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PREFACE

The subjectof project management which is concerned with
planning, scheduling, and controlling of nonroutine activities within cer-
tain time and resource constraints includes a wide range of topics. Hun-
dreds of articles and papers and several books have appeared relating to
network planning and critical path analysis. Network planning, schedul-
ing, and control systems offer tremendous potential for future exploita-
tion. All their past and present uses build a solid foundation for radical
innovation in project management concepts.

This book is not intended as an exhaustive treatise. Instead its purpose
is introductory, aimed at serving two types of readers: first, the begin-
ning or practicing project manager in the field who is not thoroughly
familiar with modern techniques of network analysis, and second, those
senior or graduate students who elect to study the subject of project
management and related questions. '

The book focuses on basics and presents the essentials in a simple,
straightforward manner, so that it can be used as an individual guide to
planning, scheduling, and controlling techniques in project management.

Chapters 1 through 8 cover the concepts and techniques of project
management. Emphasis is placed on a systematic treatment of the sub-
ject. The general tone for this text is to address the need for procedures
which allow projection of the possible future stages of a project through
to completion. Chapter 9 addresses the subject of project proposals—this
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is considered important, since it serves as a framework for developing a
detail plan and schedule to be used in carrying out a project. In chapter
10, discussion focuses on project personnel selection; the author believes
that one of the first and most important ingredients of any successful
project is the selection of the right project manager, since each project
has a unique set of circumstances that tend to demand a unique set of
qualifications in its manager.

Chapter 11 deals with various types of contracts likely to be selected
by a customer as the most feasible for a contemplated procurement.
Chapter 12 presents a television tower and building project. Chapter 13
follows this up by treating a project management simulation; this device
allows the project manager or student to participate in a dynamic inter-
active way, whereby the student plans the project prior to its beginning
and then he or she directs the project as it unfolds in response to a series
of unpredictable and randomly introduced variables that cause the pro-
ject situation to change as time progresses. The author believes that this
procedure would allow the student the opportunity to assume the role
of the project manager in making decisions throughout the duration of
the project, and will also provide the student with an in-depth examina-
tion of the concepts and techniques discussed in the text.

Chapter 14 presents various case studies, which can be used as class
projects. Appendix A addresses the normal distribution and illustrates the
significance of the mean of standard deviation. Appendix B explains the
activity-on-arrow system of networking and a procedure for converting
from activity-on-node system (which is used in the text) to activity-on-
arrow system. Appendix C discusses the event-oriented systems, and
comparision is made with the activity-on-node and activity-on-arrow sys-
tems. Appendix D presents a listing of table of random numbers. Finally,
Appendix E stresses a computer method.

Emphasis throughout the text is on questions, e.g., planning, schedul-
ing and control techniques, which can be described by project evaluation
and review technique and critical path method. The author, with some
regrets, has not heavily emphasized certain topics to which a decided
emphasis has been given in the literature; this has been largely the result
of the nature of his own particular experience rather than an intention
to slight such material.

The intent of the author has been as, a minimum goal, to present a
resumé of representative management practices in the project manage-
ment ficld. ’
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NOMENCLATURE

A-O-A
A-O-N

CPM

CUMUL.

DPC
EF

ES
FF

IPC

LF
LS

M

Optimistic time
Activity-on-Arrows
Activity-on-Nodes
Pessimistic time
Crashed activity cost
Drag Coefficent
Normal activity cost
Crane Operator
Critical Path Method
Cumulative

Flap deflection
Direct Project Cost
Earliest Finish Time

Earliest Start Time
Free Float

Indirect Project Cost

Crashing cost for each activity

Latest Finish Time

Latest Start Time

Most probable time

Maximum possible activity time reduction
due to crashing

xiii



xiv.  PROJECT MANAGEMENT TECHNIQUES

PERT Project Evaluation and Review Technique
Prob. Probability

R&D Research and Development
SD Standard Deviation

t Activity completion time
T Project Completion Time

T Normal activity time

' Crash activity time

TF Total Float

TV Television

v Project time variance

v Variance of the activity time



CONTENTS

PREFACE
NOMENCLATURE

1

INTRODUCTION TO PROJECT MANAGEMENT
Successful Implementation 4/Role of Networks in a Project
Management System 4/References 5

GCGOMPONENTS OF PROJECT MANAGEMENT
Reprogramming 11/Project Reporting 12/Exercises 13/
References 13

PROJECT NETWORK CONCEPT

Network Development 18/Basic Terms and Symbols 19/Rules
of Network Logic 20/Time Estimates 21/Resource-Time
Estimates 22/Exercises 23/References 25

PROGRAM EVALUATION AND REVIEW TECHNIQUE

The Gray Porta-Vac Project 28/Developing the PERT
Network 28/Activity Time 30/Critical Path Calculations
34/Variability in the Project Completion Date 38/Exercises
41/References 46

CRITICAL PATH METHOD

Crashing Capabilities of CPM 49/Exercises 52/
References 56

15

27

47



10

n

12

13

14

LINEAR PROGRAMMING MODEL OF CRITICAL
PATH METHOD

Exercise 62/References 62

NETWORK COST PROJECTIONS AND CONTROL

Objectives of Time/Cost [Manpower Application 64/
Enumerative and Predictive Project Model 65/Illustrative
Example 68/Time/Cost Trade-Off Model 70/Project
Outputs 73 /Network Project Cost Outputs 73/Project
Manpower Outputs 74/Exercise 75/Reference 76
TIME-SCALED NETWORKS AND RESOURCE PROFILES

Resource Profiles 82/Exercises 85/References 87

PROJECT PROPOSALS

Writing the Project Proposal 92/Submttting the Proposal
98/Exercises 99/References 99

PROJECT PERSONNEL SELECTION

Selecting the Project Manager 101/Selecting the Project
Team 103/Desirable Qualifications for Project Personnel
104/Project Personnel at the End of the Project 105/
Exercises 106/References 106

TYPES OF CONTRACTS

Fixed-Price Contracts 108/Cost-Type Contracts 111/
References 112

TELEVISION TOWER AND BUILDING PROJECT

Preliminary Planning and Scheduling 122/References 122

PROJECT MANAGEMENT SIMULATION

Role of Random Numbers in Stmulation 125/Illustrative
Example 126/Project Management and Control Stmulation
128/References 133

CASE STUDIES (PROJECTS)

The Oil Refinery Project 135/DeVoe Detergents Project 137

ANSWERS TO SELECTED EXERCISES

57

63

77

89

101

107

113

123

135

141



APPENDICES

A

NORMAL DISTRIBUTION

Hlustrative Example 149/Areas for the Standard Normal
Distribution 150

ACTIVITY-ON-ARROW SYSTEM OF NETWORKING
Comparison of A-O-N and A-O-A 159/Example of
Conversion of A-O-N to A-O-A 161
EVENT-ORIENTED NETWORK SYSTEMS

Illustrative Example 164/Comparison of the Event-Oriented
System with the A-O-N and A-O-A Systems 165

TABLE OF RANDOM NUMBERS

COMPUTER APPLICATION IN PROJECT MANAGEMENT

4SITE System 172/Readinet Project Control System
Software 172/Tech Center Project Computer Outputs 174

INDEX

147
147

153

163

167
17

203



Chapter

1
INTRODUCTION TO
PROJECT MANAGEMENT

thwork-based procedures of PERT (Program Evaluation
and Review Technique) and CPM (Critical Path Method) are well known
and widely used to assist managers in planning and controlling both large
and small projects of all types (construction, research, development pro-
jects, and many others).

Many managerial problems in the areas of project scheduling and con-
trol have been solved successfully with the aid of network models and
network analysis techniques. Effective planning and scheduling are abso-
lutely essential to the success of these types of activities.

The words “planning” and scheduling” are common to completely
different problems. For many years considerable operations research ac-
tivity has been spent in the area of “production scheduling.” In general,
the techniques developed for this area are directed toward solving for
sequences that minimize man or machine idle time subject to constraints.
In most cases this effort has been primarily concerned with repetitive ac-
tivities generally in continuous-flow production situations. Only recently
has any significant effort been devoted to the study of the planning and
scheduling problems of the class of operations known as projects or one-
time operations.

The need for procedures which allow projection of the possible future
stages of a project through to completion led to the adoption of the net-
work as a desirable means of depicting the elements of a project and the
relationships among them. This network idea is the basis of all critical

1
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path analysis schemes and is used to depict a project plan. Much of the
carly success of PERT/CPM was based on the explicitness of the project
plan, this explicitness being essential to the construction of a network.
Being explicit about what was to take place at some later time was a new
experience for many. Improved communications among those concerned
with a given project were common results of networking the project plan.

Among the many operatjons that may be classed as projects are heavy
and light construction, facilities maintenance, shipbuilding, the research
and development phases of military weapon systems acquisitions, indeed
any set of activities requiring a one-time oriented coordination of men,
equipment, and materials. These operations tend to have several things
in common, such as:

1. The end products of each operation are few in number.

2. Each operation is composed of a large number of serial and paral-
lel jobs.

3. All of these jobs are directed toward a common objective.

4. A significant amount of uncertainty exists regarding the exact man-
ner in which the objective is to be accomplished, how long it will
take and how much it will cost. The degree of uncertainty with
which each operation is perceived will vary depending on such fac-
tors as the state of the technology employed and the number of
times similar operations have been performed in the past.

5. Different jobs are done by different organizations which have dif-
ficulty communicating with each other.

Planning and scheduling have always played an important role in project-
type operations. However, most earlier planning systems had deficiencies
resulting from the use of techniques which were inadequate for dealing
with complex projects. Generally, the several groups concerned with the
work did their own planning and scheduling. Since much of this was in-
dependent, the results often reflected a lack of coordination in carrying
out the work.In addition, it is traditional in project operations to develop
detailed schedules from gross estimates of total requirements and achieve-
ments based on past experience. Plans and schedules based on this data
tend to consider all the pertinent factors bearing on the problem at one
time.
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The lack of adequate tools and techniques has been primarily respons-
ible for these conditions. Most of the traditional scheduling techniques
are based on the Gantt or bar chart which has been in common use for
over 50 years. Although it is still a valuable tool, its use is limited in the
scheduling of large-scale operations. In particular, the bar chart fails to
delineate the complex interactions and precedence relationships which
exist among the project activities. The milestone system used extensively
by the military and industry for the management of major projects prior
to the advent of PERT was an important link in the evolution from the
Gantt chart to the network concept. Milestones are key events or points
in time which can be uniquely identified when reached as the project
progresses. The milestone system provides a sequential list of the various
tasks to be accomplished -in the project. This innovation was important
because it emphasized the functional elements of the program, reflecting
what is now the project work-time breakdown or product indenture struc-
ture. This system increased awareness, if not the effective display, of the
interdependencies between tasks.

While the milestone system has the limitation that the relationship
between milestones is not established, it is still widely used usually as an
adjunct to the network system. Milestones are merely listed in a chrono-
logical sequence and are not related in a logical sequence of work required
to accomplish them. Therefore, the essential interrelationships cannot be
displayed. The system was an important early recognition of the need for
awareness and discipline at lower management levels and forces outcome-
oriented planning of all the segments of the projects. .

Network planning, scheduling, and control systems offer tremendous
potential for future exploitation. All their past and present uses build a
solid foundation for radical innovation in project management concepts.
The literature is already filled with examples of vastly improved planning
by applying trade-off or optimization techniques to time, dollars, and
labor. However, the ability to allocate resources over multiple projects
means that it is possible to develop a total corporate-planning system.

Future projections with network systems are no longer theoretical
topics, and they offer significant long-range benefits to business manage-
ment. The relationship of the network system to the management func-
tion and the outlook for further development of the system, perhaps even
leading to. a valid general system theory for the management of human
enterprises, is extremely promising.
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SUCCESSFUL IMPLEMENTATION

A decision by an organization to initiate a critical path scheduling sys-
tem usually requires some form of training for the firm’s personnel and
for representatives of cooperating companies. Training may take the form
of a brief indoctrination session, a detailed short course, or on-thejob
training. Unquestionably, the detailed short course followed by a formal
on-the-job training program best ensures success for the new system.

ROLE OF NETWORKS IN A PROJECT MANAGEMENT SYSTEM

The network models are means of describing a particular project plan in
a manner such that evaluation is not only possible but is in fact a logical
extension of the model. A given model of this basic type will describe one
alternative project plan. Other models will be required if other alterna-
tives are to be examined.

The network concept involves the graphical representation of activi-
ties and their precedence requirements. Activities are elements of the
* project which represent logical subdivisions of the work to be done. If
you considered preparing breakfast as a project, pouring a cup of coffee
could be an activity. The level of detail used depends upon the degree of
control desired. As an extreme example, if control is desired only on the
start of a project, the entire project may be described as a single activity.
Precedence requirements indicate which activities must be completed be-
fore a given activity can proceed. The network may be thought of as in-
~ dicating the time flow of work involved in the project. The network is
not a schedule. It is not necessary to know the estimated time duration
of activities before networking the project. In fact, this property makes
it possible to separate the network modeling process from all other as-
pects of the planning phase. The likelihood that innovative and effective
plans will be produced is improved by the use of the time-free network-
ing process. .

The basic purpose of the network is t6 provide a comprehensive pic-
ture of the precedence relationshipsexisting among activities. Precedences
are determined by comparing the environments created by the comple-
tion of an individual activity in the project with the environment neces-
sary for the start of the succeeding individual activities. Resource availa-
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bility and customary practice are not to be considered as creating prece-
dence relationships. Both of these factors can be considered later during
the scheduling phase, but inclusion in the planning phase may preclude
the possibility of eventually arriving at the best schedule.

There are two basic systems of networking currently in use. The arrow
diagramming, or activities-on-arrows (A-O-A)system, is more widely used,
but the precedence diagramming, or activity-on-nodes (A-O-N) system,
is growing in popularity and has significant advantages. The A-O-N prece-
dence diagramming system is used throughout this text. The activities-
on-arrows (A-O-A) system is explained in Appendix B and a procedure
for converting from A-O-N to A-O-A is given.
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