA. These individuals were overwhelm-

ingly negative about CMA and/or CRA. There were only 26 posItive com-

ments, and 110 negative comments. These results, along with the others

discussed previously, lead one .j believe that the most strenuous reasis-

tanco to using CM and CRA comes from those who know the least about

them. This state of affairs can only be changed by lareeascale educa-

tional efforts, tempered by the knowledge that almost half of the people

who need the inloxmiation have said that they havo no desirs for more

information.
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V �Swary and Cncrlcions

Almost twrnty years have passed since the first uses of nanyork

managemont systems. These first networks# PERT and CPM9 have undergone

Some evolutionary changes in that time, and are now perceived by some

authors and managers as only slight variations on the same central

technique, in this paper called PERT/CPM. D)uring this period, various

supplemental analytical techniques hare been proposed and/or used with

the basic network techniques. These supplamemtal techniques have been

called many things, but perhaps most descriptively Cost Duration

Analysis (COA) and Critical Resource Analysis (CRA). Another network

technique relatud to PERT but based on a work breakdown structure

rather than activity times was developed, called PERT/COST. Despite

basic structural and mathematical differences, CD and CRA seem to have

been associated with PERT/C(OT, possibly to the detriment of C1YA and

CRA.

'he literature ot the fields using these techniquas is quito w•ll

stacked with theoretical and mathematical treatments of PERT/CFI4 CDA,

"*ind CRA. Docutmentation of tho application of those tochniques, on the

other hand, is sparse. in order to invost1gate the use of PEICT/CPH,

CIU and CRA In the aerospace Industry, 114 organizations wore contactedg

48 from the military and 66 from private industry. Data was gathered

from 105 of these organizations, and this information was analyzed to

determine the extent of the actual application of PERT/CPM, CiA, and

CRA.
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PrRICTRU Usage. Table I shows the results of contacts with the

potential PERT/CPM users. Military use was 38 percent, which was

slightly lower than the 47 percent for industry. For the whole sample

including PERT/CPH Vendors, the use rate was 46 per':ent. Tndustry had

a substantial load over the Air Force in experience with rERT/CM1,

presumably the result of personnel turnover of Air Force marAgers. The

Air Force, however, had a lead in the amotmt of collegc cx'aining of i.ts

PERT/CAP users. All Air Force organizations had a PERT/CR-, prograu

available, but three individuals chose to use a manual network, In

industry, there wore also three individuals using martual networks when

computers were avallable, but also eight others who had no PERT/CPM

program and/or computer available. This made a total of tl or 46 per-

cent of industrial users of PERT/i•! using a mAnual network. An ovalu-

ation of the planning usefulness versus controlling usefulnvas of P3RT/

COlR was made by 53 of the 57 persons interviewed. ',-e six PERT/CEM

Vendors interviewed were excluded because of bias. On a one to nine

scale with ortL being the worst and nine the best, plarizmn, usaeuLnoss

got a moan score of 8.3, while controlling usofulne!7s, on clth same scale,

got a muan of 6.3.

C1A m=d CRA Usage. CJO and CRA wore botJi found to have a step

halfway toward the full CaA or CRA technique. For CDA this analysis

was cnllod cost tracking, whilc for CRA it was called manpower loading,

of currunt uasors of PERT/CPM, four or (j.2 percrt are now using CWl.

An additional six are using cost tracking. 'Wr, CDiX programs and throe

cost trackin.x computer programs arc available In the Air iorce, but are

not being used. In an ovaluation of COA, coMplaxity and coat ware
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cited as reasons for non-use most often, while thooe using it most

orton said it was fast and Accurato.

hoere are only three individuals, for 7 peruant of the currant

PERT/CPM users, who are currently using CRA. Six others are using man-

power loading. One CRA program and three manpower loading programs

were available to Air Force managers but were not being used, An oval-

uation of CRA by those Interviewed yielded about the same results as

CIA* with complexity and cost again the leading reasons for not using

the technique. For both Cak and CRA, most of the resistance to the

techniques camie from those who had not used them.

The organizations interviewed are believed to be a fair sample of

the aerospace industry, both military and civilian. Nonetheless,

drawing absolutc conclusions about such a large industry from a sample

of 105 organizations would be hazardous at best. Rather, the following

shovld be taken as reasonably possible interpretations of what may in

fact be true.

P . Thnere has been some speculation that PERT has undergone

some &ort of changa in managers' minds since It was first introduced in

the early 1960's. The evidenco gatherod in this research shows that

PERT/C14 is being used in slightly less than half of the organizations

in the aerospace industry. This can be vcipared to only four of

thirteen Air Forno program of.ices using PERT/CIM in 1974 (Ref 14067),

This indicates a corsiderable degree of acceptance and success over a

20 year period. Also, PERT and CPM may have blended, but the marriage
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appears to have been beneficial, with the beat of both remaming in

today's large complex notwork manawumnt systems like IBM's PMS IV.

Mhe data gathered also Indicatod a porcoption, of PEU'T/CPM as most

beneficial as a planning too~l which may be limiting further applica-

tions by some managers.

•. Originally associated with CfM, these methods becane

associated with PERT and, at least in the minds of some managers, with

PERT/COST. Neither appears to be very much in use in the aerospace

industry. Perhaps they simply are perceived as not needed, or perhaps

they have suffered from the perceived association with PERT/COST.

Evaluations of CDA and CRA by those interviewed demonstrate that another

reason for the small use rate of these methods is the compluxity and

cost of implementation.

The premise that techniques to facilitate making trade-offs among

resources are not needed is hard to believe. Today, more than over,

resources of all kinds are etrenely important. When PERT was first

instituted in the military acquisition field, time was paramount. Ith

continued security of the country depended on rapid completion of several

projects. In today's military acquisition climate, however, emphasis is

on cost, and getting more for the dollars spent. CY, and CRA are tech-

niques which are aimed specifically at minimizing costs or efficiently

using resources, and so should be of more and more importance as time

goes on. The fact that there is a solid theoretical base for these

techniques is a positive factor. Computer programs Implementing these

techniques are also available, but may lack some 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 personnel, time

and data gathering) of implementing these resource-oriented management

systems are not balanced by the benefits gained.

In order for managers to implement any system, they must perceive

that it will benefit them to do so. The evidence gathered in this

research indicates that most managers do not perceive CDA or CRA in that

lights A policy by the government of forcing methods like these on con-

tractors will not work. An educational program for contractors can

have only limited success, since almost half of those Interviewed ex-

pressed no desire for further information about CIA and CRA* In indus-

try.) economic incentives must exist for use of methods like these, and

incentives could be provided by the government in the fom of contrac-

tual requirements for time-cost tradeoff studies and the use of resource

allocation procedures. These techniques may have the potential to save

the government money in the long run, and closer studies of their appli-

cation, in goverrunent and industry, are certainly warrautedo
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Appendix A

Orfaniz•tions Contaoted

Private Industry

1. Allied Technology Inc., Dayton, Ohio.

2. AMF Electrosystems, AMF Inc., Vandalia, Ohio,

3. ATC Inc., Dayton, Ohio.

4. Auto-Valve, Inc., Dayton, Ohio.

5. AVCO Corp., Willmington, Massaohusetts.

6. Bendix Corp., Avionics Division, Dayton, Ohio.

7. Bendix Corp., Communnications Division, Baltimore, Maryland.

8. B-joing Co., Seattle Division, Seattle, Washington.

9. Centro Corp., Dayton, Ohio,

10. Elano Enterprises, Xenia, Ohio.

11. E-Systems Inc., Dalles, Taxas.

12. CGarrit Corp., Phoenix, Arizona.

13. Gayston Curp., Dayton, Ohio.

14. General Dynamics Inc., Fort Worth, Texis.

15. General Electric Corp., Aerospace Electronic Systems,
Utica, New York.

16. General Motors Corp., Detroit Diesel Allison Division, Dayton,
Ohio.

17. Goodyear Aerospace Corp., Akron, Ohio.

18. Grummnan Aerospace Corp., Dayton, Ohio.

19. Gruimna Aerospace Corp*, Bothpago, Now York.

20. rlE Sylvania Inc., Dayton, Ohio.
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21. Hobart Brothers Company, Troy, Ohio.

22. lhoneywell Xinc., Avionics Division, St. Petersburg, Florida.

23. lughes Aircraft Company, Culver CiLty, California.

24. Hyland Machine Company, Dayton, Ohio.

25. Lear Siegler Inc., Instrumont Astronics Division, Grand Rapids,
Michigan.

26. Litton Systems Inc., Guidance and Control Systems Divisions
Dayton, Ohio.

27. Lockheed Aircraft Corp.$ Space and Missile Systems Group,
Sunnyvalo, California.

28. Lockheed Aircraft Corp., Missile Systems Division,

Sunnyvale, California.

29. Marquart Company, Dayton, Ohio.

30. Martin Marietta Aerospace, Dayton, Ohio.

31. McCauley Accessory Division, Cessna Aircraft Company,
Dayton, Ohio.

32. McDonnell Douglas Corp., Layton, Ohio

33, Monsanto Research Corp., Mound LaLoratory, Miamisburg, Ohio.

34. Nordon Unitod Technology Corp., Norwalk, Uonneo'ticut.

35. '!orthrup Corp., Hawthorne, California.

36, Parkur-Uannifin Corp., Irvine, Califrnia.

37. Polmac Systems Inc., Dayton, Ohio.

38. Pratt and Whitony Oivision, United Aircrart Corp., Dayton, Ohio.

39. Projects Unlimited, Inc., Dayton, Ohio.

40. Raytheon Company, Missile Division, Bodford, Massuchusotts.

41. Rockwell Intornational, Anaheim, California.

42. Rohr Industries, Chumu Vista, California.

43. Singer Company, Simulatian Pruducts Uivision, Dayton, Ohio.
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44. Singer CoMpaIy, Kearfott Division, Little Falls, New Jersey.

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

40. Sperry Rand Corp., Sperry Division, Sperry Systems Management,
Great 1'eck, New York.

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

48. Sundstrand Corp., Dayton, Ohio.

49. Systems Development Corp., Santa Konica, California.

50. Sys'ems Research Laboratory, Computer Sciences Group,
Dayton, Ohio.

51. Tech Deve.lopment Inc., rIytOn, Ohio.

52. Technology Inc., Instrumnts and Controls Division, Day' n, Ohio.

53. Technolog, Inc., Technology-Scientific Services, Dayton, Ohio.

54. Teledye Ryan Aeronautical, San Diego, CalIfornia.

55. Teledyne CAE, Dayton, Ohio.

56. Teledyne Systems Company, Teledyne Inc., North. idge, California.

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

58. United Aircraft Products, Inc., Vadalia, Ohio.

59. Vought Corp., Vought Aircraft Division, Dallas, Texas.

60. Williams Research Corp., Walled lake, MIichigan.

M4ilitary

Air Force Au~di'z Anv (AUn)

ASD Audit Office, WPAFB.

Air. orcce Loxistris Coammd ( C)

Air Force Acquilsltio.L Logistics Division (AFALW), WPAF3,EL



Air Force Systems Commnd (AFSC)

Aeronautical Svs t Division (SD) PAFB.

Aeronautica. Equipment SF (AE)

Airlift SPO (SD28)

AMST SPO (S129)

A-1O sP1 (YX)

Comptroller (AC)

EF-i11A SPO (SD25)

Fighter/Attack SPO (SD2.7)

F-15 SPO (YF)

F-16 SPO (YP)

International Fighter SPO (S05)

Maverick SPO (SD65)

PLS/RPV SPO (SD26/31)

PRAM Office (RA)

Propulsion SPO (YZ)

Simulator SPO (S124)

Specialized Systems (SOX)

Strategic Systems SPO (YY)

6570th Aerospace Medical Research Iaboratoryv. WPAP.

Air Force Humt= Resources Laboratory. WPAFB.

Air Force Wright Aeronautical Laboratorlos. WPAFB.

AeroFropula ion Laboratory

Flight Dynamics Laboratory

Materials Laboratory
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Electronic Systems Division (ESD). Hamisccn M3

JTIDS Office

IRITAC Office

AWACS (E-3A) SPO

Airborne Command Post (E-4) SPO

Surveillance and Navigation SPO

Comptroller

Svace and Missile SvAtws Organizatim. Los Anuales AS.,

Advanced Space Programs

Navstar GPS SPO

Launch Vehicles SPO

Re-entry Systems

Satellite Data Systems

Space Communications Systews

U. S . An~v CorDs of Erngineers

Lima Area Office, Lima Modification Center, Lima, Ohio

ZERT/IQU jendors

Program Control Corporation

A-10 SPO, WPAFB

NAS, China Lake, California

PCC Office, WPAFB

On-LL-e Systes Inc., Lon Akigeles, California.

Computer Sciences Corp., Huntingdon Valley, Peisylvania.
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Persons IntorvigEed

1. Avlon, Ed. Boeing Company, ALOM Program. Seattle, Washington.
Regarded by Boeing as the company expert on PERT.

2. Bates, Charles. 6570th Aeromedical Research Laboratory, Human
Engineering Division. WPAFB, Ohio.

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

4. Bible, Richard. Airborne Cammand Post (E-4) SPO (ESD/YSM),
Business Management Division. Hanscom AFU, Massachusetts.

5. Bitter, Steve mad Bill Perry. Singer Company, Kearfott Division,
F-16 Assistant Program Director and Director of Management Support.
Little Falls, New Jersey.

6. Boenning, Charles, Allied Tochmology Inc., Director of Engineering.
Dayton, Ohio.

7. Bosingor, Al. Sperry Rand Corp., Sperry Division, Sperr Systews
Management, Programs. Groat Neck, New York.

8. Brewer, Larry. ASD Comptroller's Office, Directorate of Program
Control. WPAEB, Ohio.

9. Brown, Roger. U. S. Army Corps of Engineers, Lima Area Office,
Lima Modification Centerg Project Engineer. Lima, Ohio.

10. Bush, Chan. Vought Corp., Vought Aircraft Division, Engineering

Administration and Management. Dallas$ Texas.

11. Crews) Ron. Air Force Audit Agency, ASD Audit Office, WPAFB, Ohio.

12. Davis, Bill. Program Control Corporation, WPAFB Representative.
WPAFB, Ohio.

13. Dietrich, Walt. Simulator SPO (ASD/SU24?F). Financial nagonnt
Branch. WPAFB, Ohio.

14. Duscommunt, Carol. On-Line Systems Inc.9 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, William. Space Communications System (SANSO/SKP),
Director of Program Control. Los Angeles AFS, California.

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

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

20. Hardy, Larry. Sundstrand Corp. Dayton Off-ice. Dayton, Ohio.

21. Harris, Nick. United Aircraft Productr Inc., President.
Vandalia, Ohio.

22. Hassler, Bob. Lockheed h.ircraft Corp., Space and Missile Systems
Group, Chief of Information Processing* Sunnyvale, California.

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

24. Hendrixson, Jerry. Concord Industries Inc., President.
Los Angeles, California.

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

26. Hogdan, Vernon. Air Force Wright Aeronautical Laboratories,
History Office. WVrAFB, .hio.

27. Johnson,, Ray. Technology Inc., Instruments and Controls Division.
Dayton, Ohio.

28. Judson, David. Air Force Materials laboratory, Manufacturing
Technology Division, Metals Branch. WPAFB, Ohio.

29. Klein, John. General Electric Corp., Aerospace Electronic System,
Chief of Programs$ Pla•. and Controls. Utica, New York.

30. Koivacs, Sam. Strategic Systems SPO (ASD/YYPF), Financial Manage-
ment Division. WPAFB, Ohio.

31. LeClairo, Richard. IKC-10 SPO (AFALD/YTFX), Plans and Programming
Division. WPAFB, Ohio.
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32. Lorws, Jim. Parker-Hannifin Corp., Engineering Division.
Irvine, California.

33. MacElroy, Joe. Systei Development Corp., Estimation and Price
Development Group. Santa Monica, California.

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

35. Miller, Bob. TRW Corp., Defense and Space Systems Group, Programs.
Redondo Beach, California.

36. Miles, Ross. F-16 SPO (ASD/YPEX), Analysis aid Integration Division.
WPAFB, Ohio.

37. Mitchel, Walker and Donald Schmidt. Air Force Aare Propulsion
laboratory, Technical Fac!ijtjqa...Dvision, Compressor Research
Facility Acquisition. WPAFB, Ohio.

38. Nydeger, John. F-16 SPO (ASD/YPEX), Analysis and Integration
Division. WPAFB, Ohio.

39. Perient David. Technology Inc., Technology-Scientific Sorvices,
r-roject Managemer.t Branch, Computer Systems Section. Dayton, Ohio.

40. Price, Jim. Program Control Corporation, A-1O SPO. WPAFB, Ohio.

41. Pumroy, Fred. Strategic System SPO (ASD/YYP), Program Control.
WPAFB, Ohio.

42. Reese, Vinsce Sperry Univac Company, Defense Systems Division,
Configuration •UMgaament, Salt Lake City, Utah.

43. Reeves, Jerry. Teledyne Inc., Teledyne Syn4tems Company, Program
Management. Norchridgeg California.

44. Ragan, Dick. Raytheon Company# Missile Divisi.n. Bedford,
Massachusetts.

45. Riedeger, Doug. Maverick SPO (ASD/SD65P), Program Control.
WPAIB, Ohio.

46. Robertson, John. Progiaw Control Corporation, NAS China Lake.
China Lake, California.

47. Robins, Prank. Lockheed Aircraft Corp., Missile Systems Division.
Sunnyvale, California.

48. Russell, lhad. -JTI1D SPO (ESD/DC3X)I, Btlsinos& Management Office.
Hanscom AF'B, Massaohusetts.
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49. Schugart, Rex. Loar Siegler Inc., Instrument As1tronics Division.
Grand Rapids, Michigan.

50. Seala, Don. EF-111A SPO (ASD/SD25P), Program Oontrol. WPAFB,
Ohio.

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

52. Swanks, Julia and Mike Durieko. Air Force Flight Dynamics
Laboratory, Financial 4anagement and Computer Services. WPAFB,
Ohio,

53. Taylor, Donald. Computer Sciences Corp., Defense Systems Division,
Combat Data Systwms Center, Operations Manager. Huntingdon
Valley, Peansylvania.

54. Triscari, Tom. Airlift SPO-(ASD/ffP), Program Control. WPAFB,
Ohio,

55. TysOn, Barry. Garret Corp,, Dayton Office. Dayton, Ohio.

56. Wilbor, Joa. Bendix Corp,* Caewmdications Divis!lon, Engineering
Directorate. Baltimore, Maryland.

57. Yonko, Jon. Monsanto Research Corp., Moumd laboratory.
Miamisburg, Ohio.
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Appendix C.

Sop~le hnterview Format

PERT/CriJCRA Usage Scale (Scale A)

(0) I have never hoard of it before.

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

(2) I have talked to others or read a fair amount about It, but need
to investigate further to determinc If 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 need 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,

PERT lannini•/Controlling, Usefulness Scale (Scale B)

(1) Worst I have used or seen used

(2) A little bettor than the worst

(3) Better than the worst

(4) Not quite as good as others

(5) About the same as others

(6) A little better than others

(7) Bettor than others

(8) Not quite the best

(9) The best I have used or seoo used
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SaMnl Interview

Name :

Organization:
Phone :

Datet

To what extent are you acquainted with network management?
a. 0 1 2 3 4 5 6 (Scale A)
b. Name used$ PERT CPM Other

How long has PERT been usedS
a. Personally years
b. Organization .._ yoars

Have you had any formal training in PERT, Including formal courses
given by your organization?

a. College Post-grad Organization
b. Time spent on PERT? _ __weeks
c. When last course completed weeks
d. Is course still being offered? yes no uncertain

Do you have computer support available to you?
yes no uncertain

a* Is a PERT program available? yes no uncertain
b. If so, are you using It? yon no

What Is your opinion about PERT as a means of planning (and replanning)
a projects 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 1 8 9
the worst about the tho best

I have used same as the I have used
others

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 IAvo used? (examples: regular staff meetings;
bar (Gantt) charts; milestone charts; line of balance; linear prosmam-
ming; trouble shooting, problems only; management by exception) (Scale B)

1 2 3 4 5 6 7 8 9
the worst about the t'ie best

I have used same as the I lave used
otLers



To what extent are you acquainted with Cost-D>uration Analysir?
a. 0 1 2 3 4 5 6 (Scale A)

If available, does your computer program for PERT have an option for
solution of Cost-Duratlon problems?

not available yes no uncertain

(0) I HAVE NEVER HEARD OF CIA BEFORU.

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

(1) I HAVE HEARD OF CDA IN PASSING, INOW WHAT I'£ IS, BUT DO NOT 1KOW
ANY DETAILS ABOUT IT.

1. Where did you hear about it?
Under what circwnstances?
When?

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

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

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

1. Whore did you learn about it?
Wien?

2. From what you know about it, what may be some benefits cf
using It?
Do you foresee any problums with it?

3. Do you loant one way or another about using it?

(3) I HAVE FOUND OUT ALL I NEED TO FZOW ABOUT CDM, AND PRESEDITLY IT
IS NOT SUITABLE FOR USE IN MY OPERATIQ4.

1. Whcro did you first loarn about it?
Under what circumstances?
Whon?
When was the last time you heard (or read) anything about It?
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2. What Is there about it that you find unsuitable?
Wore there other factors which entered into your decision?
Which of these factors influenced you the most?
Ware you aware of coma positive factors?

3. Do you think this technique could ba used by other organiza-
tions in the aerospace Industry?
Are you aware of anyone who is?
What are the major differences between them and your
organization, that they can use it?

4. Do you thinK you may someday reconsider, especially if some
of the problom areas could be eliminated?

(4) I H1AVE FOLUD OUT ALL I NEED '1O KNOW ABOUT CDA, AND WILL PROBABLY
USE IT 111 THE FUTURE,

1, Where did you first learn about it?
Under what circumstances?
When?
When did you last hear (or read) anything 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 areas can you foresee in using it?

3. Why are you not using this method now?

(5) I IAVE USED CDA IN THE PAST, BUT NO LUNGER DO,

1. Where did you first learn about it?
Under whaz circumstances?
When?

2. How long has It been sinre you used it?
Why did you stop using It?
Have you read or heard anything abouL it since you
last used it? ... anything new?

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

4. What type of method did you use? (Name or description).

5. Are you aware of other aerospace organizations which continue
to use this techniquo successfully?
If so, why can they use It and not you?

87



(6) I AN CURRDTLY USING CLA AS A MANADEMENT TOOL.

1. Where did you first learn about it?
tkxdor what circumstances?
What?
Arc you keeping up to date on improvements? How?
Wheu was the last Lime you heard or read about something
now rogaecding it?

2. How extensively do you use it?
Do you try to apply it an every project possible,
or only if probleuw arise?

3. What aspect of the technique do you find the best?
What arc some areas that you feel are weak or need Improvement?
Have you had any prob1.,, -.,th it?

4. What type of method are you using? (name or description).

5. Jo you know of other Aerospace organizations which are
using or have used it?
Why do you think more orgamizations do not use it?

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

If available, does I "ur computer progr&n for PERT have an option for
the solution of Crlical Resource problems?

not available yes no uncertain

(0) 1 I1AVE NEVER HUARD OF CRA BEFOkE.

1. Do you thi'tk arnomone else in your organization may have
heard of it?

(2) I IhAVE IHEARD OF CkA 11! PASS'NG, IKNOW WHAT IT IS, BUT DO NOT 1.'=OW
ANY DETAILS ABOUT IT.

i. Where did you hoar about It?
Under what circumstances?
Whon?

2. From what l-.n know about it, do you think it could work
for youT
Why? (or way not?)

3. Bcfore you talked to nio, had you Intended to look into

it further?
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(2) I RAWVE TAIKD TO O'-1hERS, OR READ A FAIR AMOUNT ABOUT CRA, BUT
NEED To riVESTIGATE FURITE2: TO DETER.II4E IF I CAN USE IT.

1. Where did you learn about It?

2. From what you know about it, what •nay be some bonei, it! of
using it?
Do you foresee any problems with it7

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

(3) 1 IIAVE FOUND OUT ALL I NEED TO KNOW A3OUT CRA9 AND PRESM2•TLY IT IS
NOT SUITABLE FOR USE IN MY OPERATICl.

1. Where did you first learn about it?
Under what circumstances?
WhenT
When was the last time you heard (or read) anything about it?

2. What is there about it that you find unsuitable?
Were there other factors which entered into your decision?
Which of those 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 aware of anyone who is?
What are the major differences between them and your
organization, that they can use it?

4. Do you think you may someday reoonsidor, especially If some
of the problem areas could be eliminated?

(4) I idAVE FOUI;D OUT ALL I NEED TOYJ lNOW ABOUT CRA, AND WILL PROBABLY
U5Z IT I•I THE FUTIRE.

1. Whore did you first learn about it?
Under what circumstances?
When?
When did you last hear (or road) anything about it?

2. What benefits of using it wore most influential in your
decision to use it?
What other thing does it do well?
What problem areas can y,u foresee in using, it?

3. Why are you not using this method now?
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(5) I HAVE USEL) CRA IN THE PAST, BUT NO (IXGCR DO.

1. Where did you first learn about it?
Lnder what circumstaics?
When?

2. Ho;; long hass it beon since you used it?
Why did you stop u=lng It?
Have you road or heard anything about it since you last
used it? ... anything new?

3. Was it useful to you while you were using It? How?
How extensivoly did you use it?
Do you plan to use it again? In the same format and methods?

4. What type of method did you use? (Name or deEcripticn)

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

(6) I AM CURRENTLY USING CRA AS A MANAGEMENT TOOL.

1. Where did you first learn about it?
Under what circumstances?
When?
Are you keoping up to date on improvements? How?
When was the last time you heard or read abot : something
new regarding it?

2. How extensively do you use it?
Do you try to apply it cm every project possible, or
only if problos arise?

3. What aspect of tho technique do you find the bestT
What are some areas that you feel are weak or need Improvement?
Have you had any problems with it?

4. What type of method are you using? (name aret description)

5. Do you know of other Aerospacr organizations which are using
or have used it?
Why do you think more organi.ations do not use it?
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