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How to Improve
Industrial Projeot Planning and Implementation
in Developing Countries

PREFACE

In various international ocoasions developing countries have
been expressing their urgent need for a document desoribing and
discussing in a prectical way an effective operational approach to
alleviating the problems being encountered in implementing industrial
projeots using certain management disciplines and tools adapted to
their prevailing oonditions. For this purpose UNIDO - which has been
providing technical assistance in this field - organised an Expert
Group Neeting on Project Planning and Implementation Information
Systems, which was held in Vienna, 13-18 November 1972. The Expert
Group comprised eleven experts from both developing and developed
ocountries. The eleven experts participating in this Expert Growp
Meeting wers:

Russell D. ARCHIBALD ITT Corporetion World Headquarters
New York, New York U.S.A.

F. Nax CROF® Chief, Management Systems
‘ Fational Aeronautios and Space
Administration (NASA)
Marshall Space Plight Center
Alabama U.8.4A.

Abdel-Fatiah N. EL-MARASHLY Chief of Project Implementation Unit
The Industrial Development Cemtre
for Arab States (IDCAS)
Cairo, Aradb Republio of Rgypt




Hamed K. ELDIN Professor, Oklahoma State University
Stillwater, Uklahoma U,8.a.

Hellmuth GEHRIGER European Space Research Organigation
(ESRO/ESTEC)

Noordwi jk, The Netherlands

Jack J, GR1MSHAW Beecham Resesarch Laboratories
Betchworth, Surrey, England

Roland W, GUTSCH Chier, Management System Department
Dornier-Systems GmbH
Friedrichshafen/Bodenses
Federal Republic of Germany

Mostafa H.34. HAMDY United Netion: Industrial Development
Organization (UNIDO)
Vienna, Austria
( Ofﬁoerhin-Charge of the Meeting)

John G. MOORE Planning ang Devel opment Collaborative
International ( PADCO)
Wtahington, D.C. U.Ss.aA.

Tibor NEMETH Planning 0ffice of the Ministry
for detallurgy and Machine Industry
Budapest, Hungary

Richarqd L. SMITH Associate Professor of Engin«ring
Arizons State "niversity
Tempe, Arizona U.S.A.

programming and contro] and how to improve the situation throggh
the development angd application of certain Danagement tools, namely
pro jeot management information systems gPMISZ.




1. Introduction and Summary

During the last two decades a great number of developing
countries embarked on economic and industrial development planning.
Unfortunately, many countries have been giving more attention to
the formulation of development plans or programmes than to the course
of aotion needed to implement them. In numerous situations not
much effort has been given to the planning and implementation of
individual projects which make up these programmes. Experienoce
indicates that there is no formel approach to project planning and
implementation in most of the developing countries.: Consequently,

project work has been falling short of expectations, ruulting in
lengthy delays and overrun of oost.

Industrial development projects are oharaoterized by being non-
repetitive, time-constrained and dynamio as they may involve a high
degree of uncertainty and changes over time. They are further
characteriged by being influenced by & number of agenocies or
orgenisations (suoh as various ministries, investors and a host of
othor bodies) which oonstitute what is celied the "pro ject
environment" and which are beyond the authority of project manage-
ment. Accordingly, project management (management of project
implementation) requires skills and techniques which are somewhat
different from those called for by general menagement (management
of existing industrial enterprises or establishments). Planning
and control should cope with projeot characteristios proviously
mentioned. Rather than a well-defined organisation structure, the
pro ject manager must head a flexible, ever-changing organisation.
Purthermor:, contiruous intersotion with the projeot environment
mentioned above is essential, for the resources the project manager
requires are not under his authority. He has to co—-ordinate the
work of the various agencies p;rtioipa.ting in the implementation
proocess and to report to them.



All the afore-mentioned factors diotate that project management
needs a totel approach or Project management system (PXS) to project
planning ana implementation. 4 Prcject management system may be
viewed as having a number of interrelateqd functions, namely:
organizing, planning, controlling, integrating and co—-ordineting the
process of project planning and implementation. In performing these
funotions a project management system calls for oertain tools,

One proninent tool is vwhat came to be called project management
information system (PMIS), in other words, information system for
projeot planning and implementation.

On the basis of ite discussions, the Expert Group has prepared
the present document with a view to showing how to improve the
planning and implementation of industrial development nrojects.

This is achieved through a practical approach to systematio planning
and implementation of these projects whioh is adapted to oonditions
prevailing in developing countries, thus meeting the long-standing
need previously menticned.

The document, in sumnary, presents and explains the following:

= There is a real need for improvement in existing methods of
implementing industrial development projeots (see section 2).

= Industrial development projects in developing countries
present many problems which impede their completion on
schedule and as originally funded (see mootion 3.1).

= A number of Eystematic pro (20t managenent mcthods which have
been developed to overcome similar problems in similar
project in more developed countries are evailable today; some
of those are useful in developing oountries (see seotion 3.2.1),

= The fundamental principles of gystematic roject ]
can be adapted to the developtng country environment; thig
ia desoribed briefly in the report (see section 3.4),

= The best wny to 2chiave undauta.ndig‘ of systematio pro ject
management principles is through observation o & specifio
project; for thig reason, a case example project is used in
the report to illustrate how tne prinociples are applied
(see seotions 4 end 5),




= The orux of systematic project mane.gement is projoct control;
methods of controlling projoct implementation are desoribed
in some detail in the roport (sec mection 6).

= To obtain the improvements described in the report, o care-

Mlly planned series of steps is necessary; a recommended
plan for accomplishing this is presented in the final seotion
of the report (seo section 7).

The informetion included in the dooument can be of use to a
great number of paople at the verivus organiszational levels, who
are interested in project planning nnd implementation. For those
who are directly responsible for or working in one or more of the
stages of project planning and implementation such as project
managers end others at similer organizationzal levels, projeot team
members, funotional staff of organizations dealing with project
work, oontraotors, subcontractors and suppliers of machinery and
equipment, the doocument, in its ontirety, provides an operating
model to improve project plaaning and implementation. Some techniques
which are being used in programning and controlling the implementation
of projects are inoluded in the Appendicos to this document. These
Appendices may, therefore, be read by those who have prior technioal
lmowledge in the subject matter presented therein.

For those who have no direct responsibility at the project
level for planning and implementation of specifio project such as
executives in state planning organizations or similar bodies,
seoretaries and under-socretaries of state for industry, heads of
development agencies or banks and members of the boards of companies
dealing with project planning ond implementation, seotions 1, 2,3
and 7 of this dooument are of value as they highlight some of the
issues of special importance and should, therofore, aid in defining
specifioc local prodblems.

Horeovor, this document is so prepared to assist those responsible
for projeot planning and implementation in developing ocountries in
identifyisg their needs for the technical assistance which UNIDO
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2. The Need for Systematic Project M ement (Systcmatice Pla.n.ngg
and ngiementation of Indusirial Deveclopment Projects

2.1 Statement of Need

Developing countries are faced with the immense challenge of
orgenizing their resources and making decisions concerning the
industrial development in order to meet the expanding requirements
of their societies. ’uch cffort has, in the past, boun concentrated
on the running of on-going OPERATIONS: tasks, functions and

processes of a similar repetitive nature.

Men's striving for increased security, conveniecnce and wealth,
together with the evolution of science and technology have made him
engage morc and more in large one-time industrizl venturcs which
often go beyond the scope of regular operations in 2 given institution.
Typical examples of such ventures are the construction of a danm,
the building of a new factory, or the installation of an eleotric
power plant and power distribution system. These ventures, which
are unique and end with the achievement of a specific major objective
in the form of a product or operational system, are referred to as
PROJECTS. Projects, in comparison to "operations', have different
management oharcoteristics.

In OPERATIONS, the focal point of interest is usually the
effcctive performance of taaks, functions and prooessaes of the
same or similar kind., The eventual »urpose of the invested efforts
or manufactured items is of seocondary importance and frequently
even unknown to the people involved.

In PRAJECTS, the prime motivation is the efficient ccoomplishment
of A final objective. For axample, in an industrial project this
final objective usually is the putting into operation of a factory
meeting the previously esteblished standards of performence, within
the agreed time scale and the established budget. For the achievement
of such a project objective, where time and money are important and
different groups of people whioh are organisationally or physiocally
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dispersad have to work together, the traditional mahagement methods
and philosophies used in OPERATIONS become inadequote. Tor PROJECTS
e different management philosophy is required. The contrivuting and
participating poople must be motivated so that they become primarily
goal- or product-oricnted. The attempt to fulfil this roquirement
leads to a constant battle against human shortconings and confliots
of interest. It is the object of PROJECT HANAGEMENT to develop and
apply adequate techniqucs, methods and systems which nminimize or
alleviate these problems.

The bosic concept of project manegement is to plan, organiese,
co~-ordinate, monitor ang control cotivities and resourcee and to
mnake appropriate decisions in such g way that they are directed
towards the accomplishment of g major objective, usually a substentisl
product, facility or System. The easential criteria for project
nahagement ares

- Clear, defined final ob jective;

= Organization of tasks, manpower, finances and other resources

oriented towards the final objectivesp:

- Total technical, financial ang schedule responsibility vestod

in projcct lecdership;

— Constant consideration and thinking in terms of efficient

accomplishment of the finol objeotive.
The PROJECT HANAGEMZNT [ _SYSTEHM, therefore, is the tool op mechenism
which is used to devclop a product, fecility or system from its
conceptual stage into reclity. It consists of the organigzations,
policies, procedures, information, methode, systems and practices
which are used to plan and implement projects,

2.2 Causes of Difficulties
M.

The Adecision processcs and time hecossary to plan and implement
& complex industrial devclopment projeot have resulted in many
situations wherc the government authoritics arrive at a deoision
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does not achieve the established objective. The fundamental causcs

of the mentioned difficulties, which dclay and increase the cost of

implementing devclopment projects, can be classificd as political,

environmental, eoonomic ond technical. Selectcd major couses in

these catcgories are stated below for the consideration by developing

oountries when introducing practicnl improvements to the momner in

which industrial development projccts are planned and implemented.

2.2.1

2.2.2

2.2.3

Politic__a_.l_ Couses

- Politioal decision-mcking without sufficient considera-
tion or aveilability of technical and planning informa-
tion;

- Tendency of humen noture to subseribe to politicel

optimism and to overcommit.

Euvironmental Causes
. va

= Unsuitebility of existing sdministration structures and
practices for efficient project work;

-~ Inefficient and complicated ~dministrative and
menagement decision-making and plenning procedures;

- Emphesis on science and technology rather than on
management, resulting in a2 1lack of appreciation for
systonatic project planning and implementation;

- Difficulty in obtaining agreement end co-operation
from many diverse public and private organizations

which cre needed for project implementation.

Economic Couses

- Incompatability of strategic objectives with socio=-
economioal, economical, technical and other non~
pulitical objeotives;

- Development plans and progrommes not backed by well-
studied and well-conceived projects;

~ Not epplying the systems approach whan establishing
development programmes which oonsist of a multitude of
projects and operations involving common resources,
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i.e. lack of co-ordiration and co-operation bewgeen
government bodies with different reaponsibilities

(e.g. electric Power plant project of Department for
Energy not considering other industiial development

projects of Department of Tradc and Industry in
pertinent ares, ete. ),

2.2.4 Technicel Cauges

= Failure of the technologist cnd the project planning
commumity tn adapt their plenning approach to the
political/cnvirenmental/strat cgic situation;

= Lack of common language between scientistg, tcchnologists,
economists and politicians ang failure of the tachnolo-
gist to present his information in an understandable

¢+ form;

= Insufficiont and not systematic project organizntion;

= Too much concentretion on individurl planning techniques
inst.ad of integrating all rclevent techniques and
methuds into a comprehensive project planning concept;

= Inertin cf planning systom and inability to hendle tho
dynaunic characteristics of projects;

- La; in the development and strte of the art of project
management methods and techniques compared to scienoce
and technology,

2¢3 Qutlook on Hethodolog

This document utlines the required methodology for utilieing
Project Nanagemont System concepts to alleviato many of the problems
resulting from the causcs stated above. 1t is believed that improved
teamwork and co-ordination of politicians, cconomists and technicians
will be accomplishcg through the consistent use of a Project Management
System. Such teamwork will in fact be one of the great benefits
derived from the usc of such a2 system.
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The methodology is based on the awareness of the need for
identifying speocific management responsibilities and the subsequent
development of a Projeot Management Systom which assists the excoutives
in fulfilling their assigned responsibilitiss. Also recognised is
the need for a Projeot Information System to provide each exeoutive
with the appropriate information regarding schedule technicel progress
and oost for the eloments of wori under his control.

The proposed methodology also recognises the neéd for incor-
poreting the individual project managoment techmiques into a compre-
hensive system that is compatible with the prevailing limitations
and ths capability of individual developing countries. In partioular,
it s determined that it is absolutcly essential that project manage-
ment oonoepts be interjected into the governmental deoision-making
and planning process at ths earliest possihls tims.
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3. Chernoteristics of Industrial Developiment Proqect_s

3.1 Phasos and Stages of an Industrial Development Pro ject

When organizing the functions ond responsivilitics for projeot
Planning and implemontation, it is important to have a clear pioture
of the various Project phasos and stages, the objectives and related
tasks of caoh, the type of decision-making bodies involved and the
extent of thoip desirable responsibility. 1In the context of this
document, the project encompasses all tagks from the problom analysis
to and including the acceptance of an operationnl product, facility
or systen,

A project starts with the decision 1o pv-suc an objective, and -
it ends with thc accomplishment of that objective or with the decision
to abandon it. 4 Project must be considercq thie wey because planning
and preparation for project monagement informetion must stort at the
very beginning. One of thc first and most important toaks the
responsible individusl (project manager, project planner, project
co~ordinator, study manager, etc.) must carry out is the dividing of

the project into a scries of suit.ble phoges.

When one hes to conccive and build any Product, facility or
system, it must pass through the various phoses and stages of
evolution, This heppons with any idea that must Le turned into
reality. As the manegement of a project usually entails the develop~-
ment of o product, freility ox system from a notional idea into g
finished operational entity, and as this involves various people
working together and un¢erstanding each other, the rather sophisticated
process of product or system evolution needs good organigation,
Effective manngemant of a project requires that the project be sube
divided into components. One of the csgential oriteria for breaking
& project up into menegeablc portions ig by project stages.

Faoh stage possesscs its own particular developmental character-
istios and thus roquires g changing emphasis on the various types of
information and oontrol procedures to assure effective management,
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Bosed upon the meximum available knowledge about the entire projoot
in a given project stage, tho remaining stoges must be planned and
replanned such that at the ond of each stage an acoeptable, reoalistic
final plan to oontrol the succeeding stzge is available, plus a
raovised version of the preliminary plans for all future projeot
stages. As the projoeot passes through the varicus stages, the
planning for thc last and often most critioal stage (construction/
pre—-operations) becomes morc and more comprehcnsive and preoisc,
and eventually permits improved oontrol of the pertinent project
activities. A olear identifioation of the project stages and
pertinent objeotives permits the responsible project initiator or
other body to assign rosponsibilities in a systematic menner.

In Figure 1 is a tclle indicating the pro joot phases and stages
and pertinent objectives, which will meat the demands cf most
industrial projects. The planning structure may have to be adapted
to the needs of the various projeots. It is recognised that there
is not always a clear-cut separation between the stages and that
sometimes they even overlep. The cesential point here is the clear
and systomatioc organigation of as many tasks and jobs as possible
throughout planning and implementation of the projeot.

As a projeot ovolves from the identifioation (preliminary
analysis) stage and pesses through the succeeding stages, the prime
responsibility for decision meking and management changes from one
level to the other in the projeot initiatort's and participants!
hierarchy. The decision-making bodies in the project hierarchy
are indicated below and an appropriate responsibility matrix is given
in Pigure 2.

1) Nigher Authorities (Development Strategy and Policy, Target
Approval)

2) State Planning Board

3) Project Exooution Agenay

4) Project Manager/Project Co-ordimator/Study Monage
5) Assistant Projoct Managers :
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6) Contractors, Prime Contractor

7) Subcontractors

8) Suppliers ;
The matrix in Figure 2 is only a guideline and may have to be
adapted to the different iypes of projects and initiators'
hierarchy. It is essential that only cne body is given prime
responsibility to the greatest extent possible within the same
project phase and that all other supporting and/or assisting dodies
oo-operate closely and freely in a concepied teamwork effort.

The project stages can be classified into two major phasess

= Project initiation or preparation

= Project implementation
Projeot initiation phase has its impact on projeot implementation
phase as the latter depends on the efficiency with which the work
in the former is unlertaken. Since project implementation is
primarily based on project preparation, deficiencies resulted in
the latter would affect the satisfactory undertaking of the former.
The event which forms the interface between these major project
phases is approval of the project for implementation and authorisa-
tion to spend major funds. This classification of stages together
with the esséntial doocuments to be produced by the end of each
relevant stage are indicated in the flow diagram of Pigure ). If
this principle is followed, responsidility confliots and/or gaps
can be kept to the very minimum and communications tetween the
various pro ject paiticipantu are considerably improved.

3.2 antomtig Manugement of Pro;‘eot-

The systematic management of projects is frequently regarded
a8 project management system. A modern projeot ‘Wt system
consists of a series of compatible and well-aligned organisation of
responsibility and information mechanisas, procedures, tools,
facilities, etc., which ensble an efficient handling of all project

matters throughout all phases and stages. It is somewhat comparable
with a business enterprise.
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Project Stagen

Documents to be Prepared

Project Initiation
or Preparation

Project Iaplenentation

Operations

1 Identification of project
idea (preliminary analysis)

A

2 Preliminary selection

)

U

4 Post feasibility evaluatiod. _
Evaluation and deocision

5 Detailed project design
and engineering; and

tation, scheduling

3 Peasibility ( fomulation)_}» ‘)/.\
D

initial project implemen- |

2

6 Contrsoting and purchase

-

7 Construction and pro-
operations (systen
:I.nglementatiom, start-

“up

~ .

O

-— ey cm S S e

Feasibility study report

Peasibility evaluation report

Approval for projecti
implementation and authori-
gation to spend project funds

Specification package (for
contracting) and detailed
design report- -

Detailed construction
management plan

Operating instruotions
and service manual

Iigyse 3. Documents to be Ready by the Emd of each Project Stage




The following items are oonsidered essential elements of a
project management system:

a) Procedures, standards and specifioations

b) Work breakdown structure (wBS)

0) Task descriptions

d) Project organization structure

e) Projeot staff

f) Communications

8 Information proceseing (manual and/or automatic)

h) Dooumentation

3.3 The Pro jeot Hanagement ;n{omt;on System ‘ﬂ;s[

3.3.1 General

Although the PMIS in the framework of a oomprehensive project
management mystem is oonsidered a "subsystem”, it shall, :rorlthe
sake of simplicity in the oontext of this document, henceforth be
ocalled a "system",

+

The PMIS shall be considered a self-contained operational
entity, which provides all relevant project participants and higher
level decision making bodies with essential and meaningful project
information to programme, schedule and oontrol the project. A PMIS
oan only ‘give the full benefit and be a real suocess if it is treated
a8 an integral part of the total project management system.

3.3.2 Munctions of PMIS
The essential functions of a PMIS are to generate, tunlmif,
process, transform, store, retrieve and display meaningful informe-
tion conocerning a project; in particulars:
8) To develop plans, schedules and standards against which
later on projeot execution ean be measured;
b) To provide useful information ooncerning what is tc be done
and when each action should be taken, to0 all comtributers
to the project;




c) To generats and extrect from the fisld all essential progress
informetion;

d) To treansmit the field information to the project management
offios;

e) To verify, analyse, oompars and wnthniu' this information
t0 obtain meaningful summaries, lists, grephs, tables and
other suitable displays upon whioh stgnificant oonclusions
oan be drawn and sound decisions taken;

f) To ocomvey the processsd and rsduced management information
%0 the concsrned management bodiss and projsot staff, and
40 ensure that the information is assimilated by the
recipients;

g) To reviss and/or re-develop, upon appropriats management
decisions, the project plans and standardsj

h) To oonvey the revived information to all project cemtributers;

1) To sisulate and analyse altermmative projeot management
decisions under consideration.

3.3.3 Congtituents of s P(S
The aforementioned functions lead to the major constituents of
s RIS
o) Peaale
=.Jmplements
-« Operats;
= Use results.
®) Polisies -
= Bnabling establishment of MNIS;
« Enforoing required discipline 4o maiatain and operate.
©) [Precedires
-~ Planning;
- Data preparation, colleotion;
= Data prooessing: Nenual
Computer-based;
= Date display;
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= Project evaluat ion;

- Contact management ;

- S8imulation and analysis,
a) Tacilities

- Office;

= Data processing;

= Project control room.

3.4 tion for PMIS ign and lementati

The development, design and implementaticn of a PNIS has presented
BaRy prodblems. The sige, oomplexity and decentralisation of today's
industrial projects demand a systematic approach to the problem of
management information and data handling. The individual methods
of phased project planning, network analysis, work package cost
oontrol, etc., must be integrated, together with the human being into
& comprehensive system - the PMIS. The difficulties in PMIS do not
80 muoh lie in the technjeal design and development, but in the
implementation. Good and thorough human engineering is the orucial
faotor that makes or breaks a PMIS. The humen faotor must be
adeguately considered, in the design as well as in the implementation.
The most sophisticated information proceasing facilities and software
are worthless if people cannot or do not want to use them offectively,

In the following sections, these concepts are illustrated in a
prectical manner using a typical industrial development project as
& vehicle. As demonstrated by this example, a useful PMIS ocan be
oompletely manual, and does not depend on advanced oomputer-based
systems. Each organisation implementing a PMIS should progress
from the initial manual procedures to more advanced systems as their

understanding, oapabilities and the complexities of their projects
inorease.
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4. Preparation and Use of Information in Project Initiation

In the following sections a case project is used to illustrate
’ the application of the previously defined initiation stages of a

PMIS as applied to an industrial development project. In reality,
the details of the application of each phase would have to be
determined for the specifio needs of the project in question. The
initial statement of the case prcject, necessary to illustrate the
first few stages up to and including the Project Evaluation Stage,
is defined as follows:

INITIAL STATEMENT OF THE ELECTRIC MOTOR FACTORY CASE PROJECT

"The government of a partioular country is faced with
the idea that it should in the future mass produce
sm~ll electric motors. In order to properly prepare

for the timely mobiligation and organization of the
country's resources, it is necessary to consider all
relevant political, environmental, economic and
technical factors. It is known that in the same
country there alrcady exists an electric motor manu~

facturing facility known as the ODINU Manufacturing
Compeny."

4.1 lication of the Initiation Stages to the Electric Motor
acto ase Project

4.1.1 Identification of Project Idea ‘Prelimiw Mnil! Stage
The higher government authorities who have developed the idea

that an Electric Motor Pactory should be built must oonfirm the
initial needs, analyse those needs and state the requirements. Re-
quirements to be considered includes
- Mdiu requirements and plans;
- Speoification of produotion plans (types of produots, number
of units, production rate, price, manufacturing cost, evec.);
- Pormulation of the manufacturing processes (flowdiagrams,
charts, etc.);
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=~ Flnance (funds required, sources, terma)s
= Technical and economio requirements;

~ Resources (manpower, materinla);

= Schedules.

4.1.2 Preliminary Selection Stage
The State Planning Board shall consider the results of the
"Mentification of Project Iden (Preliminary Analyeie) Stage" and
turn those notional plens into alternative concepts. Development of
alternatives and their resulting edvantages ~nd disadvantages oould
be presented as follows: |
4.1.2.1 Alternative A
Expansion of the existing main plant of the ODINU
Manufacturing Company at $1.5 million within 18 monthe
from final decision to implementation,
dvantages:
1) Effective utilizetion of exicting organization
and facilities;
2) Capitalization on larger labour supply and use

of present local personnel to train new manu-
facturing operators;

3) Easy transportation of raw materials, components
and finished products from and to market;

4) No energy problem.

Disadvantgggs:

1) Over-conoentration of industry in an already well-
developed city;

2) Purther aggravation of local traffio and housing
problems;

3) Building, pollution ang other restrictions.

The involved company would prefer this solution because
of the advantnges listed,
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4.1.2.2 Alternative B
Construction of a new plant in a smell, less-developed
town, 300 kilcmeters from hore plant at 32.0 million and
within 20 months from fina! ~-~isimm.
Advantagen:
1) Aesists in Gevuloping o nes region of the country;
2) Overcomes dissdvantages related to overcrowding,
traffic, housing, etc.;
3) Provides jobs for n growing population in new
location;
4) Easy introduction of new manufacturing techniques,
methods, processes, etc., and labour practices.

1) Separation from home plant; ocommnication and
transportation problems as well as increased
overhead cost ror factory management;

2) Possible rivalry between the two plants;

3) HNigher investmont cost and shortage of experienced
labour;

4) Slightly longer time period to complete the project.

The 8tate Planning Board prefers this solution because
1t would expand the geograph!- industrial development bese
at relatively low ccui.

4.1.3 lunibilimgomlg‘ionl Stage
Ir. the feasibility etudy stage, it is necessary to further

anclyse the alternatives to sufficient detail in order to permit a
sound seleotion of one alternmative during the next phase. Eleaents
of the analyeis inoclude the following itcms
~ Establishment of evaluation oriteria and weighting factors
(e.g. environmental, technioal, ecomomic and social, eto.)}
= Performing cost versus benefit analyses;
- Operations research studies if necessary (simulation, linear

programing, etc.);




- Development of rough, preliminary breakdown of the project

elements;

~ Development of bar chart schedules into rough, preliminary
network plens vsing cstrblished networking procedures (PPS,
CPM, etc.) covering =11 future steges including production
stari-up;

- Development of preliminary cost plansg

= Verification of financing sources, terms and conditions for
each alternative;

- Clarification of the availability of pro ject resources;

- Evaluation and assessment of the nlternatives based on the
established criteria.

4:.1.4 Post Fensibility Evaluation (Evaluation and Decision) Stage
In oontinuing the discussion of the Electrio Motor Factory

Case Project, the higher government authorities shall consider the
results of the "Feasibility (Formulation) Stage" and in joint con-
sultation with all relevant decision-making bodies select the most
suitable alternative. Items to be considered in this phase include:
= Distribution of the project study report with decision guide-

lines to all concerned;

~ Coneideration of the project study report in detail;

~ Conducting meetings with relevant decision-making bodies for
finel selection and edopticn;

- Meking final selection of the zltermative and obtaining the
heceesary apprcvals to proceed with the project implementation.

4.2 Practical Differences between Project Initiation Stages and
Implementation Stages

While the project initiation stages in thie example oould be
organiged systematicelly in a sequential time dependent manner, it

is not necessacrily feasible for all the stages of project imple~
mentation. In Pigure 1 the steges for project implementation were
depioted as being sequential in nature because it is convenient and
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practieal to think in this context ahout the tasks to be ocarried out.
In praotice the stages sometimes overlop or are not continuous in
time; therefore, it is not alway: possible to apply the stoged
implementation approcoh in z strict manner. 1In reading the
following sections concerning the ~ppliocation of systematic project
management concepts to the impiementation phase cf the Eleotric
Motor Pactory Case Project, the reader should note the difference
between practice and theory relative to the use of the time phased
ooncepts previously presented.

4.3 TRelationship of the Project Organization to the Project Environment
When the decision is made to proceed with implementrtion, a

project orgeanigation must be established under the direction of a
Project Manager (or Leader). This orgenization must related te all
appropriate ngencies of the government. These relationships define
the orgmnisational project environment. The project environment for
the oase project is shown in Figure 4
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5. Preparation and Use of Information in Project Implementation

5.1 Preparing and Using Information for the Electric Motor Factory
Case Project

Many types of information are needed to implement industrial
development projeots. The requirement in this regard is to prepare
and use this information in a systematic way, to assure that the
project will aohieve its technical objectives within planned cost, and

as close as possible to original schedule.

In this section of the document the Electric Motor Factory
Projeot will be used to illustrate the preparation and use of the
needed information. The approach which is illustrated is systematic
in nature, and later sections of the doocument will describe the
flow of this information in systematic terms,

5.1.1 Start-Up of Project Implementation
The Board of Directors of the ODINU Manufacturing Company decided

1o proceed with implementation of the Eleotric Motor Factory Projeot

following receipt of all necessary governmental and other approvals.

1) A shortage of qualified labour exists in the small oity
where the new plant will be located. This may require
special actions and approvals of the Ministry of Labour
and possibly the State Planning Board.

2) An Intermational lMonetary Conference is scheduled to be
held eight months from the day of the board meeiing. The
rates of exchange are expected to shift dramatiocally
after this Conference. Therefore, it is extremely
important that all contracts be signed and approved, and
production equipment ordered, prior to- this Conference.

" If more detailed planning of the implementation stage
indiocates that this oan not be achieved, the Board of
Direoctors has resclved that the project will be deforred
until after the Monetary Conference and re-evaluated at
that time before initiating its implementation.




The organization of the ODINU Manufacturing Company is shown
in Pigure 5. On the day of the decision to proceed with implementa-
tion, ODINU'a Managing Director appointed Mr. Clay as a full-time
Project Manager for the new Electric Motor Factory Prcject He was
assigned the responsibility for the project. 1In a meeting with the
new Project Manager and all ODINU Department Directors and Managere,
the Managing Director atated:

"This Electric Motor Factory Project is very important

to both the ODINU Manufacturing Company and our national
economy. We have received approval of our financing
because the electric motors we will produce will be
exported, under agreements made by the Government, and
this will be an important factor in our national
industrial development programme. This will increase
the annual sales of ODINU by 50 per cent,

"Im carryin: out his responsibilities as Projeot Manager,
Mr. Clay will have my authority with regard to pro ject
matters. If there is any conflict with other assignments
within the functional departments whieh MNr. Clay cannot
resolve, I will meet with him and the concerned Department
Director to determine what decision is necessary

"There will be many outside influences on the project

whioh neither ir. Cley nor I can ocentrol. But we have
decided that, in spite of these uncertainties, we must

plan and control the implementation of this project very
systematically. Por exanple, it is imperative that we

have all contracts approved for oonstruotion and equipment
prior to the International Monetary Conference to be held
eight months fron now. If it appears that we cannot achieve
that milestone, then we will postpone all work on the

project until the effects of the Monetary Conference are
known. " ‘
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Hr. Clay set up his Project Office within the next few days and
two project specialists were assigned to this office tc assist him
with the project planning, schedu) ing and control work.

5.1.2 The Information Needed for Project Implumentation
The information needed fo: project implementation consists of
seven major types:
1) Project Pinancing Information
a) Project Finencial Plan;
b) Progress reporting and document oontrol.

2) Information Defining Project Scope and Breakdown
a) Project structure and scope;

b) Responsible and performing orgenization.

3) Project Action Planning and Control Information
a) Master plans and Schedules;

b) Task work statements and action plans;
©) Task schedules;
d) Progress reporting,

4) Resource Planning and Budgeting Information
a) Manpower and cost estimates;
b) Monpower and cost budgets.

5) Contracting, Vork Author‘zation end Resourcs Control
Information ~

8) Contracts and work ordere;
b) Expenditure records;
¢) Work and resource ( funds, manpower) control informatiom.

6) "Product” Informetion
a) Desoriptions, drewings and specifiocations;
b) "Product" control information.

7) Eavirommental Information

Each of the seven types of information will be'illustrated in

the following paragraphs using the Electric Motor Factory Project. (It
18 of interest to note that each of these seven information categories
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may be considered to be a module of a Project Manegement Information
Systen. )

5.1.3 Project Finanoing Inf rmation
a) PMinanocial Plan

The financial plan for the project developed during the project
initiation phase is revised as required, covering ell costs throughout
the period of project implementation. It inoludes identifying and

synchronising the various sources of funds, the use of each category
of funds, and the means of repayment.

b) Progress Reporting and Document Control
All doouments needed to obtain release of funds and ocontrol,

their movement and disbursement are prepared and maintained. Examples

of these doouments are not presented here for the case project
because of their complexities.

5.1.4 Information Defining Project Soope and Breakdown
a) Project Structure
What is needed here is a systematic, understandable and useful
definition of the project. This information is prepared in the form
of a project breakdown struoture (PWS), which includes all elements

of the project regardless of responsibility. Figure & shows the
results of this planning step for the Electric Motor Factory Project.
In this case, there are five comp nents at level tw, 17 elements at
level three and 26 sub-elemcnts or major tasks at level four. PMPurther
definition of the projeot oould be oarried out, resulting in the
identifiocation of additional elements (especially at level four).

It should be noted that this is not an organisation structure,
but rether a logiocal breakdown of the natural parts of the project
t0 the point where manageable tasks have been defined. It is important
4o inolude all aspeots of the project, regardless of whioh crgmnisation
will have responsibility for the work. In actual prectice, more
detailed descriptions of each slement would usually be prepared.
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(Project)
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Level 2(Ma,jor

' Electric
Motor

turing
Feotory

Project |

Level 4
(Major Tasks)

Project Level 3
| Components) __(Project Elements)
| AP fect Flnanoing. 1
' R a— .
.y Project }’__
Management !
Project Plarwing and t

Control

—
—t
Aoquisition” " T

i

» e e~ cumt

Manufao- +“ Faotory

Facility F?thryg}dlﬂdi_n_g_ _ t

— ——
—MDesign Documents

Menagement
~-{0rgenizetion
“IProduct Shipment |

anufacturing o
erations '

1.

Aandectiring PIan ~ |
—AProduct SpeciTIo ationd
—fTooling

Off-Site Utilities |-

APactory Bquipment |-

~HOperating Porsonnei |-

~r ‘aFinancial Plan

JFunding Documents

3Define Project Scope and
Breakdown

HProject Action Planning
and Control

-PResov 'ce Planning and

Bud,reting

P Contracting, Work Authoriza-
tion and ftesource Control

H'""Product” Information

~Environmental Information

Telecommunications
»Access Roads

»Electrical Power
EWat ar

dInstallation
Commissioning

Operating and Maintenance

EProcurement
Manuals and Reports

ite Preparation
oundations

Structure

Elcctrical
eating, Ventilating nnd
Air Conditioning

-¥'urnishings
As Built Drawings
seneral Plant Layout
roduction Layout
-Architeetural Desi
LsEquipment Specifications

sllecruiting
L»Training

(Xrganization

"Eﬁrocedures and Manuals

ersonnel

ﬁo&ueﬁ Vateriels ‘ JRaw Materials
d Paris | rta

(Not all level 4 tasks are
defined in this example.)

Pigure 6. Definition of Electric Motor Fectory Project
(Using a Project Breakdown Structure)
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b) Responsible and Performing Organizations
In addition to the departments identified in Figure 5,

"Crganization Structure of ODINU !"anufacturing Conpany', many outside
organigations will be involved in *he project implem-ntation actions.
These organizations were identified in Figure 4 (page 28). A
systematic way of showing how all of these orgeanizations are related
to the various elements of the project will produce significant
benefits. This is accomplished by relating the organizations to

the project breakdown atructure shown in Pigure 6. The result,
partially illustrated, is presented in Figure 7, "Identification of
Responsible and Performing Organization and Project Team llembers".

Each individual who is charged with carrying cut a task or
group of tasks is considered to be a Project Team iember, regardless
of the organigation to which he belongs. The Project Manager aocts
as the "Team Captain' to plan and co-ordinate the work of all team

members so that the project is successful.

In practice, specific names of every organization and project
team member would be entered on the project breakdown ohart. This
chart is reviewed during its preparation by all these pergons. A
ma jor benefit derived from this step is the conveying tc every
Project Team Member of a full understanding of the project scope
and his specific responsibility ir relation to the c*“her team members.

5.1.5 Project Action P.anning and Control Information

a) Master Plan and Schedule

Using the project breakdown structure and the information
contained in the Project Feasibility Study, the Project Master Plan
and Schedule is prepared. PFigure 3 illustrates the result of this
step. The project breakdown astructure is on the left side of the
ohart, inocluding level-three elements, and the level-four tasks are
shown Yy the bars, indicating the scheduled duration of each. The
Project Manager must actively direct this planning effort in order
to balance out the confliocting time requirements to carry out each

ma jor project element.
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Figure 7. Identification of Responsible and Performing

Organization and Projeot Team Members
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The milestones shown in Figure 8 are important elements of the .

plan. A milestone is o Jesignation given +c the occurrence of an '
evant of particular importance to *he project. Some milestones may
be of greater significauc. tran - xx T Figure ° nine "eveoutive
level" milestones are identified, plus 24 "projeoct level" milestones.
One of the execuiive level r.jlestones, 'Internatioral Honetary Con-

ference'", is completely outside *he project, but it is important to

include this eveni in tie prnjec’ nastor plan o5 previously explained.

In the more deteiled task nlans {discussed later) additional “task
level” milestones will be identified and defined. The special
importance and uses of milestones are more fully disoussed in
Section 6 of this docuwaent.

The Project Master Plan and Schedule rmuat poriray all elements
and taslta in the oroject, their kay inter-relationships and all
important decision, a proval and authorization events. The initial
Master Plan and Schedule is a target which will be confirmed as
detailed task plans and schedules are established, and major contracts
are approved by boih parties. Uhea cetailed planning is complete,
the Project liaster Plan and Schedule becomes & fixed target which
can be changed only by decision of the Project Manager or higher
authority. '

b) Tesk Work Statemen‘s and Action Planc,
For each task defincd at the ©:uien levcl of tl.< project break-

down structure for planning and ccn*rel purposes, a Task Work Statement |

is prepared. This is a brief oul complete sfatement' of what is %o be
accomplished by the task and identifying: |

1) Its higher level 'parent' element of the project breakdown

structure;

2) Responsible and performing orgenisations and individuals;

3) Work statement;

4) Inputs or pre-requisites required to st,ar;ﬁ the work;

5) Specific results to be produced;

6) Target scheduled start end completion milestone event dates,
if kuowa. ' '
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Figure 9 presents an example of a Work Statement for one task within
the case example project.

An Action Plan for each task is prepared, reflecting the infor-
mation contained in the Project Master Plan and Schedule and the
Task Work Statement. These action plans may take the form of bar
charts or network diagrams, as suited to the complexity of the task
and the overall project. If network plans are used, the task may
appear as a group of activities in the project network plan. OCr,
for large or complex tasks such as the building construction in the

case project, a separate sub-network may be prepared.

Figure 10 shows the portion of the detailed projcot network plan
related to the task described in Figure 9. The overall project net-
work plan incorporates all milestones shown on the Project Master
Plan and Schedule, plus additional task level milestones, and shows
the chronological sequences of more detailed activities and events
for all tasks, including inter-relationships and time constraints
between tasks.

¢) York Schedules
Analysis of the overall project network plan (if needed due to

the complexity of the project) will show predicted start and com-
pletion times (dates) for all activities of each task. In most
cases, replanning is required to cseure that the preiicted times
agree with the desired sohedule. In some cases, re-scheduling of

the taske or even the project is required. (Fxtensive literature

is available describing planning and soheduling with network plans.)
After analysis and consideration of all faotors, a firm Task Schedule
is established, with dates for every task milestone as well as the
start and finish dates of each activity. This is then communicated
to the persons performing the work.

d) Progress Reporting
At regular intervals, usually weekly in the early stages of

projeot implementation and fortnightly or monthly in later stages,
sach responsible person reports his actual progress for comparison
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TASK WORK STATEMINT

PROJECT: Electric Motor Mamufacturing Factory Project

PARENT PROJECT ELEMENTS: Design Documents (level 3)
Factory Facilities (level 2)

TASK: Prepare Factory Production Layout Plan

RESPONSIBLE: ODINU Plan Engineering Department, Mr. A.,
Department Manager

PERFORMING: ODINU Plant Engineering Department, Mr. B.,
Industrial Engineer

WORK STATEMENT:

Prepare a detailed, 1 to 50 scale layout of the
production machinery, storage, and all work areas for the
factory, to produce the type and quantity of electric motors
specified in the Project Feasibility Study.

INFORMATION INPUTS REQUIRED TO START WORK:
1. Preliminary factory layout

2. Type and quantity of electric From Project
motors to be produced Foasibility Study

3. Preliminary equipment specifications

RESULTS TO BE PRODUCED:
1. Detailed production iayout, 1 to 50 scale
2. List of production equipment iteme required
3. Special requirements for electrical power, etc.

SCHEDULED DATES:
Start: 2 January 1973
Complete: 16 January 1973

Rigure 9. Example of a Task Work Statement




straint from project
mt slement

t
: Prepare layout

| fabrication area
'

1Collect
Y/ | required

1 infor=
mnation
(3 dayn

Release and distridbrute
(1 day)

Deterwmine

(4 .W') special olntrtul and

Prepare
14is¢ of eguipaent
(1 eay) ’

Bvent
Aotivity

A

Por parallel activities with oommon cm=-=P Dy
“nm-c-nmuumo- \ 4 Project Level Nilestone
mes

" nn:;:z to add dummy activities V Task Level Rilestems

Aotivity

Start Bveat Bvent
Activity
Description
Aotivity durati
Bveat Jusber

Y = Lero tine astivity | =

0. Task Aotion Man
Segaent of ProJ %X Flaa for Pectory Production Layout




- 42 -

to the plan and schedule. This is done by reporting:
1) Work Accomplished: Activities completed (with date of
completion);

2) Work in Progzress: Time required to complete¢ in-progress
activities:
3) Future York: Any changes in duration, Adefinition or
. sequcnce of future activities, reflecting additional
knowledge ncquired ."during“.the work to date.

These three steps require some further explanation. In the first
step, the responsible persdn decides which, if any, of.tha activities
" (as shown on the Tnsk Plan, for example, "Collect required informa-
tion" in Figure 10) has. been completed on or before the "Statue Date'.
(The "Status Dam" is the effective date of the up-dpting of the

plan and collection of all required information )

In the second step, the status is reported of all activities
which have been startel but are not yet completed. The most vital
.1nfoma:tion ia mt the 'percentoge complete" which is frequently
emphasised, 'but ratner is the amount of time required to complete

esoh activity now is progress. In estimating this time to complete,
the Project Team Member must be realistic, and base his estimatt n-
the rate of progress made to date and with available resources under
the curreni conditions. If he use:; a higher rate of progrecs, thoro
must he some justificotion for this, such as additional peOplo
assigned to the activity. ' .

The third cstep in vrogress reporting is to look ahead 4im the
plan, to the axtent feasible, and to decide whether any changes to
the plan should be made beoause of new information or improved

understanding of the project. If major changes are required which may

affect other tesks or the overall project, they must be integrated
and analyzed by the Project Manager to determine their overall
offect prior to approval and re-scheduling of tasks,
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5.1,6 Resource Plenning and Dudgeting Information

. ' a)' Manpower and Cost Estimate

Using the Task Work Statement (Figure 9) and the Task Schedule,
the responsible Project Team IHembu: plans wnd estimrtos the resources
(funds, skilled manpower, etc.) needed to carry cut the tack.

b) Menpower and Cost Budget

Upoﬁ review and approval by the Project Mnne,ger, a firm Task
Budget is set for the task, Figure 11 shows this information for
the Pactory Production Layout Task.

5.1.7 Contracting, Work Authorization and Resource Control
Information

a) Woik Orders and Contracts

In this step, the information previously cdeveloped is ocontained
in Work Orders and Contracts. A Work Order is an internal company
document authorizing the expenditure of funds, labour, meterials and
other resources required to accomplish a specific task. It usually
oontains: ,

1) Task Work Stetement (information es showm in Pigure 9);
" 2) Task Milestone Event Schedule (from the Task Schedule)s
'3) Summary of the Task Budget (from Figurs 11);
4) Approving, authorizing and accepting signatures:
~ Projeot Teom Hember (responsible person);
= Funotional Department ! noger;

- Project Mano.zer.

‘Por the Eleotric lotor Factory Project, Work Orders were issued
for the following taska:

1) Development of project finanoing information;

2) Development of project planning and oontrol information;

3) Preparetion of general plant layout;

4) Preparation of factory production layout

S) Preparation of equipment speoifications;

6) Preparetion of product specifications;

7) 1ssuance of contraats;

T I U o L T o L
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8) Preparation of personnel plan;

9) Recruitment and training of personnel;
10) Fstablishment of factory organization;
11) Development of nanufociuiiug plan;

12) Specifying or designing of tooling;
13) Procurement of materials and parts;
14) Manufacturing of initial production lot;
15) Shipment of initiel production lot.

Contracts are required for formally authorizing the execution
of major tasks to be performed by organizations outside the company.
For the case project, contracts were prepared, reviewed, approved
and issued, based on the Task !Jork 3tatement and Budgets established
fors

1) Site survey:

2) Site aoquisition (land purchase);

3) Architectural design:

4) Bullding construction;

5) Production equipment procurement;

£) Tooling procurement;

7) Production equipment installetion;

3) Off-site utilitiem construction:

9) Production materiels sand parts procurement.

b) Expenditure Recorus
Each week, for internal tasks in progress and for tasks under
oontract, the actual expenditurec of funds and oritical resources
are reported and recorded. As & simple illustration, for the Pactory
Production Layout Task, this information would appear as follows:

Work Day 12 3 4 5 .~

Budgeted Manpower 1 2 2 3 3 (from Figure 11)

Actual Manpower 1 1 1 2 3 (reported by responsible
Dxpended Pro ject Team Member)

Mfforenooy -l <] <} 3 man days below hudget

2/ (=) means underspent; (+) means overspent.
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Similar information can “e prepared foi the related cost of labour

and other resources ae weil.

c) Control Informeti a
1) Task Control

- e

The above comparison of actual expenditure with the budget
generates valuable control inforuatiion. In the axemple uied, the
expenditure is three man-days below budget This immediately raises
the question whether or not the trsk is falling behind achedule as
a result. The physical progress veport (described earlier in para-
graph 5.1.5=d) will indicate vhich ~f the activities in the task
plan and schedule have been completed, when they were completed and
what the remaining duration is for the in-progress activities.
Using the network from Figure 11, the effecf of actual progress on
the future plan becomes evident; zs shown in Figure 12. In this
case, the entire task will he delayed by one work day, apparently

as a resnult o the three ran-day sinn.tage of the manpower expenditure.

2) Iroject fontrol

Pigure 13 illustrates how each task bulget ig associated :ith
the task schedule. Cost at completion of each task is forecast by
edding the expeaditurcs to date to the reviszed (up-dated) estimate

to complete.

Sumn vriee of this inforuetic  can be made for ach higher level
"parent'' element in the Project Breakdown Siructure (a level-two
component is the summary of its related level-three elements). For
example, all tasks within the "Design Documents" element at level
three are summarized for that elemeni. Subsequently, all level=
three elements for "Factory Facility" can be sunmarized. Pinally,
all level-two elements are summerized to produce the overall project
total, as represented in Figure 13. Reporting of task informatiom

to the Project Menager and higher levels is discussed in Seotion 6,
which describes control methods for use by the Project lanager,
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Status Qte
2 }) 4

5 6 7

1) Delayed for two work aays. .
2) Delayed for ome work day and has become critical.
3) Delayed for one work day and rotained’ oritiocability.

RZigire 12. Progress Related to the Plan and Schedule
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Figure 1} illustrates that a 3 per cent cost overrun is pre-
dicted for the project and a drlay of several weeks, based on the
status as of the twelfth month of the project The task of the

Project Manager, in exeriing effe.tive control of Lis procject, is

to find ways to reduce selec*ed budgets for future tasks and shorten
the time required in order tc recover the predicted cost overrun and
schedule delay. A technique to assist the Project llanager in
evaluating overrun (or underrun) situastions is discussed under
"Value of Vork Analysis"' in Section 6

5.1.8 "Product“;/ Information

a) Descriptions and Specifications

The case prcject will produce the fcllowing primary end

resultss

1)
2)
3)

A)
5)

An operating factory, including site, building, equipment,
materials, tocls and operating manuals;

Access roads, water, electrical and telecommuniocation
facilities;

A management crganization, including personnel and
procedures;

Trained operating personnel;

One lot of finished electric motors (the first production
lot).

Information regarding these goneral products would includes

1)

2)

3)

All drawings, site plans, specifiocations, contracts, etc.,
related to the physical facilities:

Management charts, records, policies and procedures related
to the operation and management of the factory;

Personmnel records;

}/ The

word "product” is used here in a very broad, general sense.

It refers to all products or results to be produced through
execution of The project. Such products usually include
documents, facilities, buildings, equipment, materials, services,
training, software, organizations, consumable products, etoc.
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4) Specifications, drawings, inspection records, etc., for the
finished electric motors and the materials ang components
used in their manufacture,

In addition to these end item products, a number of intermediate
products of the project are created. These include:

1) Management plans ang schedules;

2) Pinancial plans;

3) Punding documents;

4) Preliminary factory and equipment specifications and

drawings;
5) Temporary facilities;
6) Model and prototype electric motors,

Information regarding thess intermediate results should be collected
and maintained.

b) "Product” Control Information

For each of the itoms identifieq above, careful control of
ohanges in specifications, contract terias ang conditione, budgets
plans and schedules must be axercised. Tach proposed change muat be
reviewed anq approved prior to its incorporaticn, An accurate
reoord of each authorizeqd changse 1s required This is sapecially
important with regard to changes affecting tasks under contract,
since suck changes invariably men rate significant iicreases in
contract costs.

For example, in the case project, if the company decides to change
$he faotory production layout after the conatruction contravt is
awarded, this would require:

1) Revision of the architeotural plane, at additional oost;

2) Revision of the construction contrector's cost estimate,

plans and Schedules, at additional cost;

3) Revision of the construction contract;

4) Delay in project oompletion due to: -

= Legitimate effect of the design change;




-~ Absorption of the contractor’'s own delays under the guiee
of the design ohange delay; thie removee any pcesibility
of the Project Manager foroing the oontractor to accelerate
his work to recover such delays.

Complete records must also be maintained of changes and delays caused
by outside foroee (strikes, natural disasters, fires, force majeure,
otc.). All this information is vital to prevent disputes or to
prepare for legsl proceedings when they aries.

Por the factory building itself, in the caee project, an
important element of information of this type is a set of "as=-dbuilt"
dravings, showing all changes, whether design revision or field
changes to overcome design deficiencies, in order to have an acourate
record of how the building was actually oonstructed. Pailure to
prepare such "as-built" drawings often cauees great difficultiee in
future maintenance or plant expansion.

5.1.9 BEnvironmental Information

Por the case project, this would include all availadble
information from and about the conoerned ministries, oontrectors,
suppliers, eto., as well as genersl information on the labdbour
situation at the fuotory location, the market for electrio motors,
ocurrent finanoial markets for funds and eimilar items.

5.2 e Jlows o tion ing Project I tat

Section 5.1 dealt with categories of information needed during
project implementation. It is now necessary to comsider the
goneration of information flows to identify the type of information
with the appropriate level of management and the specifio point in
time during implementation at which the flows ocour.

Pigure 14 shows the projeot management information flows during
the implementation phase. Information from the field (project work

performed) is passed for storage in information files and then analysed.
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If the volume of information is large, this process may be com-
puteriged with advantage. Directives, corrective action or other
modifications are fed to the task leaders for implementation in the
field. At the task l=vel there are also external bodies that can

be equated with task leader, ¢.g. contractors and suppliers. However,
for these bodies, information may flow in both directions at the
lower levels, the task level and directly at project management
level. 1In the first two cases, the data may be processed as
desoribed above but this is not necessarily so. Conventionally,

the functions of information preparation, collection and retrieval,
analysis, the projeot level decision-making body (project management
team or project manager) and the field data mource are collectively
known as the Project Management Information System {PMIS). The
funotione of field work performed, operational control decisions
(Task Leaders) and the project management decisions form the Projeot
Management Control System (PMCS).

5.2.2 Identificetion with Hanagement Levels

The quantity of information to be provided to each decision-

maker depends on his needs. However, it is also related to the

relative position of the decision-maker in the hierarchy of the b
decision environment In general the functions of management are

oconsidered to be planning, control and cperations.

5.2.3 Specific Times Wnen fnformation Flows Occur

Figure 8 shows the milestone events of the Project Master Plan |
and Schedule. Information at the project level milestones will be ‘ ?
acted upon by the Project Manager and only if serious overrun of
oost, time or resources is involved will decisions at executive
level be involved.

Superimposed upon the milestone oontrol concept is the routine
projeot up-dating procedure at time intervals. This need not be
constant time intervals, indeed it im probable that atcoritical stages
during project implementation frequent up-dating will be called for
whereas at other stages monthly up-dating will be adequate. At routine
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or regular up-dates, the Project Manager will receive reports from
the field via the information filing ang analysis functions of the
PMIS. Exception renorts to cxecutive leyel will be generated only
if overrun ig Serious and propleme sre imminent op likely to occur.
Contractors ang other related organizations are to be contacted at
routine up-dates.

The above information floys are predictable ang pre-defined
at the Planning stage either as milestones or ag part of the up-date
sohedule, However, Superiinposed on thig Bcheme is the random input
of informatior from interrelated orgenizations. gt executive level,
this coulq result in coneiderable revision of project plans. In the

case of the ODINU Electric Motor Factory Project. Some of these
organizations will he in direct contact with the Pro ject Maneger or
a member of hig team, ang implications in terms of deviations from
the project master plan will be dealt with at his level for minor
mcdifications, They will be referred to the ODINU Manufacturing
Company's Board of Directors when a major change of plan is involveq,

Other inputs for higher level consideration will be conducted
by a Specifically assigned Director from ODINU Manufacturing Company
and, possibly aftep a full Boarg m2eting, the instructions for a
ma jor project plan revision(in tjpe eXtreme ¢aze POssibly an aban-
donment of the entire project) will bhe passed to the Pro ject Manager
for exeoutic..

In order to relate information requirements to management
levels, a brier description of the latter together with their main
functions seeme appropriate.

1) Exeoutive level deals mainly with policy making and

sirategioc Planning; thig activity involves Betting objectives and
determining resources to be applied to the project. The decisions
involved ocour gt irregular times and the inputs required are usually
staft studies ang external factors in addition to internal reports




related to achievements. Thre information syateme here are c¢f the
inquiry nature and simulation is frequertly used.

2) Project Lovel is management centrol and as such will

involve allocation of wusnurcec *1 'asks, recrnring norformance and

executing control., The decisions involved are rhythmic, i.e. quarterly,

monthly, fortnightly or weekly, anu .he inputs are usually summarics
of operating data with internal perspective. The output of the
information system is either decisions or a set of procedures,

3) Task Level is field or operating control and involves
using the resources to carry out tasks in conformity with rules., It
is concerned with internal events and transactions. The information
systom suitable hLere is fixed procedures, zonorete and formal. The
output of such information system is Action.

Various levels of managsment and numerous interrelationships
among firms and agencies necessitnte various network plans:

1) Detailed or operating level network plans at the operating
level when all details are required within the project or a fragment
of a project (Project Analyst)-

2) Integrated network plan, used to combine into one com—
prehensive network all events in the entire project (Middle Manage-
ment and Project Manager);

3) Condensed or summary network plan: Detailed networks
contain too much operating data. .. summary or condensed network
eliminates much of the detail Yet retains the nilestones of major
significance to top munegeren*

Figure 15 illustrates these relationships.
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6. Methods for Control of Project Implementation

This section will describe some of tiie methods that oan be used
for oontrolling project implement: tion. These methods include a set
of formal reports to be prepared periodically. The purpose of these
reports is to summarige and integrate task level information and pre-
sent it to project and higher level management. The objective of thie
periodic reporting is:

1) To provide the project manager with summary level informa-
tion to assist him in his primary responsibility of seeing
that the project is acoomplished on time and within cost
oonstraints;

2) To provide high lavel project status information to the

axecutive levels above the project manager.

Through use of the methods described here, the project manager
can exercise control over the project work being performed at lower
levels as shown in Figure 4, within a contractor's effort, for
example. The methods described here are not intended, however, to
provide the project manager with detailed control techniques to be
used in day-to-day management of the oontractor's ectivity or to
assist the Task Leader in operational control decision (see
Pigure 4). For example, allocation of manpower to speoific tasks
and jobs on a deily basis is seen as the responsibility of the
oontraotor. (Techniques are aveilable to assist the lower level
Task Leader in these kinds of responsibility but are not presented
in this report.) The methods described here are based on summari-
sing the detailed information from the task level to give the
project manager:

1) An assessment of status of the project and its significant

elements (as opposed to eaoh detailed activity);

2) An indication of potential problem areas (again in relation

to signifioant elements, say, project milestones, as
opposed to detailed activities).




To illustrate, in the Case of the OvINy Manufncturing Compa.ny,
the Project manager wijj receive in phig beriodic Teports statyg on
Project milestones, "Building Conntruction Completean being one
example. ye will he Made awgpre Of progress made opn building ocon~

of significant broblems, This summarx information is taken fronm

More detaijeg information from the task leve) which ig pq
the Project Tanager, hyt which ig Reeded ang used gt th
by the Contractor jip day-to-day nanagement The Tagk Leader woul g
have Severa]l intermediate, task leve] in1lestoneg to

=

on building construction, 3uch as;

A% Foundatjop Complet ed;

Structupe Erected;
.\7 External Walls Erected;
X7 Roos Completeq,

\ Plumbing Installeq,

..\_/, Heating ang Electrica Systems Installed;
N7 Interna Walls Bujj,

\ Doorg and Yingoyg Installed;

—

\’ Fm oors Instaly ed;

Y/ Electricy) Outlets sng fixtureg Installeq;
\,: Finigh Work Conpleteq,
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Operation of the control methods will be described here in terms
of three management levels: executive, project and task. The control

methods oan be adjusted to accommcdate more than three levels.

The structure and content of the reports presented here are
offered as suggested possibilities. These can bhe and should be
modified to fit the particular projeot implementation situation. The
report for the project manager prepared on a periodic oacis might
contain the following

6.1 Schedule Analysis

Milestone events will provide the core for sohedule reporting.
As already mentioned, the number of milestone events will vary with
management levels. For example, two project level milestones were
identified for the task "Factory Production Layout' shown in
Figure 8. In addition, task level milestones will be identified
such: as Fabrication Area Layout Completed, Assembly Area Layout
Completed and Storage and liiscellaneous Arecas Layout Completed.
When task level milestone events have heen identified for each of the
tasks in the projeot, the number of task level milestones for the
Electric Motor Manufacturing Factory Project could be on the order
of 200. The total number of project level milestones or major
activities would be about 24 as shown in Figure 8. Of these 24,
nine wovld be of interest for reporting to executive levels.

In order to facilitate the reperting mechanism, a code will be
established for identifying the various reporting levels of milestones
as followss

Associated No. of Nilestones in
!lmgt Level Case Stﬂ Mh
Executive 9
. Projeot 24

‘:;7 Task 200

I R T U

e R AR e ok ebibi T
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related to the various levels of milestones, To illuutrate, 20com=
plishment of the task, "Factory Production quout", would be the
TeBponsibility of the TesSpective mag)k Leader. pje would, therefore,
have the authority ¢ change the 8chedule fop any of the tggk level
milestones Within hig 8COpe ¢f responsibility. However, 4 Schedule
change on either of the two project level milestones associated with
his task woule Tequire the approyal of the projeot manager. (Note
that the 8ignificance of such a Procedure ig enhanced with larger
tasks thap shown in the example, Nonethelesa, the formal recording
of schedule decisiong accomnodated here 1s worthwhile for all Pro jeots,
regardless of size.)

Pigure 16 Suggests a standarq set of symbols 4o be used in the
reporting system. The repoptg brovided to the pro jeot manager to
assist him in schedule analysigs inglyces

1) Milestone Status Chart (Figure 17)

This chart liets all the Project level and exacutive level
milestones and their stetus.  Status 1s indicateq according to the
Bymbols Specified in Fizure 17, Status information for this report
comes from the detaileq Schedule systen (planning network, fop
example). The Purpose of this chapt 18 to provide the pro ject
manager with o concise viey of the status of the Project ag Tepresen~
ted by itg more significant milestcnes,

The types of information communioated oan be illustrateq by
examining Figure 17 The milestone "Building Construot;!" was late

task as represented by the darkened Portion. The task remains two
months behing schedule infioateg by the open bar between the darkeneq
portion and the "status date" line. 1The Projeot schedqule has not




Milestones

1. Executive Level (or cutside approval) All symbology following
. applies to all three
Project Level levels but will be
Task Level shown for the procject
2. Scheduled Completion Dute level only as an example.

3. Pirst Schedule Revision
A. Actual Completion Date
5 Rodbheduling Request

6. E-Hest Estimate of Completion Date
(from detail sohedule system)

Activity Bars

Activit; Initistion

Initiation on Scheduls

L-..:[ 3 ' . Late Initiation

[0

Farly Initiation

Status Date

< \ Activity Progrees
Zoward Conplotion
-::5 Aotivity on 3chedule
1 |4
W ] Activity Behind Schedule
)
I{ Activity Ahead of Schedule
R ' B 4
N W Late Initiation - Behind Sohedule
[ ] * Barly Initiation - Ahead of Schedule

Agure 16. Sohedule Symbols
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as shown by the triangle with an "x" inside. The "E¥ gives the best
estimete of milestone completion as indicated from task level

detailed scheduling system (planning network, for example).

2) Schedule Trend Chart (Figare 1B)
The purpose of this chart is to give a quick view of the

hietory and outlock for a fow select milestores of partiocular
interest at the time of the rcport to the projact nanager. On the
chart (Figure 18), the milestone events being considered are shown
at the top of the chart. The person moat closely associated with
accomplishing the particular milestone is listed. The vertical
scale is the project month, the number of ronths from project
initiation. The horizontal scale represents the year in which the
milestone is scheduled for completion (shown in months). The dark
trend line represents ths schedule completion date of the milestone.
(Ae shown, the milestone "Personnel Recruited and Trained” was re-
scheduled at "month 3" of the project. The dashed trend line
represents the best estinate of cempletion calculated from a
detailed schedule system (netwnrk planning, for example). (As shown,
the best ectimate of compleiiou as determined from detailed
schedules has continually roved further away from the original
schedule.)

3) Narrstive Report (Pigure 19)

This report gives u vrie. stuwary deccription uf project status,
potential problems, eto., with a brief anelysie of tasks controlling
completion of the project. It includcs a summary outlook describing
in a few words significant progress, status or problems (related to

milestone events). For example, the building oonstruotion is
behind schedule. This is mentioned along with the fact that there
appears to be no possibility of speeding up the work in order to
complete the building on time. A four-week slip of the schedule is
therefore recommended. The oritical area is also discussed. For
example, although the building ie behind schedule, a more critical
ares is the reoruiting of personnel. This ie noted and the point
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is made that this tas: directly affecte the date at which factory
production shoulq begin, Recommendationg are descriheg along with
8uggested solutiong to problems and critieal areas, The abave

threc reporte must Le considorcq - Wethor te mole an ¢verall schedule
analysis of the project,

6.2 Cost Analzs_g

The reperts provided to the project lenager to ageist in cost
analysig are:

1) Master Financigl Plan LFiggre 20)

This is a graphic Presentation of actyal pProject costs to date,
Planned costs Yor the remaindep of the project, funding raceived to

date ang funding requirements through the remainder of the pro ject
(all identified on chart),

This chart is provided for an overview of the history ang
outlook for the Project!s costs ang fundiry; plan. This plan
oorresponds to the overall budget rlan for the project as shown in
Figure 13, Howover, irp desired by the project manager, the same
Plan coulq pe developed For the individval tagkg as indicated alge
in Pigure 17

2) Cost Trend Analysis ‘Fiﬂr_g_?..‘;)‘

This analysig ig & siiple his Ory and outlook of projected tota]
cost to complete the project. The vertical ascale ig the number of
months from project initiation. The horizonta) Bcale is the pro-
Jected cost of the total project in milliong of dollars. The solid
trend line represents the Projected cost of the total pro ject as
caloulated frop more detaileq analysis including the "value of work
analysis" to pe discussed next . The purpose of this chart ig to
8raphically 3how in one plan the treng of projecteq Cost of the
project for compurison with the approved budget.
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6.3 Mapgower Analysis

The purpose of manpower analysis is to assist in analysing
‘manpower utiligation. A graphic representation of the direct manpower
utiliged on the project and a monthly projection of requirements is
used as shown in Figure 22. The solid vertical bars represent actual
direot manhours charged to the project. The dashed lines represent
the planned manpower levels by month. This report aims at comparing
actual manpower with the manpower plan. Any significant deviations
oan be examined by the project manager in discussion with Tesk

Members.

6.4 Value of Work Analysis

This type of analysie assisis the project manager in correlating
sohedule and cost information and then in evaluating project per-
formance. A value of work index is therefors to be caloulated. The
gensral oconcept of work analysis is based on breaking dowm the total
resources planned for a given project or task and distributing them
among the detailed activities or groups of activities which make up
the work plan. This initial allocaticn takes place prior to project
execution and the resource planned for each activity becomes its

‘value”.

As the project progresses and the performing unit oompletes
activities, it is credited with the predetermined "value" regardless
of aotivity cost. By comparing the actunl cost inourred with the
accumulated "value' for all finished activities and an appropriste
percentage for activities in process, one has a relative measure
of the efficiency with which a performing unit is soccomplishing its
plan. The percentage complete of activities ourrently being worked
on is derived bty comparing the total time planned for an activity
with the time it has been in process.

Should a change inm project scope ocour after the start of
projeot implenentation (i.e. oontrect sodification), a reallocation
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to the uncompleted activities of the difference between the new
estimated cost at completion and the ocurrent acorued cost must be
scoomplished. (This type of analysis is not intended as a standard
requirement for reporting. Optional use where benefits can ve
expected is recommended. Further development and evolution of this
technique is encouraged.)

A simplified situation can be used to show how "value of work"
oan be measured using a milestone system and a correlation of
schedule and cost.data. '

In Figure 23, 200 milestones have been plotted in terms of
planned oost and schedule. As work progresses, actual cost and
sohedule curves can be plotted. At the end of twleve months, the
schedule has slipped 10 milsstones as compared to the plan. By
identifying that point on the schedule plan, i.e. the number of
milsstones scheduled ourve (point a in Figure 23) that compafou
with actual accomplishment, it can be seen that the schedule has
been slipped the equivalent of about one and a half months.

Since the cost plan has a direct relationship to the sohedule
plan (i.e. the budgets for the activities/milestones were summed up
%0 determine the cost plan), it is possible to determine the planned
value of work accomplished (PVWA) by finding point b on the cost
plan that rolates to the work completed. 3y projecting point b
(PYWA) to time now, point c, for the purpose of comparing it with
the other data slements (Planned Value of Work Soheduled and Actual
Cost), the present cost variance can be estimated (i.e. the
différence between PVWA and AC). The sohedule variance oan also be
determined (i.e. the diffsrence between PVWS. and PVWR) .

Using the performance analysis discussed, it is possible to
develop additional trend analyses as illustrated in Figure 24. Thie
chart becomes a part of the report to the project manager to assist
in evaluating project psrformance. The PVWA of %1.25 million is
divided by the Aotual Cost of 41.33 million to obtain a Performance
Index of 90.6 per cent; we determine the Estimated Cost at completion
for this project to be $2.208 milliom.
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without change. For this analysy s to be effoctive, cost data must
be availnble Within a fey days following the close of the acoounting
Period, mn¢, enadbles the cost information to "e related to ourrent
schedul e information on a timely dagyig to ensure meaningfyl analysig,
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7. A Recommended Plan for Achieving Desired Imjzovements in Project
Im[omcnﬁiion

In the preceeding Sections tl.e conceptis of systomatic preparation,
processing and use of informection Zor development project initiation
and implomentation have hbeen described and illustrated. In this
final Section, a recommended plan is presented which outlines the
steps to be taken vo obtain the benefits of adapting these principles
within a developing country. This recommended plan must be rather
general, bLeoause of the widely varying conditions which exist in
various countries. However, the basic steps presentad will apply
40 essentially all conditions; they are recommended to any agency
having & need to improve th: manner in which it carries out
development projects.

7.1 Utiligation of "Project Management System" Concepis
The concept of & "Project Management System' (PS) has heen

presented as a solution to ajor environmental economic and technioal
needs and problems associated with the systematic initiation and
implenentation of industrial development project. Developing
countries in general may find it very difficult to obtain information
and assistance in utilizing the experiences of other industrialized
netions in this regard. In order to assist developing countries
to utilise the PMS mpproach to syciomatic jnitiction and implemen~
tation, UNIDO suggests that government agencies assign an individual
or individuals to investigate the teghniques and applications of the
Projeot Monagement System comcept. This designated individual( 8)
should pursue the following plan of actiont

1) Review available information on Projeot Nenagement Systems.

2) Deterninoc the preliminary feasibility of applying Projeot
Nenagement System conocepis to new or existing developmept projeots.

3) Develop a work plan for applying appropriste elements of
the Project Management System approach to selected projects.

4) Secure approval of the work plan from the appropriate
suthorities in the government agencies.
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5) Determine the typos
utilige Project Nanagement Sy

6) Obtain the informati
& Projact Management System,

7) Apply Projeet Mansgement System ooncents o development
Projects,

and levels of assistange required to

stem Concepts,

on ard assistance required to utilize

and applioability of Pro jeot

*oach to systematio initiation

8 Meen providing areigt

ance to deveIOping countrieg
of project Management systems, UNTIDO is Prepared to
assist developing couniries in 13

0
particular assistance ip the folloy

T the nbove 8teps and can be of

ing aresg:
1) Assessing the types ond 1e

els of assistance required to
meet the different circunstances an

Needs of indiviqual countries;
2) Identifying Sources of Project Menagement System informa-
tion;

v
d

3) Identifyin, available prg Services for potp manual and
Computerized systens:

4) Identifyin,

oand discussing 8imile,
countries;

T applioationg in other

5) Identifying soyp

6) Conducting UNIDO
and Seminars;

ces for prs training pro

grammes;
3ponsored pMg

workehops, trnining Programmes

7 Orgonising ang
deveIOping countrjes;

8) Organizing ang directing tochnicn) 288i5tance projeots in
dcveIOping countries;

9) Providing technical ang applioqtion-oriontod doounents on
Project Management Systems.
It showg be noteq that

ormation to exeoutives,
Personne]

Such training 1s

oriented toward three
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levels of instruction relative to the knowledge levels of awareness,
understonding and skill. Training is directed to each of the
PMS phases defined for initiation and implementation of industrial

developrent projects. Included in such training programmes are
{nstructions for thc utilization of the following modules of a
Project Management Informetion System (PMIS):

1) Pre-Investment Module;

2) Pinencial Module;

3) Project Definition and Scope iodule;

4) Action Planning and Control lodulej

5) Resource Planning ond Budgeting Module;

6) Contracting, York Authorization and Resource Control Module;

7) "Product" Informction lodule;

8) Environmental Informetion Module. i

The above modules provide the bosia for a building block E
approach to the realization of a Project Nanagement Information }
System as discussed in the {ollowing Section. ﬁ

In order to assist developing countrics to obtain the type of

essistance outlined above from UNIDO, a request is shown in

Pigure 25 This rcquest should be completed and returned to UNIDO
by interested agencies, through the Office of the United Nations
Development Programme Resident Rejresentative in the country. UNIDO
will then provide thc requestor with detailed informetion and
assistance relative to his specific needs.
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Diteq Nations Industrin) Dovelopment Ormg ization

Request
fo..

Project Nanagement System Assistance

.__.‘_._‘«‘.

Name of Requestor

Addreps

Officia] Position L —
Description of Industria)] Development Projects

Types of PMS Information Desireq™

Knowl eg_ge T, ovel

_Awercness v Understandi Skill
Exooutive —
Project lenacer —
Technica ! )

’Check Each Box there Inform:.tion is Deeirea

Types of Assistance Desireq

Documentg Experte
W "
(&
’I'raining - PM3 Sorvices

F;m 23. Request Form for Obtaining UNIDO Assistange
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7.2 A Building Block Approach to Developing ~nd Installing n Project
Nanagement Information System

The modules of an overall prcject management information systom,
as presentod in the preceding geciions, ores

1) Pre-investment lodulos

2) Financicl Module;

3) Projeot Definition and Scope Ilodule;

4) Aotion Planning and Control Medulej

5) Resource Plenning and Budgeting Mocul o}

6) Coniracting, Vork Authorigzation and Resource Control Module;

7) "Product" Information Mccule;

¢) Environmontal Information Hodules

An cgoncy responsible for development projects must have these
types of ocategories of information available to them in order to
carry out this responeibility. There must also exist methods and
procedures to prepare, process, filz, retrieve and report or

otherwise usc the project nanagement informetion within eash module.

Those agencics which are currently cerrying out development
project do have such information, at lemst to some extent and with
verying degree of det~il, end usually heve some of the necded
procédures in operation.

What is nooded is to organige the information along the
systematic lines previously Cescribed, to improve the methods,
proceduree and systems for nrenering and using the information
and finally to improve the validity of the information itself fcr
eaoch projeot.

It is not necessary or even desiredble to meks the transition

to w @ull-blown projeot manngemont information system at one time,
i.e. in one step. The recommonded approach is to view each of the
eight modules listed above as & "building bloock" in the overall
systen. Each ome ocan be looked at individually, although there
are of course interrelationships between them.
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7.2.1 Ro::r;:"t_o_c_y Definition of Project :lanagzement Informatiom
J—-?-o.-

The term "project management information system' is usually
applied in & somewhat restricted f.shion, and in this usual sense it
refers to the four modules nunbers 3) through €) listed above.

7.2.2 Three~Stage Lvolution of PMIS

Pigure 26 shows, in sinple terme, the evoluation of these four
modules in each of three arbitrarily defined stages of systen
development. The elements identified within each module can be
considered as individual building blocke of the system. Each building
block can e develcoped somewhat independently, although certain ones

depend upon others reaching a particular stage befcre they can move
to that stage.

Figure 27 portrays the sequential relationships betweem the
various building bloeks.
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APPENDIX A

:1ammt Control Systeme

In addition to the "Value of York Analyeis" technique desoribed
in the oaee study, the major current mmmmtcontrol syetens will
be briefly discussed. PERT is probably the most oommon of nanagement
control mystens. This section assumes prior knowledge of the
mechaniocs of PERT and the goel of the discussion here is to examine
PIRT as & management ‘ocontrol process. Extensions of PERT provide

for comtrol over cost, manpower and other required resources.

1. PRT Output

'l'ho basic report typioall includes the event nunber, ite
description, the expeoted and latest allowable times and eliack.
there echeduled dates are supplied, the probability of meoting these
{s printed. The more sophisticated programmes provided for the
inclueion of sctual dates \ipén which are computed. Several sort
options are provided, 80 that events may be listed in slack
eequence, in sequence according to their earliest expected time,
or in eequence ty latest allowable time.

In processing the sample network, the event-oriented approach
was utilised. CPN and some of the newsr PERT systems use an
sotivity-oriented approach in analysing the same network. Input
rq\\iruqutn under either system are similar, with the mimer
axoeption that activities are given a yerbal desoription whes
sctivity-oriemted output is desired.

The relative merits of event or activity orientation can be
debated. As & rule, however, ectivity output will be of primary
interest to personnel at the opersting level, since their responsi-
bilitkes are defined in terms of sotivities, while event output will
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be most useful tc top management, which is Soncerned with attainment of
major milestones in the project.

e of the most challenging aspects of developing a useful PERT
systen is the necessity for sifting through the vast amount of datg
that oan be gonerated and extraoting that whioh is meaningful to
management. The typiocal PERT programme, with only the slightest
sncouragement, will spill out pages of output by the thousands. It
is cbvious that discrimination ang Selectivity is needed in crdor
tc adhere to the prinoiple of management by exception,

The problem has been attaoked from several directions. Probably
the simplest approach has been to pre~define certain events in the
network as being of interest to a partiocular level of management and
to code the master records acoordingly for report purpcses. Another
way has been to portray the output €raphically, to produce a quick
visual impression of projeot status. Flagging of particular
exception items, such as unreported or overdue ocourrences, has
provided a useful ohecklist for the project manager. Finally, some
elaborate index systems have boen devcloped, which computer a
oriticality index for each aotivity by means of a weighted combination
of such measuros ag negetive slack, 1ow probability of attainment,
and high variance in tine estimation,

To be 8pecific, the types of PERT networks used in weapons
system requisition are listed below. Various levels of management
and numerous interrelationships &mong firms, agencies and military
offices are usually involved in project system control.

In such an environment, with its variety of domands, a single
network often will not suffice. Accordingly, variations have been
evolved to handle various aspects of the planning and oontrol process.

1.1 Dotnilg and Qg.ntm LmAl Ngt_vgrkc

Generally, sach prime or associate cantractor constructs and
uses a network that Covers his individual sphere of programme




responsibility. If a portion of the projeot is suboontracted to
another firm that subcontractor in turn may be reguired to construct
and use & network for his portion of the project. These networks are
constructed in considorable detail and frequently comprehend even
relatively minor activitics and ovents. Such notworks are utilised
by operating networks, or detailed networks. In addition, since they
often cover only & fragment of a project, they are sometimes referred
to as fragnets (fragmentary networks).

1.2 Intmto& Project Networks

The dotailed operating networks prepared by the separate fimms
and agonoics may be combined or intcgrated into ono comprechensive
network encompassing all avents in the antire project. Although
perhaps not direotly involved in detailed operationa, the office
involved can exeroise managemont gurveillance over the progress of
ihe entire project through use of this integrated notwork.

1.3 ngealed or Summary Networks

Generally, detailed networks contain too mich operating data
for top project management or other interested parties monitoring
the progross of the programme Oh & more ageregative basis. To
acoomplish this, a suwmary or ocondensad network is oonstructod which
eliminates much of the dotail, yet retains the ovents of major
significancs. Such networks frequently are displayed in pro ject
oontrol offices.

Acourate translatiocns of activity time estimates must be mado

when the opereting networks are either integrated or condeneod.

The integration and condonsation processes involve identifying,
recording, co-ordinating and storing interface events. Various
computer routines are being developad to accomplish this complex and
vital task. The relationship among these various forms of networks
{s indicated in Pigure 28. This diagrem depiots condensation of
networks prior to network {ntegration. Either condensation or
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integration oan ocour firet depending on the requiroments of the
levels of programme managoment .




it S

2. th Action

The succoss of o, functioning PERT system should be gauged, not
simply by the quality of the reports it outputs, but rather by the
management response it stimilates. 4 g00d PERT rcporting systenm

objeotives are being threatened. Management, then, must take the
noocessary romedial action,

y " When it bocones apparent that e schedule requirements cannot
be met under the cxisting plan, it becomes heoessary to doviee a new
. nrlan., Activities along the critical path must be analygzed from

L w0 points of view. First, there is tne Ponsibility that oertain

o sequential aotivities can be performed in parallel, Orig‘imlly,
sotivities might have been schoduleq sequentially to provide
assurance that a previous task wa.ﬁ performed Suooessfully before

i Proceeding to a subsequont task. T4 might be poeseible 1o schedule
'{ these simultancously if the project manager is willing to agssume

‘j the added risk.

The second and morc usual alternetive is to divert manpower or
other resources from aotivities with large positive slack to those
with gero or negetive rlack. The report showing activities sorted

' in slack 8equence is very useful to the manager in detormining the
most feasidble exohanges. 1In making these exohanges, howevor, he
must asoertain the effect that they will havo on the total network.
As the oritical path is shortened, another path mey become oritiocel
and in turn require attention. The usefulness of having a network
model of the projeot is apparent nt this point. The network can be
processed by the oomputor as if the contomplated changes had actuelly
been made and their full consequences ocan be projected  When used
in this mannor, the nctwork beoomes & simulation model,

. By foousing management attention on activitios that 1i0 on the

' oritical path or on noar-oitica) paths, PERT relievos the manager of
' the burden of closcly auditing the 80 to 90 per cent of aotivities

g which do nct direoctly influenco the duration of a project. It truly
allows managoment by exoeption.




3. PERT Extensions

The term PERT &lone is gonerally associated with planning and
oontrol of the time veriable only. This forme tho basis for a
complete project control éyntom, howaver it can also provide the
framework for extensions which allow control over other elements

such as oost, manpower and other souroes.

3.1 PmT[COSt

In genersl it is necoossary to weigh the ccsts attached to a
projoct. Even when time is the ovorrtding faotor, costs comsidera~
tions must bo included. The P!RT/ Coat prooedure requires as input
ocet data in addition to the time data required by basic PIRT. This
cost data is generally oollectcd for small groups of related activities
rather than for single activities, so as not tc imposc an undue
acoommting burden.

Cost estimatos arc obtained only after a satisfactory sohedule
has boen developed since any schodule ohange will normally affeot
cost. Labour is estimated by entering the manhours required for oach
manpower skill oategory. The computer converts this input to dollars
by applying the appropriate labour rates. MNaterial costs are
estimated and ovorhead factors added. As the project progresses,
actual accrued costs are gathered for each cost oolleotion point and
revised estimates aro submitted as roquired. A number of useful and
informative reports cen be genoratod from this date. The basio
output is a status report, which combines time and cost data for
each cost colleotion point. This enables the manager to identify
aotivity groups which are ocontributing to aotual or potentiel
schedule slippagos or cost overruns and also to compare the time
and the cost status of any given activity group. In addition to
the output obtained from s time-oriented network, +his report shows
the original ocost estimate; the actual oosts inourred; & revised
estimate, if any; and tho anticipated overrun or underrun. Pro-
vision is made for summarisation cf the time and oost data at




- 90 -

varjious levels, so that each levol of management is proscnted only
with that amount of detail with whioh it ig directly concerned,

A projection of manpower needs for cach ekill catogory is
developed by the computer. The time analysis of the network is
used to determine the calendar period on vwhich each aotivity will
fall. The ostimated manhours for ench ectivity arc then distributed
by ealondar period within skill category. The summarised rosults
°an be displayed in graphical form (Figure 29),

This project is uscful to the manager. in predicting peaks
in roquirements for particular manpowor ekills., When future Aomand
for a skill ox0ecds the available Supply, some aotion must be taken.
Tho situation might be rolieved by resoheduling aotivitios, by
adding over-time op by hiring additional personnel. The axtent to
which any of thase elternatives sorves to clleviate the problom oan

In most Projocts, manpower oonstitutcs the most important resource.
Prequently, however, other resourcos play a oritical role in the
achievement of Project objectives. These might be machines, testing
facilities or computor time, Where there ig a poseidbility of an
overload on any of thesc facilities, a Projoct similar to that
showm for Ranpower con be made.

(Pigure 30). At tho beginning of the project, this projection is
useful in detormining the funding requirements of a selocted sohedule,
80 that the necessary moncy can be provided at the proper time.

As work proceeds, the actua) payout oan be compered with the budgot
and the projected noeds oan be usod as a basis for revising the
funding schodule.




FEs
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Pigure 29, Manpower Requir




e i R

Dollars

Nondh

Pigure 30. FRate of Expenditure
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3.2 Cost-Timc Balancing

Selaction of o suitable schodule for a project generally
{nvolves conpiderstion of numcroutr alternatives, cac with a
difforent cost picturc. shoosing cue soncdule which provides the
best balance between cost and time is an arducus task whon attempted
by trial and error, and it is not surprising thnt computor techniques
have been devecloped for this purpose.

Most aotivities involving manpower reveal a dircct rolationship
bvetwoen cost and the time requirod for complation. Assigning
additional personnel or soheduling overtimo normally reduces the
time roquirements for an activity while incurring increased ccsts.
Cost-Time balancing programmcs roquire two estimates of time
for each aotivity end two of cost. Normel cost is defined as the
minimum cost for a jch with normal time boing the associated
minimum time. Crash timec is defined as the minimum possible time,
with orash cost being the associeted minimum cost. For example, &
job might normally be completed in six weeks at a cost of %3, 000.
Expediting this job, 8o that it oan be finisied in two wooks, might
{nvolve a tctal ocst of $7,000. The latter is the orash timec and
$ho orash cost. Figure 31 shows this rolationship. The line
conneoting normal end crash illustrates the assumption that there is
a cost corresponding to any time batween normal ond orash.

A normal time and cogt for the entire project can be obtained
simply by summing the normal time and cost estimates for the network.
To caloulate tho total prc jeot cost for shorter times, the critical
path is oxamined and activities with lowest time per dollar ratios
are expedited. As the time required along the critiocal path is |
reduced, other paths in turn become oritical and they too are examined.
Suffioient points are obtained in this way to plot & direot cost ourve
for the entire projoot (rigure 32). The sddition of o manually cvolved
{ndirect cost curve gives the manager all the {nformation he requires
40 seleot the project schedulo which most olosely balances his cost

and time objoctives.
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Total Oosto

Indirect Costs

Cost

Direct Costs

pigure 32 Total Pro;ect Costs
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4, Statgl Index

A seoond Managoment tochnique is known as the Status Index. The
Status Index permits:
1) Measurement of the adoquo
money spent;
2) Details to identify trouble spots;
3) Forecasting of trouble spots.
The index is deriveg as follows:

ess Budget Status Index
Scheduie! Progress * ZFotual ﬁendimea -

umber

¢y of tochnioal performance for the

The basic relationship is between the budget (input) and
progress (output). Consider the following:

7'1',‘
Output 10t TL“E' p
m‘&rrmn‘?.n; iy Sl
ST Y,

where a « actual, p = planned,

T = time in months ang E = oxpenditure
in dollars.

This index in itsolf is only useful to indicate:

1) Status;

2) Status related to some prior period (better op worse).
To determine where management attention is noeded, progress can be
measured in torms of the limiting path or the stream of related

activities whose progress is slowest in relation to the other related
efforts in the programme,

For example:
Erojeot/Task Slack
Overall Projeot Summary -8
Effort A -3
Effort B -2
Effort C




Project/ Task 8lack

P

getort D | S
grtort B +l
pefort ¥ ' -3

geffort C s the nglowest" and therefore is the project limiting
effort, that is, the area whers management attention 1s most
necessary at the time the reading is taken.

The progross/sohedule variable in tho equation can be writtont

4
2 (1)

o o

vhere P o« offort (in weeks), T = planned projeot time (in weeks)
and 8 = slack (in weeks), or whea using milestones instead of slaock:
o | (2
w
where the wvariadle B (Weeks behind schedule) is used instesd of 8.
or when using time $0 date; that is, oonsidering the 40tal programmo
instead of plamned sotal project timet: : '

— D

Consider nov $he original equations

g U Ty

where (¥) = equation (1) or (2) or (3).

mmmmamu.nxmnmlmx of detail in tho
work breskdown structure where values for the varisdles cited above
oan be identified and substituted 1n Abe equetion. Indioated belov
4s the relative oritiocality With reference 10 progress verms cost
W level of sffort. | |
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Status Indox

1.2 2 2.1 Possidbility of
€XCeNs resources
0.9 3 3Ja Normal variance
1) range
3.4
0.8 4 1.2 Nay require
1.4 BOT'e resources
2.2
2.%
0.7 1 2.6
0.6 5 I-«nno‘ .
Management action
required

Forecasting cost to oompletion can bde acoomplished using status
indices as showm in Mgure 33, After initial fluotuations have
dampened out, the least squares method °r a similar toohnique oan be
used in the projection. 1In the oxample above, .95 {s the projected
index, which means 100/95 of the original estimated cost of a 5.3
PeTr omt overrun will be required to complete the projeoct.

Predicating troudle areas can be acoomplished through the
exasples showm in Figure 34. Basod on the information in Pigure 34.a
alone, the project managor would 1. likoly to ooncern himeelf more
with Task 3 than with fask 2, Conversoly, the example in Pigure 34.1
shows hoyw progress, when tracked over time, would indicate that
Task 2 is getting worse while Task ) {s Setting better. An extension
of the above historical comparison wvith the plan s showm in
mu._o. m-mbomtomul thedomoofm
effectivencses ~ for more realism. Variations in patterna, of oourse, -
will reveal aymptons of performance deficiencies other than consistently
§90d or bad planning; that is,

1) Pesstaistic at the outset btut steadily improving;
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2) Excellent at tho outset btut incroasingly going out of
oontroly
3) Erratic, with no discernibla pattcrn.

Pechnical performence, one o. the most clusive roagurcments,
can ¢t least be approximated through onother epplication of the
status Index. A Porformnco-Con Index can be derived from the
formulal

Z
f p:}
x
¢t
whore £ = Technicel Porformance
A » Aotuel
P = Planndd

B » DBuiget
£ = Bxpenditures.

12, for example, sents are 2/3 successful versus the plan and
Ahe tudget oxpenditurc ratio is 3/2, tho perfornence Index is

2/3! 3/2 « 1.0,

Tosk p=C_Indox PR-C Indox
m -1 “9
Processor 9 , B
Iaput/Ousput 1.2 1.3
Powsr 1.3 9

g

Tho above relationships would suggest that, in the Memory ond
Input/Output, true progress is behind milestone porgress with &
related unfavoursble impact on cost. Consistontly higher porfor-
aanoe over progrese, &8 indiocatod in the power supplY, wight de

The collective impect of budget, expenditures, schedulo and
sechniocal perfoTRance ond their interaction mst de evelunted W
a programe panager S0 he oan ve offoective. This, then, is one




other toochniquec that can help to pro-digest information and expodite
its conversion into programme management anctionm.

. Basically, the Status Index is a means of relating aotual
progress and cost to the Project Plan. An index of 1.0 ias par,
and an index above that indicatcs bettor than expectod progress for
the money spant. Anything below 1.0 indiocatos less than expected
progress for the moncy spent.
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5. Bamed Value

M

Another menagement gystom, OT wmore acouratcly, & gseries of
related optionnl grophic applications of the 'value" conccpt, 18
Xnown as earned valuo. Essontislly, it 18 snho PERT/Cost "Value of
vork Performed” cxprosscd a8 3 percentago OF {ndex. This can Yo
dorived, purportedly) without all the computer inputs and gyrations
commonly roquired in PERT/Cost.

garnod value holds that an ostimated value can be placed o8 all
work $o be portormed and, once the work is accomplished, that same
estimated vnluo oen pe considored " carned", Figures 35, 36 and 3
show some of ths many applications for this concopt.
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6. Cost Information

/-

Gonorel flectric Company nos developed @ Companion Cost
Information gystom for application on. some of it8 projocts. The
syston 18 ti0d very closely to the yroditional PIRT Value of Work
pPerformed, whorein the difference petwoon the value of work perfornod
10 date and ghe actual cost is added to OF gubtrocted from the total
customer base line to arrive at o cost of completion; or, in the
case of o trend the peroentoge over/under %0 deto 18 oxtrapolated
over the entire gubtask, 8s show in Pigure 38










Cumulative SUBCONTRACT NO. SUBSYSTEM Y
Milestones

$60
400

. Jobis behing
300 schedule weeks ~

Kol

' Actual
200 P4 .
c‘g“}p‘- Activities

) Complcted

“}c
VAN

[ 4

e,

7z Bffect
/¢~ on total
cosis

b= -~ == Value of work
performed to
date

Tirg ey

x Prior month's nstimates of value of werk performed to date

Eﬂ" }8, Value Calculation
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7. Planned Output

This systom has becn utilisod by Collins Radio. Likae the Status
Index, it compares input (planned and inourred expe: iitures and
commitments) with output (planned and actual performance indices).
Its expressad purpcsee is to cstablish visibility necessery to
implement timely correotive actions. Schedule parformance is
measured egainst a serios of pre-sclected milestones These form
the basis for the "planned output” curve. The input curve is spread
at the projected comnitment rate, at both the projoct cummary and
task levels. A target line represents total estimrted cost,
through general and administrative costs, but exciusive of fixed
fce. This line is adjustcd as o step function when and ns purchase

change orders are receivod.

Farther applications of this system include:

1) Porecast curves: New estimates of complete prior to formal
contractual revision of a purchasc order ghowing:

a) Terget cost in contract;
b) Pending contractunl costs to be negotiated;
o) Planned variance (o/R or U/M).

2) Current stotus swmmary: Shows total planned input and is
up-dated monthly;

3) Percentage of complotion: Ropresents and highlighte
planned versus aotual output. It ia derived by dividing :
cumulative attained output by total anticipated output; %

4) IEffectiveness facior: f

Planned Input X Actual Out _E x 1000 = Pactor. :
] nput x ann M :




i
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8. Line of Balance

The linc of balance technique 13 used to monitor production and
proved demonstrobly successful in breaking bottlenecks which
restricted the flow of material. ~tudies and applications clearly
demonstrated the utility of the tcchnique as a controlling dovice in
any operation involving the consideration and integration of '‘a number
of elements.

For exaomple, th- following doscription represcnts a hypothetioal
eituation on production of an antiaireraft gun Ly X Compeny. To
show the basic theory of graphic co-ordination, this is set forth
in four separatc phoses, each 11lustrated by a chart.

8.1 Production Plan

Figure 39 presonts a sample flow chart of the respective load
timoe for all hemogenecous groupings of materiecls, componente and
ma jor assembly operations required to manufacture an antiaircraft
&un by X Company. Eoch of the homogencous groups is known as o
"eontrol point". These control m2ints are numbercd in scquence from
left to right and tcp to bottom. Beginning at the right with the
acceptance of the gun, the lond times for these groupings arc shown
graphically agoinst a time secale nt the bottom of the chart. All
time relationships ore oxprcssed ‘s planned lead tirc prior to final
accoptance of the gun, and mochined parts mado from these are

required 2} months prior to the final acceptance. Romote control units

ere required two mouihs prior to final ncoeptance. Pinal assembly
sterts two wecks previous to acceptance and is completed in ono
weak, leaving onc weck for test anc acceptanco.

Managemont can include in this type of chart as much detailed
information as is desired,
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8.2 Cumulative Acceptance Versus Schedule

The nex* step is to prepare o line chart (sce Figurc 40) showing
on a time sczle the cumulative preduction schedulc. Cumulative gun
acceptances are plotted cgainst ilic schedule. Thir line chart shows
there was a scheduled production, ns of 1 March, of fiftcen guns.
This has been cxceeded by eight gung, ~nc thus the manufacturer has
geined approximately a weck's time in his scheduled production.

8.3 Determination of Balance

Before procceding to Figure 41, o basic premise must be noted.
Throughout this technique all figurcs are expressed in terms of end-
item sets. TFor example, if ton bearing: of a specific typc are
required to produce onc end item, 1,000 unite represent 100 end-item

sets of these beorings.

The third ~nd final part of the graphic technique is a bar chart
on the same vertical scale as is used for the curulative schedule,
Thie bor chart has provision for as many bars os there are control
points in the flou chart helow. These bars are koyed conseoutively

by rumber and colour to the contrel noints.,

The first step in determining how the company stands with
reference to its planncd production schedule is to c¢atablish a
"line of Lalance (sco Pigure 42). This line of bal wnca shows the
desired status for cach of the control points 2s of the date of
observaiion. For cxample, ~s Figurz 41 revecls, gun seis of
forgings, castings and cxtrusions (Control Point No. 1) arc roquired
rive months aioad of final aceeptance,  Therefore, gtarting on the
oumalative acceptanccs versus achodule chart at the point of obser-
vation, which is 1 ilorch, we count to-the right fivec months, or in
other words, to the first cf August. An imaginary line is drawn
from this point vertically to the cumilntive schedule; noxt, this
point of interscction is projectcd horizontally to Bar No. 1 on
the bar Shart. Thus, as of 1 March, 315 gun  sots of forgings,

castings and extrusions should have been produced. Applying the
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oomponents under obscrvation as of ] liarch. This same techniquo also

‘not considercd. Prther the height of the bar for oaoh control
! point i3 dotermincd by the cwmlative receipts (less rejeotioml) of
the least available item within each homogeneous group as of the date

ourulative end-item sets. The basis for this ocontrol by least
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scme teohnigue to raw materials (No. 2), we find from the flow chart
that they are required 3% months before acceptance of th: gun. Thore-
fore, we should have received by today sufficicnt raw materials for
the cumulative number of gung which are planned for acceptance by

the middle of June. In the same marner, this is projeoted zcross
to Bar No. 2. '

Thie is continuod until we have achicved a somowhat irregular
sot of "stair stops loading downwerd to the right across the face
of the bar ohart. This line is the line of balance for the variovs

can be applied to ascertain what the line of bolanco should be as of

1 April, 1 May, and so forth. Thesc lines are alro shown on Pigure 41.
Note that during the build=-up period, the proourcment function
cocelerates at a much greater rate than does finsl acceptance,

8.4 Status Versus Line of Balancc

After thc line of balance hoe beon cateblished, it followc :
logically that the actunl ztotue of cach control poirt should be
plotted. PFigurc 42 prcsents these dato.

As mentioned above, all materinls, components and major
assembly operations arc grouped in homogencous oatogorics. Therefore,
the procurement status of every 1 dividual part in *hie and item is

of observation. This cumlative quantity is alweys expressed in

available items 18 the fact that production of ond items is condittonod
by the lea-t availablc part reccived. For cxample, no more conplete
gne oan be built than recoil mechanisms received. Thue, by this
iethod the co-ordinntion levels of managoment aré given unly the
information on those things which will limit produ.tion. This permits
management to measure the deviations from plan and avoids unncoessary
detail,
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8.5 Analysis

In analysing the situation in X Company, it is apporent that
elthough guns have been produccd rheed of schodule, ‘orgings, ocstings
and extrusions have beon produced in insufficicnt quentity to provide
for sohoduled production. It is ovidont that if this situntion !s
not ocorrocted, the schodulcd production for July has been loat.
Managemont, therofore, hos four months in which to toke corroctive

action such os bringing in oxtra cepacity, operating additional
shifts or sceking outside nssistance.

Raw matorials and purchased atandard ports, Bor Nos. 2 and ),
respevtively, show an excoss of rcecoipte in torms of lerd=-time
requirements. Bar Ko. 4, mun sets of hydraulic fittings, is behind
sohedule and bedly out of ®Balance. PRar No. 5, machined paris, is
also below the roquired balanco fimure. This piobably 2 rcsult of
the alrondy observed insuffioicnt production of forgings, castings
and extrusions from which they are madc. Outside purchased parss
and minor assombliee, Bor No. 6, aro ten Zun® chort of roquired
balance and should rcceive attention  Bar No. 7 shows that tho
recoil assembly iz in balancc. Ber No. 8 ropreaonting government-
furnishod oquipment (excluding Tomoto control units), ig in srouble.
Some items of govemuent-mmuhod oquipmont are veing installod
as fost as they arc received. Th'9 cclls.for & detriled study of
the individunl itoms 40 doterminc which of them conatitutcs the
pottleneck and what is causing this short supply. Ber Bo. 9, remote
control uniis, and Bar No. 10, clectrical system, orc woth in
palance. Bor No. 11, the autometic loader subcontracted to Y Company,

has not been received in scoordance with the planned programne. Stepe
should be taken {0 find out the difficulty of this company before

the greeter demcnds of scheduled build-up 4n production oause the
situation to becomec an acute problem. Bar ¥o. 12, represcnting the
sets of chassis subcomtracted to 7 Compeny, shows very poor

performance on the part of that compony.
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A1l other factors ~re in “~lancc with thc posziblc exception of
the beginning of finecl assembly, which shows that although X Compeny
18 ahecd of schedulc on complete runs, 1t is failing to atart gun
units in finerl assembly ~n schod ~¢ timc. This wi'' vesult in a
foilure to maintain its present rate of productior.

To summerise the findings, although X Company h s boen cxcceding
its schodule tu date, it 48 not going to be ~ble to comtinuo this
statue for long, Scvernl indications nr. shown of frilure to build
wp to sohedulo monthly production within the desirod timc limits.
Action should do taken to ~ccelerate the procuromont programme.

8.6 Submission of Norrctive Summery r and Analysis

When dnta are submittcd to keep 2 ohert ourrent, particularly
to militery ocheclons, o dricf norrative sumary and oaclysis should
acoompany tho informt.tion. The purposo of this summary is tos

1) laemtify the low item in o homugonc. us group;

2) State bricfly what Aiffioulty is being cnoounterod on the
low itom;

J) S%ate what oorroctive cction is boing taken nnd when results
mey be forthcoming. If the problem is outside the control
of the contrcotor, speoify bricfly what assistance is nceded
from highor ochelons;

4) Submit any >thcr purtiuct fnform tion or p-oblems which the
mcpufecdwer or  military ochelon dcmires to bring to the
attontion of thce noxt level of managément

The analysis should n~t bo restricted to problome shown in the
oharte It should includc anything that mey have an adversc effect om
ond-item Sutput, 1In addition, the latost production forcoast for
at least the succeocding two months should be submitted. Pinally, the
analysis should cmtain omly information of value to the receiver,

If no inforwation in addition to the dota = necessary, aono should
be submitted.
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9. Strongtis and Limitations of Contr-1 Systoms

Many strengths and limitations arc agnocicted with computerized
managemcnt information systoms and derivative systens - far teco
numerous to attompt 1o catalopus here. Rclevant experience, howover,
hos been summariged recently by using, and this expericnce can be
{temized in o few brief commcnis on PERT/Cost. The following have
as their thome that the total projcct management can be achicved
only if the three intcrdependent verinbles, time, resources and
performanceo, arc managod on & cormon framowerk which cloesifies all
work elements of the project beginning fron the top and brocking
down to successive ticrs representing systens, subsystems, ond 80
forth, which make up the total project. This pyraanidal menagemont
gramowork is the project work breakdown structuro. Thce systom
requircs the eltablishmonf of project mastcr plans for resourccs and
schodulos dircctly relatod to thc work broakdown nstructurc.

o nature of most NASA projects is such that the total project
offort is roprosonted by & combination of thc cfforts of scveral
ma jor contractors, a8 well 28 n significant amount of NASA in-housc
effort. A primary responsibility of the NASA projcct manager is
to intograte those cfforts intoc 2 co-ordincted totel projeci plan,
monitor and guido the cxcoution of this plen and provide redirection
as roguired. Conscquently, the NASA PERT notwurking philosophy is
thet there will de none overnll notwork! which includes all efforts, 4
in=house and contractor. In largc projects, it nwecomes physically
imprectical to show thc total NASA projoot on one plcoe of paper,
and {t is broken down into smaller portions onlled "fragncts' which
are derived from the work breakdown structure. Thesc fragncts are ?
interoonneoted in such o way that data can be processcd geparately
for each fragnet, for groups of fragnets roprescnting 2 particular .
oartractor's efforts, or as a total project network. The structuring
of the fragnets ia socordance with tho work breckdown structurc

will result in systcms or and-itom—orionted networks.
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Cost end financial planning and reporting against "sub=divisions
of work" and "elements of cost" for the total project effort include
both contractors and NASA in-house work on the project. Both types
of occst data are related to the cummon project work oreakdown
structure. It is noted that the companion cost system is not limited
tc use with PERT but can bo uscd Ly itself or in conjunction with
any other MASA timc-oriented system, such as mileatonc reporting, line
of balance and so forth.

The minimum acceptablc lcvel of time/ cost correlation for any
project is to establish fragnets and subdivision of work coet accounts
at the subsystom level (that is, structure subsysten, telemetry
subsystem, and so forth). Using the work breakdown structure, a
separatc fragnet and a corresponding subdivision of work cost account
is established for each subsystem. In this way, all the cffort
associated with 2 particular subsystem, ac reflected by activitics
on the subsystem fragnet, i~ charged to its corrosponding subdivision
of work oost account. Interface activities between fragnets must be
identified as being charged to one of the two corresponding subdivieions

of work oocet accounts.

Examples of the master schedule, master financial plan end
management summary reports of the NASA PERT and Compenion Cost System
are presented in Figures 43, 44 and 45 rcspectively.

The NASA PERT and Companion Cost System does not attempt to
unduly influence a contractor's internal management system. Rather,
both NASA and the contractor uase the bileterelly established work
breakdown structure as the framework for structuring the PERT fragnets

and corresponding cost reporting categorice. The work breakdown
structuro level of indenturc for reporting is cstablished (for
example, subsystem) and this becomes the interface level between

NASA and the contractor for routinc reporting and progress evaluation.
However, the contractor's lower lecvel time and cost dotails whioh

he usaes for his own management prupose must vslidatc the information
reported to NASA. On large programmes in which the oontractor has ome
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1 or more Mwjm- subcontractors, NASA oftcn requires the oontractor to

3 exert his best efforts to ensure moaningful participation of hie
suboontractors in the implementation and operation cf the NASA PERT
and Companion Cost Systci.

e = St AP g 7 "




. s i . Ve e e e e e s AR “‘“‘m,mﬁm o S S R e

-125 -

APPENDIX B

Computer Use in PMIS

Beyond a certcdin number of activities in 2 project, tho use of
the computer becomes ncoessary. Thore are several factors to consider
in using the computor, such as

- The sige of the network, i.e. the number of activitics

involveds

— The complexity of the relationships among thesc activitios;

- The froquency of the need for up-dating the computationsg

- The availability of a computer ond tho cost involved;

- The availability of goftware pnokagoes for project mancgement

that oan bo utiligod with thc computcr avnilable.

Therc are 2180 gevorel considerations in chonsing a computer pro-=

gramme 10 sotisfy one!s noods. These programmos range from tho very
simplo to the highly complex such as PIRT/Cost package. The choico
of a computor programno dopends on the nced for information roquired

for decision-making, such as!
- Statistiocal analysies
- Graphical outputy
- Resource cllocationi
- Cost allocation, etc.

The following list of programmas available for pro ject monagenent
relates the programme 4{c the computer neodod to run it. Tho capaoity
of the programme is speoified by the number of sotivities or events
shat can be accommodated by the progrommo.

e
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Cogggtor Proggammes

Hore specific comparisons are given rclated to tho Projoct
Nanagemont Systom (PMS) utilizing IDI' Systom/360 and the less-complicated
Projoct Control Syetem (PCS) utilieing IBH 1130 computer.

Computer Programme Nome Caggqiﬁx
! Burroughs B200/B306 PERT/Tir:. 900 Evonts
: Burroughs B5500 Timo-PERT in Algol 60 524,288 Bvents
‘f Control Data 1604 PERT 3000 Activities
, aE-115 Critical Path Method 350 to 3000 Events
‘ Programme
§
: aE~-215/225/235 Project ilonitor and 999 Events
: Control Mcthod
‘ (cPM/PraiocoN)
1 JE-400/600 Critioal Path llothod 3000 Events
| Programme and CPY/
; Monitor
Honeywell $00/1400 PERT 3000 Activities
g or 800/1800
2' IBM 1401 end Sys. 36C Monegcement Control 4,600 Nodes
5 Syston ,
| IBM System/360 Project Control Systom/ 5000 Activities
360
IBM 1130 1130 Projeet Control 2000 Activities
System

i IBM System/360 Project "nngement System Veriec (on Oklahoma
3 P1S/36C) Statc University
f gystem is 3,214,400
E activitios;s
NCR-304 or NCR-315 PIRT 5000 Activities
1 RCA 501 PERT 2000 Activities
] UNIVAC 1107 PERT/Coat Not given
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Comparison
P8/ 3603 1130 PCS:
- Hizh number of activitics - Smaller number of activities
- 64 K minimum « 8 K minimum
- Throc daisks or four tapes - Onc aisk
- Printer - Printor
- 0.8./360 - 1130 0.X.
« Yarious proocessora (vorsatne) - Begic reports
- Notwork - Critioal
- Cost - Cost control
- Report-any format ~ Bargraphs

- Reosource




APPENDIX C

Strength end Linitations of
Computcrized Projoct Information Systoms

llany strcngths and liﬁitations arc associated with computeriscd
managoment informaticn systems and deriv-tive systems, far too
numorous to attempt to cataloguc here. Relovant cxpericnoe, howevcr
hes boon summarized recontly by ueing, ond this expericnco oan de
cpitomiged in o few brief comments on PERT/Cost. The following have
been citcd specifically ne simificant ~dvantages in thce PTRT
disecipline:
« It permits work brcakdown structurc.
= It permita offective intogrotion of cost and time.
~ It pormits mancgement by mojor significant cxception rather
than by exccption only.
-~ It permits cffeetive quantification of uncertaintics.
- It is emincntly visitle,
= It lends itsclf to the¢ mrnagement cyeling proeces,
- The work breo~kdown ctructurc ie predicated upon truc and
diserctc total arnogencnt ot cach tior in the work breakdown
structurc. Iach manager 1 accountablc for cost, schedule

and performance.

Significant limitations h-ve also bcon cited in the PERT
discipline as it is known today. Somc of the limitrtions cited arot
~ PIRT is diagnostic; it denls only with cffects, not causesy
therefore, it is not consistont with entrepronourial
ob jectives of buying checp and sclling donr.

- PERT wappotts thc fiction of rceource flexibility.

- It scgregates planning from scheduling; cffective moansurement
against n plan postulates schodule-costing, not objootive-
costing. Schcduling 1s not o programmc manogement functiomg
it is a gonernl mancgoment function bocause anlthough the
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project manager can plan his project through the elapsed-time
phase, he does not own the resources he will need to complete
the projeot guccessfully. He is dependent upon & pooled work
unit.

- Project managers are frequently distracted by the slack=time
fiotion, so they are managing residual time, not the work.

- PERT never converted informaticn to knowledge. Parenthetically,
we might ask if it ever could be expected to do so.

- Critical path is a mismomer. 1t actuslly is the elapsed
time-determinant path, and it is omly critical if it turne out
that way

These, then, are some of the strengths and limitations of the
PERT system, &s seen through the eyes of those who have witnessed
the evolution of the PERT discipline and the evolution of many more
PIRT extensions. 1t has been suggested in the pest that one of
the major limitations in project control is the failure to get
enough information to the right people in time for them to take
corrective action.

Operating reports should be developed according to areas of
regponeidility. The PERT/Cost output reports are so struotured,
but satellite and derivative systems frequently lose the imherent
organisationsl relationships that the PEIRT/Cost system utilises.
Reporte on the operating performance of a particular manager should
ocover only those items for which he is responsible or should clearly
aistinguish between such iten:z and those beyond his control.

The leval of responsibility to which the report is directed
should dictate, t0 & considerable extent, the form and vomtent of
the report. To {1lustrate this ides, consider only the opersting
costs imheremt in & single department during a month. The cost
reporte submitted to the Wﬁ supervisor should detail the
{ndividual cost items, olaseified as oontrollable and noncontrollabdle.
These reports should indicate both actual and budgeted costs for the

sonth, and possibly the Yyear to date, and the resultant variances.

B L




If preferred, noncontrollable costs may be omitted from the report.
The report submitted to the plant manager or the general manager will
include cost data for all of the ‘epartments in his plant. These
data may be summarized simply by Lroad functional classifications,
such as materials, labour and overhead, variability or firedness
with respect to volume and controllability. The report submitted

to the vice president, for sxample, may include summaries of oost
data for several departments. The date for individual departments
withiz a plant may not be identified separately at all at this level
of responsibility. The vice preeident is not the ome t0o take action
20 eorrect excessive material usage in & department - there is no
point in oluttering hie report with such detailed information.

Although reports of operations directed to lower levels of
managemert should clearly distinguieh between controllable and
nonoontrollable data, they need rot omit the latter. As a matter of
fact, inclusion of imformation that is beyond a nanager'e present
scope of responsibility may expand his perspective of the firm's
operations and, thus, help hin prepare for broader managerial
responeibility in the future. Also, reports to a manager with
operating results of other divieione as well as his own may help
to stimulate healthy competition among divisional managere This
may be particularly beneficial in connexion with sales divisions.
Care miet be exercised, however, *o insure that such competition
does not improve divisional performances at the expense of optimal
oompany profit. This game ratiomale ie applicable to programme
management within a aingle divieion The programme manager is
responsible for planning his operation and planning the work load,
but he does not ow the resources %e will need to successfully
implement the programme over its life gycle. This latter functiom

belongs to general management.
Management by exseption is an approech to management thet

foouses attention on sjtuations and operations that deviate from
plans or form normal conditions. It is predicated upon a belief




thet managenent's limited and costly time is best spent in matters
requiring corrective action or other improvement, not in reviewing
sstisfugtory performance. Regular reports of operations, therefore,
should be so comstruoted as to draw management's attention to
veriances beyond the established range of tolerance, for these are
ibe variances that call for managerial aotion. This may be
scoomplished by placing such variances in a special column in the
report or by putting some jdentifying mark next to them. The
importance .of reporting exceptions does not mpan that satisfactory
resultis are unimportant. Management, naturally, wants to know the
results of operatioms, whether good or bad, but the bad results
should be clearly identified.




APPENDIX D

Comments Expresse: by Participants
from Developingz Countries

1. Successful utilization of project management requires well-
trained personnel in the new techniques as well as well-trained
decision-makers. The most important consideration to assure success
of the implementation is to ensure top management support. Seminars
or round table discussions will be instrumental in acquainting

them with the condepts of project management. Detailed training
programmes will follow for the project management level and the

task or operational level. In countries with central planning

economies, a further type of training may be required.

2. On the educational level, there is a need for specific

un-dated courses in the universities for project management technigues.
This, however, should be supplemented by on-the-job training
programmes

3. There is a need for scientific approach in handling project
management. Thie can be accomplished through more neaningful
information related to available institutions and courses of
instruction in the area of project management. In additiom,
information should be provided in the recent literature and applica-
tions in this subject.

4. The reporting system needed for project implementation should
be olarified. Specific formats should be designed to suit the
reporting needs of the different levels of management.
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5. The executing orgenization or contractor should be encouraged to
present the required network. The menual handling of network analysis
should be emphasized at the early stage of the project. In case of
big projeots, the possibilities of using a computer should be

studied.

6. The project management main functions, namely planning, soheduling
and control should be understood and the reponsibilities involved
should be assigned. The following are some specific recommendations
in this respect:

Planning

Management should assign clearly the responsibility and
auth.rity for pro ject implementation. It is recommended that a
task team should be established whose leader reports to the programme
manager. This team is responsible for developing implementation plans
which are approved and monitored by managament. One of the most
important top management responsibilities is to assure the integration
of thae planning of the pro ject with related projects.

goheduling

Time estimating for project taske should be assigned to personnel
who are familiar with the work to be performed. Inadequate networking
is a serious problem. Pro ject breakdown gtructure should be used
as a basis for network development. The work package should be
well=defined and should be related to the internal organization
and responsibilities. All performing orgenizations jnvolved in &
work package should understand and agree to its scope and timing,
{.e. identifying the preocise start and oompletion events or
milestones for each total work package.

Contro

Progreamme manager should establish appropriate level of detail
for programme contrcl. Bxceesively detailed reposts for top
managenent should be avoided.
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