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PREFACE

The present text isintended for all thoseentering, or intending to enter, the
fascinating and challengingfield of project management. The authors have
tried to produce text which is of immediate use to the reader. It is beieved
that it will be of value to theincreasing number of students, both post- and
undergraduate, who seek to know somethingof project management. Let it
beclear, neither thisbook, nor any other book, can create a successful pro-
ject manager. Such an animal requires to have an inborn personality and
resilience which will enable him or her to lead a team of individualists
through times which often appear traumatic. The hopeisthat it will shed
some light on areaswhich may not have been previoudy considered.

The text is broadly divided into two parts. The first deals with the man-
agerial aspects of project management, the second, which isa condensation
of the previous text Critical Path Analysis and other Project Network
Techniques, with project management techniques. Both may be read sepa-
rately, and indeed the whole book is intended to be suitable for selective
reading if thisis what is required. A chapter on 'some practical considera-
tions' which was much appreciated in the previous edition has been
enlarged and restructured to take in the problemsof managing a project.
Two questions which both authors have been asked countless times, and
have been unableto answer, are treated in a brief appendix. Thereare, how-
ever, a st of questions, some dealing with management aspects and some
with project network techniques(PNT), for which answersto the numerical
questionswill befound in the Instructor's Manual. The answersto the essay
questionsare embedded in the main text.

It isinterestingto redise that although projects have been carried out as
long as man and woman have existed, it isonly within the last few decades
that it has been thought necessary to definea project. Even more recently
has come the need to recognisethat thereisa significant differencebetween
managing a project and any other form of management. This realisation
has come about for two reasons. first, the emergence of a new toolkit, pro-
ject network techniques, which enable a project to be planned with some
considerable confidence. Second, the development of the cheap, high
capacity microcomputer which puts into the hands of the project manager
the meanswhereby the tool-kit can be used whenever required.

Y ounger readerswill not be able to realise the problemsearly (that isto
say 1960s!) project managers had when, having planned a project using,
sy, CPA, the only computer in the company (if therewasone at all) was
the vastly expensvemainframewhich always seemed to be occupied by the



xil Preface

payroll, the monthly financial statements, or the chairman's statement for
the AGM when the computer was used asa 'big typewriter'. The chance of
getting a rerun with modifications to the original network was often mini-
mal. A ‘what-if' run was never heard of. The only analysiswas provided by
a printout on huge concertina sheetsof paper. The vison of the project
manager with piles of these printouts remains vividly in both authors
minds today. It is the cheap dedicated micro which has dlowed the consid-
eration of thestudy of theart and scienceof project management.

As far as possible, nomenclature agrees with BS 4335:1987, a standard
which now has wide international acceptance. Where words are used which
do not appear in that glossary, every attempt has been made to conform to
that which isin generd usein the UK. The only exception to thisis the use
of theword 'log' in place of 'diary’ in 'project log. The importance of a
comprehensiverecord of the project cannot be overstated, and the authors
fed that the word 'log' carries with it a weight, a feeling of importance,
which may be lacking in 'diary’. The definition in the Concise Oxford
Dictionary underlines the point: 'Logbook: a permanent record madedaily
of al eventsoccurringin the ship's voyageincluding rate of progress....

As previoudy, any mistakesin the present text are the responsibility of
the other author.

K.G. Lockyer
JH. Gordon



CHAPTER 1

Introduction

DEFINITION OF A PROJECT

No definition of a'project’ will suit every situation, but one appearingin ISO
documentsappearsto be acceptableto awide range of users. ISO 8402 dtates:

Project — unique process, consisting of a set of ce-ordinated and controlled
activitieswith start and finish dates, undertakento achievean objective conform-
ing to specific requirementsincluding constraintsof time, cost and resources.

To this definition ISO documents can add notes to amplify the use of the
term "project’ within the document. ISO 10006 — Guideline to Quality in
Project Management will add the following notes:

Notes

1 Theorganisation istemporary and establishedfor thelifeof the project

2 In many casesa project formspart of alarger project structure.

3 Theproject objectivesand product characteristicsmay be defined and achieved
progressively during the coursedf the project.

4. Theresultof a project may bethecreation of oneor severd unitsof a product.

5. Theinterrelation between project activitiesmay be complex.

Project management is thus principally concerned with the introduction
and management of change. All projects are uniquein some respect or other
and may differ from the usual businessfor which the parent company exists.
The project organisation, often referred to as the project team - though this
is but a smdl part of thetotal project organisation- is set up to achievea
particular objective: the project product. Teams which remain together at
the conclusion of a project and take over the next project are common in
someindustriesbut lessso in others, particularly manufacturing.

COMMON ELEMENTS OF A PROJECT

The project product can take many forms, from the wholly physicd - the
creation of a new town or the building of a new locomotive, to the virtually
abstract — a procedurefor dealingwith a possibleemergency. Between these
two extremes thereis a diversity of productseach with its own particular
requirements, which in turn require variationsin the management of the
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project. This diversity, spread over companies and industries, has impeded
the recognition that there are common elementsto al projects. However,
they all havea:

e specificationfor the product;

® project plan;

e timeframe;

e budget;

e cost plan;

e statement of quality required,

e identificationof any areas of uncertainty;

e evaluationof possiblerisksand the appropriate responses.

Systems must be set up to collect, in real time, the data concerning
progressand costs. Facilitiesmust be available to analyse the data and dis-
tribute the resultsof that analysisas rapidly as possble. Theseelementsare
common to all projects, but their implementationwill depend on the product,
the size of the project and the industry in which it is being carried out. To
impose a multi-thousand activity project system on a project with afew hun-
dred only would beabsurd, losing clarity, increasing cost and wasting time,

REVENUE AND CAPITAL PROJECTS

Projects come in many sizes, from the very small to the very large. They
may be ssmple or complex, athough size and complexity are not necessar-
ily related. 1t is, however, convenient to divide them into two categories:

e Revenue projects are those which are carried out within the normal
organisational structure and normally within a singleaccounting period.

e Capital projects are those which are not carried out within the normal
organisational structure and which may extend over a number of
accounting periods.

Clearly, in practice, many projectsfall between these two broad cate-
gories, and the acid test is the need to set up a special organisation to deal
with the project. It isalso true that capital projectsalways require consider-
able capital investment, though this may sometimes be true of revenue
projects. Thus, the two main characteristicsof capital projectsare:

e they usually occupy considerabletime
e they dwaysemploy considerablecapital

As a consequence, they do not fit readily into a conventional organisa-
tional structure but cut across functional and time boundaries and thus
require an organisation particular to themsalves. It iswith thisorganisation,
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its structure and behaviour that this present text is mainly concerned. For
the sake of smplicity, the term 'project’ will be henceforth used to stand for
‘capital project’. Equally, the term 'product’ will be used to describe the
output of a project irrespective of whether it is hardware, software, a service,
asystem or any other kind of output.

A project may arise from not just one company but from severd (a con-
sortium). This can raise serious problems if there is not full and free
communication on al matters between the various partners. Poor or lim-
ited communications can lead to distrust between partners and thus to
partnerstaking unilateral action.

The main characteristicsof a project which differentiate it from conven-
tional operations are:

e itsuniqueness
e itsdefined start and finish

Even with these characteristicsit is sometimesdifficult to decidewhether a
group of activitiesis a project or not. For example, the design, launch and
initial production of a new product is a project, while the subsequent bulk
production of the product is not.

HOW IS A PROJECT DIFFERENT FROM OTHER 'OPERATIONS?

Operationswhich proceed under conventional line management are involved
in what is normally a substantially stable situation. Such changes which do
take place are generally under the control of the line manager and the rate of
changeislikely to be dow. Project management, on the other hand, is con-
cerned wholly with the introduction and management of change. Such
changeislikely to crossconventional functional boundariesand may wdl be
concerned with activitiesoutside those usually found within the organisa-
tion, though thislast is not true of a project-centred organisation.

FOUR PHASES OF A PROJECT

All projects pass through at least four identifiable phases(see Fig. 1.1).

1 Conception

In many ways thisis the most crucial phase of a project's lifein that al that
followsis determined by decisions and commitments made. in this phase.
An ideafor a new product will be presented to the organisation, which may
come internally from an employee, or externally from a potential client
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asking if the product can be provided. Assuming that the product iswithin
the capability and ethos of the organisation, then, before any decisionis
made on the possible desirability of accepting the project, a comprehensive
feasibility study must take place. This should involve, if organisationally
possible, the probable project manager, as wdl as al the functions which
will be involved within the organisation and any external suppliersof items
or services. Where the project is for a consortium, the way in which the
work is to be divided between the various members must be resolved. This
divison must be accepted by the members beforeany work on the project
is undertaken.

At the conclusion of the study, the following are the factors which
should have been determined as a minimum:

a the capability of the organisation to provide the product in the time
required

a thefinal pricefor the product

a thecostsinvolved

a the budget required for the project

a the outline specification of the product, including the quality and relia-
bility requirements

a theability of the organisation to support the capital outlay

a the availability of any items or services to be procured from outside the
organisation

a the acceptability of any geographical requirements on procurement or
ecology which are specified in the project enquiry

a the acceptability of any contract conditions which are specified in the
enquiry

At the conclusion of the conception phase the product purpose and its
design parameters must be documented in clear and unambiguous terms and
agreed with the customer.

2 Development

Assuming that the proposed new product is acceptableto the organisation,
the product has to be designed or specified in such detail asis necessary to
alow it to be created within the limits set in the conception phase. Since
the organisation is now committed to the project, its manager should be
appointed and he or she will work closely with the customer in this and
subsequent phases. Consideration should also be given to assembling at
least the senior membersof the project team. A detailed project plan, asthe
major element in the developing documentation for the project, must be
drawn up under thedirection of the project manager.
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3 Realisation

Once designed or specified, the project team has to turn the devel opment
into redlity. An appropriate reporting system has to be provided as part of
the project plan to keep the team, top management and the customer
informed on:

® project progress

e expenditure

® costs

e foreseen possibleadverseevents.

As part of the reporting system, a comprehensive project log is main-
tained with details of any problems which have been met and the way in
which they have been resolved.

Note Theauthorsprefer theterm'log’ to'diary’ sncealog is somethingwhich
must be kept whereasadiary impliesadegreeof judgement in its upkeep.

4 Termination

An analysis of the project reports will provide invaluable information
which can be helpful in other projects. Thiswill include:

e successof methods used
e performancecf team members
o reliability of suppliers.

In addition to the above analyses, many projectswill be completed with
a residue of capital equipment which is then surplus to the organisation's
needs. This hasto bedisposed of as rapidly and as profitably as possible.

‘ Conception

Fig. 1.1 The four phases of a project.
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Each of these phasescould form a project in its own right. It isnormal for
there to be an interval between theinitial conception phase and the later
phases, whilst in most cases the others overlapin time and merge into one
another. Thisis particularly likely if the project request isan internal one
with a vigorous project champion. Equally, although there is usually one
project manager, if the phasesare discrete, there may be a different project
manager for each phase.

WHY PROJECT MANAGEMENT?

When a company which has been operating in a conventional functionally
based manner finds that the number of projects which it has to deal with
becomes uncomfortably great and large enough to require frequent board
consultation and approval, consideration must be made at board level of
the need to amend the organisational structure. It is often not realised that
the timescale implicit in such a change can be substantial. Observation by
one of the authors suggests that in a company of any size, three to five
years are necessary for the new organisation to settle down and people to
become comfortable with it. Questions will be asked, objectionsto appar-
ent loss of status will be made, political moves worked out, and the
informal structures which ease so much of working life developed. Initialy,
each new project will not only be seen as a new problem to be solved but
also as something to be resisted.

Change is something which takes place in al organisations. While it
takes place within the control of the functional manager, it will generally be
considered as quite normal and requiring no specia steps to be taken.
However, once the rate of change increases to the extent that resources
become overstretched, and/or the change involvesother functions, difficul-
tiesarise. Itisat thisstagethat the need to change to someform of 'project
management' isrecognised, even if it is not explicitly identified as such, and
a 'project manager' is appointed. The interaction of resource requirements
between the 'normal’ work and the 'project’ is usudly, and uncomfortably,
complex and requests for resourcesto be devoted to the 'project’ are met
with the' Well do it when we can fit it in' response. This, amost dways, is
too late for the needs of the 'project’. Furthermore, functional managers
may well believethat their authority is being threatened by the introduction
of this new-fangled project manager. This is often resented, a resentment
whichis often expressed in a generally unhelpful attitude, if not in down-
right covert obstruction, an attitude which isextremely difficult to identify.

Many organisationstry out 'project management' on a small scale, often
under the eye of top management. The interest which this generates will
usualy add such weight to the project and its management that the trial is
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a resounding success. Project management then becomesinstituted as the
normal practicefor anything identified as a project. Sadly, unlessthe impli-
cations have been properly digested, and the effect of top management
interest realised, the extension will be far from successful. A further press-
ing need for some form of management which differs from normal
functional management is created by the fact that many projects are phys-
cally separated from the host organisation and, therefore, have no ability to
call upon thefunctional specialists.

Making the change to project management itsdlf is, of course, in itself a
project and should be treated as such. It has to be planned, implemented
and monitored as carefully as any other project. After al, the future pros-
perity of the organisation probably depends on its successful compl etion.
In any but the very largest organisationsit is unlikely that the personnel
skillsto carry through such a change will be available and external assis-
tance may be required. One thing iscertain, the change must be actively
supported by the board and a board member should become project cham-
pion for the change itself. One problem which is found in strongly
hierarchical organisationsis that the functional heads will see that projects
require resources — previously totally under their own control - to be
shared. In turn thiswill be seen asalossof status and security, and defen-
sive mechanismswill be set up. Careful handling and lengthy explanation
are required to change such an attitude, a change which may never happen
in some cases.



CHAPTER 2

Projects and company
organisational structures

Any group which comes together to make a product, be it hardware or
software or to providea service, must form itself into an organisation with
a structure. This structure will affect the way the organisation can respond
to change and theintroduction of projects.

THE HIERARCHICAL FUNCTIONAL STRUCTURE

The majority of industrial organisationswhich have been set up to manu-
facture productsdevel op a common form of organisation, the conventiona
hierarchical functional structureasshownin Fig. 21.

Chief |
executive

| , V—

Head
of
personnel operations production

Rg. 21 Hierarchicalfunctional organisation.
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In thisform of organisation the heads of the various specialist functions
report directly to the chief executivewho is responsibleto the board for co-
ordinating thework of the specialist functions to meet the objectivesof the
organisation. The functional heads in turn have the section heads within
their function reporting to them and they, in turn, have their own subordi-
nateswho report to them. Thisform of organisational structure has existed
for along timein industry because of its advantages, which include the way
in which the structure:

e maintainstight control at the top

e logicaly representsthe functions

e maintainsthe power and prestigeof the functions
e reducesany duplication of functional effort

e alowsfor concentration of functional skills

e hasvery smplereporting relationships

e can achieveextremely high plant/capital utilisation.

Asdiscussed in Chapter 1, there are no problemswith this structure so
long as the rate of change, which occursin all organisations, does not over-
stretch the functional resourcesor cross functional boundaries. When that
happens, the disadvantages of the structure become apparent. These
include that it may:

® causeover-specialisation

e cause parochialism of key personnel

e wesken co-ordination between functions

e dtiflethe development of generalist (project) managers

e limit the ability to respond in periods of fast change and diversification
in the market

e impose an increasing burden on the chief executive as the rate of change
increases

e requireextremely detailed pre-production planning.

The situation may arise when a new job is obviously going to require
greater resources than any one function can provide while continuing its
normal work, or isgoing to cut across a number of functional boundaries
without belonging to any one in particular. The chief executive, who will
have responsibility for the job in addition to his/her other duties, may wdl
then decide to appoint a 'project manager' reporting directly to him/her.
This manager will, of course, requirestaff assupport in managing the 'pro-
ject’ which may initially be of the form shown in Fig. 2.2 (but should
eventually be of theform shownin Fig. 3.1 for afull team).
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Chief
executive
S
Project (%W)
I A1 "O | | A2 | ’ B1 ---Ihl-'éz dﬂl--t"éi"O

Fig. 22 Hierarchical functional organisation with a single project.

Even with afull team, specidist assistancewill still need to bedrawn from
the functional groups for various aspects of the project. For instance, in a
hardware project, engineeringdesign work will be carried out in the appro-
priatefunctional groups but the co-ordination and timing of thework will be
the responsbility of the project team in conjunction with thefunctional head
to whom the design staff report for their professona competence.

THE MATRIX STRUCTURE

These problemswill continue to exist while there is only one project at a
time within the organisation and, although they may be recognised by the
chief executive, it will not be worth changing the functional structure just
to accommodate one project which is known to have a limited life.
However, once it isclear that projects are continuing to be carried out
within the organisation, and that there may be several running simultane-
oudy, a different situation arises and a change of organisational structure
becomes essential; it becomes necessary to set up a project management
function group with its own functional staff of project speciaists.
Furthermore, if many of the projectsrequireit, it may also be necessary to
obtain dedicated functional speciaistsas part of the group either by with-
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drawing them from the existing functional groupsor by external recruit-
ment. If they are obtained internally - which if at all possible they should
be - then they must be organisationally disengaged from their previous posi-
tions. ldeally, the project group should also be physicaly separated and
located within their own area. This will have the benefit of freeing and
speeding up the communication system and increasing the feeling of com-
mitment to the project. The functional specidists will still be able to refer
to thefunctional supervisors, but onlyfor functional technical problems.
Thistypeof organisational form isshownin Fig. 2.3.

executive '
officer

Project 3
| I I —]

Fig. 2.3 Matrix organisation.

Such a structure is an inevitable consequence of a multi-project situation,
and whilst it may solve some problems, some remain and some new ones
are created. However firmly a functional specidist isnominally disengaged
from his/her previous supervisor, some latent responsibility and loyalty will
always remain. In many cases, even if there is a geographical separation,
the functional supervisor can still affect the functional specialist's career.
Thiscan lead to a dual reporting situation (one official, one unofficial)
which can be confusing and possibly malign. For example, specialist Al
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may have a technical disagreement with project manager PM1 which is not
resolved to the satisfaction of Al. In the hope of overturning the decision,
Al may appeal to the functional supervisor SMA who, while having no
authority over the project, hasdirect accessto the chief executive who does
have that authority.

THE PROBLEM OF DUAL REPORTING

A more unpleasant situation can ariseif A1 believesthat the project man-
ager issomehow at fault. A 'word' may be passed by A1 to the functional
supervisor SMA which can seriously affect the behaviour of many in
senior management. It isessential that the reports emanating from the
project are the regular planned progress reports from the project manager
prepared with the help and agreement of the project team and directed to
the chief executive. It cannot be stressed too strongly that functional spe-
cialists, and others, within the team should not be permitted to submit
their own separate specialist reports as this will, at best, confuse the lines
of communication and, at worst, cause the project team to fall apart with
serious consequences for the project. In a study of matrix organisations
(Barllett, C.A. and Ghosal, S (1990) '‘Matrix organisations, a state of
mind', Harvard Business Review, Vol. 68 pp 138-142) its authors stated
that they had found that *... dual reporting leads to conflict and confusion'.

THE NEED FOR A CORPORATE CULTURE

The changes in managerial behaviour which are required by the adoption
of a matrix organisational structure are far reaching, stretching to the
board itself. To ensure that different project teams react the same way to
similar circumstances and that both project managers and functional
supervisors have the same view on the priority of objectives, a powerful
corporate culture must be developed. Thisis neither an easy nor a rapid
goal to achieve, probably consuming severa years, but without its achieve-
ment there may be inconsistent behaviour between teams and functions
which could prove embarrassing to the whole organisation. It must also be
remembered that project teams may be physicaly distant from the parent
company and each other, and that communication between them, on those
non-programmable problems which are only dealt with by the use of the
personal ills, experience, judgement and enterprise of the senior staff, will
be difficult.

The matrix organisational structure has, of course, a number of advan-
tagesin an environment of change. It alows:
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e amorerapid responseto changesin demand

® a better balanceto be achieved between time, cost and resourcesthan in
the purefunctional form

e the preparation of independent policies and budgets for projects,
although they must not conflict with established policiesand procedures

e aclear definition of the respongbility and authority of the project manager

e the creation of a strong base of technical expertise which is built up
through experiencein arangeof projects

® project coststo be properly identified.

Thedisadvantagesare that, in addition to the time required to reach matu-
rity, it will require, on the part of top management, consderableeffort to:

e define policies, procedures, responsibilitiesand authorities throughout
the whole organisation

e monitor and control the balanceof power between the project and func-
tional supervisors

e ensure that the project and functional supervisorshave the same views
on company objectives.

A difficulty with thisform of structure, and one reason why it is often
ressted, isthat the cost of management isclearly reveded, probably for the
first timefor many companiessinceit is normally hidden in the overheads.
Another possibledifficulty is that, in organisations which are not com-
pletely project centred, when a project is completed there may not be
another for the project team to pick up. Asa result they may be dispersed
either back to their original function - which may prove difficult if their
place has been filled — or to some other part of the organisation, possibly
to assist on another project. This can result in some confusion of loydties,
and bdliefs that career prospects are jeopardised, unless clear policiesare
set down and understood by the staff concerned.

THE PURE PROJECT STRUCTURE

These problems tend to disappear as the organi sation becomesmore pro-
ject centred, carrying out nothing ese but projects. While thisis relatively
rare outside organisationsproviding a service or consultancy, it does exist
with advantage in companiesin jobbing production or those with a very
limited product range, for example, oil rig maintenance. Such an organisa-
tion islikely to havea structuresuch asthat shown in Fig. 24.
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Chief
executive

[] 1 ] | JL
Senior . : . | . Technical
project design services services

managers manager manager manager

. Principal
Project .

man ; ers engineers
. g | | engineers | | manager | | engineers , . . . elec. mech.
Project* Lead'
engineers engineers
‘— Process eng. * Specialistlead engineers allocated = Engineering

to projects as appropriate

Fig. 24 Project organisation.

Here the separate functions have virtually disappeared, the functional
ability being concentrated in the project teams with some reserve held asa
central pool under a manager, which isavailable to provide extra resources
to the projects when required. Unlike the other organisational forms, the
project team is seldom dispersed but remains as a unit ready to pick up the
next project which the marketing executive will, hopefully, provide. The
'top' of the organisation hasalso virtually disappeared.

Whilethisform of organisation does not assist in the development of
functional supervisorsit has the following advantagesover the other forms
of functional and matrix organisation:

e thelinesof project responsibility and authority are clearly identified;

® project budgetscan beclearly defined and controlled;

e communicationsbetween the projectsand top management areimproved;
e managerswho can managechange are devel oped;

-e strong team understanding and loyaltiesare devel oped;

e thecostsof management areclearly identified.
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Figure 2.5 shows schematically how the authority structure changes as
an organisation moves from being purdy functional through a matrix to a
pure project gructure.

Relative

=1 \ project

Relative
functional
authority
L | | | |
Functional with | Matrix | Project with
very limited authority limited functional
project authority | authority
Functional Matrix Project
structure structure structure

Fig. 25 Authority relationships in organisational structures



CHAPTER 3

Project organisation

The variety of products produced by projects isimmense, the connecting
threads being their uniqueness, the fact that each has a defined start and
finish and the need for each to be planned. This diversity means that it
is not possible to lay down the 'best way' in which a project should be
organised, and no text can hope to cover al the possiblevariations of the
project team organisation. However, one important difference between
the organisation of hardware and information technology teams does
seem to have emerged. This difference is concerned with the authority,
responsibility and accountability of the project manager. In hardware
and most service provision projects there is invariably one person, the
project manager, who has executive authority, within defined terms of
reference, for all aspects of the project. It appears that in I T and software
projects the person appointed as project manager reports to an executive
committee who make the executive decisions.

Asdiscussed earlier, the size and detailed structure of a project team will
depend on the technology, size and cost of a project, but even at its smallest
there must aways be a project manager.

THE PROJECT MANAGER

The project manager for any project should be appointed as early as poss-
blein the life of the project, ideally in the conception phase. Thisis not
always possible, so that the project manager, when appointed, may find
helshe is committed to decisions with which helshe is not in agreement.
This aways creates problems and the manager must formally record the
problem as early as possible with a view to possible modification of the
decisons. The early commitments which have to be made in many projects
will also have significant effects and the project manager, on appointment,
should carry out an audit and assessment of the project for reassurance
that it isfeasiblewithin the given terms of reference.

Project management is essentially team management. Where the project
isa consortium project, team members may come from different cultures
and speak different languages so that the acceptanceof the team asthedriv-
ing force, rather than the functional and/or national interests, by all its
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members is particularly important. Optimising one part will almost
inevitably result in suboptimising the whole.

Project managers, to be successful, must possess capabilities which
cannot be learnt. They must be leeders, and those who are being led must
respect their honesty, integrity and vision. They will need to demonstrate
drive, enthusiasm, dedication and humour, and a willingnessto back their
staff, to whom they have delegated responsibility, when things go wrong. It
has been said that:

To win a battle it is essential to inspire the army with confidence in itself
and itsgeneral.

Additionally the project manager must be an eternal optimist!

DESIRABLE SKILLS

The desirableskillsof agood project manager are:

1 Technological understanding. Since the project manager will have to eval-
uate technical proposals and recommendations, including an assessment
of any risksinvolved in the use of new or untried technologies, possibly
without recourse to assistance from the parent company, an adequate
technological understanding of the project is vital. Since, by their very
nature, projectstend to be multi-disciplinary some of this understanding
will probably comefrom the project manager's basic disciplineand train-
ing; the rest may have to be learned very rapidly. It is, however,
undesirablefor the project manager to be a specialist in the project tech-
nology, as he/she may tend to get involved in the technology to the
detriment of the management of the project.

2 An understanding of project economics. This will require a thorough
understanding of the customer's total view of the project and its subse-
guent operation or use. It will require financial skills applied to the
project and the useof such techniquesas life-cyclecosting.

3 A knowledge of man management techniques. This will include a know-

ledge of and the ability to use:

e payment and bonus systems,

e interviewing techniques,

e team buildingand motivation;

e industrial relations legislation and its application in the project envi-
ronment;

e the health and safety at work regulationsand their application to the
project.
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4 A competencein systemsdesign and maintenance. Thisincludes knowledge
of, and the ability to implement, appropriate office and technological
systemsfor both the project team and the project.

5 A competencein planningand control. A sound knowledgeof al the tech-
niques for planning and controlling projects, with the ability to decide
whichisthe most appropriate to use as circumstancesarise.

6 Financial competence. The ability to read and understand company
accounts, together with an understanding of the various financial
accounting techniquesincluding:

a setting and controlling budgets,

a cost control;

a varianceanayss;

a cash flow statements;

a discounted cash flow methods (DCF);
a net present value (NPV);

a credit control;

a loan and interest repayment systems,
a risk analysis(financia);

a lifecyclecosting.

7 A competencein procurement. Thiswill include knowledgeof:
contract law;

techniquesfor the procurement of goods and services,
costsof holding stock;

expediting;

- materialscontrol.

8 Good personal communication abilities. The project manager will often
be called upon to address meetings, both businessand public, on a vari-
ety of matters concerning the project. Additionally, there will be the
need to teach project and customer's staff on the use of techniquesand
methods and to assess training needsand courses.

Theseissuesare summarisedin Table3.1

Table 3.1 Desirable skills of the project manager

Technologicalunderstanding

Understanding of project economics

Knowledge of man management

Competence in systems design and maintenance
A competence in planning and control

Financial competence

Competence in procurement

Good personai communicationskills
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THE PROJECT TEAM

Thesize of the project team will naturally be related to the size of the pro-
ject so that in a small project it may only have one full-time member, the
project manager, who draws on others for specialist assistance when
required (see Fig. 2.2). Asthe size of the project grows so does the team
until a complete team structure emerges. For larger projects still it is the
numbersin the team that change, not the structure of the team. A full pro-
ject team will be made up asin Fig. 3.1.

As discussed earlier, even with a full project team, assistance from the
functional specialists may be required for many aspects of the project.
These specialists then have a dual responsibility which is at the heart of
many of the problems of project management in functional industry. Staff
who are seconded to a project havein effect two supervisors:

1 the head of the function who is their normal supervisor and isthe oneto
whom they look for salary, promotion and career prospects,; and

2 the project manager to whom they are responsiblefor their work in the
project and who will report on that work, and their general conduct, to
their functional head.

Thisinevitably leadsto divided loyaltiesand problems as a result, partic-
ularly when staff are seconded full-time to the project and may be physically
absent from the function office at the time of annual reviews and similar
occasionsand so fed that they do not receive the recognition that their work
on the project deserves. Oddly enough, this problem appears to be at its
worst if the physical separation is so slight that communications appear to
be easy and no formal structure isset up. A distant location forcesthe set-

Level 1 Project manager
Level 2 Project Project Procurement
accountant co-ordinator(s}) officer
(Engineer(s))
Level 3 Assistant Project] Funclional
accountants (Network analysts) specialists
Level 4 Assistant planning analysts

Fig. 31 Structureof a full project team.
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ting up of formal communicationschannels. Equaly, when a problem, not
necessarily technical, arises concerning some aspect of the project to whom
do staff turn? They arein an invidiousdual reporting situation, and to
whomever referenceis made, the other 'supervisor' will fed aggrieved.

As a project of any size progresses the project team membership will
change asfunctional speciaistsenter and leave the team in responseto the
changing technical demands of the project. Some people will stay with the
project throughout its life; others will be concerned only with a particular
phase and on its completion will return to their functional group in the
parent company or transfer to another project. It isa mgor part of the
project manager's job to ensure the smooth integration of these peopleinto
the project team to progressthe work as harmoniously as possible.

Aswith the project manager, in addition to their technicd skills, the per-
sonal skills of the members of the project team are of considerable
importance. Projects can become very demanding and lack of harmony in
the team can be disastrous. For this, if for no other reason, the project
manager must be involved in the selection and appointment of, at the very
least, the two top levelsof the team.

The project manager should aim to build a team in which peoplewill:

a behaveinnovatively, if necessary, and generally adopt a problem-solving
approach

a openly discussidesas beforethey are adopted

a communicatefredy between functions

e =l theideasand work of theteam

e obtain co-operation from people outside the team

a ensurethat work is progressed at an acceptableleve

e assesstheir own and other people's work pragmatically

e remain cohesive asa group even when thingsgo wrong.

The team must be aware of the need for good communications both
within the group and with others. Communication is a two-way process -
the project not only requiresinformation, it must also supply it. Theformal
reporting systems and regular meetingsare only one aspect of the commu-
nication network. The customer and other stakeholders, suppliersof goods
and services, and others who have only transitory links with the project
should be encouraged to raise problems and concerns as early as they
become aware of them. Discussionsand, when necessary, actionscan then
be taken to resolve the difficulties. Commercial and Official Secrecy
requirements must, of course, be respected and, as discussed earlier, the
dangersof dual reportingwdl understood and avoided.



CHAPTER 4

Planning the project

Any endeavour should be planned and, the larger or more complex or
uncertain it is, the more essential a plan becomes. Thisis particularly true
of projects because of their uniquenessand, except for very small projects,
the planning activity needs to be formalised. Even small projects can be
complex and require careful planning to resolve the interactions between
the variousjobs or activitieswhich make up the work in the project.

OUTLINE OF PLANNING CONCEPTS

Present decisionsaffect both present and future actions and, if immediate,
short-term decisions are not made within the framework of long-term
plans, then the short-term decisions may effectively impose some long-term
actions which are undesirable but inescapable. Military writers categorise
these long- and short-term plansas.

e strategic plans- which are those made to 'serve the needsof generalship'
e tacticalplans — which are those made ‘when in contact with the enemy’.

Idedlly, of course, strategic plans are made before the start of an opera-
tion and, by following them, the operation is successfully concluded.
Inevitably, however, tactical decisionswill have to be made and these can
only be successful if they are made within the context of the strategic plan.

To permit effective tactical decision making, it is necessary for the strat-
egy to beexpressedin aform that is:

e explicit

e intelligible

e capableof accepting change
e capableof being monitored.

It must be realised that there is no absolute definition of strategy and
tactics: at any oneleve in a hierarchy a tactical plan should be made to fit
the needs of the strategy received from a higher level and this tactical plan
then becomesthe strategy for a lower level. Freedom to make appropriate
decisions must be given to those who will be held responsible for perfor-
mance and, if these decisionsare to be meaningful in alarger context, then
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it isimperativethat thislarger context be known. Freedom ‘within the lav
isasimportant a concept in management as in the community. Too often
tactical decisionsare taken to meet the needsof immediate expediency, and
the resultsmay wel be disastrousin the long term.

OPPORTUNITY COSTS

In planning, as indeed in project control, a valuableconcept for the project
manager isthat of opportunity cost:

Opportunity cost — that which issacrificed by choosing or failing to adopt a
different courseof action to that which iscurrently planned to be taken.

Probably the simplest example to illustrate the concept isto consider a
person with £1000 in cash. For safety thisis put in a box hidden under the
bed. At theend of a year the £1000 is unchanged. However, it could have
been placed in an equally safe investment with an annual return of 10 per
cent. What has been lost - sacrificed - is £100, so the opportunity cost of
the'box under the bed' policy istherefore£100.

This concept can be widdy applied. Thus, for example, at a project mile-
stone it is forecast that the project will overrun by one week and the
penalty clause states that for each wesk of overrun a penalty of £1000 will
be levied. The opportunity cost of not taking any corrective action to pull
the project back by one week is £1000, and this will give an idea of the
extracost which can be economicaly incurred to avoid the overrun.

A second example concerns procurement. Suppose a piece of capital
equipment isto be hired for use on the project at a weekly rate of £1000. It
is brought onto site three weeks before it is needed. The opportunity cost
of thisearly hiring is £3000 plusany financing charges and the weekly cost
of storage and insurance. Equally, material which is over-ordered or deliv-
ered early will attract an opportunity cost which isoften alarmingly high.

It should be noted that opportunity costs do not show up in the final
project accounts, being absorbed in the general financing. Thus, in the
example above of the piece of equipment brought on site early, the hiring
cost will appear as oneitem. A declaration of the extra costsinvolved by
bringing the equipment on site beforeit was needed is a statement which is
outside the experience of either author. It isalso true that opportunity cost
may not be the sole criterion in making a decision. It may be that other
commercia considerations outweigh the opportunity cost but it must
aways be taken into account.
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ELEMENTS OF PROJECT PLANNING

Theearliest attempt at a forma planning system was the Gantt chart which
was derived from the simple bar chart. The use of the term 'bar chart' is
now so universal for referring to either form that it has been used through-
out this text, except in this chapter where'Gantt charts' and 'bar charts
arediscussed.

A project plan in itssimplest form isan attempt at a timetablefor al the
activitieswhich make up the project. It forms the first mgjor step in the
project management process, and sets out 'how', 'who does what' and
‘when'. At the next stage of sophisticationit will aso stateto ‘what leve of
performance and quality’ and at ‘what cost'. At a yet higher stage of
sophistication it will also be related to the availability of the resources
required to carry out the activities. As each stage is considered, it may be
necessary to reconsider and modify the preceding ones.

The process of creating a project plan is the responsibility of the project
manager and the project team, with the advice and assistance of the pro-
ject sponsor, the customer and other stakeholders. The preparation of a
project plan isan iterative process. It needsto be reviewed and updated as
information becomes available throughout the life of the project. It is
never a static document and it forms the base against which al progressin
the project is measured. It must therefore be as accurateand up-to-date as
is possible. No plan should ever be regarded as set in concrete - it isa
working tool.

Therewill dwaysbe severa levelswithin the project plan. At the highest
leve it will be a summary showing key events and milestonesin the project
as an executive overview for senior management. In a consortium project,
the plan will indicate the agreed division of work between the members of
the consortium. The lower levels will have increasing amounts of detail
with the lowest giving activity listsfor task ownerswho are responsiblefor
activitiesin a particular cost centre or function.

The plan will dways have a timetablefor the work to be done. This may
only bein bar chart form but should preferably be a network, which has
been analysed to obtain the start and finish data for al the activities Asthe
project proceedsthe planning documentswill also contain progressinforma-
tion showing the current state of the project against the plan. In a long
duration project the amount of detail included in the plan should vary with
time. In the short term, which may be three to six months or in some cases
more, thereshould be thefull expansionof detail with progressvely lessfrom
thereon. Theshort-term horizon is, of course, moved forward at each update
or at pre-planned timesso that detail increasesas the project movesforward.
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The plan will includethe budget for the project and financial statements
showing expenditure, income and net cash flows adjusted to net present
vaues. This part of the project plan may be restricted to certain levels of
management, as may other partsif they contain confidential information.

Contained within the project plan there will also be plansfor changeand
configuration management, for quality and for procurement together with
a risk assessment showing both financia and technical risksand their pos-
sible impact on the project. These may be the work of separate groups
within the parent organisation which specialise in the appropriate tech-
niques, but for the project they report to the project manager who has to
agree and approve their plans. If separate groups exist they will probably
second a member to the project team to support the appropriateactivities.
If the project islargeor is taking place physicaly distant from the originat-
ing organisation, there will probably be support teams, as part of the
project team, for someor all of these aspectsaf the project plan.

THE WORK BREAKDOWN STRUCTURE

Concurrently with the time-based plan a work breakdown structure (WBYS)
should also be produced, which will provideal those involved in the pro-
ject with a hierarchically structured division of the work required in the
project. The WBS can be structured in a number of alternative ways
depending on the use to which it is to be put. Common ways are by divi-
sion of the product into major components which are then split into sub-
assemblies and so on down to components, by a functional breakdown or
by cost centrecode. The way chosen is usually related to the type of project
and theindustrial or public sector in whichit is taking place.

In all cases, the lowest levd in the WBS comprises groups of activities-
or sngleactivitiesif they are large enough - which are the responsibility of
a named individual - the task owner. The task owner is responsiblefor
identifying, estimating, planning, executing and reporting progress on the
work in accordancewith the project plan. The task owner isalso respons-
blefor the quality of the inputs to the project plan and for ensuring the
progressdata is accurately obtained and provided on time as required in
the plan.

For each task a 'statement of work' ( SOW is required which describes
the activitiesin the task in sufficient detail to provide an unambiguous
statement of the task owner's commitment to the project and thus enable
the activity list data to be complete. The data required will include esti-
mated durations together with the resources required, costs, measures of
performance including how any stated quality requirements are to be
assessed, any risksand uncertaintiesand detail sof reporting procedures
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When the identified task is a subproject in its own right so that the task
owner becomes a supplier to the project, the statement of work may need
to take the form of a lega contract. Thiswill certainly be so if the task
owner isexternal to the parent organisation.

The project manager must assess and discuss the statements of work
supplied by the task owners before agreeing the assignment of the work.
Implicit in the agreement is the ability of the task owner to fulfil the com-
mitment, as defined in the statement, at the time specified in the project
plan. The task owner is thus committed to provide the required resources
at theright timewithout interfering with other work.

Concurrent with the WBS, the logical relationships between project
activities should be planned through the use of bar charts (where the logi-
cal relationshipsare difficult to express) or, preferably, through network
diagramsin which theinclusion of thelogica relationshipsis a part of the
technique, whichever of the two types of diagram - of activity-on-arrow
(AoA) or activity-on-node (AoN) - is used. Both bar charts and project
network techniques (PNT) are presented in detail in later chaptersand dis-
cussed further below.

There are differences of opinion among practitioners as to which comes
first, the WBS or the network or an activity list. Your authors do not fed
strongly about it and would suggest that whichever is most convenient for
the project iswhat comes first. Whatever happens, the result is the same -
the project plan and al that goes with it.

INTRODUCTION TO PROJECT PLANNING TECHNIQUES

The bar chart

When attempting to determine the completion date for any project,
whether it be the building of a bridge, the mounting of a sales conference,
the re-layout of a shop, the designing of a new piece of equipment or any
other project, it is necessary to timetableall the activities that make up
the task, that isto say a plan must be prepared. The need for planning
has always been present, but the complexity and competitiveness of
modem undertakings now requires.that this need should be met rather
than just recognised. The first attempt at a formal planning system was
the Gantt chart.

In the Gantt chart the timethat an activity should takeis represented by
ahorizontal line, the length of that line being proportional to the duration
timeof that activity. In order that several activitiescan be represented on
the same chart, a framework or ruling is set up, giving time flowing from
left to right, theactivities being listed from top to bottom (see Fig. 4.1)
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Fig. 41 GANTT (Bar chart framework.)

Assume, for the sake of smplicity, that there are three activities, A, B and
C, which must becarried out in sequenceand that the duration timesare:

Activity A:  4weeks
Activity B: 6 weeks
Activity C: 5 weeks

Thisis represented on the Gantt chart as shown in Fig. 4.2 and reveals
quite clearly how work should progress. Thus, by the end of week 8, the
wholeof activity A and two-thirdsof activity B should be complete.

To show how work is actually progressing, a bar or line can be drawn
within the uprightsof the activity symbal; the length of the bar representing
theamount of thework completed. Thus, if S0 per cent of an activity iscom-
plete, a bar haf thelength of the activity symbol isdrawn (see Fig. 4.3). This
givesa very smpleand striking representation of work done, particularly if a
number of activitiesare represented on the same chart.

Fig. 4.2 Three sequential activities.
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Fig. 4.3 Representation of 50% of activity complete.

If thischart has been correctly filled in and isviewed at theend of wesk 7,
that is'time now' (denoted by two small arrowsat the top and bottom of the
chart asshown in Fig. 4.4), then thefollowing information is reedily apparent:

Activity A
Activity B

Activity C
Activity D

Activity E

Activity F
Activity G

should becompleteand, in fact, isso.

should be 50 per cent complete, but, in fact, isonly 17 per
cent finished.

should not be started and, in fact, is not started.

should be 62 per cent complete and, in fact, isonly 50 per
cent finished.

should be 17 per cent complete and, in fact, iS50 per cent
finished.

should becompleteand, in fact, is not started.
should be 87 per cent completeand, in fact, iscomplete.

Thus we see that incomplete bars to the left of the cursor line mean
under-fulfilment, while those to the right mean over-fulfilment. By the use

Fg. 44 Representation of progress.
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of codes and/or symbols the reasonsfor any delays can be displayed and
the whole chart can be very succinctly informative, combining both plan-
ning and the recording of progress. For many tasks the Gantt chart is
unsurpassed, and its use has been very highly devel oped.

Though valuable, the Gantt chart presents three major difficulties, one
concerning the problem of interrel ationships, the second that of needing to
take several decisionssmultaneoudly and the third the problem of modify-
ing thechart.

The problem of interrelationships

Consider activity F in Fig. 44. It isshown hereto start at the beginning of
the project. However, it may be that thereis another requirement, namely
that it must be complete before activity C can start. This means that activ-
ity Fcanin fact 'dide’ five weeks without detriment to the whole project.
There may also be another activity, K (not shown in Fig. 4.4), which can
start only when F is complete. How can these interrel ationships be dis-
played?It is possible, in a small-scalework, to 'tie' bars by dotted lines but,
if more than a few activities are concerned, the chart becomes so muddied
asto beusdess

The problem of simultaneous decisions

Locatingan activity on a Gantt chart requires three simultaneousdecisions
to bemade;

e Method (logic): activity C isshown to follow activity B, that is, a deci-
son on theway the project isto becarried out has to be made- thelogic
hasto be decided.

e Time any activity bar hasa length, that is, a decision has been made on
thetimeeach activity will occupy.

e Resources: locating an activity in position impliesthat resources are
availableto carry out theactivity at that time.

All projects have these threedimensions - logic, time, resources- and each
isimportant. To require a planner to make decisionson these threefeatures
at onetimeisto set an impossibletask, yet thisiswhat is required when a
Gantt chart isdrawn. In practice, thedecisonsmust be taken sevidly.

The problem of modifying the chart

When changes to the plan are necessary — something which is inevitable
even in the best planned project - the Gantt chart isvirtually impossibleto
modify successfully both due to the physical problem of changing the chart
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and the lack of knowledge of the interrelationships which preventsthe
effect of a modification to one bar upon the other unmodified bars being
reliably predicted.

The Gantt chart is now more generally referred to asa 'bar chart' — from
which it wasderived - and thelatter term will be used in thistext.

Project network techniques

These difficultieswere resolved by the development of the family of project
network techniquesand their chartsor diagrams.

Project network techniques (PNTs) were developed in the mid-1950sand
early 1960s when two types of network diagram originated. Essentially,
these involve representing the proposed project as a diagram (or ‘'model’)
built up from a seriesof arrows and nodes (boxes or circles). The origina
structureof the model dependsonly upon the proposed method of carrying
out the project and isdrawn in such awey that the logica structure of the
planiseadly observed and tested. It must be realised that as with any plan,
the network modd does not represent the 'best’ or ‘only' way of carrying
out the project at any stagein its development. It representsthe way the
project has been planned on this occasion and formsa model for under-
standingand, when necessary, modifying the plan.

Once the diagram is believed to show an acceptablelogic, times are set
for the various constituents of the diagram (theduration times). A calcula-
tion isthen carried out to discover the total duration of the project. If this
is satisfactory, then no further action is necessary at thisstage. If the total
project time needsto be reduced then the activitiesdictating thistime - the
‘critical activities — are examined to see whether they can be adequately
shortened by using a different method or by changing thelogic of the plan.
It isfoolish, indeed it should be impossible, to change an activity duration
unlessit is achieved by method or logic changes. Unfortunately, thisis
often unacceptableto senior executives who believe that issuing a fiat will
solvea problem.'l don't care what your plan says, the job has got to be
donein lesstime with the resourcesyouve got' isacry which every planner
must have heard many times. The exchange between method, logic and
time continuesuntil an acceptablesituationis obtained.

Timeand logic having been considered, it may be necessary - in some
fortunate casesit is not — to consider the resources required by the plan as
it now stands and the resources available. This can be done by moving
through the network and adding up (‘aggregating’) the resources required
in each time period. The aggregated resources ('loads) are compared with
the resourcesavailable(‘capacities) and, if requirement exceeds availability,
the network is re-examined to see if any manipulation can take placeto
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'spread’  the load satisfactorily. If not, then clearly either the available
resourcesor thetotal project time (TPT) or both must be increased.

It should berealised that the 'time analysis of the network setsall activi-
tiesat their earliest time and that the resource aggregation forms an 'early
start aggregation’ so that any manipulation of the network to reduce the
load must, inevitably, delay activities, but not necessarily the project com-
pletion date. The resulting interactions with other activities and their
resource requirementscan become extremely complex and, except for very
small projects or simple situations, such manipulations should not be
attempted without an appropriate computer program.

One of the very useful by-productsof drawing a network is that the dia-
gramformsa useful meansof communication. It demonstrateshow a project
isto be completed, or it can enable an executive to passon information to a
successor or a subordinate. It is quite certain that the network will be seen
and used by persons other than those who prepared it. With this'communi-
cating' aspect in mind, it is important from a practical point of view
that activitiesshould be unequivocal statements in positive terms that have
significance within the context of the task being considered. Furthermore,
wherever possible, constituents should be chosen in such a way that the
responsibility for carrying out the activity can be explicitly assigned. When
desired, networkscan be easly transformed into bar charts, with the facility
for incorporatingchangeor being manipul ated when required.

Broadly, thereare two PNT families: the activity-on-arrow (AoA) family,
where an activity is represented by an arrow; and the activity-on-node
(AoN) family, where an activity is represented by a box or node. These two
families each have their own advantages and their own adherents. The
authors have used both extensively and believe that neither shows an over-
whelming advantage over the other. It is necessary for some organi sationsto
have both families available to meet the needs of their customers/clients.
Care must be taken to avoid confusing the two families. There are currently
many excellent computer programsavailable for both AoA and AoN. Both
families have the characteristicsof a good plan — namely, they are:

Explicit - often uncomfortably so: their clarity is uncompromising;

Intelligible — with education they are very intelligible- it is often easy to
deduce theway in which the planner's mind wasworking;

Capableof - changes are easily made to a network: a working
accepting network that doesnot incorporatechangeisa rarity;
change

Capableof - The progress of the project as a whole and of the con-

being stituent parts can be very easily deduced providing that the

monitored information on performanceis fed back to the network with
appropriate speed.
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PNT can be used in situationswhere the start and finish of the task can
be identified: continuous or flow production is not susceptible to planning
by PNT athough the setting up or pre-production work is. The size of the
project is of no consequence - networking has been used to plan a smple
test procedure just as successfully as to plan the construction of a new
town or thelaunch of a spaceship.

As with any other new management tool, PNT will require to be intro-
duced into an organisation with care. It is suggested that the following
pointsshould be observed:

¢ PNT isnot a universal tool - there are many situationswhereit cannot
be ussfully employed. These situationsare, in general, those where activ-
ity is continuous, for example, flow production. A PNT-typesituation is
characteristicallyonethat hasa definablestart and finish.

¢ PNT isnot a panacea- it does not cureal ills. Indeed, in itsdlf it does
not solve any problems, but it does expose situationsin a way that will
permit effective examinations both of the problems and the effectsof
possiblesolutions. However, the formulation and implementation of any
solution will remain the responsibility of theappropriate manager.

a Networking must not be made a mystery, known only to a chosen few.
All levelsrequire to appreciate the method and its limitations and an
extensveeducationa programmewill be necessary to ensure that knowl-
edgeisspread aswiddy as possible.

e The person introducing networking into an organisation must be of suf-
ficient stature and maturity to be able to influence both senior and
junior personnel.

¢ Wherever possible, the early application of PNT should be to smplesit-
uations. If networking isfirst employed on a very difficult task it may
fail, not because of the difficulty of networking but because of the diffi-
culty of the task itself. However, the failureislikely to be attributed to
PNT and the techniquewill be discredited.

e Thefirst application of networking will undoubtedly excite considerable
interest and attract many resources, both physica and manageria. This
may starve other non-PNT-planned tasks to their detriment and it may
produce exceptionally good results on the ‘PNT job' that cannot be
reproduced on later jobs. Whileit isimpossibleto avoid this 'halation’
effect completdly, itsexistence needsto be recognised.

a PNT will involve committal to, and the acceptance of, responsibilities
expressed in quantified terms. Many supervisors find this difficult to
accept and will often try to escape by creating unreal problems. It isvital
to makeit quite clear that PNT is not a punitive device it isa tool to
assist, not a weapon to assault.

¢ The purpose for which the network is to be used must be known in
advance. A feasbility' network islikdly to bedifferent to a working net-
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work. A network designed to control at one leve in the organisation will
differ from that used to control at adifferentleve.

® Excessvedetail must beeschewed. The authors havefound, both in their
own work and in talking to hundreds of network planners, that excessve
detail in the network is the most common cause of failure to use the net-
work, and thus of the failure of the project. A very approximate guide, for
the majority of projects, is that few activitiesshould be of less duration
than 1 per cent of the total project duration. In addition, any network
with more than a few hundred activities - say 400 at most - must be
broken down into subprojects as part of the hierarchical planning and
control process.

It must be realised that the duration time of an activity is the time that
should be expendedin carrying out the activity. It isnot necessarily thetime
between the preceding and succeeding activities, for example, the preceding
activity may finish in wesk 10. The succeedingactivity may start in week 20
but the duration time of the activity itself may be only 4 weeks, in which
case, the activity is said to possess float (in this case 6 weeks). This matter
will bediscussed more thoroughly later.

As with all scheduling techniques, the times assigned to activities must
be redlistic, that is to say they must take into account all current local cir-
cumstances. Using the work study officers standard times is quite
inappropriate here, since the actual work may not be performed 'at stan-
dard'. 'Actud’ or 'observed' timesare much more appropriate although the
conditions then and on the current occasion should be checked for compa-
rability. Unfortunately, in many cases the actual timesare not available. It
is extremely useful for performance data on resources and tasks to be col-
lected, since time and resource performance may interact in unpredictable
ways Once recorded, these will assist the estimator in considering current
circumstancesand will lead to better duration estimates. Whatever the situ-
ation, however, the principleis clear: the duration times need to berealistic
rather than desirable, and they should be accepted by those held responsi-
blefor their achievement.

THE NETWORK AS A BUDGET

A financial budgetisdefined as:

A financial and/or quantitative statement, prepared prior to a defined period of
time, of the policy to be pursued during that period for the purposeof attaining
a given objective.
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Thisisadefinition also of a network — indeed of any comprehensive pro-
ject plan — and it is often very helpful to consider the network as a budget
in terms of time. The cost accountant has developed much skill in the
assembly and use of financial budgetsand it is prudent to consider this
experience when drawing and using networks. The authors have found this
parallel particularly valuable when considering the detail that should be
incorporated into a network. A hierarchy of networksisjust as appropriate
asa hierarchy of budgets: it will enable problemsto be identified without a
mass of unnecessary detail and it can locate responsibility at an appropri-
ate point in the structureof acompany.

Again, the experience of the cost accountant is pertinent: costs should
be agreed with, not imposed upon, the manager concerned. The Cost
Handbook (Ronald Press, New Y ork) contains the following (Section 20.20):

Primary responsibility for preparation of the budgetsshould rest with the super-
visorsof the varioussegmentsof the business. For example . . . the sales
manager should participate actively in the development of the sales budget,
since he will be theindividual primarily responsiblefor the execution of the sales
plan. Thisgeneral procedureis equally applicableto every other segment of the
businessand should be vigoroudy pursued. . .

In this connection Francis(Contraller, Vd. 22) pointsout that: ‘Budgets are
frequently developed by one or two key individuds. . . sometimes management
without the prior knowledge or approval of the operatingexecutivesin the (vari-
ous) departments. This is the worst type of budget procedure and quickly
defeatsthe objectivesd forward planning.

These comments would hold exactly if 'project plan' were substituted
for 'budget'.

It cannot be too heavily stressed that the assessment of durations,
resources and costsisa vital aspect of planning. Deductionsfrom the net-
work plan can be no better than the information used in the calculations;
consequently it is imperative that the managers responsible for carrying
out activitiesmust beinvolved in the assessment. If they are not consulted
they may wdl ignore the plan as totally unrealistic, with disastrousresults
for the project.

The time and resource data are essential for scheduling and, between
them, form the basisfor the costing of activitieswhich then forms the pro-
ject budget. For many organisations, particularly those in manufacturing
industries, for whom project resource control is difficult since resource
availabilitiesfor project work are virtually unknown in advance, the project
budget is the principal meansof control for the project.
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CARD NETWORKING/BAR CHARTING

I'n an organisation which has networkinglbar charting for project planning
wedll established, it is possible to significantly reduce the time required for
the preparation of such plans. In this approach, the basis of which is
described in 'Speeded methods of network planning’, by JA. Larkin (The
Production Engineer, February, 1968), plain cards are issued to each func-
tional group concerned in the current project. These cards are used, one
per activity, to record the details of all the activities for which the func-
tional group is responsiblein the project. The necessity for the use of the
technique to be previously wel established becomes apparent at this stage
when it is redised that each group must plan at the sameleve of detail and
use the sametime units for durations.

When each functional group has completed its consideration of the pro-
ject activities a meeting is convened to which it is essentia that senior
functional staff attend, since decisionstaken at the meeting will affect the
wholeimplementation of the project plan. The meeting should be held in a
planning room equipped with magnetic or soft wallboards to which the
activity cardscan be stuck or pinned. Thechair of the meeting guidesa dis-
cussion of the project and as activities are discussed the cards representing
them are added to the wallboardsand the dependency interactionsdrawn in.

In thisway the logic of the project isvery rapidly established and any
unforeseen problems emerge and can be discussed at once. It issaid that in
an experienced group a large and complex project can be set up in one day
rather than thesx to eight weeksit normally takes. The greatest virtueof the
approach, other than the time saving, is that the functionsdiscuss the prob-
lems of interaction directly with each other, rather than through the third
party of the planning engineer, and are usually more co-operativein solving
them at the senior level. The highleve plan which resultscan be converted to
the formalism of either AoA or AoN or to a bar chart asis required, and
lower leve planswith moredetail can be prepared with confidence.



CHAPTER 5

Projects and quality

The need to achieve'quality’ affectsall areas of industry including projects
and project management. Appropriate quality possibly has even more sig-
nificancefor the product of a project than for a volumeconsumer product.
A defective, say, alarm clock is a nuisance which can readily be replaced. A
defective project product can probably only be restored to acceptability, if
it can be so restored, at great cost and inconvenience. Project managers
would claim that they have always been aware of the need to achieve the
requisite quality in the project product(s), and that good project manage-
ment is good quality management. While this may be true, what has not
been done, till recently, is to formalise even this aspect of the impact of
quality requirements.

Thereis, however, another aspect to the application of quality to projects
which isseldom, if ever, considered - that of the quality of the project man-
agement process itself. Quality improvement in a management process
requiresa continuity of operation of that processand, in most cases, thisis
what does not happen in project management - the team is set up for the
project and dispersed on its completion. In such casesthe maintenanceof a
project log and the compilation of a project history becomes of even
greater importance than it wasin the past in order to maintain continuity
within the organisation.

With more organi sations seeking certification to BS:5750 in the UK and
to EN:29000 in Europe there has come the requirement to show that they
are correctly applying the quality management principles involved in such
certification — which includes fully documenting all procedures to ensure
traceability when required. For project management it means, among other
things, a specificrequirementfor a quality plan as part of the project plan.

THE QUALITY CONCEPTS OF PROJECT MANAGEMENT
Five main quality concepts have been identified as critical to the achieve-

ment of quality in projects and project management. These are detailed
below and summarised in Table 5.1.
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Table51 The quality concepts of project management

1. Maximisingthe satisfaction of customer and stakeholderneeds is paramount.
2. All work is carried out as a set of planned and interlinked processes.

3. Quality must be built into both products and processes.

4. Management is responsible for creating a climate for quality.

5. Management is responsiblefor continuousimprovement.

Maximising the satisfaction of customer and other stakeholder needs
is paramount.

Satisfying customer needs means identifying and understanding those
needs, both stated and implied, transating them into requirements and
ensuring that all work in the project contributes to them. It also means
establishing good communication links with the customer. Other stake-
holders should also be identified and their needs should be understood
and, where possible, taken into account. Where these needs are in conflict
with the customer's needsthe latter must, of course, take precedence.

All work in a project is carried out as a set of planned and interlinked
processes

The processeswithin a project create value for the stakeholders. Through
the tasksin the project processes, input from suppliersis transformed into
output to fulfil the project objectives. Managing the project processes prop-
erly isthereforeessential and entails:

¢ planning, which includes identifying and documenting the processes and
their quality requirementsas part of the project plan;

¢ co-ordinatingand integrating theinterlinked processes;

¢ ensuring that the processes have the right skills, processes, material,
equipment and specifications,;

e monitoringand controlling the processes.

Quality must be built into both products and processes

Qudity doesnot just happen, nor can it just beingpected into a product; itisa
matter of prevention, not of detection. It requiresthe combination of planned
and controlled activities with competent and quality consciouspersonnd.

Management is responsible for creating an environment for quality

The creation of an environment for quality is the responsibility of the
management of both the parent organisationand the project organisation
and entails:
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e setting quality objectiveswhich can be quantified;

e providing an organisational structure and support which is conducive to
meetingquality objectives;

e providing for quality assessmentsand follow-up;

e involving all personnel in achieving quality.

Management is responsible for continuous improvement

An organisation originating projectsis responsiblefor continuously seeking
to improve the project management process by |earning from experience.
Project management in the organisation should be treated as a process, not
just as an isolated activity, and a system should be established to collect
and analyse information from projects for use in a continuous improve-
ment programme. Equally the project organisation is aso responsible for
seeking to continuously improve the quality of its own processes and activi-
ties. The price of quality iseternal vigilance.

PROJECT QUALITY AND THE HOST ORGANISATION

If the parent company, which may be a consortium, is new to project man-
agement, the project team may wel find, when it comes to setting up the
quality system for the project, that the company quality management
system, even if it exists, isdifficult to adapt to the different style of manage-
ment required for projects. The quality management function in the parent
organisation may be reluctant to change its standard approaches but must
be persuaded to do so, where necessary, if the quality system isto be usable
by the project team. It may be that a separate quality system has to be set
up specifically to meet project requirements; if so, the interface between it
and themain systemwill need careful management.

One of the main problemswith ‘quality’ is defining what ismeant in a
particular casein measurableterms. If it cannot be measured or quantified
in someway, then thereis no way of saying whether it has been achieved or
not. The quality plan has, therefore, to set out exactly how 'quality’, at
each stage or milestonein the project's progress, is to be defined in measur-
able terms and how those measuresare to be applied. In some projectsthe
aesthetic aspectsof the product may be of importance and a very real prob-
lem arisesin defining how it isto be assessed.

PROJECT PROCESSES AND QUALITY

Thefive quality concepts affect all the strategic, interlinking and opera-
tional processesin a project.
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Strategic processes

The strategic processes set the direction for the project. They requirethe
identificationand documentation of all the stated and implied needs of the
customer which, again, might be a consortium and other stakeholdersand
their conversion into a product specificationfor the project. Should the
customer requirements bein conflict with other stakeholders requirements
these must be resolved if at all possble. However, in thefina anaysisit is
the customer's needs that are paramount and these must be formally docu-
mented once agreed. The process of identifying new stakeholdersand their
needs has to continue throughout the life of the project.

Policiesfor the operational processes have to be set, in particular for the
procurement of goodsand services, for the product and process quality and
for risk assessment and mitigation. These policies should support the oper-
ational processesand should specify:

e the performance measuresto be used to monitor progress,
e thetimingof regular management reviews.

The reviews ensure that the project objectives remain vaid and provide
for preventativeor correctiveaction when required by changesin circum-
stances. Policiesfor the proper closure of the project should also be set up;
these will bea function of the type of organisation and whether the project
team isremaining asa unit or not. In al cases they should ensurethat both
good and bad aspectsof the project providelessonsfor future projects.

Interlinking processes

The project manager is responsiblefor the interlinking processeswhich are
required becauseall projectsconsist of a number of interrelated processes.
Changes in actionsin one process will aways affect severd othersand this
needs to be recognised and managed if unfortunateconsequencesare to be
avoided. The threemain processesinvolved are:

e development of the project plan;
e interaction management;
e change management.

The project plan

The development of the project plan requires theintegration of all the sub-
sidiary plans, including the quality plan, into a coherent project plan. The
degree of detail in the plan will, of course, be related to the size and com-
plexity of the project, but there should always be a plan. It will require
identifying all theinternal and external interfacesand interlinks, and, if the
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project host isa consortium, the division of work between the members of
the consortium. It should be noted that it is usually at these points that
problems occur. The schedule of management reviews and audits should
also be part of the plan.

Interaction management

Interaction management is concerned with minimising the adverse effects
of actionsin one process on others by arranging for interfunctional meet-
ings to resolve any difficulties and to assign responsibility for actions to
mitigateany adverse risksinvolved. The project communicationsystemisa
vital aspect of this process.

Change management

Change management includesany changes both to the configuration of the
project product and to the project processes. It requiresthat a formal system
be set up for assessing dl requestsfor change within the project for whatever
reason and for preventing unauthorised changes. The effects of all changes
should be evaluated and costed and all changes must be authorised before
implementation. When a change has been authorised the change manage-
ment process should monitor itsimplementation and resolveany unforeseen
conflictswhich arise. Thereisa very real danger in most projectsof design
staff wanting to improvethe existing design - 'one can dwaysdo it better the
next time' - and thus exceeding the specified performance of the product.
Thismust be prevented unlessit can also be shown that thereisa significant
cost saving in the proposed changeswhich, in most cases, is unlikdy. The old
adage that 'the best isthe enemy of thegood' should be remembered.

Operational processes

The operational processesrelate to the project scope, time, costs, resources,
communication, personnel, procurement and risk and, in each case, the
effect of applyingthe quality concepts needsto be considered.

Scope

The scope related processesaim to trand ate the stakeholders' requirements
into activities to achievethe product and any other objectivesof the project.
They also aim to ensurethat work in the project remainswithin the defined
scope, that is, it achievesthe specification and not something which exceedsor
fallsshort of it, and that if changesare required that they are properly man-
aged. To carry out these aims requires the development of the basic concept
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into aformal statement of the product specification which can be agreed
by the customer. It will include measures, in quantifiable terms, of how
all aspectsof the product are to be assessed on completion of the project. It
will therefore set out, in as much detail asis possible, the work breakdown
structure, theactivitiesin the plan and how the control system will work.

The full scope definition will usually be developed after the conception
phase of the project since the feasibility studies will affect much of the
detail of the specification and the activities required to achieveit. If the
project isfor a customer outside the parent company it will, in most cases,
be then that aformal contract isagreed, although there may also have been
a separate agreement on funding for the feasibility studies. A further
expansion of the detail in the scope documentation will of course occur in
the devel opment phase, in particular in the project plan.

The time, cost, resource, risk and procurement related processes are dealt
within detail in the next and later chapters.

Communications

Communications in any organisation are critical to its success, and thisis
certainly true of projects. The aim of the processisto ensure that the infor-
mation necessary for the management of the project is collected and
exchanged or distributed on time and that, when required, it is adequately
stored for traceability. This requires a communications plan, as part of the
project plan, which specifies what information will be collected and when,
who will be responsiblefor the collection and analysis of the data and to
whom and how and when it will be distributed. The plan should also set
out the schedule of meetings with formalised procedures for attendance
lists, minutes and agenda, both within the project organisation and with
the customer. As with any plan, proceduresfor its control also need to be
set up, which will interact with the document control procedures.

Personnel

Peopleare the most important part of any organisation. On them the success
or faillure of the organisation and the quality of its products depends. The
project personnel-related processesaim to create an environment in which
people can contribute effectively to the success of the project. They may wel

differ from the processesin the parent organisation becauseof the, usudly.
short-term needsof the project to build and motivate a tesm. Despitethis, the
project processes must not conflict with those of the parent company. A par-
ticular difficulty may arise here when a consortium exists to perform a
project; usudly it isthe processesof the major partner which take precedence.
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A structurefor the project organisation must be set up and tailored to the
needs of the project, which will change as the project proceeds. People must
be sdlected or recruited to fill the positionsin the organisation. Thereshould
be clearly defined job descriptions, which should include responsbilitiesand
authority aswdl asthelevd of competenceand experiencerequired.

A significant part of the processfor any major project is team building
and development. It will be important in any but the smallest projects but
becomescritical as the Sze of the project increasesand particularly when
the team is drawn from the members of a consortium with possbly differ-
ent cultures and languages. The performanceof any team is related to the
opportunitiesoffered to the team membersfor personal involvement, satis-
faction and development and will have significant effects on the quality
and success of the project. These opportunitiesare enhanced by creatinga
co-operative and positive approach within the team so that team members
are encouraged to raise problems, which can then be properly discussed
and resolved if they are personal, or appropriate action initiated if they
concern the project. In a functional organisation, they will also be
enhanced by the recognition of good work in the project which is also
reported to thefunction from which theindividua was seconded.

In building a team attention must be given to the provision of appropri-
ate training to bring personnel up to the required leved of knowledge. In an
organisation with a new quality system, or onein which the project system
differssignificantly from that of the parent organisation, early trainingwill
be essential to ensure that the quality plan is properly prepared, as part of
the project plan, and tailored to the project needs.



CHAPTER 6

Projects and procurement

Procurement is a vital element in the successor failure of many projects,
particularly those concerned with a hardware product. The commitments
for materias, goodsor serviceswith a long lead time may have to be made
beforeeither the project team or the project manager arein place. Thesein
themsalves can, for good or ill, set the course of a project. Procurement
therefore is deserving of more attention than it is usualy given in textson
project management.

PROCUREMENT PROCESSES

The procurement processes aim to acquire hardware, software, processed
materials, services or combinations thereof which are necessary for the
completion of the project. Thus the word ‘procurement’ is more generaly
used in project management than 'purchasing' or ‘buying' since project
procurement involvesmuch more than just purchasing. In addition to pur-
chasing, a project will often requirethe procurement officer to organise:

e thetransport of material to a location distant from the parent company,
possibly oversess,

e theorganisation of transport and documentation;

e thearrangement of accommodationfor staff avay from home;

e thehiring of specidistsor consultantsor other services;

e therenting of plant and equipment not availablein the parent company.

Whileit isessentia for the project manager to be involved in the sdec-
tion of plant and subcontractors, it is sensible for the procurement
executive to carry out theinitial searchesand discussions with potential
suppliers/subcontractors. In arriving at final decisions, the selection and
contract conditionsmay require skillsand knowledge other than those of
the project manager or procurement executive. Certainly the human
resource department should beinvolved in the selection of personnel, the
engineering departments in the selection of plant and equipment and the
lega department in the drawing up of contracts. Experience from previous
projects, as recorded in the project logs, should be used to assess how ser-
vices have performed, suppliersdelivered or rented plant behaved, as part
of the procurement process
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Of the various functions which have to be undertaken in a project, pro-
curement is probably that which fits least easly into the project
organisation. Thedifficulty arises from four sources:

1 dngleitemscan form a very significant capital investment in themsalves,
often of such magnitudethat a main board decisonis required beforea
contract can be placed;

2 often material is particular to the project and not held in stock in the
parent company;

3 processed material may only be availableat a location distant from the
project;

4 there may be political or contractual reasons for procuring material in a
country in which no procurement has previoudy been made, and in
which thereforethereis no experienceof culture, methods or regulations.

The consequenceof these difficulties is that the autonomy of the project
group is severdly curtailed: much of the effort and many-of the decisions
involved in procurement must take placein the parent company which may
be geographically distant from the project. It would obviously be foolish
not to obtain material locally to the project if it is possible to do so and
often it isacontract requirement that a certain percentage of material used
in a project must be obtained localy.

Thus there may wel be two procurement groups, one at base and one at
the project ste. In such circumstancesit is usual to find that the project
group has a limit to the amount it can commit on any one order or on any
one item, and good communi cations between the two procurement groups
is essential. The management of this situation requires care: the channel
between the two groups must not become a second project progressreport-
ing channel. This having been said, it cannot be emphasised too strongly
that the procurement executivesnast  be involved in the project planning
from the outset since the early commitments often decide the success or
faillureof the project. In addition, thefeasibility of many projectswill often
depend on the ddivery datesof goodsand services.

SOURCES OF INFORMATION

The procurement group will draw information from a number of internal
sourcesin addition to their own records:
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1 The design/engineering departments which will specify the material
required by the project.

It isimperative that before any specifications are acted upon that they
should be as watertight as possble. The quality of these specifications will
significantly affect the quality of the product and, by reducing the uncer-
tainty inherent in any material, will reduce any risksinvolved in using the
materials. A frequent cause of cost overruns in hardware projectsisthe
extra charges made by subcontractors arising from 'changes in design
during manufacture’. One of the authors recalls working for a company
which employed a group whose sole task was to make claims under this
heading. Thisgroup wasan imaginativeand robust generator of profit.

2 The project team itself.

The relationship between the procurement group and the project team
should be formed as early as possiblein the project. Representatives of the
procurement group should be present at al project planning meetings as
the availability of goods and services will often determine project comple-
tion dates.

3 The finance department.

This will provide information on the availability of finance and the finan-
cial stability of potential suppliers.

TASKS OF THE PROCUREMENT GROUP

The procurement group has a number of tasks to perform, some of which
are particular to projects. These are discussed in detail below and sum-
marisedin Table6.1.

1 Finding and approving suppliers.

In this context, 'suppliers must be taken to include both those who supply
goods and those who supply services. While some of this can be done by
letters or discussion with representatives, the very nature of projects will
dictate that meetings at the possible supplier's premisesare essential. For
hardware, it isnot only important that the supplier has the design and tech-
nical capabilities to produce to the required quality, but also has the
financial stability and resources to support the contract from start to
delivery. Where there are severa alternative suppliersa quantitative vendor
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Table 6.1 Tasks of the procurementgroup

Finding and approving suppliers.

Ensuring the availability and use of adequate material specifications.
Purchasingat least total cost.

Vendor surveillance = ensuring delivery of goods or services at the right time.
Warning all concerned if delivery promises are not going to be met.

Secure storage and accurate control of material.

Organising all discussions with actual and potential suppliers.

Advising on prices.

Acting as a 'window on the world'.

Post-project disposal of unrequired material and equipment.

rating system can be a useful means of reducing the subjectivity which can
result from a particularly persuasivesupplier's representative. In such a
scheme the qualitiesdemanded of a supplier arelisted and a weight indicat-
ing the importance of each quality to the project is assigned to each. Each
supplier isthen 'marked’ across one quality at a time. From the product of
this marking and the weight previoudy assigned a total 'score’ can be
obtained. Possblequalitiesmay be:

e design competence;
e technica competence;
® previousexperience;
e financial stability;

e percaved quality;

e ddivery promise;

e [price

¢ termsof payment.

Such a list should not be taken as definitive, nor can any weights be sug-
gested as each project will have different requirements. The construction of
such alist will often be found to be a vauableexercisein itself.

2 Ensuring the availability and use of adequate material specifications.

All goodsand material used in a project should be covered by an appropri-
ate standard. If possible thisshould be an international (1SO) or national
standard or written specidly for the project. The importance of a compre-
hensive specification cannot be overstated. Materials or goods, even those
which are apparently trivial, which are inadequate in design or quality
when delivered on site can wreak havoc with the project completion time
and with costs.
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3 Purchasing at least total cost.

Wherever possible the supplier should be determined by competitive
tender. While purchase price is important, other factors, such as those
listed above, should also be taken into consideration. In some cases life-
cydecosting should also be considered as an appropriatemeasure. A target
priceis often a useful criterion against which to judge the validity of a sup-
plier's offer. A low price which iscombined with, say, poor quality may well
result in a high total cost. An unexpectedly low offer should be treated with
extremecaution.

4 Vendor surveillance = ensuring delivery of goods or services at the
right time.

Placing an order does not necessarily guaranteeits satisfactory compl etion.
Bitter experienceinsists that orders need to be chased (progressed). In
somecasesthismay bedone by letter or telephone, but where key itemsare
concerned a vidgit to the supplier's plant is essential, a visit which must
include a sight of the manufacturing floor. Experience says that promises
made over the telephone tend to be optimistic. When a subcontractor is
supplying heavy or complex items of plant it isvital to ensure that the
processof its manufacture is carried out correctly (a key rule of quality
control is'get it right first time)). Thisis best done by a series of vidts. If
the procurement group is unable to undertake these then they should
arrangefor a competent specidist to do so.

5 Warning all concerned if delivery promises are not going to be met.

If the procurement group learns that any ddivery date will not be met, then
the project manager nost be informed. It may be that the project plan
requires that an apparently trivial item has to be available by a particular
date, and failureto meet thisdate can have seriouseffects On the other hand,
early ddivery of materia should be discouraged. It may deterioratein storage
and can involve the company in paymentsearlier than had been planned.

6 Secure storage and accurate control of material.

Hardware projects depend on material and often that material isin short
supply at the project location. It is important therefore that its storage
should besecure, and that thereis good documentationon issues and quan-
titiesof material avallable.
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7 Organising all discussions with actual and potential suppliers.

It will often be found that designers, engineers and project planners need to
have discussions with suppliers. It iswise for the appropriate procurement
executiveto arrangeand usudly to attend these mestings. Suppliersare very
happy to make a 'contact’ within a company avoiding the procurement
group, hoping thereby to obtain a commitment to purchasea product. This
commitment may not bein the long-term interest of the company. Less
important, but considerably moreirritating, ‘contacts arelikey to beinun-
dated by al the supplier's documentation and advertising. Thisisa nuisance
in itsaf, but may also mean that the informationis not sent or passed to the
procurement office where it should be collated. Equdly, it isfoolish of the
procurement group to have meetings with suppliersin the absence of the
appropriate technical specididt.

8 Advising on prices.

In the feasibility stage of any project, prices for goods and services will be
required without involving any suppliers. The procurement group should
be best placed to adviseon such prices.

9 Acting as a 'window on the world'.

Procurement brings continual contacts with outside organisations, and
these can provide vauablechannel swhereby information on new products,
materials, processes, services and equipment can be brought into the com-
pany and theinformationdistributed to interested groups.

10 Post-project disposal of unrequired material and equipment.

At the completion of a project there are often items of equipment and
material which are surplus to requirements. The disposal of theseitems
must be conducted under strict control as many itemswill be'useful' to
personsoutside the company.



CHAPTER 7

Projects and risk management

All work containsan element of risk in that it may not proceed according
to plan. However, in most of industry, which isrelatively stable and dealing
with that which is knowable, risks tend to be small, known and accepted as
part of the task of management. Projects, on the other hand, are concerned
with change and, therefore, carry with them considerable uncertainty, and
with uncertainty comes risk. If there is no uncertainty there is no risk.
Project risks are consequently often novd, with little to guide the manager.
Even where they are known the probabilities of occurrence are likely to be
quitedifferent from those which occur in 'normal’ work situations.

Risk management includes the identification and assessment of risks
together with the development of strategiesto minimise them, and when
they do occur, to mitigateany adverseeffectsor take advantage of beneficia
ones. Asa processit must be a key element in the formation of the project
plan which must continuethroughout thelifeof the project. No project plan
will be realistic unless account is taken of that which could go wrong and
contingency plans prepared to counteract them. This aspect of project man-
agement has been increasingly recognised as one of the most important
features of the project manager's task in planning and controlling a project.
The use of a project network, combined with any of the project manage-
ment programs now available, alows the ready testing of alternative
contingency plans. Thisis not possblewith other planning methods

UNCERTAINTY AND RISK

"There are two things in life which are certain, death and incometax." Any
other statement about that which is due to happenin the future must, by
virtue of the uncertainty inevitablein a plan or forecast, beimplicitly quali-
fied by a statement of risk’. All projectsare therefore'risky’ since they are
planning for a future outcome. A project customer cannot be absolutely
certain that the anticipated benefits from the project will be readlised, no
matter how successfully the project has been run. For instance, the market
need may havechanged for acommercial project designed to produce some
new artifact. The customer is usudly, therefore, the primary risk-taker, but
the project manager also faces risksin the form of the inevitable uncer-
tainty in the project processes and the project environment.




Projects and risk management 49

Reducing uncertaintyreducesrisk

For the project manager and the project team a risk is usualy viewed as a
hazard, something malign, which may adversdly affect the project so that
the achievement of the objective becomes more difficult, if not impossble,
within the constraints of the project requirements. The project manager
and the team should therefore take steps to identify, assess and manage all
the risks inherent in the project as an integral part of the project manage-
ment process. In the process of identifying and assessing risksit is possible
that beneficial opportunities will also be identified, the process must be
organised to take advantage of these, not just to react to identified hazards.

Risk in projects is not limited to accidents, technological failure or
unsound commercial and managerial practices. Differing views of what
constitutes risk to the project on the part of the project team, the parent
company, the customer and other stakeholders forms a significant area
of risk in itsdlf for the project manager. For instance, a failure to identify
the implied, as wdl as the stated, needs of the customer can lead to mis-
understandingsand even conflict, for which the project manager will not
be prepared.

SOURCES OF RISK

Risk can arisefrom a number of aspectsof a plan.

Timing

A statement (plan) which saysthat so-and-so will happen at a particular
timeis making a prediction which will dwayscarry a degree of uncertainty.
A task which isin the open air will be subject to weather conditions unless
appropriate precautionsare taken. One which isdistant, or worse- overseas
- from the organisation, will be subject to uncertainty in transport, commu-
nicationsand locd palitics.

AN project activities are concerned with time. For the purposesof risk
assessment and minimisation it isconvenient to divide them into two cate-
gories internally and externally timed activities.

Internally timed activitiesare thosewherethework isinternal to the pro-
ject, where the estimation of activity duration is made by the project team
in conjunction with the task owner who will be held responsiblefor carrying
out the activity. Clearly they will draw on varioussources of information:

e past experience of similar work - the value of the project logsof previ-
ous projectscan not be overstated here;
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o theexperience/knowledge/hunches of the task owner and of the project
team(s) — good communicationsin the company are essentia for this
purpose;

e external sources- published papers, meetingsof professional groups,
specialist consultants — can sometimes provide useful information. It is
not recorded how much information passes at professional meetingsin
the informal pre- and post-discussions. The authors suspect that these
‘chats are usually the most valuable part of many meetings.

Externally timed activities are those where some outside body sets the
duration time - that is, those matters which are the responsibility of the
procurement executive. Thus, good procurement techniquesare essential.
The procurement function does not begin and end with the placing of an
order. Potential suppliers must be vetted to discover, asfar asis possible,
how reliable they are with regard to thequality and reiability of their prod-
uct, the reliability of their ddlivery dates and the facilitiesfor providinga
good after-salesservice. These matters are further discussed in Chapter 6
on projects and procurement. The order, having been placed, must be sys-
tematically monitored by telephone, letter and personal visits. Again,
delivery performancemust be recorded in the project log.

Technology

The newer the technology of a job thegreater the uncertainty that it will be
completed as planned. Even with wel tried technology thereis ill an de-
ment of uncertainty, particularly if the application is nove. Where proven
designs can be used, considerable uncertainty is removed, that which
remains being due to poor performance. Again, where the work is being
carried out by an external supplier, the procurement officer playsan impor-
tant part by ensuring that an explicit and comprehensive specification for
the work is provided. Clearly the supplier should have been thoroughly
vetted before the placing of a contract, and competently inspected during
its performance.

People

People carrying out any job must introduce an element of uncertainty
based on their skill and experience. This uncertainty can be reduced by the
following:

1 Good training. The first and second leves of the project team must be
prepared to devote considerabletime and effort to the training of the
‘coal-face staff. Thisis particularly true of a newly constituted team,
and one employingindigenouslabour in overseasprojects.
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2 Clear definition of tasks. Methods need to be clearly and smply commu-
nicated to those who have to carry them out, preferably in writing. A
simple misunderstanding can lead to disaster. It issaid that the tragedy
of the'Light Brigade arose from a misunderstanding of a command to
attack a part of theenemy.

3 Good communications. Whereinformation has to be passed it isessentia
that it isdoneclearly and concsdly. Thisis not a skill which comeseasly
to many people. It isa skill which has to be developed and then used. It
isalso a particularly difficult skill to acquirewhen the projectisin acon-
sortium involving severd countries.

In addition, a project may suffer because of the degree of importance
assigned to it by the parent company. Should it be deemed to be of little
vauethere may be attemptsto 'pass off' 'difficult’ employeesto the project.

Finance

Theavailability of adequatefinanceto both partiesto the contract to com-
plete the contract is a matter which should be thoroughly investigated by
the parent company before the contract is signed, and as such is not a
matter which concernsthe project team. The financia stability of potential
suppliers, however, isa matter which should beinvestigated by the procure-
ment executive as the itemsin a capital project may require considerable
investment on the part of the supplier.

Managerial

The parent organisation may not delegate the necessary authority to the
project manager to deal effectively with the problems of cross-functional
areas of the project, or may intervene in the management of the project in
other ways

Delegation involvestrust. Some executives'delegate’ a task, then inter-
vene because the delegatee is carrying out the task in a manner which is
different to that which the delegator had imagined. They find difficulty in
accepting that somebody dsgs way can beequaly asgood as their own.

Political

Theinternal politicsof the parent organisation, as wel asexternal national
and international politicsmay have significant effectson the successor fail-
ureof a project. An assessment of the political situation within an overseas
location should be sought from the Commercia Counsellorin the overseas
embassy, or from the Foreign Office.
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RISK ASSESSMENT

Since projectsare dwaysconcerned with the introduction and management of
change, the'uncertainty’ aspectsof projects need to be carefully considered.
This hasled to the introduction of techniquesfor 'risk’ assessment and 'risk’
mitigation asamajor part of project planning once the risks have been identi-
fied. Unfortunately there are two separate components to risk: that aspect
which can be quantitatively assessed and that which is subjective assessment.
In addition, in projects, there is the added complication of the perception of
risk of both the project manager and the sponsor of the project. For each of
them it will be coloured by past experience and their personal views of what
condtitutesrisk in the present project and may wel beat variance.

Until recently, risk assessment, if considered at all, concentrated on quan-
tifiable risks using ever more sophisticated statistical analyses. Statistical
analysisis usualy based on past data to establish the underlying model.
This then assumes that what happens tomorrow will be a continuation of
the past, to establish a 'probability’ for a risk occurring. Theidentifiedrisks
are then 'managed’ or 'mitigated’ by insurance, contingency factors, sub-
contracting, etc. The identified risks are in most cases those which are seen
as hazards rather than the more general concept of uncertainty. Uncertainty
can giverise to benefits as wdl as adverse effects and a full analysis should
consider both. In many casesof projectsfailing to meet their objectives
because of unforeseen event occurrence, the necessary information and
knowledge were availablewithin the project team but were not passed on or
sought out by management. As stated earlier in thediscussion on personnd,
the provision of an environment in which people are encouraged to raise
problemsisa requirement for good project management. It is vital for good
risk identification, assessment and management.

RISK IDENTIFICATION

The essentid first step in risk management is the systematic identification
of asmany of the possiblerisksof problemsoccurring in thelife of the pro-
ject and of areas of uncertainty which may develop into risks. Only when
this has been done can the risks be ranked in order of seriousness and
plans prepared to mitigateor eiminate them.

Risk analysisshould attempt to obtain answersto three fundamental
guestions:

1 What could go wrong?
2 How likdy isit?
3 How will it affect the project?
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The project team and others connected with the project can be encour-
aged to recognise the potential areas of risk and of beneficia effects by:

e brainstorming;
e using experienceand lessonsfrom past projects;
e using the project networksto model possiblerisk events.

The use of the networksto structure the analysisallows the team to con-
centrate both on the risks associated with particular activitiesand on the
interfaces between functions, suppliers and other external factors where
high levels of risk may also occur. It aso reveasactivities with consider-
able spare time (float) which may be useful in mitigating risk.

Technical risks are relatively easy to identify, can in most cases be quan-
tified and usually relateto particular activities. In such cases, breaking the
activity down into smaller segments for assessment may help to pinpoint
the problem area and aid the mitigation procedures.

Once risks have been identified and listed as primary risks, each should
be assessed for the nature and extent of the damage it could cause to the
project if it occurs. These primary risks should then be quantified by
assessing the probability of the problem occurring, and simply ranking
them as 'high', 'medium’ or 'low" will do much to indicate the size of the
problem. More sophisticated techniquesmay be devel oped when it is neces-
sary to be more accurate. Secondary risks arise because effortsto deal with
the primary problem or undesired event, if it occurs, often creates further
difficulties. These can sometimes be of greater magnitude than the primary
risk and must not be overlooked in risk management.

Once quantified, some risks may turn out to be unacceptableto the cus-
tomer or to the parent company, raising doubts about the viability of the
project or, at least, some of the objectives. The risk assessment may also
raise questions about the use of particular methods or technologies which
must, of course, be answered before the project proceeds.

THE RESPONSE TO RISK

A plan for dealing with each identified risk should be part of the project
plan. Risk analysis and management are central to the project manager's
understanding of the project and the difficultiesto be faced in achieving
the agreed project objectives. If these difficulties are severe enough, one
extreme response might be to modify the project objectives; another might
be to find alternative methods or technologies or alternative ways of man-
aging the project. Other less drastic solutions might be to increase
management strengths in the project, to reduce the dependence of one
technology or task on another, or to increase the flexibility and scope in
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the project plan for management intervention so that potential problems
and obstaclesto progress are avoided rather than being left to be dealt with
when or if they occur. Theseresponsesare summarised in Table 7.1.

Risk management strategies should impact on every area of the project

plan but are especialy relevant to procurement and contract management.

Table 7.1 Responseto risk

Modify the project objectives

Use alternativetechnologies or methods
Use alternativeways of managing the project
Increase managerial strength

Reduce interdependency

Increase resources

Avoid obstacles by increasing flexibility

RISK MITIGATION

Risk mitigation can takea number of alternativeforms:

1

Risk trander. The transfer of the risk to someone who is more capabl e of
dealing with the problem, e.g. a specialist subcontractor, or by passing
therisk to someonewhois paid to deal with it, for examplean insurer.

Risk deferral. Riskscan be deferred by moving the activitiesto a later
date in the project when any adverse effects may be reduced. For exam-
ple, it may be possibleto move outside activities which are subject to
westher problemsto a different timein the year.

Risk reduction. This aims either to reduce the probability of the risk
occurring or to reduce the adverseimpact on the project if it does occur,
or acombination of both. Thisis the main thrust of most risk assess-
mentsin projects.

Risk acceptance. Some risks have to be accepted. Once they have been
identified and the adverse effects assessed, a reserve or contingency plan
may be developed in case therisk occurs.

Risk avoidance. When risks have been identified they can in some cases
be avoided, for instance by changesin design or methods, which may
involveadditional costs.
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Thesemethods of risk mitigation are summarisedin Table7.2

Table7 2 Risk mitigation

Risk transfer
Risk deferral
Risk reduction
Risk acceptance
Risk avoidance

Subjective risks are harder to identify since they usually concern people
and their interaction in the project, and, as such, are much more difficult to
quantify. Subjectivejudgement of 'high', 'medium’ or low' riskisnormally
all that is possible even when risks have been considered. All too often the
risks which relate to people are included in the 'management of human
resources and ignored as risk factors. These 'soft issues are discussed by
A. Oldfield and M. Ocock in a paper presented at the INTERNET world
congressat Oslo in 1994, in which they rightly point out that thistherefore
ignores a large element of risk analysis in projects. Their paper also
includes a useful bibliography on risk analysis techniques for these soft
issuesand the managerial issuesaffecting risk in projects.



CHAPTER 8

Examining the project

Managing anything essentially requiresinformation for decision making.
For a project this means monitoring the project to discover:

e that which has happened;

e that which is happening;

e that which should have happened;
e that which should be happening.

Where differences occur, action must be taken to return the project to the
plan together with the explicit incorporation of those measures which will
take advantage of any beneficial differences. This totality of collecting
information and taking action based on that information is what is meant
by control rather than supervision or direction.

The monitoring of progress requires plans to have been prepared with
those measures which will be used for assessing progressexplicitly incorpo-
rated. These will includetime, cost, resourcesand quality. Timeisthe base
against which all progress has to be measured as any schedule must relate
to time. However, in this case what is referred to is the actual timing of
activities, when they are to be performed and how long they should take.
The cost and resource schedules are derived from the activity schedule,
although, because of constraints on the availability of resourcesor for cash
flow considerations, they may also have had an effect on the scheduling of
theactivities. Quality is not a time-based measure; it will be assessed at pre-
defined pointsin the project plan - usually at milestones, but also when
requiredfor individual activities.

TIME-RELATED PROCESSES

The time-related processes are basically'concerned with the activitiesin the
project plan. They include the determination of thelogica interactions
between activitiesand the estimation of their durations, and extend to the
development of schedules and the control of activities. The schedules
should identify the critical and near critical activitiesin the plan. They
should odfine the key eventsin the plan — milestones- and a separate key
event scheduleshould be produced and agreed with the customer. These key
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eventsmay also indicatethe timeswhen part-paymentsare made. Chapters
12 and 13 discussin detail timeanalysisand the preparation of schedules.

As the project proceeds the schedules will need to be updated to reflect
the actual progress. This updating should be planned to occur at regular
intervalsthroughout the life of the project. The frequency of these updates
will bea function of thelevd of control required and thiswill in turn affect
the leve of detail in the plan. Thus, for example, if progressis to be
as=s2d once every two weeks thereis little point in having activity dura-
tions expressed in hours- even days may betoo smdl a time unit. If many
activities are started and completed between updates there is no possbility
of exerting any control - it isonly possble to influence the future, not the
past. If this happensthe control process often degeneratesinto a recording
system.:However, the information may be needed for the project log and
may in turn affect future projects.

There mugt, of course, be a consistent unit of time used throughout the
plan, although it is possible that subprojects may be planned and con-
trolled, as projectsin their own right, at a different leve of detail using
different time units but still reporting to the main project at the scheduled
progressintervals.

COST-RELATED PROCESSES

The cost-related processesam to completethe project within the financia
budget and include both forecasting and managing costs. They require the
estimation of costs of activities which will be based on man-hours, labour
rates, materias, services, set-up charges, rental chargesand overheads. The
budget is based on those estimates, and forms the basisfor the control of
costs throughout the project. For many projectscost control is the princi-
pal meansof project control and for a customer it is almost certainly the
only means of control. Much moredetail on costsand cost analysisisgiven
in Chapter 10.

RESOURCE-RELATEDPROCESSES

The resource-related processesaim to plan the useand control of resources.
Resources as a term covers much more than the 'four Ms’: men, money,
machinesand material. '‘Resources includeanything that is required for
carrying out an activity and which may, by itsavailability, constrain when
the activity can be performed. For example, in many hardware projects
working space can be so limited that activities, which have no logical
sequential interaction, have to be scheduled sequentialy so that spaceto
carry out thework isavailableto each in turn.
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Resource planning can vary from a ssmple summation (aggregation) of
the requirementsfor a resource or resourcesin each period in an activity
schedule to sophi sticated computer-based systemsfor scheduling activities
with time or resource constraints. Many projects are often severdy ham-
peredin thisareafor lack of the basicinformation on the futureavailability
of resourcesto the project from the parent company, which hasits normal
business to carry out using those same resources. The problem is that the
work in the normal businessis unlikely to be planned with sufficient detail
or accuracy to reved when particular resourcescould be made available to
a project without causing a disruption to the normal business schedule.
Resource analysisand scheduling are discussed in Chapters17 and 18.

Resourcecontrol is, of course, only applicableif a resource-based sched-
ule has been produced. As will be discussed later, the activity schedule
produced by the time analysis sets activitiesat their earliest start timesince
the only constraint being considered is that of the logical interactions.
However, given that a scheduleis available, the control procedures should
monitor the usage of resourcesin the plan and report on any deviations
from the plan so that corrective action can be taken and a report included
in the project log to assist future planning. In particular, care should be
taken to ensure that when resourcesalternative to those originally planned
are used, as they often are for availability reasons, there will be no increase
in time or costsor reduction in product quality.

PLANNING AND THE PROJECT DURATION

Plans to achieve an objectivecan be prepared in many different ways The
authors firmly beieve that the use of network techniques as the model for
any plan are the best tool a planner can have. This bdlief is based on a
wealth of experience over the last three decades. A network sets out the
sequenceof activities and eventsin the plan in a clear and unambiguous
way and enablesmuch essential information on the plan to be derived from
theactivity data. It will form a statement of policy and a budget and is cer-
tainly a first-classcommunicationtool. A policy is sometimesdefined as
the means whereby an objectiveis to be achieved, and in this sense a net-
work can be assumed to be a formal and explicit statement of policy. This
concept will be found quite useful when considering the amount of detail
which should bedisplayed.

The work breakdown structure

Asdiscussed in Chapter 4, the preparation of any plan requiresthat the
logic of the plan beestablished, that is the logica sequenceof activitiesand
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eventswhich are needed to achievethe objective of the plan. In this, the
division of work that is the preparation of a work breakdown structure
(WBS) and theformation of a hierarchical set of network plans go hand in
hand. A network showing the logicd interactions of the tasks at each leve
should be prepared as the objective is decomposed levd by levd down to the
point at which an individual can be allocated personal responsibility for
managing the tasks. The WBS may be by physica grouping, by functional
grouping, by cost centre or any other convenient decomposition of the
product; no one way is necessarily the best, except in the context of the pro-
ject being considered. In many cases more than one breakdown will be used.

The network of the tasks at the lowest levd of the WBS will usually be
capable of afurther levd of expansion to include the individual activities
which make up the tasks at the previouslevd. Oncethelogicd structureof
the plan has been set down, at any levd of the hierarchical set of networks
thedurations of the activities must be obtained and added to the network.
It isquite usual to find that.these durations have to be modified as more
informationisobtained at the next levd down and is aggregated back up
the levels, and that the estimated total project duration may aso change
and becometoo long.

Examination of the plan

Asalready stated, a network isa statement of policy. It isextremdy rarefor
only one acceptable policy to be formulated; further, it is equally true that
almost any policy can be improved. This is very clearly recognised by
anyonein work study where the basic tenet of faith is 'there isawaysa
better way'. 1t is unlikely that any plan to achieve anything is necessarily
the'best’ way, and certainly it will not be the'only" way — it isjust the way
that has been thought of thistime.

Thisbeing so, it is desirablethat when a plan has been drawn it should
be very carefully and critically examined. In complex projects, thedifficulty
in examining all activitiesis so great that frequently no examination takes
placeat al, or dternatively only those activities in which the examiner has
a particular interest are ingpected. Project network techniques (PNTs) have
the tremendousadvantage that, by isolating the critical activities, i.e. those
which determine the total project time, examination can be directed
towardsthose areasthat most significantly affect the overal time. In reduc-
ing thetimesof theinitialy critical areas, new critical pathsmay be created
which, in turn, must be scrutinised.

It istheexperienceof both authorsthat, almost dways, the total project
timededuced from thefirst (relatively) complete plan is unacceptably long,
so that it must be shortened to meet the objectivesof the project. Clearly,
the duration times of some activities on the critical path(s) must be
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reduced, but it isa fatal mistake to believe that smply altering durations
will achieve the required reduction. Even if those responsiblefor carrying
out the activities have agreed under pressure to the shortened durations,
they are unlikely to be achieved unlessadditional resources are made avail-
able. Quite apart from the fact that resources cost money, those promised
under pressure have an uncomfortable habit of disappearing or being com-
mitted elsewhere as the project proceeds. Should they not become available
when needed, since the original duration was the normal, that is, the usual
timefor carrying out the activity, it islikely that it isthe original timewhich
isin fact achieved. Project time reduction by increasing some activity
resourcerequirementsshould only be adopted when a full resourceanalysis
isavailable.

REDUCING THE TOTAL PROJECT TIME

Aswith any other task, it issensibleto approach the problem of reducing
the project time systematically. It issuggested that the processshould take
place in severa stages. First activities on the critical path(s) should be
subjected to the questioning technique to seeif there isa quicker way to
carry out an activity which does not involve an increase in resources or
capital expenditure. One often finds that to the question '‘Why that way?
the answer is 'That's the way weve always done it!'" Alternatives are
seldom considered unless the right questions are asked. Second, can the
logic of the plan be changed or the project modified by overlapping or
paralleling activities?This isa very potent way of reducing the total pro-
ject time (TPT). Third, isit acceptably possible to increase the risks taken
in the project? Fourth, if resource analysis is being undertaken, can any
resources be moved or can any increase in costs for increasing resources
be tolerated? As pointed out above there are dangersin this as increased
costs/resources promised at the start of a project can vanish as the project
proceeds. Table 81 summarises the type of questions to be asked when
reducing the project time.

The questioning method

In order that the examination of the various activitieswill be consistently
useful, it isdesirableto employ the well-tried work study technique of sys-
tematic questioning. In this, a number of questions are set up, and these
questions are asked of every activity. By asking the same questionsin this
apparently rigid way it is possible to ensure that a thorough examination is
made of all alternatives. For a full discussion of this method, reference
should be made to any one of the many textbooks on work study. The fol-
lowing should be consideredonly as an introduction to the method.



Examining the project 61

Activitiescan beconsideredto beof two kinds:

1 'do' activities, wheretimeisconsumed in a task which, in itsalf, advances
the project; and

2 'ancillary" activities, where timeis consumed in tasks which support 'do’
activities.

For example, if a project involves the making of a component, the act of
making isa'do’ activity, and the actsinvolved in setting up and breaking
down the plant to carry out the making are 'ancillary’ activities. Clearly, it
isthe'do’ activities which should be examined first, since if they can be
reduced or eliminated, the 'ancillary' activities may either vanish or be
reduced. (One of the authors recalls a project that involved an activity
‘assemble refrigerated tank’, along with its associated activities of 'place
orders, 'obtain materials, 'test lagging,' and so on. Discussion had centred
on the problem of reducing purchasing time, until the 'do’ activity -
‘assemble refrigeratedtank’ — was examined, when it was discovered that in
fact this was an unnecessary activity, and with its elimination, the ‘ancil-
lary" activitiesdisappeared.)

Once these'do’ itemson the critical path have been identified, they can
be tested against a seriesof questions, which are dealt with more fully in
R.M.Currie’s Work Study:

1 Purpose What isbeingdone?
Why isit being done?
Wheat elsecould bedone?
What should be done?

2 Place Whereisit being done?
Why there?
Wheredsecould it bedone?
Whereshould it bedone?

3 Sequence Whenisit done?
Why then?
When e'secould it bedone?
When should it bedone?

4 Person Who doesit?
Why that person?
Who elsemightdoit?
Who should doit?

5 Means How isit done?
Why that way?
How esecan it bedone?
How should it bedone?
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Should these questions, having be¢n applied to the critical activities, not
produce the desired result by changes in methods, then other approaches
must beconsidered asfollows.

Reduction by overlapping activities

A sequence of activities which follow each other immediately, asin Fig. 8.1,
can sometimes be overlapped or paralleled asin Fig. 8.2, with a consequent
reduction in total time. This overlappingis represented much more clearly
in PNT as a time-based network than in the conventional bar chart where
the interrelationships are not so obvious. This technique is discussed in
Chapter 11 (AoA) and Chapter 12 (AoN), and Questions 25, 26 and 41 (on
pp. 258) illustrate the method. It should be noted that the greater the
degree of overlapping of activitieswhich occursin a project, the more diffi-
cult the managerial task of controlling those activities becomessince the
interactions becomemore complex.

Fig. 8.1

Fig. 82

Reduction by increased risk

Can an activity be reduced by increasing therisk? For-example, it may be
that theinitial network hasin it a 'testing’, 'checking' or 'proving' activity.
Such activitiescan often be reduced, but with an increasein the risk of fail-
ure; thus, after drawings are completed, checkingis often carried out, and
if thisis thorough then the checking time can be great — a substantial part
of thedrawing time. If this checking time is reduced, there is a greater
chance that errors will slip through,with all the consequent undesirable
results. To reduce this time, therefore, will increase the risk, and this deci-
sion must besquarely put to management for acceptanceor rejection.
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Reduction by the transference of resources

The non-critical activities in a network can sometimes be used to obtain
resourcesthat can be applied to critical activitiesto reduce their durations.
Thisis sometimesknown as 'trading off' resources.

Reduction by increased cost

All other methods having failed, a reduction in time may have to be
obtained at an increased cost, usualy by increasing the resources that are
employed. If thecoststo reducetimesare known, then a tablecan beset up
showing the relative costs for the reduction in time of each activity by a
constant amount. The cost of reducing duration time by unit time may be
defined as the 'cost-dope, thus for activity B in the example network in
Chapters13and 14

Normd duration imedf 20 wesks costs£2000
Reduosd duration timed 19 wasks costs£2200

hence the cost-dope = £200 per week.
For the example network the table of cost-dopesmight be

Activity Duration Float

AXIOTMMOUO m>
REwrhBE8RE
—oHoomoBooo

Clearly, of thecritical activities(those with zero float), activity H has the
smallest cost-slope, and it isdesirable to investigate the practicability of
reducing it first. These investigations may show not only that it can be
reduced by oneweek, at an increased cost of £150, but that further reduc-
tionsare readily obtainable. Inspectionof the other activitieswhich aredue
to be worked on at the same time (in parallel), however, showsthat two
activities (G and K) will becomecritical if activity H is reduced by one
wesk and, in fact, twocritical paths:
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B-D-H and B-D-G-K

will beformed. Thiscan beclearly seen if the network has been laid out on
a time base asisdiscussed in Chapter 16. Thus, in order to further reduce
total project time (TPT), either thecommon part of these two paths, that is
ED, must be reduced or the two branches, H and G-K, must be reduced
simultaneoudly. Considering these alternatives, for the two branches the
least cost isincurred by reducing activity G at £100/week and activity H at
£150/week. Thiswill produce an effectivecost-dope of £250/week, which is
greater than the cost-dope of reducing activity B at £200/week, so that it
would probably be desirableto investigate the reduction of activity B first.

Dangersaf the cost-slope concept

Theconcept of ‘cost-dope’ isappealingin itsapparent smplicity. However,
thefollowing must be pointed out.

1 Itisfrequently extremdy difficult to obtain reigble figuresfor thechanges
in cost resulting from changes in duration time. These difficulties are so
great that in practice the cost-dope techniqueis unusable. The authors
have never found any examplesof the useful application of the technique.

2 The relationship between cost and time is not a Smple one. Multiplying
labour time by wage cost is obviously inaccurate and, moreover, to
‘extend’ the resultant labour cost by a constant overhead factor can be
equally misleading since the reduction in time may be obtained, for
example, by the hiring of specia plant that has a non-linear hiring rate.

3 The techniqueassumesthat all resourcesare fredly convertible to cost
and arefredy available. Thisis not true: someresources may aready be at
their limit of availability or not included in the costing, for instancespace.

These difficultiesmake it dangerousto try and deduce genera time-cost
Curves, or, to put it another way, to assume that cost-slopesare constant.
For short time interval s this assumption can be reasonable, but it is desir-
ableto examineit very dosdy. All this, of course, is true whether PNTsare
used or not, but employing PNTs has the great advantage that investiga-
tionscan bedirected to thecritical activities.

Effect 0 increasing durationtimes

Just as it is possible to reduceduration times by increasing cogts, so it may
be possibleto reduce costs by increasingtimes For example, an activity C as
planned hasaduration of 30 weeksand afloat of 21 weeks Examination of
C may show that itsduration time could be extended to, say, 40 weeks, while
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at the same time reducing the cost. Such a reduction in cost would not
change the overall project time, but the savings might help to offset the
increased costs of shrinkingother activity durations

By means of this sort of approach, the overall project time can be
reduced and total costs minimised. In a ssimple project no great problems
will arise, but in larger or complex projectsthe number of aternativesto be
considered escalatesvery rapidly and a ‘what-if' approach using a com-
puter will be needed. Thisrapidly becomesvery tediousin practice.

The relationship between time and the labour employed

As noted above, durations cannot be reduced indefinitely by increasing
resources. For example, in digging a hole it may wel be that two men can
carry out thework in lessthan haf the time one man can carry it out, Snce
work can be efficiently divided. However, three men may not show the
same reduction in performance time, and a fourth man may wel dow up

1 2 3 4
Number of men

Fig. 8.3

the work since his physical presence may impede the other workers (see
Fig. 83). Thereisthusa minimum time bdow which it isnot possibleto
reducetheduration timeof theactivity using thesame methods.

THE FINAL NETWORK

The final network, after a reduction process has been carried out, may well
be considerably different from the initial network. The logic may have
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changed, duration times altered and new critical pathscreated. Illogicalities
may have been introduced, and it is worth retesting the network by check-
ing every activity once more against the two questions:

1 What had to bedone beforethis?
2 What can bedone now?

Check especialy at any 'cross-roads situations to ensure that all emerging
activitiesdo depend on all entering activities.

Once a project is under way with an acceptable TPT it will befound that,
unlessa comprehensi veresource schedule has been prepared — and even then
it can still happen - on many occasions the resources required to carry out
the activitiesat their scheduled times are not available and that the activities
have to be delayed. While delays can be tolerated on some activitieswithout
extending the TPT, for those that arecritical any delay affectsthe TPT by at
least the amount of the delay. If the network plans are being properly used
by the project team they will have recognised which areas of the project may
have problemsof this nature and will have prepared additional contingency
plansto further shorten the TPT if, or when, the problems occur.

It should be noted that in the absence of a resource schedule the TPT
reduction should always be pursued to the point whereit issignificantly
shorter than the time to the project due date. Project durationsalways extend

Aswill be discussed later in Chapters 17 and 18, if a full resource sched-
ule has been produced a different situation exists. What may appear to be
free movement, which would apparently allow the delay of an activity in
the schedule, may not in fact exist since the resourcerequired by an activity
may well becommitted for useelsewhereat that timein the schedule.

Asagenera rule, it isalways best to gain timeearly on in the lifeof any
project. There is more opportunity then for alternative approaches - the
degree of freedom diminishesas the project proceeds- and it will certainly
be cheaper than trying to gain the same amount of timelater in the project.

Table 81 Questions to be asked when reducing the project time

Purpose?
Place?
Sequence?
Person?
Means?
Overlapping?
Risk?
Trade-off'?
Cost?



CHAPTER 9

Controlling time

Any industrial control system appearsto havesix essential features:

1 A planmust be made.

2 This plan must be published.

3 Onceworking, the activity being controlled must be measured.
4 The measurements must then be compared with the plan.

5 Any deviationsmust be reported to the appropriate person.

6 A forecast of the results of any deviationsmust then be made, and cor-
rective actionstaken to cause the activity to continuein a way that will
produce the original desired result, or, if thisisnot possble, a new plan
must be made.

The above Sx featuresappear to be general to any organisational control
system including project control. Project network techniques (PNTs) satisfy
completely these needs of a control system. On the other hand, a bar chart
plan is made and published, performanceis compared with the plan and
deviationsreported. However, it is often extremdy difficult, if not imposs-
ible, to forecast the resultsof the deviationsand take appropriatecorrective
actions whose effects, in the short term can be forecast, but whose long-
term effects are unknowable. This supreme difficulty arises from the
inability of thebar chart to show interrelationshipsclearly, if at all.

Looking at PNT it will be seen that inherently it contains the first two
basic features, planning and publishing, most adequately. In many tasksit
isthe only possible planning techniqueavailable, and its use as a meansof
communication has already been commented upon; it is an excellent
meansof publishing a plan. As with a bar chart, measurementsare taken
and deviations reported. The power of PNT liesin its ability readily to
forecast the effects, both short term andlong term of any correctiveaction
which is proposed.
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MEASUREMENT OF ACTIVITIES

There are, again, a number of general features of control measurements
that have emerged from other control situations which appear to apply
when setting out to control a project. Theseare asfollows.

1 The measurement should be appropriately precise. Any measurement can
be increased in precison by an increase in the cost of making the mea-
surement. PNT indicates very clearly which activities need to be
precisely measured (those on the critical path) and those which do not
need such a high precision (those which can tolerate ddays). For exam-
ple in a project in which the durations are measured in weeks, activities
which are critical might need to be monitored to the nearest day,
whereas for an activity which can tolerate considerable delay the nearest
week will probably be adequate and to increase the precison would be
needlesdy expensve.

2 The measurements should be pertinent. Thisis quite self-evident, yet the
filesof industry bulge with data that have been collected and never used.
It isessentid to question the usethat will or can be madeof the data.

3 The speed of collection of the information must be rapid compared with the
time-cycleof the system asa whole In a project lasting two years, collect-
ing information and processing it every two weeksis probably adequate,
sinceit will dlow correctiveaction to be taken. No genera rule can be
lad down here, but it must be remembered that, as a project progresses,
the time remaining for completion diminishesand, hence, the speed of
collection may need to increase. Thusit is quite usua, at the outset of a
long project, to receive reports once a month but, as time advances, to
reduce the reporting interval to two weekly, later to once a week and
eventudly it may become daly. The essentia thing to remember is that
measurement must be taken frequently enough to alow useful action to
be taken. Collecting progressinformation is both difficultand expensive,

4 Measurementsneed to be accurate or of consistent inaccuracy. Aswith the
degree of precision, so with accuracy; accuracy can be bought with
increased cost. It isfrequently cheaper to accept a measuring technique
which is known to beinaccurate but consistent than to attempt to obtain
a very high accuracy. Consistent inaccuracies can be alowed for; high
accuracy inevitably resultsin increased cost. Here again, PNT indicates
where a high accuracy measurement should be made and where a low
accuracy measurement is tolerable. Thus, for an activity which can toler-
ate little delay, an accuracy of +10 per cent is required, whilefor an
activity which can tolerate considerable delay, an accuracy of + 50 per
cent could be acceptablein theearly stages of a project. (Note: Although
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accuracy and precision are related, they are quite separate concepts, and
should not beconfused.)

§ The number of data processng points should be kept as small as possble.
Once a measurement is made, it should be passed through as few pro-
cessing departments as possible. Not only will handling delay the using
of the information, but it will inevitably cause distortions that are very
difficult to eiminate.

The monitoring and analysis of project data should enable the project
manager to address problemsat an early stage and also to take advantage
of opportunities which may benefit the project. The aim should aways be
to pre-empt situations and prevent problems occurring rather than
responding once they have developed. Good communications throughout
the project system will ensure that the project team and those carrying out
activitiesare working with the same information and that they are aware of
the project status, so that when potential problemsoccur they are quickly
dealt with.

COMPARING AND REPORTING

Some of the waysin which thiscan be carried out are given below. While it
is possible to devise many other .methods, it is sensibleto avoid letting the
ingenuity of the method become an end in itself. The authors have
observed many clever techniques in which the mechanics of the method
have obscured the results. The smplest method is always the best.

1 The bar chartinetwork itself. Aswork progresses, the bar chart/network
itself can be marked in some way to indicate that work has been done,
although this tends to be unsatisfattory since the location of an activity
on the drawing is not related to the time when it should be performed
unlessthe network has been translated onto a time base in bar format,
asisdiscussed in Chapter 16. This can be a very useful manual control
tool for small projects. Modern computer software for project manage-
ment often has the ability to display and print out a bar chart in various
arrangements. Some also use plotters to draw the network and can usu-
aly presentit on atime base.

2 Re-analysis. |n large or very complex projectsit becomes difficult to pre-
sent the situation graphically in a way that enables the complete picture
to be seen. Thisis particularly difficult with a bar chart, but PNT here
demonstrates its inestimable value. By taking the original network and
insertinginto it theactual timesinstead of the expected duration times, it
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issmpleto re-andyse the network and see theeffects of the actual work.
Careis needed with activities which have been delayed past their calcu-
lated latest start time, and a new delay activity will need to be
incorporated to account for this. Another aternative, which obviates the
need for delay activities, is to redraw the network, leaving out all those
activitieswhich are complete and using the time remaining for those in
progress, and then re-analysing in the normal way, substituting the
actual datefor thedate of the new first event. Thiswill have the effect of
gradually collapsing the network from the left, and in large networks a
progressves mplification will result. Some computer sysemswill do this
by assuming that when durations are set to zero the activities- other
than dummiesin AoA - are completed, and will re-andyse the network
asof time-now’; this hasthe sameeffect.

3 Negativefloat. If the network is large or complex, another alternativeis
to fix the end date of the project as a scheduled date, insert the actual
durations for activitiesand re-analyse the network. Thisis a technique
whichisnot applicableto the bar chart. Any activities which are run-
ning late will appear with negativefloat, which shows up the amount by
which they are late and where corrective action must be taken. This
matter isdiscussed in detail in later chapters.

The computer isof particular valuein 'updating’ PNT networkssnceit
Is happy to carry out repeated calculations. (Note: 1n any form of theanaly-
ses discussed above, it isessentia in the AoN technique to modify not only
the duration times but also all the affected dependency times,) Singleand
multipledependency timesin AoN networksarediscussed in Chapter 15.

One continually recurring problem in 'updating’ project plansis the dif-
ficulty of obtaining useful statements from the operating points where
work is being performed. It isimpossibleto give smplesolutionsto what is
a veay complex problem. Two thingscan be said:

1 Avoid recrimination. If an activity overruns, be careful not to use thisas
an opportunity to createa fuss. The past is dead - take stepsto avoid a
recurrence of whatever failed. A respected networker once referred to
PNT asa'do-it-yoursdf hangman's kit'. Let PNT beatool to assst, not
awegpon to assault.

2 Progressshould be reported in the form 'not complete’ or ‘complete’.
Thus to the question: 'I's activity X complete? the response should be
either 'Yes or 'No' and if 'No' then a second question: 'How much time
isrequired to completeactivity X? should be asked. Statementssuch as:
‘Nearly finished', 'Almost finished', 'Just a little to do’, 'It'll soon be
done!" and so on should be eschewed. They both inculcatea doppiness
of mind and an avoidanceof responsbility.
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The authors havefound that, when using PNT, a useful way of progress-
ing work is by employing the latest start times and latest finish times
derived from-the analysisof the network. Thusit is possible by scanning
the analysisto determinefor a number of weeksinto theimmediatefuture
which activities'must’ be started and which activities'must' befinished. At
progress meetings it isthen possible to identify exactly which activities
must have been started by the date of the meetingand which must have
been finished. This sorting of activitiesinto 'must start' and 'must finish'
categoriesisvery easly carried out by the computer.

FORECASTING AND TAKING CORRECTIVE ACTION

When performance does not conform with plan, and it is necessary to take
correctiveaction, it must be clearly understood that while PNT indicates
very clearly where problemsare likdy to occur, PNT does not remove any
responsibility from the manager concerned; indeed, by causing areas of
authority to be clearly distinguished, it reinforces and emphasi sesthe man-
ager's position. PNT is neither a prophylactic nor a panacea, and any
failuresto achieve an agreed plan must not belaid at the door of PNT;
they will rest, as dways, with the manager.

This having been said, it must be pointed out that PNT has a particular
usein thisfield, namdy that it will enable predictionsof resultant actions
to bededuced from present or past action. This, in other than small or very
samplesituations, is virtually impossiblewith a bar chart. For example, any
'dip' in acritical activity will result in the whole project 'dipping. To cor-
rect thisit may be possible to transfer resources from other non-critical
activities, and the consequent effects of thiscan be clearly seen by consider-
ing the network, or by reprocessing the data if a computer is being
used. This predictive valueof PNT is probably unique among planning sys-
tems, and certainly is of great value in real-life situations in testing
alternativesolutionsto problems.

A forecasting example using PNT

Consider a network with a planned TPT of 1000 days Four hundred days
after the project start it isfound that the planned network time—- that isto
sy, the time derived from the network at the start of the project — for the
activitiesactually completed is 350 days What is the best estimate for the
time to completion?

To merely rerun the network, inserting the actual timesfor the com-
pleted activities while using the existing planned times for the un-
completed activities, assumes that there will be a significant change in
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performance. . . al new activities after day 400 will be performed to their
planned time while those completed before day 400 took 4001350 x 100 per
cent longer than planned.

It is reasonable to assume that unless there is a guaranteed change in
project performanceafter day 400, then:

Current estimated timetocomplete = (1000-350)x400/350 = 743days
Current estimated TPT = 400+ 743 = 1143 days
Current timedip = 350-400 = -50days
Total current etimated time dip = 1000- 1143 = -143days
Current schedule performanceindex = 3501400 = 0875

These parameters can form the basis for managerial control and decision-
making. Isadip of 143 days acceptable?What penalty will be incurred if
thistakes place? How much can be expended to avoid such a dip?

The abovecan be generalised asfollows:

Le:

Actual timefor work performed be ATWP

Planned time for work performed be PTWP

Planned TPT PTPT

Then:

Timedip = PTWP- ATWP
Current schedule performanceindex (SPl) = PTWP/ATWP
Planned timeto complete (PTC) = PTPT - PTWP
Egtimated time to complete (ETC) = PTC/SPI
Edtimated total project time = ATWP+ PTC/SPI

A useful presentation of performanceagainst plan is obtained by plotting
planned timeagainst actual timeasin Fig. 9.1. In an ideal world, actual would
coincidewith planned performance, giving the 45 degree straight line OP. In
practice thisrarely happensand the line OP divides the space into two: the
upper fast sector and the lower dow sector. Plots such as the (400,350) point
indicatea project which is running dower than planned. If it isdecided that
thereisan acceptableleve of departure from plan - say 20 per cent - then
control limitscan beincluded on the graph showing the acceptable boundary.
In Fig. 9.1 both overrun and underrun limits have been shown, though it
must be said that it is outside either author's experience for an underrun to
occur except in thecase of projectswith a considerable bonus opportunity.

OTHER CONTROL SYSTEMS

The discussion here has considered project progressing in isolation as a
meansof control. In practicethe data used in, and the information derived
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Actual time — days

Fig. 91

from, project progressing should be integrated with all the other systems
which contribute to the project planning and control process. The time
taken to perform an activity is of interest not only to the project team but
a so to the costing department, the wages department, the material control
section, and so on. Failureto co-ordinatethe work of variousdepartments
will lead to duplication and dissipation of effort, and will also prevent
those cross-checkings that can do so much to make up for other inadequa-
des. Not only this- a number of imperfect systems actingin parallel can
often producea total accuracy, which one highly perfected syslem cannot
attain, and this can enable economiesto be made that do not result in any
degrading of information. It is therefore highly desirable that project pro-
gressng is used as a control technique as wdl as a planning technique, and
that itswork here should be integrated as closdly as possible with &l other
management controls.

The other control systems with which the project progress system inter-
actsand with which it must beintegrated will include:

¢ financia control

¢ progresscontrol

¢ changecontrol

e configurationcontrol
¢ document control

e quality control

e resourcecontrol
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a procurement
a risk management
a personnd management.

Asdiscussed in Chapter 4 the integration of all these control and manage-
ment systems iS provided by the project plan which isin effect, and fact, the
project bible. The parent company will in most cases have al or most of
these systems as part of the company management systems, but as again
noted in Chapter 4, they may need to be adapted for the project purposes.
Any such adaptations must of course be agreed with the managers of the
company systems since they will dways have to interact.



CHAPTER 10

Controlling cash

Many projects justify the setting up of semi-automonous project teamsto
manage and execute the projects. In these casesit must be remembered that
there will probably be two cost control systems operating Sde by sde. The
first is the costing system that al organisations must provide to saisfy the
requirements of their financial auditors. This collectsand uses data on a
historical bags, istotally accurate, asit must be for company and tax pur-
poses, has no predictiveelement and it normally presentsresultsfar too
late to be of useto the project manager asa control tool.

The second system is that set up by the project team to collect and use
cost datafor itsown purposes. The essential aspect of such systemsis speed
of response. Thisis of far more importance than accuracy — within 5 per
cent isquitegood enough for most purposes.

In thischapter it has been assumed that network or bar chart techniques
will be used to plan and control the project. However, some of the discus-
sion, for example the use of 'hammock’ activities, is applicable only to
network techniques and saves much work relativeto the use of other proce-
duresto collect and useinformation.

CONTROL DURING THE LIFE OF A PROJECT

Cost control during the life of a project is probably of greater importance
than thecontrol of any other resource. A cost overrun will resultin, at best, a
reduction in profit, or at worst bankruptcy, unlessit is a'cost-reimbursable
plus a percentage fee project, and here the client islikdy to investigate the
cash control and recording systemsvery thoroughly indeed. The procedures
exercisad by an organisation will dearly beinfluenced by the type of contract
being carried out. In a'cost-plus contract the emphasiswill be on control-
ling costs rather than reducing them, considerableattention being paid to
comprehensiverecording. A fixed-price' or interna project will merit a great
dedl of interest being shown in both the accurateestimation of costsand in
choosing methods which keep those costs as low as possble. Given accept-
able alternativesthecheapest will dways be chosen.

It should be noted that costscan occur in a number of waysin a project
and that the availability of 'money’ can equally be expressed in a number of
alternative ways The cost of an activity may be purely labour plus over-
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heads; it may also be plus materialsasa cost spread throughout the duration
of theactivity, or asalumpsum at thestart of, or at some stage through, the
activity. Thefirst two will probably require the use of hammocks to collect
the relevant information; the third, depending on the system, may require
aternativeinput asa specia resource.

Chapter 9 suggeststhat control systemshave sx features:

1 plan;

2 publish;

3 measure;

4 compare;

5 report;

6 forecast and correct.

In relation to cost control, ‘earned value analysis has replaced traditional
performance analysis methods that compare the actual cost incurred to a
given date with the budgeted or planned expenditure.to that date. Earned
value analysis should introduce a measure of the project achievements for
the costs incurred and can be used with other techniques to identify and
correct problems. The basis of earned value analysisis a continuous com-
parison of actual project data with the plan to determine the work done
and correct adverse variations.

Thereforethe plan whichis published is the budgeted cost analysisof the
project, the monitoring system measures and compares, while control is
exerted by action taken on the reports to provide forecasts which enable
corrective action to be taken. The need for accuracy and speed of action
discussed on page 68 isasvalid in cost control asin any other type of con-
trol system. The present chapter discusses how a project budget may be
created, how monitoring is set up and how data collected by the monitor-
ing system may be used within the earned value concept.

BUDGET PREPARATION

Data collection

Much of management is concerned with the control of situations where
work is stable enough for forecasts to be derived from past experience of
similar work. Project management, which is essentially ‘'one-off' manage-
ment, is concerned with novel situations where the data must be derived
from estimatesof work new to the organisation. These estimatesare there-
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fore usually prepared from a more detailed breskdown of the project than
may be usual in a traditional budgeting system.

It is often easier to derive redlistic estimatesfor small parcels of work —
activities- than for groups of activitiesforming a subproject. In setting up
a project the time data - activity durations — will have been obtained as a
matter of course and it is useful to extract resource data at the same time.
Indeed, in some cases it is easier to derive a duration time from a knowl-
edge of the work content of the activity and of the likdy availability of the
required resources, though it must be remembered that subsequent
resource analysisand allocation may cause these resource availabilities to
change with possible effects on activity duration times. Cost data is then
deduced from the resourceand time data.

The work breakdown structure

Both when extracting and controlling costs the project should be divided
into clearly defined and manageable parts (work packages) for each of
which responsibility for execution must be clearly defined. The definition
of a work package will include all relevant information on labour, equip-
ment, material and overhead rates. The activity list is then ordered into
these work packagesto give thework breskdown structure(WBS). It isthis
which is used as the basis both of the budget preparation and the subse-
quent cost control. In a functionally organised company, groupings will
tend to be functionally orientated, while in a project organised company
they will tend to be by subproject. The difficulty of preparing the WBS,
which tendsto be industry specific, should never be underestimated.

Cost centre codes

Each activity in awork package will be given a cost centre code unique to
that package. Within a package there may be subgroup codes, just as the
package cost code may itself be a subgroup to a higher leve cost centre
code. The organisation of these cost centre codes is crucialy important to
the success of the cost control system. It is essentiad that the code element
at any leve should be unequivocaly the responsibility of a single person,
and that it should be possiblein the reporting system to identify al theele-
ments with the persons responsiblefor them. The larger the project the
more carefully the coding system must be organised Snce, asal costs must
eventually be aggregated for management reports, the search procedures
needed may overload thecomputing system.

The company's organisational structure will have a significant effect on
the coding system. A company new to project management may have an
existing system which is inappropriate to project cost control, and it is
unwiseto try to force such a system on to the project management team.
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It should be noted that there is some disagreement in the literature on
the order in which the various aspects of the procedureare tackled. Some
writers suggest that the activity lists and work breakdown structure are
prepared before drawing the networklbar chart, while others suggest the
reverse, namely that the networklbar chart is prepared first. While there
can be no firm recommendation on thisthe authors are of the opinion that
the network/bar chart should comefirst. However, it is very much a matter
of 'doing what comes naturally' in an organisation and the truth probably
lies between the two extremes, modifications to whatever is donefirst aris-
ing from that which follows. None the less, whatever the procedure, the
result isthesame, namely:

e anetwork/bar chart endorsed with the costsassociated with each activity;
e acode defining the cost centre to which each activity isassigned;

e a statement of the name of each person responsiblefor the control of
each activity cost, thiscontrol probably being exercised by the actual
control of theactivity.

Indirect expenses-the w e of hammocks

All the costs so far discussed are direct costs, that is they are assignable
directly to activities. There are dwaysother costs which are not so assigna-
ble, and which must be spread over a number of activities - the overhead
costs. PNT dlows overheadsto be spreadover cost centres, and the reader
isreferred to pages 77 and 105 for a discussion on thismatter.

THE BUDGETING SYSTEM

Once the data produced above is available, the next stage, generating the
project budgets, can proceed. It is generaly assumed that for any activity
the spend rate with respect to timeisconstant. Thus, if an activity has a
duration of 3 time units and requiresa total expenditure of £15000, each
time unit will be assumed to consume £5000. While thismay not be true,
consequent inaccuraciesare likely to be trivial compared with the inaccura-
ciescaused by estimation errors! Should significant errorsresult in thefinal
budget, these may be reduced by breaking the activitiesinto smaller por-
tions until the 'constant spend rate’ assumption becomes acceptable. The
build-up of the budget then proceeds by cost centre, subproject or any
other groupingdesired, up to thetotal project budget.

This procedure is normally carried out by setting the network/bar chart
at a defined time condition, usually with all activities at 'earliest start’
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unless a specific schedule, such as a resource allocated one, has been pro-
duced, when the scheduled times are used. Costs are then aggregated
(summed) for all activitiesin each timeinterval throughout the life of the
project. Aggregation can be by cost codes within cost centresand a variety
of reports are possiblefor each levd in the organisation. Where required,
thefiguresat each levd can be displayed as tabulationsor graphs.

It should be remembered that not all cost generating tasks will necessar-
ily have been included in the network/bar chart. For example, many
activitiesconsume materials, the ordering of which may be one or many
tasks and which may not have been included in the network/bar chart. In
addition, the way in which the costs of materialsare allocated to the pro-
ject must be regularised. There are normally three possibilitiesin the way
thecostscan be alocated to the project. Theseare when materid is

1 ordered,
2 recdvedinto the organisation,
3 deployed on the project.

Conservative accounting will commit the cost to the project at the time
the order is placed so that the charge on the budget can be seen asearly as
possible. The project activity costing system may wel allocate these same
costs to theindividual activities so that there will be a discrepancy between
the project spend curve and that generated from the company's accounting
system. Once the reason for such differencesis known, they need cause no
difficulties. Some project costing systems maintain threesetsof figures:

1 the budget;
2 committed costs;
3 actual codts.

The'actud' and 'committed’ costs should ultimately agree as the materias
are consumed by the project.

The mechanism whereby all project cost data are collected is a ‘charge
or 'booking' number, which should agree with the code taken from the
WBS. Whenever hours are worked, materials used or services paid for, the
appropriatecosts must be booked against the ‘charge’ number. Two potent
sourcesof error occur heres

1 Thechargenumber does not agree with the WB S code. Trand ation must
then take place with all theconsequent potential for mistakesto be made.

2 Legitimatechargesare not booked to the charge number.
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In relation to the second source of error it should berealised that thereis
adeeply ingrained reluctanceto providefeedback on both performanceand
cogts, particularly if either appear unfavourable. It isimportant to convince
all concerned that the accurate and timely completion of all documentation
is not just a bureaucratic whim serving no useful purpose, but a means to
the satisfactory completion of the project. (Seeaso 'Improving the data
beow and Chapter 20'Some practical consderations.)

A wdl organised system will arrangefor al the:

® timeshests,

® purchaseorders,

® invoices,

® storesissue notes,

e goods recaved notes;
® €iC.

to be forwarded to a central collection office where they are loaded with
overheadsand any other chargesto the project. Thisisa complex opera-
tion since, for example, labour hours have to be converted into pay,
pensions, holiday pay, bonusesif paid, and so on. Thechargeto the project
will includenot only the above but a so appropriateoverhead recovery.

BUDGETED AND ACTUAL COSTS

Every control system involves the comparison between that which is and
that which should be - the error. In budgetary and cost control the error,
which is the difference between the budgeted cost and the committed cost,
isknown asthe variance

I Budgeted cost = Committed cost = Variance

The varianceisone error which can be considered, although it requires
careful analysissince the smple conclusion that 'positive variance means
unconsumed budget, negative variance meanscost overrun' may be mis-
leading. Consider thefollowing report;

Budoet Commitment ~ Vaianoe
E2000 £16250 +£3750

Only if all wor k on B345 has been completed doesthe positive variancesug-
gest a highly desirable situation, namely that the budget has been well
underspent. However, thevariancecould have arisen from threedternatives:
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1 good contral;
2 someoutgoing not recorded;
3 someactivity/material costs overestimated.

Either of thelast two can, of course, have serious commercia consequences
particularly for future tenders.

If, however, the work is only partly completed, then all that iscertainis
that £3750 remains with which to completethe work. If the proportion of
the work to be done equates with the proportion of the budget remaining
then the situation is not yet disastrous.

If the variance is negdtive, then some action is necessary. Thus, consider
thefollowing report:

Account B345

Budget Commitment Variance
£20000 £23790 -£3750

Thisisa seriousenough situation even if al thework on B345 has been com-
pleted. This negativevariancecould again have arisen from threedternatives:

1 poor control;
2 extraunbudgeted work wasincluded;
3 someactivity costs were underestimated.

All of thesecould have very seriouscommercia consequences, both imme-
diately and in thefuture.

In neither of the above casesis there enough information to determine
what, if anything, was wrong, or what action to take, a most undesirable
situation. What is required is a statement which brings together both the
budget and the progress of the project.

IMPROVING THE DATA

In an attempt to overcome at least some of these disadvantagesadditional
data should be required. Instead of merely using progress reports, reports
on the percentageremaining for the activity are needed. For instance, the
followingdatais reported:

Budget Commitment % of activity remaining
EX0000 £14500 50%
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Simple arithmetic reveals that for 50 per cent of the activity £20000 x
0.5 = £10000 should have been committed; in fact £14500 has been com-
mitted, a negative variance of £4500. Thisrevedsrather morethan before:

e theactivity ishaf completed and overspent;

e if the remainingwork iscompleted to budget the total overspend will be
£4500;

e to complete the project within budget means saving £4500 on this or
someother activity.

The additional informationis useful but still not enough, asit has not
actually revedled why the budget has been exceeded. As noted on page 80
there isa reluctanceto provideinformation at any time and particularly
when it is unfavourable. In thiscaseit is not unknown for managers to
work theinformation backwardsand claim an increased percentage com-
pleted. This practice concedls the problem until it is too late for action to
be taken, and, what is worse, some managers compound the problem by
reporting diminishing progress with time. This merely ensures that it will
definitely betoo latefor action.

The best way of dealing with the data to ensure accuracy of knowledge
isto integrate the time reporting aspects of the network and the cost collec-
tion system of the WBS bringing together progress and codts. It should be
noted that the dual meaning of actual costs — committed/collected — can
cause confusion. For example, materialsmay have been ordered and thusa
commitment incurred but no actual payment has yet been made with a
charge against the project, i.e. ‘collected’, but the system may wdl report
thisasan 'actual’ cost. However, the terminology iscommon usage, so that
any possible confusion needs to be resolved within an organisation at the
outset of each project.

COST AND SCHEDULE VARIANCES

For any instant in the life of a project there should be the followihg infor-
mation available

1 the known cumulativebudgeted cost of work performed,
'the budgeted cost of work performed' - BCWP;

2 the known cumulativeactual cost of work performed,
'the actual cost of work performed' - ACWP,

3 thetotal budgeted cost of the scheduled activities,
'the budgeted cost of work scheduled’ - BCWS
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These three parametersyidd two useful varianceswhich give an indication
to management of the magnitude, location and reasons for current and
future problems:

BCWP- BCWS
BCWP-ACWP

Considered together these two variancesyidd a lot of useful information
about the project. For example:

a theschedulevariance (in cost terms)
a thecost variance

a a negative schedule variance with zero cost variance suggests a project
running late with no over-spend;

a a negative cost variance with zero schedule variance suggests a project
on timewith an overspend,

a a negative schedule variance with a negative cost variance suggestsa
project running late which isal so overspent.

If thedatais plotted as shown in Fig. 10.1 it can be very reveding as it
will display:

a the planned costs- the BCWScurve;

a theincurred costs—the ACWPcurve,

a the budgeted (earned) vaueof the work actually performed — the BCWP
curve.

Used in combination with the WBS, it can also be used to track down
where in the project the variance comes from and who is responsible. In
projects of any size a computer-based system is essential. It must be
remembered that while the project team is collecting, anaysing and using
the project cost information, the organisation, of which the project teamis
a part, will also be collecting the same information. However, it islikdy to
be callecting it more dowly than the project team, and analysingit in a dif-
ferent way using different conventions, so that its output is likely to be of
limited valuefor project control purposes.

It should be noted that the BCWS curve shown is the'basding for the
account for which the data has been generated - it may be for a single
activity, awork package, the project or even agroup of projects. In practice
this basdlineis not fixed, as it changes each time a modification is made to
the project plan. These changesmay be design or engineering changes but
may also be because people havea bad habit of adding in work as the pro-
ject proceeds which was not included at the original planning stage. The
total cost to completion nay be unaltered - though that is unlikely — but
the shape of the curve will change. What is, however, essential isto keep
track of all changesand to incorporate them into the basdineif thereisto
be any hope of maintaining control of the project.
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Time Forecast  planned
'NOW' Forecast cost  completion
1 . costof  overrun

project budget

Cost

Time

Where ECTC is Estimated Cost To Complete
BAC is Budget At Completion (Current)
BCWS is Budgeted Cost of Work Scheduled (Current)
BCWP is Budgeted Cost of Work Performed (Earned Value)
ACWP is Actual Cost of Work Performed

Fig. 10.1

In all except small internal projects - and even there it isdesirable - a
formal system for recordingand incorporating change must be set up. This
system must record:

e the authorisation for the change, together with the date at which it will
be incorporated;

e the budget change involved;

e thereasonsfor the change.

The objectiveof the system is to ensure that the basdline, against which all
control measuresarederived, isat all timesasaccurateasis possible.

Asanillustration of the calculation and use of these parameters, con-
sider Project B79, which for simplicity is assumed to have 10 work
packageswith thefollowingdata.
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Wak package A|B|C|D|E|F|G|H|J|K
Completiontime |l | 5] 14| ts| tg| t2 | tg| 19| tio
Budgeted cost ‘£ 50| 50 | 100/ 1501 1501 1501 1501 1201 60 | 50!

At timetg it isreported that the situation isasfollows:

Wak package
Pe cent complete
Actual cost (E)

At timetg it iseasy to seethat:
The budgeted cost of work scheduled (BCWS)
= £(50+50+ 100 + 150+ 150+ 150)

The budgeted cost of work performed (BCWP)
=£(50+50+ 100+ 150+ (0.6x 150)+(0.4x150)) = £500

Theactual cost of work performed (ACWP)

= £(60+ 80+ 120+ 160+ 100+ 100) = £620
Fromthis:
e theschedulevariance(in cost terms) = BCWP- BCWS
=500~ 650 = -150
e and the cost variance = BCWP-ACWP
= 500- 620 = -120

Since both of these are negativeit is apparent that the project is running
lateand is overspent.

A full tabulation of the datafor Project B79 throughout its life is given
in Table 10.1 and presented in Fig. 10.2. The plot assumes that no changes
occur to the basic BCWScurve.

VARIANCE ANALYSIS

To explorea variance more thoroughly it may be broken down into a set of
sub-budget variances, a technique known as varianceanalysis. For example,
estimatesof expenditureare made up from:

e |abour costs;
® material costs;
e overhead codts.

Variancesfor each of thesecan be prepared asin Fig. 10.3.
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B79

Ta
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b ty t B fs 3 ) t fa ) tio  hy

Time units
Fig. 10.2
Budget variance
43750
Labour variance Material variance Overhead variance
—£2500 41100 ~£150
Fig. 103

This immediately indicates where the main problem is, namely in an
overspend on labour cogts. Thelabour variance may itself be split into:

¢ |abour hoursvariance;
¢ |abour rates variance.

Either or both of these can be split further if required, as can the materia
and overhead variances. The budget itself may have been changed during
thecourseof the project and a budget revison variance may also be appro-
priate. In thisway a complex triangleof variancescan be built up.



88 Project management and project network techniques

While variance analysisis an invaluable technique which enables investi-
gation to be focused on trouble areas, care must be taken to carry the
analysis no further than is useful. It is tempting to erect a highly detailed
triangledisplaying every possible sub-variance but thismay wel clutter up
the information system. It is better to start small and enlarge only when it
seems useful. Experienceisthe best guide here.

FORECASTING

Reports on performanceindices and variancesare required at all levelsin
the management system, those at any one levd being built up from those at
lower levels. It must be appreciated that both favourable and unfavourable
reports will flow upwards and that these may apparently ‘cancel’ them-
selves out and not appear in the higher level report. It is important
therefore that reports should be framed in such a way that no masking of
unfavourableinformation takes place so that appropriate investigationscan
be made. Equally, it isimportant, in motivational terms, that achievement
and favourable variances should be recognised and rewarded.

The project team may beasked at any time to forecast the time and cost to
completion of the project. In particular, when unfavourable performance
indicesand variances are being consistently reported, top management will
need to decide on whether to proceed, to refinanceor to cancel the project.
Unfortunately there can be no wholly mathematical techniques which can
guarantee a reliable forecast. Mathematical techniques assume that the
future will behavein a manner determined by the past, but if there have been
external influences which were not dlowed for in the original plan, the past
may bea very poor guide to the future. A forecast thereforeshould be based
on the best mathematical analysisbut modified by managerial judgement.

The time to completion is of course obtained by carrying out a new
analysisof the network, the result of which is modified in the light of the
best available information derived from the performanceindex to date. (See
aso Chapter 9 on forecasting.) The cost to completion is not obtained so
directly. Two expressions, one involving the budget at completion (BAC),
are of assistancehere:

® Cost performanceindex todate(CPl) = BCWP/ACWP
e Budgeted cost to completion (BCC) = BAC- BCWP
Then:

e Estimated cost to complete (ECC) = BCC/CPI

e Forecast cost at completion (FCC) = ACWP+ ECC
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This forecast can be built up at all levels of the budgeting system and
will includeall individua cost accounts which have been opened. Thusthe
forecast will take into account all activitiesand cost accounts which have
been started with a factor based on the performance to date from the cost
performanceindex. It cannot be emphasised too strongly that all forecasts
must be modified in the light of any information currently to hand and
which was not available at the start of the project. In particular, as much
use as possible should be made of graphical displays since any trends can
be seen at an early stage and correctiveaction taken.

For example, continuing theanaysisof Project B79 at time:

Thecost performanceindex (CPI) = BCWP/ACWP = 5001620
= 081 ,

/

Thescheduleperformanceindex (SPI) = BCWP/BCWS = 500/650
=077 /

Both of these being less than 1.0 indicates a poorer performance than
planned in each case.
Basad on these figuresthe estimated total cost of the project will be:

Budgeted cost to complete(BCC) = BAC-BCWP = 1030-500
= £530

Egtimated cost to complete(ECC) = BCC/CPI = 5301081
= £654

Forecadt cost at completion (FCC) = ACWP+ECC = 620+ 654
= £1274

and the estimated project duration will be = 1010.77 = 12 time periods.

In practice the total cost of the project turns out to be £1580 and the
actual duration 11 time periods.

The interested reader may care to calculate the measures at stages
through the life of the project from the full tabulation of the data for
Project B79 which isgiven in Table 10.1 and presented in Fig. 10.2. The
plot assumesthat no changes occur to the basic BCWScurve.

COMPARING PROJECTS

Within any organisationthereis often a requirement to compare the per-
formanceon severd projects, and, as these may be of different Szes smple
financial or time statements may not be appropriate. In such cases, it is
useful to extract two non-dimensi onal performanceindices:
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e Cost performanceindex (CPI) = BCWP/ACWP
e Scheduleperformanceindex (SPI) = BCWP/BCWS

A performanceindex greater than 1 representsa better than planned perfor-
mance, an index equal to 1 indicatesan 'on-time’ or 'on-cost’ performance,
while oneless than 1 represents a performance poorer than planned. For
instance, Table 10.2 shows three projectsfor which data on time and cost
performanceare compared, where

Table 102 Project comparison

lime Cost
Project
SPI FTC PTC CPI FCC BCC
4836 0.78 34 26 0.68 41 3.7
4837 0.96 25 24 0.98 201 20
4838 0.46 62 50 0.51 135 10.0
4839
4840
4841
etc.
SPI = Scheduleperformanceindex = BCWP/BCWS
or = PTWP/ATWP
PTC = Plannedtimetocomplete = PTPT - PTWP
FTC = Forecas timetocomplete = PTC/SPI
CPlI = Cost performanceindex = BCWP/ACWP
FCC = Forecad cost at completion = ACWP+ECC
BCC = Budgeted cost tocompletion = BAC- BCWP

From thesefiguresit can be easily seen that all the projectsare runninglate
and over budget. Although project 4837 isapparently closeto beingin con-
trol it would also be useful to know the percentage completion of each of
the projects. In a full managerial report this and other information would
of course be provided.

THE TIME VALUE OF MONEY

The value of money depends upon its availability, El available now being
worth more than E1 available later, since the 'present’ money can earn
somereturn.
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Present value

Assumethat El isavailable now, and that it can be immediately invested to
producean annual incomeof 10 per cent. The E would grow asfollows:

Valug(f)
Now, beginningof year 1 1 1
End of year 1 1+1x0.10 11
End of year 2 11+ 11x0.10 121
End of year 3 121 +1.21x0.10 1331
End of year 4 1.331 +1.331 x 0.10 1464

End of year n 1(1 =0.10)"

It isthus possibleto say that £1.464 in four years timeat an earning rate of
10 per cent has a present value (PV) of E1, or that E1 in four years timeat
an earnings rate of 10 per cent hasa present valueof 111464 = £0.683.

Tables of PV factors are readily availablefor a variety of circumstances
(invested immediately, or invested each month and so on). Alternatively
pocket cal culatorswith built-in programscan be easly and chegply obtained.

Projects may have both cash outflows (expenditures) and inflows (pay-
ments); the net present value (NPV) is the sum of all cash flows. By
comparing the NPV of competing projectsit is possible to appraise the
valuesof thevarious projectsto the organisation.

Discounting

An alternative way of appraising projectsis to discount the cash flows, dis-
counting being the inverse of compounding. Any project will generate a
seriesof in- and outflows of cash. It ispossibleto discover theearningsrate
that alowsthe PV of theinflows and outflows to balance. This rate is the
internal rate of return (IRR), the time adjusted return or the project rate of
return (PRR). Discovering this rate alows competing projects to be com-
pared, the most desirable project having the highest rate of return.

The techniqueis probably best illustrated by an example which, for the
purpose of clarity, isgreatly smplified. A project has the following charac-
teristics: annual costs are committed at the beginning of each year, and
theseare theonly costsduring the year.

Cost at the beginning of year Valug(f)
2500
3000
6500
4500
4000

Total £20500

O WN PR
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It isanticipated that when the project iscompleted at the end of year 5it
will generate an incomeof £32000. What would be the PRR?
ThePRR iscdculated by atrial and error procedure;

Earningsrate 15 per cent:
Cash flow (E) PV factor PV (£)

Beginningof year 1 2500 1 2500
Beginningof year 2 (after 1 year) 3000 0.870 2610
Beginningof year 3 (after 2 years) 6500 0.756 4914
Beginning of year 4 (after 3 years) 4500 0.658 2961
Beginning of year 5 (after 4 years) 4000 0572 2288

NPV £15273

A cash inflow of £32000 after five years hasan NPV of £32000 x 0.497 =
£15904.

Earningsrate 20 per cent:
Cash flow (f) PV factor PV (f)

Beginningof year 1 2500 1 2500
Beginningof year 2 (after 1 year) 3000 0.833 2499
Beginningof year 3 (after 2 years) 6500 0.694 4511
Beginningof year 4 (after 3 years) 4500 0579 2605
Beginning of year 5 (after 4 years) 4000 0.482 1928

NPV £14043

A cash inflow of £32000 after five yearshas an NPV of £32000 x 0.402 =
£12864

Earningsrate 25 per cent:

Beginning of year 1 2500 1 2500
Beginningof year 2 (after 1 year) 3000 0.800 2400
Beginningof year 3 (after 2 years) 6500 0.640 4160
Beginningof year 4 (after 3years) 4500 0512 234
Beginningof year 5 (after 4 years) 4000 0.410 1928

NPV f 13004

A cash inflow of £32000 after five years has an NPV of £32000 x 0.328 =
f.19496.

Given these three sets of figuresit is possibleto sketch (Fig. 10.4) the
NPVs of thein- and outflowsat variousdiscount factors, the intersection
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PV factor

Fig. 104 NPVs of cash inflows and outflows of various PV factors.

of the two curves indicating the balancing point and hence the PRR of,
effectively,17 per cent. Alternatively a seriesof 'homing-in' calculations
can be carried out. Clearly, attemptsat high accuracy are time-consuming

and unnecessary.
Thisvaueisthen usad for comparison with other competing projects.

Appraising not costing

I't must be emphasised that the above techniques and their variants are
methods of judging the desirability of alternative projects - they do not
form the basisof any costing system.






The application of network
techniques

It isquiteimpossibleto list all the applicationsof networks since the tech-
nique is now used extremely widdy. However, to give some idea of the
'spread’, thefollowingis a brief summary of where PNT has been used to
plan and control the use of time, materialsand other resources, of which the
authors or their colleagues have personal knowledge. It must be emphasised
that thislist is not exhaustive: new applicationsare continually being found.

1

2

3

4

Ovehaul: plant, equipment, vehiclesand buildings, both on a routine
and an emergency bass.

Condtruction: houses, flats and offices, including all pre-contract, ten-
dering and design work.

Civil enginesring: motorways, roads, bridges, road programmes, includ-
ingall pre-contract, tendering and design work.

Toan planning: control of tendering and design procedures and subse-
quent building and installation of services.

Marketing: market research, product launchingand the setting up and
running of advertisng campaigns.

6 Shipbuilding: thedesign and building of ships.

10

Dedgn: the design of cars, machine tools, guided wespons, computers,
electronicequipment, aero enginesand aircraft.

Pre-production: control of production of jigs, fixtures, tools and test
equipment.

Product changeover the changing over from one product or family of
productsto another, for example'winter' to'summer' goods.

Commissioning and/or installation: power generation equipment of all
types, and data processng plant.

Modification programmes. the modification of existing plant, equip-
ment or retail shops.
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12 Office procedures: investigationsinto existing administrative practices
(for example the preparation of monthly accounts) and the devising
and installation of a new system.

13 Consultancy: the setting up and control of consultancy assgnments.

14 Plant layout: the layout or re-layout of production or other facilities,
including service systems.

15 Emergency planning: preparation of contingency plans to deal with al
typesof emergency situations.

BS 6046 Part 1 also givesa list of areas of applicationsof network tech-
niques together with an indication of the use of the techniguesin those
aress.



CHAPTER 11

Drawing the activity-on-arrow
network

As already stated, in the activity-on-arrow (AoA) system, more generaly
known as critical path analysis (CPA) or program evaluation and review
technique (PERT), a project is represented by an arrow diagram.

ELEMENTS OF AN ACTIVITY-ON-ARROW DIAGRAM
Thediagramismade up of two basicdements:

1 Anactivity, whichisan element of the work entailed in the project. In
some instances the 'work' is not real in the sense that neither energy
nor money is consumed, and in some cases (see dummy activities
below) no timeis used. However, ignoring these last cases, an activity
isatask that must be carried out. Thus'waiting for delivery of com-
ponent X’ isan activity, just as much as 'making component Y’, since
both are tasks which must be carried out. This'non-work' aspect of
some activitiesis sometimes found difficult to accept until the test of
needfulness to theproject is applied. Once thistest isapplied it isclear
that ‘waiting for delivery' is an activity in the sensein which the word
is used in drawing networks.

2 An event, which isthe start and/or finish of an activity or group of activi-
ties The essentid criterion js that a definite, unambiguouspoint in time
can beisolated; a broad band of availability is of no use. The word
‘event’ may be misleading here, ance there may in fact be a concurrence
of a number of separate events, and for this reason some authorities
prefer the terms 'node, ‘junction’, 'milestone’ or 'stage’. In general
'milestone’ isreserved for particularly significant eventsthat requirespe-
cia monitoring. 'Node' is possibly the most generally used term when
referring to the network diagram and will be used subsequently for this
purpose, while'event’ will be used when timeis concerned with the same
point. It must be remembered that a'node in AoA hasadifferent signif-
icancetoa’'node in activity-on-node (AoN).
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CONVENTIONS ADOPTED IN DRAWING AoA NETWORKS

There are only two conventions usudly adopted in drawing networks and,
like all conventions, they may be ignored if circumstanceswarrant. In the
early stages of network drawing, it is suggested that the conventions be
respected until sufficient experience has been gained to warrant dropping
them. The conventionsare:

e Time flows from|eft to right.
e Head nodesalways have a number higher than that of the tail node.

This dlows activities to be referred to smply and succinctly by their tail
and head numbers, so that ‘activity 34 meansonly 'the activity that starts
from node 3 and proceedsto node 4'; it cannot mean 'the activity that
starts from node 4 and finishesat node 3. Most modern computer pro-
gramsdo not require this convention to be followed since they can accept
randomly numbered and alphanumeric labels, but experience has shown
that it is nevertheless a useful one, particularly for newcomersto the tech-
nique. It will also be found to sound better. Since alphanumericidentifiers
are often used, it is better to refer to 'node or event labels rather than
'node or event number's.

For beginners, it may be convenient to remark herethat it is not neces-
sary for all numbersto be in sequence, that is numbers need not follow
each other in natural order. In fact it is sometimes useful, when labelling
events, to leave gapsin the normal sequenceor use only odd or even num-
bersso that, if it is necessary to modify a drawing, it is not al so necessary
to relabel all nodes - a tedious task. No inconveniencewill be found to
result from this, and it is the practice of one of the authorsto initialy
labdl the nodes using only multiplesof five It is useful to redisethat the
head and tail labels of the activitieseffectively specify the logic of thedia-
gram, and that from a list of head and tail labels the network can be
constructed.

The graphical representation of events and activitiesin AcA

Nodesare represented by labels within convenient geometric shapes - usu-
ally circles. Activitiesare represented by arrows, the arrow-heads being at
the completion of the activities. The length and orientation of the arrow
are of no significance whatsoever, being chosen only for convenience of
drawing. The activity of digging a hole can equally wel be represented by
Figs1ll and 11.2
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Dig hole

Fig. 11.1

N Dig hole —

Fig. 11.2

These both have, within an arrow diagram, precisely the same signifi-
cance, namely that to proceed from event 1 to event 2 it is necessary to
carry out activity 1-2. It isequally not essential that arrows should be
straight, although it will be found that the appearance of the whole dia-
gram will be improved if the main portion of each arrow is both straight
and paralel to the main axis of the paper on which the diagram isdrawn.
Thiswill often require that arrows are 'bent’, asin Figs11.3 to 11.5. The
description of the activity should always be written upon the straight por-
tion of thearrow.

Dig hole )@

Fig. 11.3

Dig hole

Fg. 11.4
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Fig. 11.5

It is strongly recommended that wherever possible this method of drawing
should be adopted. Thereisoften a temptation to substitute a code | etter for
an activity description when drawing a network. This should never be done
as it makes the checking of the network extremely difficult if not impossi-
ble. It also destroysthe'communicating’ ability of the network.

The representation of time

The expected time that will be required to carry out an activity (the dura-
tion time) is written as a central subscript to the activity. Thus, if it is
anticipated that it will requiresix daysto dig a hole the activity would beas
shown in Fig. 11.6. It should be noted that more than 6 days might be
available for digging. Thismatter will be dealt withlater in Chapter 14.

Dig hole

6 days

Fig. 116

If an activity must, for some reason external to the network, be com-
pleted by a given date, then an inverted triangle can be drawn above the
node at the head of the activity arrow. For example, if the digging of the
hole must be completed by day 20, then the diagram would be as shown
in Fig. 11.7.

Hole dug, day 20

Dig hole
6 days

Fig. 11.7
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Identification of activities

The node at the beginning of an activity isknown asa 'tail' or 'preceding’
node, while that at the conclusion of an activity is known as a 'head' or
'succeeding’ node. Some writers refer to tail and head nodes asi and j
nodes, thisderivingfrom the generalisationof an activity asin Fig. 11.8.

Description

NS Duration

Fig. 11.8

This usage is extremely convenient when drawing up tables, where the
singlelettersi and j are simpler to use that the words 'preceding’ and 'suc-
ceeding', which are recommended in BS4335:1987, or 'tail' and 'head'.

Fundamental properties of events and activities

Basically, the representation of nodes and activities is governed by one,
smple, dependency rule which requiresthat an activity which depends upon
another activity isshown to emerge from the head of the activity upon which
it depends, and that only dependent activities are drawn in thiswey. Thus, if
activity B depends upon activity A, then the two activities are drawn asin
Fig. 11.9, whileif activity C is also dependent upon activity A, but is not
dependent on activity B, then thethree activitiesaredrawn asin Fig. 11.10.

Fig. 11.9

Fig. 11.10
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This dependency rule gives rise to two fundamental propertiesof events
and activities:

1 Anevent cannot be said to be realised (or 'be reached' or 'occur') until all
activitiesleading into it are complete. For example, in a network such as
Fig. 1111, event 10 can only be said to occur when activities 3-10, 4-10
and 5-10 areall complete.

2 No activity can start until its tail event isrealised. Thus, in Fig. 11.12
activity 10-11 cannot start until event 10is redlised.

These two statementscan effectively be combined into a single comment,
namely that 'dl activitiesentering a node must be compl etebefore any leav-
ing it can start." It must be understood, however, that this Sngle statement
has two facetsas set out in points 1 and 2 above.

Fig. 11.11

‘Merge' and 'burst' nodes

Events into which a number of activities enter and one (or severa) leave
(see Fig. 11.10) are known as'merge  nodes. Events that have one (or sev-
eral) entering activities generating a number of emerging activities are
known as'burst’ nodes(seeFig. 11.13).
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Fig. 11.13

Two &rorsin logic

Two errorsin logic may come about when drawing a network, particularly
if it isa complicated one. Theseare known as looping and dangling.

Looping

Congderation will show that theloopin Fig. 11.14 must not occur Sncethis
would represent an impossiblesituation: ‘activity R dependson activity Q
which depends on activity P which dependson activity R which dependson
activity Q. . ." If looping like this appears to arise, the logic underlying the
diagram must be at fault, and the constructionof thediagram must be re-
examined. Adherence to the convention that no activity can start until its
tail event isrealised revedstheexistenceof aloop vey esdly.

Fig. 11.14

Dangling

Similarly, the situation represented by Fig. 11.15 isequally at fault, since
the activity represented by thedanglingarrow 9 — 11 isundertaken with no
result. Such arrows often result from hastily inserted afterthoughts. Two
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rules can be enunciated which, if followed, will avoid dangling arrows,
namely: 'al nodes, except thefirst and the last, must haveat least one activ-
ity entering and one activity leaving them' and 'all activitiesmust start and
finish with a nod€e'. There are special occasions when 'dangling’ activities
can be accepted but any appearance of a 'dangle’ should be very carefully
considered to ensurethat it does not arisefrom an error in logic or an inad-
equate understanding of the task being considered. (See also 'Multiple
startsand finishes bdow.)

Fig. 1115

When set out in isolated form as above, both errors are quite obvious.
However, in a complex network these errors (particularly looping) can
arise; aloop, for example, can form over a very long chain of activities.
Beforefinalising a network it is wise to examinefor both the abovelogical
errors. If the network is being processed by computer, the computer pro-
gram itself will have built in diagnostic checks for these and other errors,
and will produce appropriate reports, if errors exist, beforefurther calcula-
tionsare undertaken.

Interfacing

If an event iscommon to two or more subnetworksit issaid to bean 'inter-
face' event and is represented by a pair of concentric circlesin place of the
usua singlecircle.

Milestones

These are events which have been identified as being of particular impor-
tancein the progressof the project, and areidentifiedin the diagram by an
inverted triangle over the event node. There may also be an imposed time
for theevent to occur.
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Multiple starts and finishes

Most modern computer programsdo not require networksto have asingle
start or finish node. However, those that alow multiple starts or finishes
requirethat all start or finish nodes are suitably identified (usualy as given
in the program manual) or they report a start or finish 'dangler' as dis-
cussed above. In carrying out the time calculations it is assumed that,
unless otherwise specified, all the start eventscan occur at the start of the
project and all finish eventswill occur at theend of the project.

Hammock activities

Where a network is to be used for cost contral, it isextremely useful to
introduceinto it hammock activities. It issmplest to assgn to activitiesthe
direct cogts, that is costs which are directly assignableto the activity, for
example materias. There are always other costs which are not so assigna-
ble, and which must be spread over a number of activities, the overhead
cogts. The burden of these costs are borne by artificial hammock activities
which are inserted into the network. A hammock will embrace activities
which are linked and belong to the same cost centre. Hammocks are
assigned no duration time and play no part in the time anaysis. During
cost analysesa hammock is assumed to have a duration determined by the
time elapsing between the start of the first hammocked activity and the
point at which measurement is being made, which may be'time now' or the
end of the activitiesconcerned. The overhead rate is assumed to be con-
stant over thelifeof the hammock.

DUMMY ACTIVITIES

In some casesit is necessary to draw 'dummy’ activities, that is activities
which do not require resources but may in some cases take time. They are
drawn as broken or dotted arrowsasin Fig. 11.16.

Fig. 11.16

A dummy activity is always subject to the basic dependency rule that
an activity emerging from the head node of another activity dependson
that activity.
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Therearethree occasionswhen dummiesare used:

1 identity dummies;
2 logicdummies,
3 transit timedummies

ldentity dummies

When two or more parale independent activities have the same head and
tail nodes, the identity of the activities, as given by the node numbers,
could be lost. For example, if in making a cup of instant coffee two activi-
ties'boil water' and 'heat milk' could proceed simultaneously, then the
diagram shown in Fig. 11.17 might appear. Thiswould result in two activi-
tieshaving the same head and tail numbers

Boil water

Fig. 11.17

Although some computer programs will accept this situation, but
require the addition to the activitiesof uniquenessidentifiers, it is prefer-
able to avoid confusion by the introduction of a dummy which can be
either activity 1-2 (Fig. 11.18) or activity 2-3 (Fig. 11.19).

Boil water

Heat milk Add water and milk to cup
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Boil water

Heat milk .. Add water and milk to cup

Fig. 11.19

Note In Fig. 11.18 the 'Boil water' activity has been opened to accept the
dummy. The other activity could equally well have been chosen, giving four
possible diagrams. Which activity isin fact broken isa matter of indiffer-
ence, though it isusual to insert the dummy at the head of the activity with
the shorter duration.

Logic dummies

When two chains of activities have a common node yet they arein them-
selves wholly or partly independent of each other, then an error in logic
could unwittingly arise.Consider the situation:

Activity K dependson activity A.
Activity L dependson activities A and B.

At first sight the diagram might appear to be as shown in Fig. 11.20.
Unfortunately an error isdisplayedin thisdiagram. Activity L is, quite cor-
rectly, shown to be dependent on activities A and B. However, activity K is
also shown to be dependent on both activities, whereasit depends only on
activity A. To resolve thisa new activity (a dummy) is introduced to sepa-
rate K from B (Fig. 11.21).

Fig. 11.20
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Fg. 1121

ExaminingFig. 11.21 it will be seen that:

K dependson A.
K does not depend on the dummy.

Hence K dependsonly on A. ¢))

L dependson B.
L doesdepend on thedummy.
The dummy dependson A.

Hence L dependson A and B. )

(1) and (2) are thesituations which the diagram is required to represent.
It must be noted that multiple dummies may be necessary to maintain
logic. For example, the situation:

Activity K dependson activity A
Activity L dependson activitiesA and B
Activity M dependson activity B

isrepresented by thediagram given in Fig. 11.22

Fig. 11.22
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Helpful hint

It is highly desirableto examine any 'crossroads (Fig. 11.23) that arisein
the drawing of a network to ensure that the dependence of activities upon
one another is quite clearly understood and represented. Thisis not to say
that 'crossroads may not occur, but that the logic which is displayed must
be very carefully scrutinised.

The direction of dummies

Troubleis often encountered in assigning a direction to a dummy activity. If
the purpose of the dummy is quite clearly understood, then the direction of
the dummy becomes clearer. Thus if, in Fig. 11.21, the dummy exists to
release activity K from activity B then the dummy emerges from the tail
node of activity K; on the other hand, if activity K depended on activitiesA
and B and activity L depended onlv on activity B and not on activitiesA and
B, the genera configuration would remain unaltered except that the dummy
arrow-head would point the other way, i.e. from node 20 to node 15.
Referenceshould be made to an earlier discusson on 'Fundamental proper-
tiesof eventsand activities (page 101), and it should be clearly understood
that thesituation shown in Fig. 11.24 representsactivity X being dependent
on both activity R and activity S, while Fig. 11.25 represents activity X
being dependent only on activity R and independent of activity S

The authors have found it useful to consider the dummy as a 'one-way
dependency street’ — dependency can flow from the tail of thedummy toits
head, it cannot flow from itshead toitstail.

Transit time dummies

On many occasions a delay must occur after the completion of an activity
before the activity which isdependent on it can start. In Fig. 11.21 activities
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Flg. 1124

K and L are dependent on activity A and it may be a requirement that a
specified time must € gpse between theend of A and thestart of L. Insucha
case the dummy shown would carry a duration which isknown as a 'transit
time. Thistransit timeis the minimum time which must e apse between the
ending of theactivity and thestart of an activity dependent on it.

OVERLAPPING ACTIVITIES

Inall that has been said so far, it has been assumed that activitiesare quite
discrete, the start of a succeeding activity being delayed' until a previous
activity is complete. For example, if a large number of plants are to be
lifted in a large garden and relocated some distance away, it might be
thought that thediagram would beasin Fig. 11.26.

However, this would indicate that no plant can be relocated until all
plants werelifted. Thismay not in fact be so; it may wel be that relocation
can start when some of the plants have been lifted, and that thereafter the
relocation of the plantscan go on while thelifting proceeds The relocation
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~~ Plants lifted (P) 7 Plants relocated (R) )

Fig. 11.26

will eventually be completed after al the plants have been lifted and
moved. This can be represented by breaking both activitiesinto two por-
tionsPl, P2and R1, R2, asin Fig. 11.27.

This diagram showsthat it is not possibleto start Activity R until some
of Activity Piscompleted. The dummy activity 3-4 allows the parallel
activities2-3 and 2-4 to beidentified. Once lifting (P) and relocation (R)
are under way it may be considered desirableto rakethesoil (S) around the
newly moved plants. If thisactivity can proceed concurrently with activities
Pand R, then thiscan be represented by 'bresking’ R1 into two partsR1/1
and R1/2, thus permitting Sto start part way through R1 (Fig. 11.28).

Alternatively, it may be decided that S1 cannot start until the whole of
R1 iscompletedand a first attempt at a diagram might beasin Fig. 11.29.

Fig. 11.28
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Fig. 11.29

However, Fig. 11.29 shows S| depending on P2 through the dummy
activity 34. If thisisnot so and S1 can start with R1 completeand P2
incomplete, then a dummy between the junction of R1 and St and the
junction of activity 3—4 and 2 will release the dependency. It will also
removethe necessity for dummies3—4 and 56 (Fig. 11.30).

Fig. 11.30

All thesediagrams represent similar situations, namely a resultant activ-
ity starting before its originating activity is complete. Care must be
exercised in using and analysing these networks, since some combinations
of duration timescan result in subsequent activitiesapparently being capa-
ble of finishing earlier than physically possible. To overcome thisit is
necessary either to examine the results of analyses and eliminate any
impossibilities, or to impose a restriction on the 'breaking’ of the various
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activities- for example, ensuring that al concurrent activitiesare broken
into thesamefraction. Thus, if

P1=P2,R1=R2and S1=3

the physical meaning of the above diagramis'When Pis half-completed, R
is started; the second half of R is not started until the second half of Pis
completed. The first half of Sisonly started when the first haf of R is
completed, and the second half of Sisonly started when the second half of
R iscompleted." Of course, thismay result (apparently) in tasks proceeding
in a'jerky’ manner, if the work content of the overlapping activitiesso dic-
tate. The analyst must ensure that, if the activities are in fact necessarily
continuous, the numerical analysisdoes not indicate a discontinuity. It is
often most useful to break the activitiesinto three parts — for example,
Start P, ContinuePand Finish P (Fig. 11.31).

Start Continue Finish
P P
Start Finish
R
1 ]
| Start ¥  Continue l Finish
Fig. 11.31

By adjusting the resourcesused on the activities, their duration times can
be modified, and this, in conjunction with careful choiceof the Start and
Finish components, enablescontrol to be exerted over the way resources
are deployed. The whole of the problem of overlapping depends upon the
most careful dispositionof resources.

A number of modern programsallow the use of a 'negetive transit time,
thiscan in somecasessmplify thedrawing of a string of overlapping activ-
ities In such cases the negative transit time (—t) specifiesthe time by which
the two activities are overlapped and is given on the dummy activity
inserted between two sequential activities(Fig. 11.32).
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Activity Duration | Activity Duration
Start P 2 Continue P 10
Finish P 2 Start R 3
ContinueR 15 FinishR 3
Start S 1 ContinueS 5
Finish S 1

Fig. 11.32

Thisdrawn to timescdewould beasin Fig. 11.33.

Fig. 11.33

DRAWING THE NETWORK

Policy is sometimes defined as the means whereby an objectiveisto be
achieved, and in this sense a network can be assumed to be a formal and
explicit statement of policy. Thisconcept will be found useful when consid-
ering the amount of detail that should be displayed. In general, as one
descendsthe hierarchy of an organisation, thedetail givenin a policy state-
ment increases, whileits scope decreases, the same thingistrue of plans,

Theideaof the network as a statement of policy is useful, and itsimpli-
cations are substantial. Policy denotes known objectives, it is not possible
to lay down sensible policy unless the purpose for which it isin beingis
clearly known and explicitly stated.

Thefirst action, therefore, when drawing a network is to define the pur-
pose of the project being considered. Stated thus baldly, the statement
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appears trite and, indeed, in some cases the objectivesare very clearly
known. Even in construction and manufacturing, however, where'purpose

may appear obvious, some thought on the subject isvauable. A ‘feasibility’

network is likely to be very different from an operating network, a
'resource’ network may wel bedifferent to a time network and so on.

It isin design and development, an area where project network tech-
niques (PNT) can be very usefully employed, that the understanding of the
task is often least well understood. Every development department must at
some time have been faced with a request to design something that either
has no target specification or ese an extremey vague one. By agreeing very
clearly with the 'customer’ what is required, enormous savings can be
achieved. Time spent on preparing a design specificationis never wasted.

It isvery rare that development work is undertaken at the frontiers of
knowledge, and an unequivocal specification can be of inestimablevaluein
alowing the designer to draw upon experience and in enabling the prepar-
ation of redigtic plans

When drawing an arrow diagram of a project, the major activitiesare
fairly readily identified, and these should be gpproximately located in their
correct positionsrelative to each other and the start and finish eventson a
large sheet of paper. While it is possibleat this stage to prepare a list of
activity descriptions, it is dways more convenient to write the descriptions
on thediagram itself. For thisreason it isunwiseto try to make thearrows
or nodestoo small. Descriptionsmay well be abbreviated (‘fnds for 'foun-
dations, ‘cmpnts’ for ‘components ...) and some organisationsset up a list
of approved abbreviations

A list of activities, amplifying the descriptionsand specifying times and
resources used, is often useful, but thisis probably best prepared once the
network has been tidied up and tested. Some writers recommend that the
first task to be undertaken isto prepare an activity list and from this pre-
parethediagram. Theauthors havefound this processto beinhibiting. The
list once prepared takes on a rigidity from which it isdifficult to depart,
and a feding isinculcated that once al the activitieson the list are ‘fixed
into the network the planning iscomplete. It is often the act of preparing
the network and debating thelogic which clarifiesthe activities.

It isaso unnecessary at this stage to try and make arrowsstraight, or
adways moving from left to right. Work on the diagram can proceed from
both the start and finish; it issometimesfound that the project dividesinto
a series of interrelated chains, and completing one chain at a time can be
very helpful. The most useful pieces of equipment at this stage are a pencil
and a good eraser: chalk and a blackboard are excdllent alternatives

The major activities having been drawn, the network can be completed
by filling in the minor activities. A problem that repeatedly arises is to
decide when to stop writing down minor activities. If too much detail is
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written into adiagram it becomes excessively large, and the subsequent
analysisincreases in complexity without usefully increasingin value. There
is, furthermore, the danger of losing sight of the physical realities underly-
ing the diagram, so that the whole analysis declinesinto a mathematical
exercise. Rules on this do not seem to emerge, but it is suggested that three
linesof enquiry can usefully be pursued:

1 Can separate resources be shown with separate arrows?

2 Doesany singlearrow cover responsibilities assignable to more than one
person?

3 Isthedetall greater than that which is necessary for the person employ-
ing the network to make sensibledecisions?

Almost certainly too little detail is preferable to too much. No more
detail should beincorporated than isrequired for theleve of control which
isto beexercised.

It must be remembered, of course, that the definition of a resource, and
the accountability for a responsbility, will apparently change with the level
at which the plan isbeing made.

Thefirst rough diagram may now be redrawn, and the straightening up
and disposition of arrows checked in accordance with the conventions
described above. 1t should be realised that, as arrows are not vectors, their
lengths and orientations are determined only by the convenienceof draw-
ing and the logic behind the project. The properties of activities must be
written into the diagram, but the location of an activity, by considering
that which takes place previoudy, concurrently and subsequently, will also
be found very helpful. It isalso wiseto investigate the need for dummiesin
ensuring that, where necessary, they areinserted.

The authors have found the following practice invaluable: once a net-
work has been drawn, start from the final node and move up each activity,
asking the question:

¢ What had to be done beforethisactivity could take place?
Having reached the first node, movedown each activity asking the question:
e \What can now be done after thecompletion of thisactivity?

Carefully and systematically carried out, this procedurewill befound to be
of very great assistancein ensuring logical cohesion.

As pointed out earlier, the network is a statement of policy and, conse-
quently, once a network is adopted, it commitsthe organisation to a course
of action, along with all the concomitant administrative procedures.
Numbers of people - for example, departmental managers, site foremen,
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section leaders — are thus committed to and will be held responsiblefor carry-
ing out tasks laid down in the network. If for no other reason, therefore, it is
very wiseindeed for the planner drawing the network to enlist the aid of the
appropriate executives when drawing each part of the diagram. This may
mean that the planner has to sit down separately and in conference with all

theinterested parties while individual responsibilities are being painfully
worked out and agreed. It isoften a temptation for a planner to try to carry
out the whole operation by him or herself. This temptation should be
resisted except in the case of very smple or frequently repeated tasks.

In order to locate responsibility and authority quite unambiguousdly, it is
helpful to redraw the diagram so that it isdivided horizontally into respon-
sibility areas, and vertically into broad time areas. This will result in a
diagram for an AoA network appearing asshown in Fig. 11.34.

Horizontal division = areas of -

Fig. 11.34 Refinements of a network
(By permission of International Computers & Tabulators Ltd.)

To ensure that responsibilities are understood and accepted, the signa-
tures of the appropriate officers are required to appear on the diagram
itself. This type of technique can prove of considerable benefit to the struc-
ture of the company, and some of the results obtained will be:

e aclear understanding by all managers of the work they are committed to
do;

o thedelineation of responsibilities between managers;

® an investigation into the organisation of, and procedures used in, the
company;

e theapplication of current experiences to the planning function.



CHAPTER 12

Drawing the activity-on-node
network

The term "activity-on-node' (AoN) networkingimpliesnot a single system of
networking but a family. Of these AoN systems the best known and most
widely used are 'precedence diagrams, which was originated by 1BM, and
'method ofpotentials (MoP), which wasoriginated by Mons. B. Roy, and was
thefirst AoN system. Since MoP isthe smpler techniqueit will be described
herein some detail; itsfamily resemblanceto the precedence diagram system
iSSO grest that translationfrom oneto the other isnot difficult.

ELEMENTS OF AN AoN NETWORK
The network diagram is made up of only two basicelements:

1 Anactivitv: an element of the work entailed in the project. This activity
has precisdly the same characteristicsas the activity in AoA, namely that it
isan element of the work entailed in the project. While resources may not
be used (‘wait for paint to dry’), an activity isessentialy that which is nec-
essary to the project. It is represented, however, by a node, usually drawn
asarectangle. Thusan activity A would be shown asin Fig. 12.1. (Within
the AoN family there are dight differencesconcerning the other informa-
tionwhich is placedin the node. Referencewill be madeto theselater.)

Fig. 121

2 A dependency or sequence arrow: that shows the inter-relationship
between variousactivities. Thus, if activity B depends upon (that is, must
follow) activity A thediagram would be asgivenin Fig. 12.2
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Fig. 122

These two symbolsalone alow the representation of a project without the
need for the dummy of AoA (see p. 105). Thus, if activity K dependson
activity A and activity L dependson activities A and B the diagram would
beasin Fig. 123.

Fig. 123

Similarly:

Activity K dependson activity A
Activity L dependson activitiesA and B
Activity M dependson activity B

would give thediagramin Fig. 12.4.
While

Activity K dependson activity A
Activity L dependson activitiesA and B
Activity M dependson activitiesB and C

would giveadiagramasin Fig. 12.5.

Freedom from the need to introduce dummies is one of the most
frequently cited advantages of AoN networking. While accepting this
considerable benefit it must be pointed out that an AoN diagramislikely
to be larger, and appear more complex, than the equivalent AoA net-
work diagram.



120 Project management and project network techniques

Fig. 124 K dependson A, L dependson A and B, M depends on B.

Fig. 125 K dependson A, L depends on A and B, M dependson B and C.

Representation of dependency time

While CPA uses a subscript to the activity arrow to represent the duration
time of the activity, MoP uses a subscript to the dependency arrow to
denote the dependency time, that is, the time that must elapse between the
start of an activity and the start of the succeeding dependent activity. This
permits considerableflexibility in showing the time relationships between
activitiesand constitutes one advantageof MoP over CPA.
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Negative constraints

The above dependency time may be said to form a positive constraint upon
the start of a succeeding activity. A different sort of constraint, the so-
cdled negative constraint, may be incorporated in the diagram. Thus, if the
interval between the completion of A and the start of B may not exceed X
the diagram would appear asin Fig. 12.6. The vaue of this negative con-
straint in practiceismore apparent than redl.

FHg. 126

Activity duration times

In AoN it isusua to include the activity duration time within the node.
Thus, if activity A requires 16 units of time for its completion, then it will
be represented asin Fig. 12.7.

Fg. 127

If now activity J can only start when activity A iscomplete, then the dia-
gram becomesasgivenin Fig. 128.

Fig. 12.8

If, however, activity J can start 12 unitsof time after thestart of activity A,
thenit will becomeasin Fig. 129
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Care must be taken in the use of dependency time to ensure that an
unintentional absurdity does not result. For example, activity A, duration
time 10, may precede activity B, duration time 5, and activity B may be
capableof being started 1 unit of timeafter activity A. This might seem to
giveadiagramasin Fig. 12.10.

Fig. 12.10

Thiswould give thesituation:

Start Finish
Activity A 0 10
Activity B 1 6

that is activity B would finish before its predecessor. This may satisfy the
logic of the situation in which case the representation is valid. However, it
could be that activity A must be complete before activity B can finish, in
which casea false statement is being made.

Overlapping activities

A common situation is that where severa activities'overlap’. For example,
assume there are three activities P, R and S. The diagram (Fig. 12.11)
would imply that the whole of P was complete beforeany of R was started,
and that the whole of R wascomplete beforeany of Swas started.

Fig. 1211

Breaking each activity into three components 'start', ‘continue’ and
finish' — would alow overlapping to be represented (Fig. 12.12). This may
result in tasks proceeding in a ‘jerky’ fashion if the work content of the
overlapping activities so dictates. In practice, either this jerkinessmust be
tolerated - by allowing work rates to change and accommodate delays - or
resourcesmust be adjusted to give'smooth' working.

Multidependency AoN presentsa different solution to this problem.
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Start P Continue P FinishP |—
2 2 10 10 2

2

10 2

3| 15 3

Fig. 1212

Milestonesin MoP

It is sometimesconvenient in the life of a project to identify 'milestones
when particular decisions have to be taken or situations reviewed.
Milestones usually represent the completion of a number of activities, and
in CPA they are represented by events (nodes). In MoP, eventsdo not exist
as such: however, it is possible to represent a milestonein MoP by using a
fictitiousactivity of duration 0 (Fig. 12.13).

Fig. 1213

If a specific date must be assigned to either an individual activity or toa
milestone, thismay bedone by a triangul ar flag (Fig. 12.14).
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Budget approved week 24

Budget
approval

Fig. 12.14

Start and finish nodes

For convenience in manual calculations, al opening activities should
emergefrom a 'start' activity (node) of zero duration, and all finish activi-
ties should come together in a 'finish’ activity (node), again of zero
duration. Modern computer systems do not require this and multi-start
and finish is acceptable, although these activities must be designated as
required by the system being used.

The identification of nodes

Nodes (activities) are identified by their description, but it is convenient
and succinct aso to identify them by a label, usualy placed at the front of
the description. If a computer is being used to process the network this
label will in any case be required by the system and must, therefore, be
unique to the node. A useful convention to adopt is 'Nodes at the head of
a dependency arrow have a higher label number than those at the tail of the
arrow.' Thisisa simple convention to implement: the network isdrawn
with all dependency arrows pointing from /eft to right. A ruler is then laid
on the diagram at right angles to the axisand drawn from start to finish.
Aseach nodeisexposed it is numbered, from the top of the diagram down-
wards. It isconvenientto let the label number have some significance, either
geographically,whereit locates the node on the network, or organisational,
where it indicates the organisational responsibility for the carrying out of
the activity. Avoid, however, excessvey long, cumbersome numberswhich
are inconvenient to handle. Again, modern computer systemswill accept
aphanumeric labels, the only requirement being, as noted above, that each
node hasa unique label.

Interfacing

A large network will cover several drawing sheets. Activities which appear
on more than one sheet are said to be 'interface’ activitiesand are repre-
sented asshownin Fig. 12.15.
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Two errors in logic

Two errorsin logic - looping and dangling — can occur in a network, partic-
ularly if it isacomplex one.

Looping

Consideration will show that theloop in Fig. 12.16 must not occur, Since
thiswould represent an impossible situation: 'Activity R dependson activ-
ity Q which dependson activity Pwhich dependson activity R ... Should
such a loop apparently arise, either an arrow head has been misplaced or
an error has been incorporated in thelogic(see p. 118).

Fig. 12.16

Dangling

Similarly, thesituation represented by Fig. 12.17 isalso at fault Snce activ-
ity M isundertaken with no resulting successor. Such dangling nodesoften
arisefrom hastily inserted afterthoughts.

Hammock activities

Where a network is to be used for cost control, it isextremely useful to
introduce into it hammock activities. It issimplest to assign to activities
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direct costs, that is costs which are directly assignable to activities, for
example materials. There are always other costs which are not so assign-
able, and which must be spread over a number of activities, the overhead
costs. The burden of these costs are borne by artificial hammock activities
which are inserted into the network. A hammock will embrace activities
which are linked and belong to the same cost centre. Hammocks are
assigned no duration and play no part in the time analysis. During cost
analyses a hammock isassumed to have a duration determined by the time
elapsing between the start of the first hammocked activity and the point at
which measurement is being made, which may be ‘time now' or the end of
the activities concerned. The overhead rate is assumed to be constant over
thelifeof the hammock.

DRAWING THE NETWORK

Policy is sometimes defined as the means whereby an objective isto be
achieved, and in this sense a network can be assumed to be a formal and
explicit statement of policy. Thisconcept will be found useful when consid-
ering the amount of detail that should be displayed. In general, as one
descendsthe hierarchy of an organisation, the detail givenin a policy state-
ment increases, while its scope decreases; the samethingistrue of plans.

Theideaof a network as a statement of policy is useful, and itsimplica-
tions are substantial. Policy denotes known objectives; it is not possible to
lay down sensible policy unlessthe purposefor whichitisin beingisclearly
known and explicitly stated.

Thefirst action, therefore, when drawing a network is to define thepur-
pose of the project being considered. Stated thus baldly, the statement
appears trite and, indeed, in some cases the objectives are very clearly
known. Even in construction and manufacturing however, where 'purpose
may appear obvious, some thought on the subject isvauable. A ‘feasihility’
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network islikely to be very different from an operating network, a 'resource
network may wel bedifferent to a time network and so on.

It isin design and development, an area where project network tech-
niques (PNT) can be very ussfully employed, that the understanding of the
task is often least well understood. Every development department must at
some time have been faced with a request to design something that either
has no target specification or ese an extremely vague one. By agreeing very
clearly with the ‘customer’ what is required, enormous savings can be
achieved. Time spent on preparing a design specificationis never wasted.

It isvery rare that development work is undertaken at the frontiers of
knowledge, and an unequivoca specification can be of inestimablevauein
alowing the designer to draw upon experience and in enabling the prepara-
tion of redistic plans.

When drawing a node diagram of a project, the major activitiesarefairly
readily identified, and these should be approximately located in their cor-
rect positionsrelative to each other and the start and finish activities nodes
on a large sheet of paper. Whileit is possibleat this stageto prepare a list
of activity descriptions, it is dways more convenient to write the descrip-
tions on thediagram itsdlf. For thisreason it is unwise to try to make the
nodes too small. Descriptionswill have to be abbreviated (‘fnds for ‘foun-
dations, ‘cmpnts’ for ‘components ...) and some organisationsset up a list
of approved abbreviations.

A lig of activities, amplifying the descriptionsand specifying timesand
resources used is often useful, but thisis probably best prepared once the
network has been tidied up and tested. Some writers recommend that the
first task to be undertaken is to prepare an activity list and from this pre-
pare thediagram. The authors have found this processto beinhibiting. The
list once prepared takes on a rigidity from which it is difficult to depart,
and a feding isinculcated that once all the activitieson thelist are 'fixed'
into the network the planning is complete. It is often the act of preparing
the network and debating the logic which clarifiesthe activities.

It is aso unnecessary at this stage to try and make the dependency
arrows straight, or dways moving from left to right. Work on the diagram
can proceed from both the start and finish; it is sometimes found that the
project dividesinto a seriesof interrelated chains, and completing one
chain at atimecan bevery helpful. The most useful pieces of equiprhent at
thisstageare a pencil and a good eraser; chalk and a blackboard are excd-
lent aternatives.

The major activities having been drawn, the network can be completed
by filling in the minor activities. A problem that repeatedly arisesisto
decide when to stop writing down minor activities. If too much detail is
written into a diagram it becomes excessively large, and the subsequent
anaysisincreasesin complexity without usefully increasingin vaue. There
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is, furthermore, the danger of losing sight of the physica redlities underly-
ing the diagram, so that the whole analysis declinesinto a mathematical
exercdse. Ruleson thisdo not seem to emerge, but it is suggested that three
linesof enquiry can ussfully be pursued:

1 Can separate resources be shown with separate activities?

2 Doesany single activity cover responsibilitiesassignableto more than
one person?

3 Isthedetail greater than that which is necessary for the person employ-
ing the network to make sensibledecisions?

Almost certainly too little detail is preferableto too much. No more
detail should beincorporated than is required for theleve of control which
isto beexercised.

It must be remembered, of course, that the definition of a resource, and
the accountability for a respongbility, will apparently change with the leve
at which the plan is being made.

Thefirst rough diagram may now be redrawn, and the straightening up
of dependency arrows and disposition of activitieschecked in accordance
with the conventions described above. It should be redlised that the posi-
tioning of activity nodes is determined only by the convenience of drawing
and the logic behind the project. The propertiesof activities must be writ-
ten into the diagram, but the location of an activity, by considering that
which takes place previoudy, concurrently and subsequently, will also be
found very helpful.

The authors have found the following practice invauable: once a net-
work has been drawn, start from the final node and consider each
precedingactivity node, asking the question:

e What had to be done before thisactivity could take place?

Having reached thefirst node, consider each succeeding activity asking the
guestion:

e What can now bedoneafter the completion of thisactivity?

Cafefully and systematically carried out, this procedure will befound to be
of very great assistancein ensuringlogica cohesion.

As pointed out earlier, the network isa statement of policy and, conse-
quently, once a network isadopted, it commits the organisation to a course
of action, along with all the concomitant administrative procedures.
Numbers of people- for example, departmental managers, site foremen,
section leaders- are thuscommitted to and will be hdd responsibldor carry-
ingout taskslaid down in the network. If for no other reason, therefore, it is



Drawing the activity-on-nodenetwork 129

very wiseindeed for the planner drawing the network to enlist theaid of the
appropriate executiveswhen drawing each part of the diagram. This may
mean that the planner has to sit down separately and in conferencewith al

the interested partieswhile individual responsibilitiesare being painfully
worked out and agreed. It is often a temptation for a planner to try to carry
out the whole operation by him or hersdf. This temptation should be
resisted except in the case of very smpleor frequently repested tasks.

In order to locate responsibility and authority quite unambiguoudly,it is
helpful to redraw thediagram so that it isdivided horizontaly into respon-
sibility areas, and vertically into broad time areas. This will result in a
diagram for an AoN network similar to that shown earlier in Fig. 11.34
(page 117) for an AoA network. To ensure that responsibilities are under-
stood and accepted, the signatures of the appropriate officersare required
to appear on thediagram itsaf. Thistypeof techniquecan proveof consid-
erable benefit to the structure of the company, and some of the results
obtained will be

1 A clear understanding by all managersof the work they are committed
todo;
2 Thedeineation of respons bilitiesbetween managers,

3 An investigation into the organisation of, and procedures used in, the
company;

4 Theapplicationof current experiencesto the planning function.



CHAPTER 13

Analysing the activity-on-arrow
network

Thetotal project time (TPT) isthe shortest timein which the project can be
completed, and thisis determined by a sequence(or sequences) of activities
known as thecritical path (or paths).

ACTIVITY AND EVENT TIMES

To calculatethe TPT, carry out a forward pass whereby the earliest starting
times (EST) for each activity are calculated. In thecalculation it will some-
times be necessary to refer to the earliestfinishingtime (EFT) of an activity,

given by:

Earliegt finishingtime = Earliest gartingtime+ Duration

Thecritical path isthen identified by carrying out a backwardpasswhereby
the latest finishing time (LFT) of an activity and itsassociated latest start-
ing time (LST) isgiven by:

Latest sartingtime = L atest finishing time— Dur ation

It isimportant to recognisethat activity timesare indirectly derived from
theforward and backward passes which directly give theevent timesfor the
nodes. A node has two times associated with it: one, from the forward pass,
itsearliest event time (EET), the earliest time the event can be redised; the
other, from the backward pass, itslatest event time (LET), the latest time by
which the event must be redised if thetotal project timeisto be achieved.
The EET isthe EST of all emergingactivities, whilst the LET isthe LFT of
al enteringactivities.

It is recommended in BS4335:1987 that when manual cal culationsare to
be carried out, or when the diagram is to be used as a communications
device, the node circle isdrawn trisected with a vertical line bisecting the
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circle, and a horizontal line bisecting the right-hand semicircle. The node
(event) labd (number) isset in the left-hand semicircle, the EET in the top
right quadrant and the LET in the bottom right quadrant (Fig. 13.1).

ZET
Node
label

LET

Fig. 131

While this recommendation will be followed hereafter in this text, other
representationsmay be found, asshownin Fig. 13.2

Fig. 132

Consider a part-diagram (Fig. 13.3) where node 15 has threeentering activ-
itiesK, L and M and theforward passshows that:

Activity K, duration 16 weeks, tail-node01 hasan EET of 10 weeks

Activity L, duration 17 weeks, tail-node05 hasan EET of 20 weeks

Activity M, duration 18 weeks, tail-node 10 hasan EET of 30 weeks
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Fig. 13.3

Then:
Activity K hasan EST of 10 weeks and hence an EFT of (10 + 16) weeks =
26 week$

Activity L has an EST of 20 weeks and hence an EFT of (20 + 17) weeks =
37 weeks

Activity M has an EST of 30 weeks and hence an EFT of (30 + 18) weeks =
48 weeks

The fundamental property of events (page 101) states: 'an event cannot
be said to be realised until all activitiesleading into it are complete.’ The
earliest timeat which all activitiesentering event 15 are complete is week
48 so that the EET for event 15 is week 48, and the EST for all activities

.emergingdirectly from event 15 isweek 48.

In reverse, consider a part-diagram (Fig. 13.4) where node 12 has three
emergingactivitiesW, X and Y and the backward pass shows that:

Activity W, duration 19 weeks, has a head-node 20 with an LET of 85 weeks

Activity X, duration 20 weeks, has a head-node 25 with an LET of 60 weeks

Activity Y, duration 21 weeks, hasa head-node 30 with an LET of 72 weeks
Then:

Activity W hasan LFT of 85 weeksand an LST of (85 - 19) weeks= 66 weeks
Activity X hasan LFT of 60 weeksand an LST of (60 - 20) weeks= 40 weeks
Activity Y hasan LFT of 72 weeksand an LST of (72 - 21) weeks= 51 weeks
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Fig. 134

The latest time by which event 12 must be realised is the earliest of the
LSTs of all the emerging activities, that is week 40, so that the LET for
event 12 isweek 40.

A simple aid to calculation

Thefollowing simple rules may be found helpful:

EETs determineemerging ESTs.
LETs determineentering LFTs.

Or moresuccinctly:

Eslook forward, Lslook back.

THE CALCULATIONSIN DETAIL

The calculations will be carried out as shown in Fig. 13.5 (where the dura-
tionsare given in weeks).

The forward pass
Assign to thefirst node, here node 1, an EET: 0, that isactivities A, B and
C may start at the beginning of week 0. Then:

Node 2 hasan EET of 16 weeks, that isactivity J may start at theend of week 16.

Node 3 hasan EET of 20 weeks, that is activitiesD and E may start a: theend
of wesk 20.
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30

Fig. 135

Node 7 hasan EET of (20 + 15) weeks = 35 weeks, that is activitiesG and H
may start at theend of week 35.

When a node has severd activitiesenteringit, then its EET is determined
by the latest of the EFTs of the entering activities. Node 8 has three activi-
ties(J, Eand G) leadinginto it.

EFT for activityJ is (16 + 15) weeks= 31 weeks
EFT for activity Eis (20 + 10) weeks= 30 weeks
EFT for activity Gis(35 + 3) weeks= 38 weeks

Of these, 38 weeksisthelatest. Hence:
Node8 hasan EET of 38 weeks, that isactivity K may start at theend of week 38.
Smilarly, for node 11:

EFT for activity Kis(38 + 12) weeks = 50 weeks
EFT for activity His (35 + 16) weeks = 51 weeks
EFT for activity Cis( 0+ 30) weeks = 30weeks
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Of these finishing times, 51 weeksisthelatest. The EET for node 11 isthere-
fore 51 wesks Since node 11 is the fina node, this 51 weeks representsthe
minimum timein which the whole project can becompleted—it isthe TPT.

The backward pass

Assign to thefinal node, herenode 11, an LET equal to the TPT just calcu-
lated - here 51 weeks, so that activitiesK, H and C may finishat theend of
week 51. Then:

Node8 hasan LET of (51 - 12) weeks= 39 weeks, that is activitiesJ G and E
may finish at theend of week 39.

Node 2 hasan LET of (39 - 15) weeks = 24 weeks, that is activity A may finish
at theend of week 24.

When a node has severd activitiesemerging from it, then its LET isdeter-
mined by the earliest of the LSTs of theemergingactivities. Node 7 hastwo
activities (G and H) emerging from it:

LST for activity Gis(39 — 3) weeks = 36 weeks
LST for activity H is(51 - 16) weeks = 35 weeks

Of these, 35 weeksistheearlier. Hence:
Node7 hasan LET of 35 wesks, that isactivity D may finishat theend of wesk 35.
Similarly for node 3:

LST for activity Eis(39 - 10) weeks = 29 weeks
LST for activity D is(35 — 15) weeks = 20 weeks

Hence:
Node 3 hasan LET of 20 weeks that isactivity B may finishat theend of wesk 20.
And for node 1:

LST for activity A is(24 - 16) weeks = 8 weeks
L ST for activity B is(20 - 20) weeks 0 weeks
LST for activity Cis(51 — 30) weeks = 21 weeks
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Hence:

Node 1 hasan LET of 0 wesks.

Sincenode 1 isthefirst node the LST of the whole project isweek 0. Thisis
to be expected: when the turn-round time at the final node is constant -
that is, when the EET and LET of the final node are the same - the EET
and LET of thefirst node must be the same since the forward pass adds up
numbersthat are then subtracted by the backward pass.

The sample network, using the recommended technique, would be asin
Fig. 136.

Fig. 136

THE CRITICAL PATH

Consider activity E. The calculationsshow that the earliest timeit can start
- given by the EET of its tail node - isat the end of week 20, while the
latest timeit may finishisat the end of week 39. Thus, the time that can be
made available for the activity is (39 - 20) weeks = 19 weeks. The time
requiredfor thisactivity - that is, itsduration time—-is10 wesks There are,
therefore, (19 — 10) weeks = 9 weeks'spare’ (‘float’) for the performance of
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this activity. It may start 9 weeks late, finish 9 weeks early or occupy 9
weeksextratimewithout increasing the TPT.
Consider now activity D (Fig. 13.7):

LFT in weeks 35
EST in weeks 20
Timeavailablein weeks = 15
Timerequiredin weeks = 15

It
(=]

Sparetimein weeks

fig. 137

Thusthereis no 'spare timein activity D - if it starts |late or the duration
increaseshy any amount, the TPT will beincreased. Aswith any dimension
affecting total performance activity D issaid to be critical - it helpsto
determinethe TPT. It isone of achain of activitiesthat iscritical - thecrit-
ical path. In the network under consideration the critical path is activities
B, D and H. It will beseen that each of thesehas zerofloat.

Note: Newcomersto the technique sometimes make the error of assuming
that the critical path lies between nodeswhose EET and LET are the same.
Thisisonly partly true and is not a sufficient test. For example, activity C
(Fig. 13.8) lies between nodes whoseearliest and latest timesarethe same.

Fig. 138
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However:
LFT in wesks =51
EST in wesks =0
Timeavalddein weeks = 51
Time reguired in weeks = 30
Spaetimeinwesks = 21

Clearly, activity C is not critical. (If there isany further doubt on this
matter the reader should insert an activity between — say — nodes 1 and 7
with aduration timeof 1 and seeif itiscritical.)

Float isthe only meansof identifying the critical path.

Thecritical path isconventionally indicated by a pair of smdl transverse
parald linesacrossthe activitiesconcerned (Fig. 13.9).

Note: In practice, if a network is being calculated manualy it is rarely nec-
essary when identifying thecritical path to calculatefloat on al paths. Four
samplefactorscharacterisethecritical path:

1 It startsat thefirst node.

2 It iscontinuous.

3 Itendsat thelast node.

4 |t hasnofloat.

ACTMMTIMES - A RECAPITULATION

Since activitiescannot start until their tail events are complete, and must
not finish later than the time at which their head events must occur, the
head and tail events can be considered to fix boundaries between which
activitiescan 'move. |t is possible to describe these 'movements by four
smple'times:
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1 TheEST istheearliest possbletimeat which an activity can start, and is
given by theearliest time of the tail node. Thus, the EST for activity 2-8
istheearliest timefor node2 - that is at theend of wesk 16.

2 The EFT of an activity is the earliest possibletime at which an activity
can finish, and is given by adding the duration time to the EST; again,
for activity 2-8 thisis16 + 15 = 31, that istheend of wesk 31.

3 TheLFT isfound by taking the LET of the head node; again, for activ-
ity 2-8thisisthe LET for node8, that isat theend of wesk 39.

4 TheLST isthelatest possble time by which an activity must start, and is
given by subtracting the duration from the latest finish time; for activity
2-8 the LST is39- 15 = 24 s0 that theactivity can start at the beginning
of wesk 24.

Summarising the above:
Activity Start time Finish time
Number description Duration  Earliest Latest Earliest Latest
2-8 J 15 16 24 31 39

Thiscan be done for al activities. The sgnificance is that, considering
activity 2-8, it must start between weeks 16 and 24 and must finish between
weeks 31 and 39. An earlier start isimpossible, while a later finish will
increasethe overdl performance timefor the project; in fact it will shift the
critical path from 1-3-/-1 1to 1-2-8-1 1.

Note: Do not confuse event times with activity times The EST of an activ-
ity coincides with the earliest time of its tail node, and the LFT of an
activity coincideswith thelatest timeof its head node. However, the LST of
an activity does not necessarily coincide with the latest time of its associ-
ated tail event, nor doesthe EFT necessarily coincide with the earliest time
of its head event; such coincidences only apply to activitieson the critical
path. Thus, the LST and EFT in the table below cannot.be read directly
from the calculated diagram, but must be derived from the LFT and EST.
It may be helpful to consider that event times E 'look forward' and event
timesL 'look backwards, so that in Fig. 13.10 E = 16 'looks forward' to
provide one boundary for activity J, while E = 38'looks forward' to pro-
vide a boundary for any activity emerging from node 8. Equally L = 39
'looks backwards' to providea boundary for activity Jwhile L = 24 'looks
backwards to providea boundary for any activity entering node 2.

Theearliest and latest start and finish timesfor the whole of the sample
network are:
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Fig. 13.10
Activity  Duration Start time Finish time
Number description  weeks Earliest Latest Earliest Latest
12 A 16 0 8 16 24
13 B 20 0 0 20 20
111 C 30 0 21 30 51
2-8 J 15 16 24 31 39
37 D 15 20 20 35 35
3-8 E 10 20 29 0 39
7-8 G 3 35 36 338 39
7-11 H 16 35 35 51 51
811 K 1 38 39 50 51

FLOAT OR SLACK

BS 4335:1987 contains definitions of three types of float: Total, Free and
Independent. Of these, total float isin general use and applies to both AoA
and AoN; free and independent floats only apply to AoA. Independent
float has declined in use and has been omitted from the discussion on float
in thistext.

As has already been described, the earliest tail and latest head event
timesform boundaries within which activitiesare ableto move.

Total float

Looking again at activity J, as shown in Fig.13.11, it can be seen that the
earliest possible time the activity can start (EST) is at the end of week 16,
while the latest possible time it can finish (LFT) isat the end of week 39.
Thus, it can besaid that:

Maximum timeavalable = 39 - 16 wesks
= 23waks
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Fig. 13.11 Refer backto Fig. 13.6, page 136

Now the activity only 'needs the duration time in which it can be com-
pleted, that is

Necessary time = 15 weeks
Thus, the activity can be extended or delayed by (23 - 15) = 8 weeks. Any
expansion or delay greater than this will change the critical path and

increase the overdl project time. This time of 8 weeksis known as the total
float possessed by theactivity (Fig. 13.12).

MUUVYY £ -0 v

Duration 15 weeks

Fig. 1312

Total float: the total amount by which an activity can be extended or
delayed without affecting the total project time(TPT).
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It must be redlised that the total float is here shown as appearingas time
at the end of an activity, but that is not necessarily the case. Float can
appear at the beginning of an activity, that is, the starting of the activity
can bedeayed after thetail event is realised; or it can appear in the activity,
so that the duration timeisincreased beyond that initially planned; or it
can appear after the activity is finished, while other activitiesare being
completed to redise the head event.

Freefloat

Examiningactivity K in thesameway it will be seen that:

Maximumavailabletime = (51 - 38) weeks
= 13 weeks

Necessary time = 12 weeks

Hence, float = 1 wesk

However, if activity J actually absorbsall itsfloat of 8 weeks, event 8 will
be redlised by wesk (16 + 15 + 8) = theend of week 39. Thus, activity K
cannot possibly start until theend of wesk 39, and:

Avalabletime = (51 - 39)weeks
= 12 weeks

Necessary time = 12 weeks

Hence, float = Oweeks

so that, if activity J absorbsall itsfloat, activity K has no float remaining.
On the other hand, if activity J absorbs only 7 weeks or less of itsfloat, the
float in activity K remainsunaltered at 1 week.

It can thus be said that activity J has 8 weeks total float, of which 7 can
be usad without reducing the float in any succeeding activity. One way of
expressing thisis to say that thereis an interference float of 1 week associ-
ated with activity J A morecommon, and more useful, mode of expression
isto say activity Jhasa total float of 8 weeksand afree float of 7 wesks

Free float; the total amount by which an activity can be extended or ddayed
without affecting thegart of any succeadingactivities.

In the planning stage it may be decided to increase- the duration time of
activity J (for example, by reducing the resources allocated to it and thus
increasing its performancetime). If thisisdone, then the float available in
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previous activitieswill be reduced, so that the term 'free’ indicatesonly that
useof thefloat which will not affect succeeding activities.

Negative float

It is sometimesconvenient to compare the overall project timewith a target
or acceptable time, and this can be very conveniently done by 'turning
round' at thistarget time. Thus, the target timeisinserted at thefinal node,
the latest event times (LETs) are then calculated from thisfina LET and
the float again extracted. If the target timeisgreater than the TPT, then all
activities will have positive float, whileif the target time is less than the
TPT, thecritical path and possibly some other activitieswill have negative
float. It should be noted that only total float has any meaning asa negative
float. This negativefloat isthe time by which activitieson the path or paths
concerned must be reduced if the TPT isto be met.

Slack

The term used to denote the difference between the EET and the LET for
any event is slack. Thus, for event 2 in Fig. 13.13 where the EET is 16
weeks and the LET is 24 weeks, the dack is said to be 8 weeks, and for
event 8itisl week.

Note: Do not confuse float and slack. Slack refersto events; float refersto
activities. Some (not all) US books use the terms as synonyms, while some
reversethe usage prescribed here. The present terminology isthat which isrec-
ommended by BS4335:1987. In all the situationsin which the authors have
worked 'slack’ has not beenfound to bea useful expressionof avalabletime.

Fig. 1313
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Rules for calculatingfloat
Total float

Subtract the earliest event time (EET) for the tail node from the latest
event time (LET) for the head node and from this difference subtract the
activity duration time(D).

Example: for activity 16-25:

A
LETfor head node = 55 weeks —/
EETfortailnode = 8 weeks
Difference = 47 weeks
= Duration = 24 weeks
Total float = 23 weeks

Note When setting out an analysisin tabular form a useful aternative
statement of the above ruleisgiven by:

Total float: |atest start date of activity minusearliest start date of activity

(may benegative).
Thusfor activity 16-25:
Latest sartdate = (55 -24)= 31 weeks
Earliest gart date = 8 weeks
= 23 weeks

Free float

Subtract the earliest event time (EET) for the tail node from the earliest
event time (EET) for the head node, and from this difference subtract the
activity duration (D).

Note It isvery difficultto derivefreefloat from the tabulation, and it is
always necessary to refer to the network on which the analysis has been
carried out.



EET for head node
EET for tail node

Difference
= Duration

Free float
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= 43 weeks
= 8 weeks

= 35 weeks
= 24 weeks

= 11 weeks

GENERALISED RULES FOR ANALYSIS

In mathematical terms for the generalised activity i— of duration D
(Fig. 13.14) wherethetail nodeislabdledi and the head nodej, therulesare:

Fig. 13.14

Earliest event timeof nodei = EET;

Latest eventtimeof nodei = LET;
.Earliestevent timeof nodej = EET
Latest event timeof nodej = LET§

Then for activity ij:
Ealiet start imeEST = EET;
LateststarttimeLST = LET,-D
Earliest finishtimeEFT = EET,+ D
LatestfinishtimeLFT = LET
Total float TF = LET,-EET,-D
Freefloat = EET/-— EET;-D
Eventsack foreventn = LE‘[}" - EET,

Using the aboverulesfor the sample network already discussed (Fig. 13.15)

we have thefollowing:
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30

Fig. 1315

Activity  Duration Start time Finishtime Float
Number description  (weeks) Earliet Latest Earliet Latest Total Free

12 A 16 0 8 16 24 8 0
13 B 20 0 0 20 20 0O O
141 c 30 0 2 30 51 22 21
28 J 15 16 24 31 39 8 7
37 D 15 20 20 35 35 0 0
3-8 E 10 2 29 30 39 9 8
78 G 3 35 36 3B 39 1 0
7-11 H 16 35 35 51 51 0 0
811 K 12 33 39 50 51 1 1

INTERMEDIATE IMPOSED TIMES

Circumstancessometimesrequire that eventsother than, or aswell as, the
final event should take place at particular times. Should this be so, then
these 'scheduled’ or 'imposed’ times can be inserted into the network by
means of an inverted triangle with the scheduled time included. For exam-
ple, Fig. 13.16 indicatesthat event 75 'budget approved' must take place by
time 100, that is, all activitieswith head number 75 must be completed by
time 100. A triangle below the event number indicates that activitieswith
tail number 75 cannot start until time 100.
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Fig. 13.16

The scheduled time having been inserted, analyses can now becarried out:
e between the beginning and end of the network, and

e between the beginning and/or end and the intermediate scheduled
points, treating these points asif they werestarts or finishes.

Thiscan giverise to critical paths other than the main critical path, and
these are known as secondary, tertiary and so on, each with its own set of
floats. Once such an analysis has been carried out, the meaningsof the var-
iousfactors will becomeimmediately obvious.



CHAPTER 14

Analysing the activity-on-node
network

The example network used throughout this section of the text isin MoP
(Method of Potentials) terms. It isshown in Fig. 14.2, and all calculations
will be carried out on this network. The BS 4335:1987 recommended
symbol for an activity (Node) in MoP isshownin Fig. 14.1.

Earliest start | Latest start

Label, Description, Resources, Etc

Duration | Total float
Fig. 14.1

Thesgnificanceof total float will appear later. Note that in the network used
the dependency timeisin all cases the same as the duration of the preceding
activity, as pointed out on page 120; this need not be so. However, the
method of cal culation remainsunchanged whatever the dependency times.

CALCULATING THE TOTAL PROJECT TIME

Thetotal project time(TPT) isthe shortest timein which the project can be
completed, and thisis determined by the sequence (or sequences) of activi-
tiesknown as the critical path(s). To calculate the TPT aforwardpassis
carried out whereby the earliest start time (EST) of each activity iscalcu-
lated. 1t isrecommended that this EST iswritten into the top left-hand box
of thenode.

Theforward pass
A forward passiscarried out asfollows:
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Fig. 14.2 Timein weeks

1 Start at the beginning of the network in Fig. 14.2, that isat the Start activity.

2 Assign to the Start node an EST of 0. This assumes that the whole pro-
ject can start now. Note: if there isa known interval of time before the
project can start — say X weeks - then an EST of X can be assigned to
thestart node. It isusually smpler, however, to assign an EST of 0 to the
Start activity and then add X to all times subsequently calculated by
adding it to thefirst dependency times.

3 Proceed to each activity in turn and calculate its EST from the EST of
the preceding activity and the dependency time. For example, activity J
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is preceded by activity A which hasan EST of 0. The dependency time
governing the relationship between activities A and Jis 16 wesks Hence
the EST of activity Jis0 + 16 weeks = 16 weeks. The partly calculated
network appearsin Fig. 14.3.

4 Three activities, J E and G, converge on activity K. The EST of activity
K isthereforegiven by the largest of the sum of the EST and the depen-
dency timefor each immediately preceding activity. Thus:

Fig. 14.3 Partly calculated network
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If only Jisconsidered, the EST for K is(16 + 15) weeks = 31 weeks.

If only E isconsidered, the EST for K is(20 + 10) weeks= 30 weeks.

If only G isconsidered, the EST for K is(35+ 3) weeks = 38 weeks
SinceJ, Eand G mugt all beconsidered the EST for K is 38 wesks

Similarly for the Finish activity:

If only K isconsidered, the EST for Finishis(38 + 12) weeks = 50 weeks

If only H isconsidered, the EST for Finishis(35+ 16) weeks= 51 weeks

If only Cisconsidered, the EST for Finishis( 0+ 30) weeks = 30 weeks

SinceK, H and C must al beconsidered the EST for Finishis51 wesks
As the Finish activity has 0 duration, an EST for the Finish activity of
51 weeks means that the earliest time in which the project can be com-
pleted - the TPT - is51 weeks

5 If required, calculate the earliest finish time (EFT) for each activity
from:

Earliestfinishtime = Earliest start time+ Duration

EFT = EST+D
Thus, for activity K:
EFT = (38+ 12) weeks= 50 weeks

Since the EFT issuch a smple and direct factor to calculateit is recom-
mended that it does not appear on an MoP node.

6 It will beseen, in Fig. 144, that the EFT of the Finish activity is 51,
which isthereforethe TPT.

The backward pass

The critical path can be determined by carrying out a backward pass
whereby the latest start time (LST) of each activity is derived. It is recom-
mended that thisLST iswritteninto the top right-hand box of thenode.

Nate Thisdiffersfrom the backward pass calculation in activity-on-arrow
(AoA) wherethelatest finish time (LFT) of each activity iscalculated. This
differencearisesfrom thefact that in MoP the dependency arrow time sets
the difference between the start of an activity and the start of an immedi-
atdy dependent activity.
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0 51
0 Start |- 150 Finish
0 0

Fig. 144 Network with earliesttimes calculated

7 Start now at theend of the network, that isat the Finish activity.

8 Asdgn to thisactivity an LST equal to its EST. Thisisequivaent to a
statement that the project will be completed asquickly as possible.

9 By successvey subtracting dependency times from LSTs calculate the
L ST of each activity. Thus, for activity K:

LST(K) = LST(FINISH) - 12 = (51 - 12) weeks = 39 weeks
and for activity G:
LST(G) = LST(K)- 3 = (39- 3) weeks = 36 weeks
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Thisgvesthereaultsasshown in Fg. 145.

Fig. 14.5 Partly calculated backward pass

10 Two activities, G and H, emerge from activity D. The latest start time
(LST) of activity D is therefore given by thesmaler of the differences
between the LST and theduration times Thus:

If only G isconsidered, the LST for D is(36 - 15) wesks = 21 weeks
If only H isconsidered, the LST for D is(35- 15) weeks= 20 wesks

Since bath G and H must beconsidered, the LST for D is20 weeks
Smilarly for activity B:



184 Project management and project network techniques

12

If only E isconddered, the LST for B is(29 - 20) wesks= 9 weeks
If only D iscongdered, the LST for B is(20 - 20) wesks= 0 weeks

Sinceboth E and D must beconsidered, the LST for Bis0 weeks.
Finaly, for the Start activity:
If only A iscondgdered, the LST for Start is(9 - 0) wesks = 9 weeks
If only B iscongdered, the LST for Start is(20 - 20) wesks= 0 weeks
If only Cisconddered, the LST for Start is(21 - 0) wesks = 21 wesks

Since A, B and C must all beconsidered, the LST for Start = 0 weeks.

Note

(8 The 'turn-round' time at Finish was equal to the TPT - hence
the result of the backward passmust be the sameasthe EST of
thestart activity.

(b) Theforward and backward passes can be summarised:
Forwardpass- add and choose the | atest figure.
Backwardpass- subtract and choose the earliest figure.

The LST isgenerally placed in the top right-hand box of the node.
If required, calculatethe latest finish time (LFT) of each activity from:
Latest finishtime = Lateststart time+ Duration
LFT =LST+D
Thus, for activity K:
LFT = (39+ 12) weeks+ 51 weeks
Sincethe LFT is such a simple factor to calculate it is recommended
that it does not appear on an MoP node.

Thecritical path lies along those activities where there is no 'spare
time' and, therefore, in which the EST and LST (or EFT and LFT) are
the same. This test only appliesif the EST and LST at the finish node
are the same - the most usual situation. In the example network, there-
fore, thecritical path is ascan beseenin Fig. 14.6:

Start - activity B - activity D - activity H - Finish

Thevarioustimesfor the network can be tabul ated.
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3SJ 36

10 B

20 |

30 D

38'39

|51]51

35 G

16

15

45 K

|15

12

E,—blSO Finish
o] .

Fig. 146 Forward and backward pass completed

Activity
description

NRe«TOMOO w>»

Duration
(weeks)

16
20
30
15
10

3
16
15
12

Start time
Earliest Latest
0 8
0 0
0 21
20 20
20 29
35 36
35 35
16 24
38 39

Finish time
Earliest Latest
16 24
20 20
30 51
35 35
30’ 39
38 39
51 51
31 39
50 51
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THE AoN NODE IN PRACTICE

The AoN node is undoubtably a very convenient and tidy way of assem-
bling all the information concerning an activity on the network itself;
something which isvirtually impossiblein AoA. However, the nodeitsdf is
tedious to draw. One of the authors, being both a poor draughtsman and
always anxious to avoid work, has found that pre-printed nodes on self-
adhesivelabelssimplify thedrawing of the network immensdly. Theselabels
are easily and cheaply purchased from any of the many jobbing printers
who undertake the printing of self-adhesivelabes.

In practice, this author fillsin the activity description on the label, and
disposes the various labels on a large sheet of paper. The activities are
moved until the logicis correctly represented, and a tidying up, using a
straight edge, achievesa pleasing display. The back of each label is then
peded off and the node located firmly in position. All that isthen required
is the joining up of the various nodes by the dependency arrows - a rela-
tively easy task.

Other workersrecord the use of large sheets of paper with afaint grid of
nodes printed upon it. Activitiesare located appropriately, the nodes lined
in and dependency arrowsdrawn in the spaces |eft between the nodes.

FLOAT

The forward and backward passes on activity-on-node (AoN) networking
give the earliest start time (EST) and the latest start time (LST) for each
activity. Thus, activity J (Fig. 14.7) may start at the beginning of week 16
or it may be delayed and start at the beginning of week 24 without increas-
ing thetotal project time(TPT) of 51 weeks(Fig. 14.8).

Knowledgeof this ability to 'move' or 'float’ isvauablein many ways
and the total amount an activity may move without affecting the TPT is
called the rotal float.

Fig. 14.7
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EST LST

Fig. 14.8

Total float: the total amount by which an activity can be extended or delayed
without affectingthetotal prgect time(TPT).

Total float may be used to delay the start — and hence the finish - of an
activity, or it may be used to increase the duration time of the activity,
either or both of these being useful in deploying resources.

For activity J thetotal float is8 weeks, given by:

Total float = Latest start time- Earliest start time

Since the two finishing times are given by adding a constant (the duration)
to thestart times:

Earliestfinishtime = Earliest start time + Duration
Latestfinishtime = Lateststarttime + Duration
EFT = EST +D
LFT = LST +D

Then total float may beequally deduced from thefinish times:

Total float = latest finishtime—earliest finish time
Total float, therefore, may be found readily by subtracting the first upper
figure on the node from the second upper figure on the node.

Inthecaseof Activity J(Fig. 14.7) itis

Total float = 24 - 16 = 8 weeks
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While total float does not affect the TPT it may delay the start of suc-
ceeding activitiesby 'shunting' them. In the AoA formalismit ispossibleto
indicate the ability of an activity tofloat without affecting other activities
by calculating itsfree float. This factor is difficult, and in some cases
impossible, to calculate in the AoN formalism, so that it will not be dis-
cussed here. In practice it is found that adequate control is obtained by
frequent referenceto thediagram itself and to total float.

Figure 14.9 shows the fully calculated diagram. The detailed analysis
will givethe following:

Key:

Earliest

Label, description,
resources, etc

| |

|20|20 |35136| | I38|39, |51|51

| 0 startl— 130 Db—>l35 Gldmias Kk "50 Finish

Fig. 149 Fully calculated net wor k with critical path marked
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Activity  Duration Start Finish Float

No. description (weeks) Earliet Latest Earliest Latest total
5 A 16 0 8 16 24 8
10 B 20 0 0 20 20 0
15 C 30 0 21 30 51 21
20 J 15 16 24 31 39 8
30 D 15 20 20 3H 35 0
25 E 10 20 29 30 39 9
35 G 3 35 36 38 39 1
40 H 16 35 35 51 51 0
45 K 12 38 39 50 51 1

Note: Thistableisidentical with that in Chapter 13 (page 146). Thisisnot
surprising since they both derive from the same project: Chapter 13 deal-
ing with the AoA representation; this chapter dealing with the MoP
representation.

Negativefloat

It issometimesconvenient to compare the overal project time with a target
or acceptable time, and this can be very conveniently done by ‘turning
round' at thistarget time. Thus thistarget timeisinsertedin thefinish node
and the LSTs are calculated using thistime. If the target timeis greater
than the TPT, then all activitieswill have positive float, while if the target
timeis less than the TPT, the critical path and possibly some other activi-
ties will have negative float. This negative float is the time by which the
associated activity must be reduced for.the project to meet the target time.

Circumstancessometimes require that eventsother than or aswel asthe
final event should take placeat particular times. Should this be so, then the
'scheduled’ or 'imposed’ time isinserted into the network as noted in
Chapter 12. Thisimposed time is then used in the calculationsfor that
activity and its predecessorsin the usual way. This can give rise to zero or
negative float on these activities independently of the main critical path,
and theseare known as secondary, tertiary and so on, critical paths.

CALCULATIONSINVOLVING CONSTRAINTS

Positive constraintsin calculations present no difficulty, but negative con-
straints require care. The situation: 'Activity A of duration 12 isfollowed
immediately by activity B of duration 15, whileactivity K of duration 36 is
an opening activity with activity A and a closing activity with activity B’ is
represented asshown in Fig. 14.10.
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flg. 14.10

The analysesfor A and B are:

Activity Duration Start Finish Float
No. description (weeks) Earliet Latest Earliet Latest total
15 A 12 0 9 12 21 9
30 B 15 12 21 27 36 9

so that it would be possibleto finish A at time 12 and start B at time 21, an
interval of 9 time units between finishing A and starting B. Thismay not be
acceptable: for some reason theinterval between finishing A and starting B
must be limited to, say, 4 unitsof time. A negativeconstraint of -12 + (-4)
= -16 pointing backwardsfrom B to A would resultin Fig. 14.11
Theforward passiscarried out in the usual way by ignoring the negative
constraint. On the backward pass, activity B has two emergent arrows (one

the negativeconstraint arrow). The figurefor the latest start of B is deter-
mined asfollows:
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1 Subtract the normal (that is, non-negative) dependency time from the
LST of itshead activity:

2 Subtract theconstraint dependency timefrom the EST of itshead activity:

and then choose the smaller (16) of these two. The rest of the backward
pass proceedsnormally, and the resulting analysisfor A and B is

Activity Duration Start time Finishtime  Float

Number description (weeks) Earliet Latest Earliest Latest total
15 A 12 0 4 12 16 4
30 B 15 12 16 27 31 4

Thus, even with A finishing as early as possible (12) and B starting as late
as possible(16), the'gap' between A and B cannot exceed 4.

In effect this'ties A and B to their earliest possible positions. It may be
that a later position is more appropriate. In this case the procedure isto
determine the earliest start of A and the latest start of B, ignoring the nega-
tive constraint, which in thisexamplewould give:

A decision has now to be made as to the most convenient position for the
A-B pair, which, for the sake of illustration, is assumed to be such that the
LST for B is18. Using this as the 'fixed point' the EST for A is now calcu-
lated using the two 'entering' arrows (one from Start, dependency time 0,
one from B, dependency time 16). As these are entering arrows a forward
passis being performed so that the EST of A isthelarger of the two:

or:
18 +(-16) =2
That is the EST of A is2 Thisisusad in place of the previousy obtained

figureof 0, whichisstruck out and the EST of B (2+ 12 = 14) and the LST
of A (18- 12 = 6) areredetermined (Fig. 14.12).
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Fig. 14.12

PAIRED JOBS

\
There are circumstanceswhen one job must start immediately after its pre=
decessor has been completed. In MoP thisis represented by thediagram in’
Fig. 14.13.

Fig. 14.13

A possibly simpler procedure is to combine the two activities into one
activity (A + B) with duration time (D4, + Dg) if the logic of the situation
will alow this.

Note All the above calculations apply to simple, start-to-start dependen-
ces. Multipledependenciesfollow a very similar pattern.



CHAPTER 15

Precedence networks —
multiple dependency
Activity-on-Node

The activity-on-node (AoN) system so far described sets out essentialy
only one relationship between activities: the start of an activity depends on
the starts of its predecessors. In the 1960s, IBM devel oped the 'System 360
Project Control System', which used multipledependenciesand for thisthe
name "precedence network' or 'precedence diagram' was used. Thiswasan
unhappy terminology in the sense that several years earlier the name
'precedence diagram' was given to the diagram setting out the necessary
precedence relationships in a production flow line. However, the nameis
now blessed by BS and iswiddly used in AoN literature. Accordingly it is
used here.

FOUR DEPENDENCIES

There are four dependencies that can be described. Since many programs
exist for processing the data and have differing requirementsfor coding the
dependencies, no single way has been included here. The dependenciesare:

1 Finish-to-start (or normal) - see Fig. 15.1. Activity B may not start
until at least atime units after the finishof A. If activity B may follow
immediately upon activity A then & becomes0 and iseither so written
oritisignored.

Fig. 15.1 Finish-to-start dependency
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2 Start-to-start - see Fig. 15.2. Here, at least 8 time units must elapse
between the start of activity A and the start of activity B. The situation
where B > 0 —when the start of activity B lags behind the start of activity
A - issometimes called a'lag-start' relationship. Again, if B = 0 itis
either so written or ignored.

Fig. 15.2 Start-to-start dependency
3 Finish-to-finish — see Fig. 15.3. Here, at least vy time units must elapse
between the finish of activity A and thefinish of activity B. Wherey > 0

the relationshipis said to be a'lag-finish' relationship. Again, if y = 0 it
iseither written so or ignored.

Fig. 153 Finish-to-finishdependency

4 Start-to-finish — see Fig. 15.4. Here, at least 3 days must elapse between
the start of activity A and the completion of activity B.

Fig. 154 Start-to-finish dependency

It should be noted that in all cases the dependenciescan be used in combi-
nation. The most commonly used pairing is the start-to-start (lag-start)
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and finish-to-finish (lag finish) — see Fig. 15.5. Here, activity B may not
start until B time units after the start of activity A, and cannot finish until y
time units after the finish of activity A. This lag-start, lag-finish form may
be used to represent a parallel dependency by settingy = O.

Hg. 155 Lag-dart, lag-finish dependencies

Note: a, B, yand & must be positive (indicating a delay) or zero in al the
current implementations of precedence diagram systems. Some workers
write a, B, y and § as percentages of the preceding activity's duration -
thus, if the duration of activity A is 10 daysand activity B can start 2 days
after the start of activity A, then awould be written as 20 per cent.

ACTIVITY TIMES AND PRECEDENCE NETWORKS

Earliest start activity times (ESTs) are calculated by means of a forward
pass, where progressive addition gives the EST for the activities and the
total project time (TPT) for the network. The TPT is then (generally) used
to set the latest finishing time for the network as a whole, and a backward
pass, with successivesubtraction, givesthe latest finish activity times.

A tabular system is often recommended for manual calculation; the
authorsfind that a manual calculation on the network itself is simpler and
givesa useful insight into the physical meaning of the network and itscon-
stituent parts. Although the method of calculation isillustrated here by a
series of examples, it should be noted that manual calculationsin multiple
dependency networksare seldom performed: it isusual to use the computer
for even very small projects. The problems in multiple dependency net-
works, from the manual calculation viewpoint, are the likelihood of error
arising from the complex interactions which are possibleand, therefore, the
amount of checking which must be carried out before the activity time fig-
ures can be stated with certainty. The computer is good at such things,
people working at speed are less so.
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It should also be noted that an AoN network, using multiple dependen-
ciesto the full, generaly appears as a more complex diagram than either
singledependency AoN or AoA networks. It is a very sophisticated tool,
and the use of multiple dependenciesshould be restricted to the short-term
planning horizon since all projectschange and the care required in check-
ing the interactions, when changes are required to the network, is very
great with a high probability of error. For this reason alone, if multiple
dependencies must be used, a smpler approach, using a single dependency,
should be used beyond the short-term planning horizon and the level of
dependency interaction rolled forward at each update.

In the examplesthe time units are consistent throughout and have not
therefore been specified. To demonstrate most smply the method of calcu-
lation, the seven-segment node of Fig. 15.13 (p. 176) is used throughout
thischapter.

FINISH-TO-START

ThreeactivitiesA, B and C with durations of 5, 10 and 15 precede activity
X (duration 20). X may not start until at least 13 after the completion of A,
until 10 after the completion of B and until 14 after the completion of C.
TheESTsof A, B and C are 10, 12 and 14 respectively — derived from some
other portion of the network not represented here (Fig. 15.6).

Theearliest finishing times(EFTs) of the threeactivitiesare:

EFTA =10+ 5=15
EFTB =12+ 10=22
EFTC =14+ 15=29

The EST for activity X is the time when the preceding ESTs and their
dependency timesare all complete, that isthelargest of:

That is, 43. Since the duration of activity X is20, its EFT is 63, and thisis
filledin on the forward pass for subsequent calculations.

The LFT for activity X derived from some other part of the network is
100, consequently its LST is80. Since 13 must elapse between the finish of
activity X and the start of activity A thenitsLFT must be80- 13= 67 and
itsLST67-5=62.

Similar calculationsgive:

For activity B: LFT = 80— 10 = 70: LST=70- 10 = 60
ForactivityC: LFT = 80 — 14 = 66: LST =66 — 15 = 51
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Earliest Duration Earliest
| start time finish time
O =initial figures in the forward
pass calculations Activity number
I Activity description

=initial figures in the backward
pass calculations

Resources required

| Latest \ Total Latest l
start time float finish time

Fig. 156 Finish-to-start calculations

START-TO-START

The four activitiesA, B, C and X have the ssmedurationsand (for A, B
and C) the same ESTs. The dependenciesthistime are start-to-start depen-
dencies(Fig. 15.7).

The EST of X isthelatest of:

That is, 28. The EFTs arethen:



168 Project management and project network techniques

I
11 I !
I 28 | 20 | 48
—bi B | X
10
—{n| |=] Z
[ 14
_,.ﬂ?\ 15 | 29
— C = initial figures in the forward
pass calculations
»| 66 81 O =initial figures in the backward
pass calculations

Fig. 15.7 Start-to-startcalculations

EFT(A) = 10+ 5= 15
EFT(B) = 2+10=22
EFT (C) = 14+ 15=29
EFT (X) = 28+ 20 = 48

It isgiven, from some other part of the network, that the LFT for activity
X is100, hence:

LST (X) = 100- 20 = 80

Sinceactivity X may not gart until 13 unitsof time have elapsed after the
dart of A, then:

LST (A) =80 13 =67
Similarly LST (B) = 80- 10= 70
and  LST(C)=80-14=66

and hence (Fig. 15.7):
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LFT(A) =67+ 5 =72
LFT (B) = 70+ 10 = 80
LFT (C) =66+ 15 = 81

FINISH-TO-FINISH

Thesamefour activitiesare used in illustration as before with an additional
activity Y, duration 25, which has a finish-to-finish relationship of 14 with
activity Cand an LFT of 90.

The EFTs of activitiesA, Band C are:

Activity X cannot finish until 13, 10 and 14 time units have elapsed after
thefinish of its predecessors, hence the EFT of X isthelatest of:

that is

EFT (X) =43
Hence EST (X) =43-20=23

Note: If another dependency between X and a predecessor - sy a start-to-start
dependency - had 'required’ X to havea later EST, then thiswould have been
adopted, and the resulting later EFT also used.

Sinceactivity X may not finish until 13 time units have el apsed after the
completion of activity A, and the LFT of X (determined elsawhere) is 100,
thenthe LFT of A is100-13=87. Equally:

Activity C has two finish-to-finish relationships (Fig. 15.8) and conse-
quently itsLFT istheearlier of:

100 - 14 = 86 (from activity X)
and 90- 14 = 76 (from activity Y)

Thatis LFT (C) = 76.
EFTs are derived by subtracting duration timesfrom LFTs.
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! 14

1
lell |76|
14 ¢

25
O = initial figures in the forward !
pass calculations Y

O = initial figures in t he backward
pass calculations 65 @

Fig. 158 Finish-to-finish calculations

START-TO-FINISH

Thefour activitiesA, B, C and X have the same durationsand A, Band C

havethe same ESTs. Thedependenciesthistimearestart-to-finishdependen-

ciesso that the EFTs of A, Band C are 15, 22 and 29 asbefore(Fig. 15.9).
TheEFT of X isthelatest of:

That is, 28. Hence EST (X) =28-20=8.
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Sincethe LFT (X) has been determined from its successor activities the
LSTs of A, B and C are determined by:

and hencethe LFTs are:

LFT(A) =87+ 5 = @2
LFT(B) =90+10 = 100
LFT(C) = 86+15 = 101

and the LST (X) = 100-20 = 80

It should be noted that in al casestheinteractionswith other activitiesand
the addition of other dependencieswill change the figuresand can in some
cases cause anomalies. Systemsdiffer in how such anomaliesare processed

14
O = initial figures in the forward
pass calculations
O = initial figures in the backward
pass calculations

,Fig.159 Start-to-finish calculation.
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and should aways be checked to ensure that the procedureis understood. For
example, in the cases of the start-to-finishand finish-to-finish dependencies
the EST of the successor activity (activity X) may beset at 'time now' unless
the activity is defined as non-splittable, in which case it will be determined
from the EFT as shown in theexamples.

SEVERAL DEPENDENCIES AT A NODE

The fact that two 'entering’ dependenciesmay have arrow-heads at differ-
ent ends of a node may cause one or other to be overlooked in manual
calculation. For example, activity L (duration 10) has a finish-to-start
dependency of 1 with activity J (duration 2, EST 7) and a finish-to-finish
relationship of 6 with activity K (duration 12, EST 13) (Fig. 15.10). The
activity starting timesfor L are calcul ated:

EST: theearlierof 9+ | =10and 25+ 6 =21
that is, 10

LST: thelaterof9+1+10=20and 25+ 6= 3]
that is. 31

O =initial figures in the forward
pass calculations
=initial figures in the backward
pass calculations

Fg. 1510
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TheLFT for L, determined dsawhere, is45, hence (Fig. 15.10):

LAG-START, LAG-FINISH

Four activitiesA, B, C and D (durations6, 18, 10 and 8 respectively) arein
paralel, with the following constraints:

1 Activity B may not start until at least 1 time unit after the start of activ-
ity A. At least 2 time unitsare required for the completion of activity B
after activity A isfinished.

2 Activity C may not start until at least 2 time unitsafter the start of activ-
ity B. At least 3 time units are required for the completion of activity C
after activity Bisfinished.

3 Activity D may not start until at least 2 time units after the start of
activity C. At least 4 time units are required for the completion of activ-
ity D after activity C hasfinished.

Thissituation is represented by Fig. 15.11. Assume that the EST for activ-
ity A is0, then the EFT for activity A is0+ 6=6.

Assume that the EST for activity Bis0 + 1 = 1, then the EFT for activ-
ity B isthelater of:

6+2=8and 1+ 18 =19, thatis, 19
\

TheEST for activity Cis1+ 2= 3, thenthe EFT for activity Cisthelater of:

TheEST for activity D is3+ 2= 5, then the EFT for activity D isthelater of:

Assume that activity D isa closing activity, then the LFT for activity D is
Set at 26.

(Note If other activitiesare present they may set alarger LFT to be adopted.)
TheLST for activity Dis26- 8= 18.
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Fig 15.11 Lag-start, lag-finish activities

The LFT for activity Cis 26 - 4 = 22, then the LST for activity Cisthe
earlier of:

22-10=12and 18 -2 = 16, that is, 12

TheLFT for activity Bis22- 3 = 19, then the LST for activity Bistheear-
lier of:

19-18=1and 12-2 =10, that is, 1
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The LFT for activity A is19- 2 = 17, then the LST for activity A isthe
earlier of:

17-6=11and 1 - 1=0, thatis, 0

FLOAT

Float is defined as the time availablefor an activity in addition to itsdura-
tion. For an activity N, duration a:

Timeavailable = LFT - EST
Float = LFT-EST-d

Thus, for activity L of Fig. 15.10:

Float =45-10-10=25
Thiscalculation assumesthat all previous activities start as early as possi-
ble and all succeeding activitiesfinish aslate as possible(Fig. 15.12), hence
thisisthe total amount of float —therotal float:

Total float = Latest finish time- Earliest start time- Duration

Week number

All ases .
activities start % ".§ i .

as early ]
as possible EFT

as late |
as possible LST

EST LFT

Fig. 1512 Total float in precedence diagrams

Nate The presenceof multipledependenciesat the node may makethecal-
culation used in Singledependency AoN of:
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Totd float = LST - EST
or = LFT-EFT

invaid since there may be a starting or finishing constraint on an early or
late start or finish. Thus, for example, the finish-to-finish relationship
between activities K and L means that even though activity L hasan EST
of 10, it hasan EFT of 31. Some workersdefine:

Ealytotd float = LFT - EFT
Laetotd flost = LST - EST

but thesetermsare not in general use.

In AoA two other floats - free float and independent float - are identi-
fied, although only free float has been discussed in this text. However, the
presence of multiple dependenciesof different kindsat a node means these
typesof float cannot be calculated, and in general in AoN only total float
iscalculated and used.

Nate In practice, most fieldworkers, whatever type of networking is being
used, find that total float providesall the information necessary, hence the
lossof theability to caculateanything but total float isof littlesignificance.

NODE SYMBOLS IN AoN NETWORKING

Thelatest verson of the British Standard BS 4335 makes the recommenda-
tions shown in Figs 15.13, 15.14 and 15.15 concerning the symbolsto be
usad for a nodein Activity-on-Node networking.

Earliest
finish time

Earliest Duration

start time

Activity number
Activity description
Resources required

Latest Total Latest
start time float finish time |
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Earliest Latest
start time start time
Activity number

Activity description
Resources required

| Activity | Total
duration float

Fig. 15.14 Method-of-potentialsnetworking

Activity Activity
number duration

Fig. 15.15 Muttiple dependency networking

It will be noted that the first two symbols permit manual calculationsto
be written in the node box on the network. The likelihood of such manual
calculations being carried out in multiple dependency networking is so
small that no provisonismadein the node box for writing in the results of

such cdculations.



CHAPTER 16

The network and the bar chart

Despite the difficultieswith the Gantt chart discussed in Chapter 4, the
authors have found the ability to translatea network into a bar chart valu-
ablefor four reasons:

1 It ismore readily understood by 'unskilled' personsat all levelsthan a
network diagram. One of the authors knows a company where all plans
are made using project network techniques (PNT) but they are presented
to top management as bar charts.

2 Progresscan beeasly displayed on it.

3 The meaning of float and activity timesof all kindscan be understood
by examining a bar chart. The authors have found the drawing of a bar
chart an invaluableaid when teaching.

4 Simple resource alocation can be performed on, and the mechanics of
complex resourcealocation illuminated by, consideration of a bar chart.

Thereare, broadly, two ways whereby a bar chart may be derived from a
network.

1 By carrying out a forward and backward pass, calculating the various
activity times (either manually or by computer) and using these to give
the locations of the time-scaled activity bars. Thisisso smple that it
requires no explanation. It is the only way in which part of a network
can bedrawn asa bar chart.

2 By drawing the activitiesto a time-scale and by using the node numbers
to ensure correct interrelationships. There are a variety of methods of
carrying out this transformation. Over the years the authors have come
to theconclusion that the time-scaled network isthe most useful form.

THE TIME-SCALEDNETWORK

The network that has been used extensively earlier will be employed again
hereasanillugtration (Figs 16.1 and 16.9). Any network, particularlyif it has
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been drawn according to the'activities paralld to the edges of the paper rec-
ommendation,can bereadily time-scaled.

Fig. 16.1

Activity Activity Duration Start Finish Float
number  description (weeks) Early Late Ealy Late Total Free

Activity-on-amw (AoA)

Start at theinitial event and draw to scaleall openingactivities, identifying
them by their nodelabes. It isdesrableat thisstageto space these well out
on thepage (Fig. 16.2).
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Fig. 16.2

Each activity will then either:

e continueasasngleactivity (1-2 continuesas 2-8);

e burgt into two or moreactivities (1-3 burstsinto 3-7 and 3-8);

e merge into a node with one or more other activities (1-11 mergesinto
node1! with 7-11and 8-11).

Proceed asfollows

¢ Inthecaseof ‘continue activities, extend the activity by thelength of the
ncxt activity (Fig. 16.3).

¢ In thecase of 'burst’ activities, draw a single vertical line and from this
draw to scalethe'bursting' activities(Fig. 16.4).

¢ In the case of 'merge’ activities, wait until all activities merginginto a
common node have been drawn - for example, wait until activities2-8,
3-8 and 7-8 have been drawn, and then draw a vertical lineto form a
‘barrier'’ acrossthe end of the activity that extends furthest to the right.
Join al the merge activitiesto that fence by means of dotted lines These
linesrepresent freefloat (Fig. 16.5).

Fig. 163
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Fig. 16.4

Fig. 165

Repeat the above until the last node is reached. Redraw if desired to
emphasisespecia organisational or resourcefeatures. Using this procedure,
the network of Fig. 16.1 becomesFig. 16.8.

Note: Any dummy must be drawn in as a vertical line, its head and tail
labels being shown. For example, Fig. 16.6 would become Fig. 16.7.



182 Project management and project network techniques

Fig. 166

Fig. 16.7 Time-scaled network for Fig. 16.6.

Activity-on-node (AoN), single dependency

The AoN network isshown in Fig. 16.9. Start at theinitial activity START
and draw thisas a vertical line. Draw to scale all activitiesA, B and C.
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Week number

0 5 10 15 20 25 30 35 40 45 50 55
| [ I I ! I 1 1 1

Fig. 168 Time-scaed network for Fig. 16.1.

Draw a short vertical lineat the end of each of these activities. Place the
activity labels at the beginning of each time-scaled activity. To the right of
the vertical end lineinscribe the labelsof the appropriate succeeding activi-
ties(Fig. 16.10).

From each right-hand number draw the appropriate activity forward to
scale (Fig. 16.11). Thus, from ‘20’ draw activity J, duration 15. After activ-
ity B there are two labels 25 and 30. Accordingly, two activities need to be
drawn (E and D). Activity C precedesactivity Finish, but sinceother activ-
itiesnot yet drawn also precede Finish, no action istaken at thisstage.

Again, from each right-hand label the appropriate activity is drawn.
ActivitiesJ and E each precede activity 45 (K) (Fig. 16.12 on page 186).
Examination of the network showsthat three activitiesJ, G and E precede
this, and as only two have been drawn, no drawing takes place until this
third predecessorisin place. However, activitiesG and H can bedrawn; the
three activities preceding activity 45 (K) having now been drawn, it can be
located. Clearly it cannot start until the latest completion date of all pre-
ceding activities, i.e. after G. A fence drawn up from the start of activity K
enablesthe floats of E and J to be drawn. Activity K aso precedesactivity
50 (Finish) as does activity H. Accordingly, this activity too can be drawn
in, completing the diagram (Fig. 16.13 on page 186).

The network of Fig. 16.14 on p. 187 - the AoN representation of the
AoA network of Fig. 16.6 - trandlates very smply into a time-scaled net-
work using the above procedure(Fig. 16.15, p. 187).
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Fig. 169

ANALYSIS BY BAR CHART

Thediagramsin Figs 16.8 and 16.13, one derived from the AoA network,
the other from the AoN representation, give, not surprisingly, the same
result. The analysesin Chapters 13 and 14 can be carried out from these
diagrams.

Effectively,the bar chart as drawn representsan ‘earliest start' situation
- thusactivity C hasan earliest start of 0 and an earliestfinishof 30. If itis
imagined that Start and Finish are fixed posts between which wiresare
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Time
0 10 20 30 40 50
| | 1 | 1 |
Fig. 1610
Time
0 10 20 30
| I | | | |
10 B 30 D | 35
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Time
0 10 20 30 40 5051
I | T I I 1
| 0. Start |
Fig. 16.12
Week nunber

0 5 10 15 20 25 30 35 40 45 50 55

Fig. 16.13 Time-scaled network for Fig. 16.9. Compare with Fig. 16.8.

stretched, then the variousactivitiesare sleevesor tubesthat can dlide
alongthewires The'latest gart' Stuation then isrepresented by an activity
didingasfar to theright as possible - activity C having a latest start of 21
and a latest finish of 51.
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1P

2 7 |
[ e
I | . .
0. Start 2.Q - 5T > 7. Finish
) 3 3 6 6 0
——» 3.R 6.V
]
4 4 3 3
ST

Fig. 16.14 AoN representation of Fig. 16.6.

Fig. 16.15 Time-scaled network for Fig. 16.14. Compare with Fig. 16.7.

Activity K can float 1 wesk - it therefore has a total float of 1. Sinceit
does not 'push’ along a succeedingactivity it al'so hasafreefloat of 1.

Activity G can 'move by 1, but only by 'pushing' activity K forward -
henceit hasatotal float of 1 and afreefloat of 0.

Activity J has a total float of 8 — a movement of 7 beforeit 'pushes
activity K and afurther 1 asit shuntsactivity K along - henceit hasa total
float of 8 and afreefloat of 7.

All theresultsof the tableson p. 146 and 159 are deduciblein the above
-fashion, and studentsare strongly advised to work them out for themselves
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In theearly daysof studying PNT it will often befound that cal cul ation diffi-
cultiescan be resolved by cross-checking with a bar chart. It isoften useful,
and it can be very reveding, to draw an overlappingsequence of activitiesas
aset of bar charts. Thus, Figs11.31 and 12.12 becomeFig. 16.16.

0 5 10 15 20 25 30 35 40 45
' T 1 I I I \ 1 I 1
Start P

| ContinueP  Finish P

{ I—r—[l.'.'.'.:.'.'.'.'.' P
1
1 \ '
| Start R ; Continue R | Finish R
"""" 1 [
H ........ I \‘ =" ||
. I |
1 Start S ! | Finish §
-------------------------- Continue S

Fig. 16.16 Time-based network (bar chart) at Early Start.

Thisshould be contrasted with the bar chart for the original situation in
Figs 11.26 and 12.11 from which Figs 11.30 (AoA) and 12.12 (AoN) were
derived, namely Fig. 16.17.

| Plants lifted P Plants relocated (R)  Rake soil (S)
i |

Fig. 16.17

The above proceduresdescribe drawing a chart from an unanalysed net-
work. It is sometimes more convenient to draw the chart from a network
which has already been analysed, for examplewhen the chart for only part
of the network is needed. Asafuller exampleof this procedurethe drawing
of a'cascade’ chart will beillustrated in Figs 16.18 and 16.19. In thisform
the activity bars fall from 'top-left’ to 'bottom-right' in conventional bar
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chart fashion, but ensuring that dependent activitiesare alwayslower in the
chart. For anything other than small projectsit isusual to use a computer
to producethe chart.

StartP
StartR
Continue P
Start S
Finish P
Continue R
FinishR
Continue S

Finish S

Fig. 16.18 Cascade chartin Early Start order for Fig. 16.16.

Week number

0 2 4 6 8101214161820 22 24 26 28 30 32 3436 38 40 42 44 46 48 50 52
MIt11111110110 1011111 eiritrreretagt

Fig. 16.19 Cascade chart of projectin Early Start order with time scale for
Fig. 16.6.
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Computer-drawn bar charts

Moder n computer packages can output the results of the network analysis
in a variety of ways, usualy defined by the user. With a plotter available
any of theformsdiscussed can be used.

If the the only output device is a printer most systems will produce
output in bar chart form, again usualy as specified by the user. This will
generaly bein early start order or float order. If no specific ordering is
specified the output bar chart will probably bein input list order, i.e. fairly
random, and difficult to use. However many systems do in such cases
output the bar chart as a cascade chart in which dependent activitiesare
alwayslower in the list. A further smpleillustration of such an output is
shown in Fig. 16.19 for the example network. Unlike a manually drawn
chart the node labels are not usually included on the bar, but are listed
down thesideof thechart with the other activity information.

Although a chart in this form is more useful than most other similar
charts, in that the interactions are more obvious, it still leaves much to be
desired when compared to the time-scaled network which, as stated earlier,
ispreferred by the authors.



CHAPTER 17

Resource analysis |

In al the discussions so far, it has been assumed that time is the most
important factor, and in very many casesthisisindeed so. However, it may
well be that not only is time important, but the resourcesemployed are
equally or moreimportant; for example, the number and skill of the people
employed, or the special equipment used may impose savererestrictions.

BASIC CONSIDERATIONS

The problemis one that has been wdl known to the production control
engineer since any form of activity has been undertaken. The name given
by production controllersto thisaspect of their work isloading; regrettably,
new names have been devised by some of the earlier project network tech-
nique (PNT) workers, among them manpower smoothing and resource
allocation. I n the present text resourceallocationwill be used

Loadingis defined as 'the assignment of work to an operator, machine
or department’, and is the most important feature of producing a
timetable. When too much work is required of a work source, the work
source is said to be overloaded whileif too littleis needed it issaid to be
underloaded. Idedly, the work required should be exactly equivaent to the
work available, when the work source isfully loaded. Thisisan ided situa-
tion which is seldom, if ever, encountered except in large-scale flow
production, whereit is possibleto adjust supply and demand to reach some
form of parity. In the type of work for which PNT is most useful, it is fre-
guently impossibleto adjust both supply and demand and some form of
compromiseis essentid. This usually takes the form of underloading since
this, at least, produces an acceptable result with respect to time; that is, the
promised delivery date can be met. Deliberate overloading is foolhardiness
to the point of sheer irresponsibility. Projects whose starting and fitiishing
dates are fixed are said to be 'time-limited’, while those where available
resourcesare limited are 'resource-limited. Many project managers would
clam that they are required to achieve both a fixed time and resource limit,
and while there may be projectsin which both can be met they are rare;
normally, when thereisa conflict of objectives, onelimit can be assumed to
have priority. Unfortunately, in many situations that priority can change
over timeleading to confusionin the definition of the objective.
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WORK REQUIRED
In BS4335:1987 a resourceisdefined as;

Any variablecapableof definition that isrequired for the execution of an activ-
ity and may congtrain the project.

It may be

(@) mon-storable: a resource Whose availability has to be renewed for each time
period (it doesnot remain availablefor usein the next time period even if it
hasnot been utilised in the current period);

(b) storable (pool resource): a resourcethat remainsavailable if not used and
isonly depleted by usage. Such a resource may also bereplenished by activ-
ities producing credited/storable r esour ces.

For (a) labour is a typica exampleof such a resource, while for (b) cash is
an equally typical example.

Resourcesare not therefore just the four Ms — men, machines, money
and material - and normally include some which can be regarded as
abstract, such as space, but which none the less present very real con-
straints in many projects. With modern project management software
multiple calendars are available against which activities, with particular
time pattern requirements, can be scheduled and thereis no longer the need
for as many dummy resources as was necessary with early systems.
However, as noted, space and other abstract resourcesmay still need to be
considered.

In thediscussion of resourceanaysisin thischapter money as a resource
is specifically excluded and dealt with separately in Chapter 10. In many
projects money is not the important element, time of completion and the
economy of physica resource usage being the criteria for success. In these
cases physical resource analysiscan be of tremendous benefit. In major
capital projects money becomes the principal consideration. In principle
money is no different from any other resource, yet in practiceit is con-
stantly used by management for control purposes even when no other
resources are being considered. As a result, special programs have been
developed to deal with money as a control device and their bases are also
dedlt with in Chapter 10.

The control of resourcesis the most important and, in most cases, the
most difficult part of project management. It has been noted by many
researcherson project management that only about 10 per cent of organi-
sations using network techniques are using resource control techniques
linked to the networks In most cases, crisismanagement isstill the order of
theday with the'shout loudest' rulegoverningthealocationof resources.
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RESOURCE DEFINITION

Resource allocation and analysis requires, as a point of departure, a state-
ment of the work required. This can only be given in terms of man- (or
machine-) hours; it should not be given in other unitsunless those unitsare
readily and acceptably capable of being trandated into resource-hours. For
example, it may bethat to dig a hole4 ft x 4 ft x 6 ft in a particular loca-
tion would take one man 12 hours. The work content should then be
specified as 12 man-hours of work, not as 96 cubic feet of digging, unlessit
iswdl established that:

12 man-hour sof digging= 96 cubicfeet
or:
1 man-hour of digging = 8 cubic feet

The resourceinformation on an activity can be specified in two separate
forms.

e Thefirst — known asrate congant - isin the form of the number of units
of resource required by the activity. In early sysemsit was necessary to
specify a congtant usage rate for the duration of the activity; in modem
sysemsit can be gpecified asa pattern of usage over theduration.

e Thesecond - known as total constant — specifiesthe work content of the
resourcefor theduration of theactivity, as discussed above.

In modem computer-based sysemsiit is not necessary to use only one of
the two forms of specification for the resourcesemployed by an activity;
they can be mixed. However, great careis necessary to ensure that theeffects
of so doing are properly understood. In principle rate constant definesa
duration for theactivity which must be maintained, while total congtant will
alow the activity duration to be varied in a manner dependent on the units
of resourceavailableat the time the activity is scheduled. If in the example
above, two men were availableand can carry out the work without interfer-
ing with each other, then theactivity would takesx hoursnot 12.

It must be redlised that in most tasksit is unlikely that thereisa linear
relationship between units of resource employed and activity duration for
the full duration of theactivity. Since current computer systemsassume a
linear relationship, the limitsfor which this assumption can be accepted as
true have to be specified as part of the data. For example, a 100 man-day
jobisnot usudly a one-day jobfor 200 men, or a 100-day job for one man.
It may be that the normal practicefor the activity is 10 men for 10 days,
and that thiscan change between five men and 15 men without significant
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effects on the work rate per man. The activity duration could then vary
between 6.7 daysand 20 days depending on the number of men availablein
the scheduling period.

In all cases the work required is specified by reference to the usual way
of carrying out the activity, with the usua methods and the usual resources
working at the usual rates, although the current circumstances need to be
consideredin determining what is usual. Initially, no cognisance is taken of
the need by other activities for the same resources - 'infinite capacity' is
assumed, any constraints being considered later.

It is useful, and should be a normal part of the project team's informa-
tion systems, to record data on activities as part of an organisation's
databank. This should include estimated and actual durations, resource
levels, costs and notes on any change in circumstances between the plan-
ning stageand the actual carryingout of the activity. Thisdatais useful not
only to the current project but also to future projectswith smilar activities.

WORK AVAILABLE= CAPACITY

To complete the task of loading, it is necessary to know the amount of
work available - that is the capacity available. This, too, must be specified
in the appropriate resource units, but, in order that the completed schedule
isnot fictional, it isessential that the capacity should be strictly realistic.
Thus, if 100 men are employed, it is unwise to assume that the available
capacity each week is 100 man-weeks. In calculating available capacity it is
necessary to know:

e the usual efficiency of working;

e theusual or anticipated, sicknessor absenteeismrate;

® any existingcommitmentswhich require resources,

e any ancillary taskswhich haveto be performed, e.g. routine maintenance;

e holidays- annual, religiousand statutory holidayswith dates,

e any constraints on normal work methods on this occasion, e.g. confined
spaceor machinecapacity limitations;

e thelimitationson the possibility of extending capacity by, sy, overtime
or subcontracting work. These have cost implicationswhich must also be
known.

In practice, it may well be that some of these factors can beignored, but it
is probably wise to consider each of them as a matter of routine; the
number of projects that have not been completed on time because the
summer holidays were forgotten is not on record, but it must be uncom-
fortably high.
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Many organisations, following the assessment of capacity, add manual
'shortcuts' in setting out their network data to try to ‘deal with' anticipated
constraints on some key resource, and they do not at that stage, or at all,
intend to proceed to a full resource analysis procedure. Thus, for example,
a series of logicadly unconnected activities may be connected sequentially
because it is known that they al require a particular resource which isin
limited supply. Unfortunately, while appearing to be sensble, the decison
on the sequencein which the activitiesare ordered may have seriouseffects
on other logicaly dependent activities. Also, if at a later stage a decision is
made to proceed to a fuller resource analysis all these 'short-cuts haveto
be removed so that the system can perform the allocation properly - and
someare sureto beforgotten becausethey are so 'normal’.

Thedifficulty isthat, in the majority of casesand particularly for multi-
project situations, there is no easy way of deciding what level of each
resourceshould be madeavailableto the project being considered.

CALCULATIONOF LOAD

An approach to determining the extent of the problem isan aggregation
routine. The project shown in Fig. 17.1, as both AcA and AoN networks,
is used as theexamplefor thisand the following all ocation procedures. The
time analysisis provided in Table 17.1. In thissmall project, for which the

Table17.1

Label Activity  Duration Resource Start Finish Total
AocA AoN (days) (units) Early Late Ealy Late float

- 01 S
12 12
1-3 13
14 14
2-5 25
35 35
36 36
37 37
46 46
57 57
6-7 67
68 68
78 78
- 80 End

3

rXe—ITOMUOUO ®>
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networksexpressthe logical interactionsof the activitiesinvolved, three

separate resources- XX, YY and ZZ - are involved in a non-trivial inter-
action asshown.

Activity-on-arrow diagram

Activity-on-nodediagram

Fig. 17.1 Finish-to-startdependency.
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Aggregation

An aggregation is a simple summation of the requirement for each
resource, time period by time period, throughout the life of the project(s)
with the project activities set at a defined state within their range of possi-
ble movement, e.g. all at earliest start or al at |atest start. This usualy gives
a peak requirement for the resource in the project condition specified; an
early peak for earliest start or a late pesk for latest start. The cumulation of
the resource requirements for the two project conditions, of all at earliest
start and all at latest start, can then be used to give an indication of a rea-
sonable uniform requirement for each resource. The results of the two basic
aggregationsfor the example network of Fig. 17.1 at earliest start and latest
start areshownin Figs 17.2 and 17.3.

Cumulation

A better way of assessing the data having obtained the aggregation results
IS to generate for each resource being considered the cumulative require-
ment curve known as the ‘S Curve' (the Summation Curve) from each of
the aggregations. Thisis obtained smply by adding each period's aggrega-
tion result to the summation of all the preceding periods usage to give a
cumulative requirement to date curve. For large labour-intensive projects
the result isa smooth 'S curve' for the costs and manpower cumulations.
For other resourcesand for small projects the cumulations may not gener-
ate the smooth S shape. Nevertheless, the curve, of whatever shape, is
knownasan 'S curve.

If, for each resource, the earliest start and latest start cumulative curves
are plotted on the one graph against time they will normally produce a
closed loop. The one exception to this rule is money as a resource, which
has a time value. In along project, with differing rates of spend between
the two extreme conditions, this factor can cause the loop to be open
ended. In theory all resourcescan beconverted to money and aggregated in
thisway, but it isnot useful to do so when considering the effect of limiting
constraints on individual resources.

Having plotted the two cumulative requirement curves for each resource
being considered, the minimum sope straight line which will fit inside the
loop isdrawn asshown in Fig. 17.4. (Thisfigureisillustrativeonly and is
not drawn from the data of Figs17.2 and 17.3.) The slope of thisline gives
a measureof the minimum constant leve requirement for the resource, and
thus is a good indication of the problemslikely to be encountered in pro-
vidingthe level set by external or internal circumstances.

This requirement, when considered in its own right for a single project
or in conjunction with the requirementsfrom the other projectsin a multi-
project situation, gives a useful measureof the'criticality' of each resource
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Fig. 17.2 Earliest start aggregation showing requirementsfor each resource.

by relating the requirement to the availability of the resource - if it is
known. It should be realised that the minimum slope level obtained is an
indication only, not an absolute vaue, since the interactions between activi-
tiesand theresourcesin the project(s) will affect thesituationand may not,
in practice, allow theminimum dopeleve to beachieved.



Resource analysis | 199

Frrrr r rrrrrr 1171 11 1 10U ¢ T 1T T 171
Time in days
.' A n I A
,,,,,,,,,,,,,,, | - P
-------------- F 2y :
| ‘
5U
------------------------------ K:
[ — BRSNS =
3w

— Requirement for resource XX

Lo N N N Y Y Y Y N O S T W
Time in days
m8_ H
Z 6 Requirement for resource W
3
8 4k |
=
32+
£ =S, Y N A G A S A S (R Sy N Y O
Time in days
I
_ | Requirementfor resource ZZ
2
0

Time in days

Fig. 17.3 Latest start aggregation showing requirements for each resource.

FURTHER CONSIDERATIONS

Once aggregation and/or cumulation of the resourcedata has taken place
some form of allocation will almost inevitably follow. It is the authors

joint experience that in very few projectsis the leve of resources obtained
from the aggregationsacceptable, athough usually if somefifteen differing
resources are being considered, only six or seven at most will be causing a
problem in the majority of projects.
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Fig. 174 Cumulativeresource usage diagram for Figs 17.2 and 17.3.

In carrying out any form of activity scheduling which involves con-
straints on time and/or resourcesa number of alternative approaches are
avalable. Theseare asfollows:

e Allocation requires either a time limit or resource limits to have been
defined. The procedures then schedule activities so that the defined
resource or time limit is not exceeded. No particular importancein the
procedureis attached to the shapesof the resulting resource usage profiles.

e Levelling has as its starting point a schedule generated by some proce-
dure, an aggregation or possibly an allocation, and attempts to 'level
out' the peaks and troughsin the resource usage profiles without chang-
ing the duration of the project.

e Smoothing does not requireany prior resource scheduling to have taken
place. It does require a start time and a project duration to be defined
and each resource to be assigned a priority for consideration. The proce-
dure then schedules activities to give as smooth a profile of resource
usage as possiblewithin the project time frame.

Three problems
In dealing with any of these proceduresat |east three problemsarise.

Imperfection of the data

The proceduresinvolved in each case require that at |east some, if not all,
of thefollowing are known with a reasonabl edegree of accuracy:
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® activity logic and durations;

® resources required by each activity;

e resourcesavailablein each time period for the project;
e prioritiesof resources, projectsand activities.

The problems of alternatives

There are at least three different kinds of alternative which have to be
considered:

1 Alternative resources. In most projectsalternative resources can be used
to carry out someactivities. These have to be defined, and in many cases
a new duration (usualy longer) for the activity must also be defined.

2 Alternative methods. Any network is a statement about one method of
achieving an objective. It iscertain that in anything other than a very
small project there will be other methods which could be used, and it is
seldom possible to identify which of theseis'the best'. It can happen
that too much time is spent debating the aternatives, the people con-
cerned defending their own ideas. It is worth remembering that any
method is better than no method. Nevertheless, an alternative method
may well be desirable and Chapter 8 discussesa systematic approach to
the search for that aternative.

3 Alternative sequences. In many parts of any project there are alternative
ways in which the logical interactions between activities can be
arranged, that is, there is more than one way of doing a job. However,
in a case where there are no technological constraints between, say,
four activities, there are 24 ways in which the ordering of the activities
can be arranged. For N activities there are N! ways of ordering the
activities, and N! increases very rapidly. For instance, with ten jobs
there are 10! = 3628 800 possible sequences. Of the possible sequences
there will be a sub-set which is'optimal’ according to the objectives
defined. However, it is not feasible in most practical situations to be
able to evaluate all possiblesequencesin order to identify which arein
the sub-set and which are not. In such cases the need isto obtain a
'‘good’ sequence which is feasible within any other known constraints,
and to beableto generateit quickly.

The problem of optimality

It is often loosaly stated that an 'optimum’ allocation is achieved by a pro-
cedure. Quite apart from the problem of defining what is meant by
‘optimum’, thereisthevirtually insuperableproblem of thesize of the com-
binatorial problem which hasto be solved for practical projects.
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The definition of the objective to be achieved by any 'optimising' algo-
rithm is difficult in the context of projects. For one manager it will mean
minimising the peaksin resourceusage, for another ensuring constant level
use of a resourceonceit is used on the project, for others minimum cost,
etc. These differing objectivesare frequently in conflict with each other and
since, in most cases, it is extremely difficult to see the interrelationships
between the various factors, a decision will be made on purely arbitrary
grounds and will probably change over timein the life of the project. The
one commonly agreed objectiveis to minimise the extension to the project
duration caused by the resource constraints.

It has been shown by Hastings ('On resource allocation in project net-
works, OR Quarterly, 23(2), pp. 217-221, 1972) and others that using
'minimising the extension to the project duration due to resource con-
straints' as the objective function, networks of up to about 200 activities
and five different resources can be solved optimally. Although computing
power has increased considerably in the meanwhile, the problem increases
so rapidly in size that there is little to be gained from pursuing this
approach. Optimising routines are of interest academically, but of little
use industrially where few networksare so small. The main interest in the
area has resulted from being able to show that the decision rule procedures
used by the commercially available project management software packages
produce optimal or near optimal solutions for similar size networks, given
the same objectivefunction, and thus should give equally good solutions
to much larger problems.

A LIMITED CASE EXAMPLE

The general problem of resource analysisis, as has been seen, an extremely
complex one and will be further illustrated here by a very smple example
using just one resource.

The load as a histogram

It isconvenient to represent the load asa histogram - that is a vertical bar
graph, the length of the bar being proportional to the load. For example, if
the weekly load in a department that hasa capacity of 10 man-weeksis

Week no. Load (man-weeks)
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this would be represented by Fig. 17.5, which shows very clearly that the
department is underloaded in weeks 1, 2, 3 and 6, fully loaded in week 4
and overloaded in week 5. (Note: some workersin thisfield refer to the
availablecapacity asthe manpower celling, so that week 5 exceedsthe man-
power ceiling.) Although this representation gives no more information
than the corresponding set of figures, it has the usua virtue of a graphical
representation, namely great vividness, and in practiceit isfound that it is
almost invariably easier to work in histograms than in numbers, even
though the histograms have been derived from the numbers. With experi-
ence, a great facility is obtained in viewing a histogram and assessing
whether a'peak’ (i.e., an overload) can be toppled into a'valley' (i.e. an
underload) in order to 'smooth out' the loading.

____________________________ Available

e l— """"" capacity

1 2 3 4 5 6 7
Week number

Fig. 175

Drawing the histogram by hand

The simplest way of drawing a histogramis probably found by drawing the
appropriate bar chart and, by running down each time division, aggregat-
ing the usage of the various resources. For example, consider the network
that has been so frequently discussed (Fig. 13.5, p. 134 and Fig. 14.2,
p. 149) and assume, for the purpose of illustration, that the only resource
used ispeople, and that each activity requires manpower asfollows:

Activity Duration Men
A 16 2
B 20 6
C 30 4
J 15 3
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Redraw the bar chart, as described in an earlier chapter, inserting the
requirement on each activity bar within acircle. By running down each
week, it is possible to add up the manpower requirements very smply.
These can then be plotted on a histogram which it isnormal to arrange
below the bar chart asshownin Fig. 17.6.

In practice, it is possible, by the exercise of a little common sense, to
reduce the number of additions; for example, it isclear that the loading for
weeks 1 to 16isthesame, so that one addition (2 + 6 + 4) suffices.

If the capacity is also inserted on the histogram, the labour situation is
very clearly shown. Assume that the available capacity is 10 man-weeks,
and that all people are interchangeable. The dotted line shows this capacity
and the over- and underloading. A quick check can show at thisstageif the
available capacity is adequate. The resource time commitments are calcu-
lated and totalled:

Week number

— 13
12 .
I Ceiling
8

Fig. 176
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Activity Resource time
A 32
B 120
C 120
J 45
D 30
E 50
G 6
H 64
K 48

Tota 515

The TPT is 51 weeks, hence the minimum possible resource demand is 515
+ 51 = 10.1 people. Two choicesare now possible: set a new ceiling of, say,
11 people, or use the existing ceiling and then see where an increase of
resourcesis necessary. Since the 'theoretical' demand is so near the ceiling,
the second courseisfollowed.

Levelling the load

Thesituation revealed by the histogram is one that is completely unaccept-
able. For 30 weeks the load exceeds the capacity, which can have only one
result, namely the activitieswill take longer than planned, and the overall
project time will increase. For 21 weeks the capacity exceeds the loading,
and this will mean that peopleareidle. Clearly it isdesirable to try to shift
some of the earlier overload into the later underload. If thiscould be com-
pletely done, then the load would be'levelled'.

The problem is an extremely familiar one to al those who have been in
charge of the organisation of the disposition of labour. Virtualy
intractable, PNT does assist by providing guidelinesalong which to work.
Of the various activitiessome are fixed in time (that is, are critical), while
others can move (that is, they possessfloat), and, if an increasein TPT is
to be avoided, levelling must take place in the 'floating' portion of the
load. Furthermore, significant changes can only be made where float is
substantial. Thus activity G has only one week freefloat; its overall effect
isthereforesmall.

Activity C possesses the greatest float, and it should therefore be exam-
ined first. 1t will be seen that itsduration isso great that, while floating it
as much as possible will reduce the load at the beginning of the period, it
will not seriously reduce the 'lump' between weeks 20 and 30. The next
activity in order of magnitude of float is activity E. If thisis moved as
much as possible, activity K will advance by one week and activity E will
extend from week 29 to week 39. Thiswill then give a bar chart and his-
togram asshown in Fig. 17.7.
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Week number
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- _ a Ceiling

Fig. 17.7

The overload has been completely removed during weeks 20 to 29, and a
small overload has been introduced during weeks 35 to 38. All float has
been removed from activitiesE and K. The remaining activity with any
substantial float is activity d Shifting this forward by four weeks would
reduce the'lump' during weeks 16 to 20 and fill the ‘trough’ during weeks
31 to 35. Thechart and histogram would then look asshownin Fig. 17.8.

Moving any other activities- and thereare only activitiesA, C and G
that can be moved - would produce no significant change in the load.
Hence the arrangement in Fig. 17.8 is that which givesleast overload and,
usingthisasacriterion,isthe'best’ arrangement.

Note In practice, the virtue of any particular arrangement can only be
judged within the context of thelocal circumstances.

The above discussion is offered as the kind of thinking that lies behind a
loading task. The answer arrived at isnot ideal, but answers seldom arein
practice. The result, however, doesgive a sound basisfor further considera-
tion by which the problem can only be resolved manageridly. For example,



Resource analysis |- 207

Week number

CRT. 14

Fig. 178

e The'spike in week 29 can be removed if activity E is advanced by one
week, but thiswill movethecritical path forward by one wesk and hence
the overal project time will increasefrom 51 to 52 weeks |s thisdesir-
able/acceptable?

e Theoverload during wesks 1 to 16 can be removed by splitting activity
C into two parts, thefirst 20 weeks long, the second 10 weeks long, and
performing the second part during weeks 42 to 51. Is this desirablel
acceptable/possible?

PNT does not solve the resourceallocation problem, but it does provide
a method for systematically examining the possihilities. If there are more
resources than one, then the examination becomes correspondingly more
difficult.

The effect of levelling

What is the effect of levelling on the project as a whole? To examine this,
assumethat thelast situation above (Fig. 17.8) istaken to be the acceptable
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one. Thisrequiresthat activity E should not start until wesk 29, and that it
must finish in week 39. Thus, the earliest and latest start time (EST and
LST) for activity E is 29 and the earliest and latest finish time (EFT and
LFT) iswesk 39 and, since the duration is 10 weeks, all float has disap-
peared. Effectively, another activity, ‘wait for availability of labour for
activity' has been inserted, and the relevant part of the arrow diagram has
changed to include a new activity, W, 'waiting for labour', duration 9
weeks, which precedesactivity E and succeedsactivity B to createa second
critical path:

B-W-E-K

in parald with thefirst. Smilarly, fixing the starting time of activity J at
not earlier than wesk 20 has removed thefloat in the activity. The effect of
thissort of action isto reducethefreedom in the network asa whole, while
improvingthe utilisation of 1abour.

Scheduling

Levdling enables actual datesto be affixed to activities, and thisis some-
times known as 'scheduling. Thus, while initidly there were bands of time
during which work could start and finish, more starting dates can be fixed
asfollows

Start time Finish time Float No. of

Activity Duration Early Late Early Late Total Free people
A 16 0 4 16 20 4 4 2
B 20 0 0 20 20 0 0 6
C 30 0 21 30 51 21 21 4
J 15 20 20 35 35 0 0 3
D 15 20 20 35 35 0 0 2
E 10 29 29 39 39 0 0 5
G 3 35 36 38 39 1 1 2
H 16 35 35 51 51 0 0 4
K 12 39 39 51 51 0 0 4

On comparing thisto the origina network anaysisit will be seen that the
apparent float has changed. It should be realised that the apparent float
may not in fact exist Snce the interactions between activitiesand resources
in the one project, let alone between projects, may prevent the activity or a
successor activity being moved. It is unusual to find anything other than
activity start and finish datesgivenin theoutput of a resourceanaysispro-
gram, because delaying an activity can require resources which must be
availabledsawhereat that pointin time.



CHAPTER 18

Resource analysis

It should be noted that for al but quite small projectsthereis no way of
producing optimal results since the problem turns out to be a largeand
complex combinatorial one.

OPTIMUM-SEEKING PROCEDURES

Dynamic and branch-and-bound linear programming techniques have been
successfully used to produceoptimal solutionsfor networks of up to about
200 activities with a few resources. However, such projectsare trivial com-
pared to real projects which may have 5000 activities and employ 10-20
differing resources, a number of them being used in complex patterns on
the activities. Thereis, of course, no requirement in modem systems that
resources must be used for the entire duration of an activity or that only
one can be used on an activity at atimeor that activitiescannot be split.
Findly, it should be remembered that the data isimprecise— being based
on estimates— and any error would invalidate the optimum.

Levelling

An early attempt to address the resource/time-limited problem was the
techniqueof leveling. Thisin its simplest form means taking a schedule
produced by some procedureand attemptingto leve out the peaksand va-
leys in the resource requirements by rescheduling some activities at
alternative times. The starting schedule in many casesis an earliest start
aggregation as described in Chapter 17, but it could be a complex schedule
produded by a highly sophisticated allocation procedure. As a procedure,
levellingsoundssimplebut in practiceit is not. Theinteraction between the
different resourcesmakes for extreme difficulty, a difficulty which is vagly
increased if morethan one project existsin the organisation. Furthermore,
since, as discussed earlier, thereis no generaly agreed definition of what is
meant by levd’ it isextremdy difficult to definea stop point for the 'leve-
ling' procedure. In many cases the practice is to set a run time for the
syslem and accept theresult obtained at theend of that time,
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It should be noted that some of the commercia software houses use the
term levdling incorrectly to mean allocation against a levd of resource avail-
ability. Equaly therearesomewhich areactudly levelingand dam alocation.

Allocation

In the early 1960s two approachesto the allocation problem, known as the
serial and parallel resource allocation procedures, were developed. There
were hopesthat these might prove suitablefor the two aternative problems
of resource or time limits. In fact they both give good solutions to the
resourcelimited casein different scheduling environments.

The differenceconcerns the amount of 'splitting' of activitieswhichis
planned into the project. Splitting an activity isdefined as The stopping of
an activity, which is currently in progress, by the removal of its resources
for use on an activity of higher priority." Activity splitting is usudly imple-
mented in both procedures, it is the expected degree of splitting planned
which should govern the choice of procedure. If a significant proportion of
activitiesin the project are expected to be split, a paralld procedure should
be used; otherwise use a serial procedure. Construction-typeprojectstend
to contain a high proportion of splittable activities, most others do not,
although amost all projectswill contain some which could be planned as
splittableif required.

The question thereforearises as to why consider the seria approach if all
projects have splittable activitiesand the parallel procedure is better at
dealing with them? The answer to that question is indirect in that it
involvesa number of related factorswhich add up to a significant case.

Thefirst is the question of speed of processing. A paralld procedurecan
require up to 10 times the run time for the same 5000-activity project asa
serial procedureand for large or multi-project processing it will be much
greater — afigureof 30:1 can be expected for 12-15000 activities.

Thesecond major factor, which is reducing in importance with the steadily
increasing capacity of each new generation of PCs, isthat of the computer
working memory space required by the two procedures. That much greater
memory is needed for the parallel procedure than for the serid, has been a
sgnificant problemfor PC sysems which have therefore usudly offered serial
procedures, particularly when this has been linked to a database.

A third factor isthat for many projectswith littleor no splitting of activ-
itiesa serid procedure will usualy produce a'better’ result than a parallel
— better, that is, in termsof minimising the extension to the project dura-
tion caused by the resourceconstraints.

A further consideration is the additional data which must be entered
into the system in relation to any splittable activity. If an activity is nomi-
nated as 'splittable’ it is usual to specify the minimum timefor which it
must bein progressbeforeit becomesdigible for splitting. It isthen usual



Resource analysis fl 211

to specify the minimum and/or maximum time for which it must remain
stopped before again becoming eligible for scheduling, with a repeating
cycleof these two stages if necessary. These data have to be collected, con-
sidered and entered for each splittable activity in order to prevent
‘fragmentation’ of the activity and other nonsensesituations.

The procedures used for resource analysis are based on decision rules
which produce, in general, good feasible schedules within the constraints
which have been set by the user. These constraints will usualy be either a
limit on the availability of some resourcesor a limit on the duration of the
project, or some mixture of both, depending on the facilitiesavailablein
the system being used.

THE RESOURCE-LIMITED CASE

The serial and parallel procedures are used in al the currently available
project management softwarein someform or another, and the designation
isstill a useful way of classifying programs. As noted earlier they both
address the problem of the resource-limited case successfully under differ-
ing conditions.

The serial allocation procedure

Thisisa procedure in which all the activitiesin the project(s) are ranked,
using a constant priority rule, beforeany scheduling takes place. The activi-
tiesare then scheduled in strict order, from this priority list, at the earliest
possible point in time consistent with the availability of resourcesand the
precedencerequirementsof the network(s).

Itisnormal in a seria procedure to use ranking rules which automati-
cally take the precedence constraints into account, such as those based on
the time analysisof the network. The most commonly used ruleisto use
the activity latest start dates, in ascending order of those dates, and to
resolveany ties which occur by the use of total float, again in ascending
order. This rule produces resultswhich have been shown to be as good, on
average, as any other and better than most. Table 18.1 gives the ranked list
produced from theanalysisof Fig. 17.1.

I'n scheduling the activity being considered, the system first checks for
the earliest point in timeat which the activity can be allocated, on the basis
that al preceding activities must have been completed. The system then
determines whether sufficient resources are availableat that time to enable
the activity to proceed. If there are not it carries out a forward search of
the resourceavailability tables to determine a period when the activity can
be scheduled. Having scheduled the activity, the next activity from the
ranked list isconsideredin thesame way.
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Table 181 Serial allocation procedure™ ranked list of activities

Activity Duration Resource Latest start  Total float
(days) required

This constitutes a smple one-pass procedure which is very fast and gives
good results. Figure 18.1 shows the results produced for the example net-
work using this procedure with resource availability limits of five XX, 9x
YY and saven ZZ.

The parallel allocation procedure

A procedurein which only those activities which are ableto start, by virtue
of preceding activitiesbeing complete, are ranked in priority order using a
constant rule at each scheduling period. Activitiesare considered sequen-
tially from this list for scheduling, depending on the availability of
resources. Unscheduled activities are retained in the list for ranking with
new activitiesat the next scheduling period.

Table 18.2 shows the series of time steps which would be activated and
the sub-set of activitieswhich can be considered at that time in each case.
The time steps shown assume, of course, no activity splitting. If splitting
was included the time step would be one unit of duration, whichin this
casewould be one day.

Thisisa very different philosophy of scheduling sinceit gathers together
in the one list all the activities which can be considered at a particular
scheduling period. Since all the information is availableit means that the
decisions on whether to schedule or delay an activity can be reasonably
made. Thisis particularly important with splittable activitiesand is the
reason why this approach should be used if many activitiesin the project
areto be splittable.
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Fig. 181 Result of the serial allocation procedure.

This procedurealso produces good feas ble schedules, but, as noted ear-
lier, takes considerably longer — in computing terms— to do so0. The reason
for thisliesin thelivelist of activities which need to be sorted into ranked
order. Thisis the dowest operation that a computer carriesout on any file
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Table 182 Parallel allocation procedure = list of time steps with sub-lists

Sub-list Timenow Activity Duration Resource Latest Total Activities

number (startof sub-list (days) required start float scheduled
period at'time
shown) now'

of dataand is performed at every time step in the paralldl procedure, while
only being performed oncein the seria procedure. The results of the proce-
dure — with no splitting included for the sake of smplicity — are shown in
Fig. 18.2. It will be seen that the resource usage profiles are the samein
both cases, with the samelimits on the availability of the three resources. If
splitting of someactivities had been included in both proceduresthe results
could have been different.

THE TIME-LIMITED CASE

Unfortunately, although they are not the best way of addressing the time-
limited problem, most commercial programs use the above procedures,
with restrictionsadded, to address this problem aso. The main restriction
isof coursethat the search field is now limited to the remaining float on
the activity being considered, rather than being open ended asit isin the
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Fig. 18.2 Result of the parallel allocation procedure.

resour ce-limited case. Systems differ in the action they takeif no period
with sufficient resourcesfor the activity existsin thefield. In all casesthe
resulting resour cerequirement profiletendsto an 'S-curve' shape with
under-utilisation at the start of the project and over-utilisation at the end.
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Thisisinevitable becauseof the way the procedures work, and the produc-
tion of more acceptable results relies on the skill and experience of the user
in fixing some events - as milestones - in order to reduce the amount of
float availableat the start of the project and thusforce earlier scheduling of
somegroupsof activities,

SMOOTHING

The objective of a smoothing system is to produce a feasible schedule
within the time constraint boundarieswith as smooth a resource require-
ment profileas possble. Although severa alternative procedures have been
devised only oneiscurrently available as a commercial system. The basic
principlesof itsmethod of operation are therefore described here.

The procedure works with multi-project scheduling as wel aswith single
projects, but only a single project situation is considered in this discussion.
The procedure requires two major piecesof information. Thefirst isa start
dateand timeframefor the project (if no finish dateisgiven the sysem will
assign it from the forward pass of the CP calculation), and second that the
resourcesinvolved are ordered in a priority sequence, since in schedulingit
will consider the highest priority resource required by the activity first
before considering the next most important, etc. Techniquesfor assessing
the relativeimportance of the resourcesare discussed later.

In scheduling any activity the measures which govern the importance of
theactivity and which need to beconsdered are:

e thetypeof resource(s) required by theactivity and itsimportance;

e the total work content of the activity (which is the sum of the units of
resource multiplied by duration of use on the activity for all resources
required by theactivity);

e theavailablefloat on theactivity.

It isintuitively obvious that, other things being equal, if two activities have
thesame total work content the one with the smaller amount of float must
be more difficult to schedule, and thisis the basis for the,decisionrule
which is used to sdlect activitiesfor scheduling.

At any timein the procedure when an activity is required for scheduling
from the unscheduled activity list, the one which has the greatest value of
thefollowingexpressionis selected:

Total work content of theactivity
Float remainingon theactivity
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Needlessto say if the time required for the project is the calculated TPT
(CPtime) al the activities on the critical path(s) will be scheduled first
since thereis no option as to where they must be scheduled, and if at any
timein the process the float on any activity becomeszero, that activity is
automatically scheduled.

Having selected the next activity with the greatest valueof theexpression
described above, it is necessary to determine the 'best’ placeto which it
should be allocated. Again it is obvious that when presented with a dia-
gram of committed resource usage to date and a span of time within which
the selected activity can be scheduled on that diagram, the'best’ positionis
that which gives thelowest usageincreasein that time span.

Sinceacomputer is not able to look at the diagram, an alternativequan-
tifiable measure must used to determine the 'best’ position. In practice the
system sets up, for the effective time span to be considered, a 'sum of
sguares of the committed usage profile of the highest priority resource
required by the activity. Figure 18.3 shows an example of the position at
some stage in the procedure and shows the current committed levels of
resource ‘R’ arising from the activities so far scheduled, and the range of
possible positions to be considered for the next activity which maximised
theexpressonand is being considered.
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Asshown in Fig. 18.4 the system will then position the activity in the
first position it can occupy between its earliest start and latest finish, and
will then calculate a revised sum of squaresfor the new profile of require-
ment. Thisiscarried out for each position which the activity can occupy by
moving it up one unit of duration at each step and calculating a sum of
squaresfor that position. The resultsfor thisseriesof calculationsisshown
in thetable below:

Position of ES ES+1 ES+2 ES+3 ES+4 ES+5 ES+6 ES+7 ES+8 ES+9 ES+10
activity

Totalsumof 134 118 116 118 126 134 134 128 122 122 122
squares

Sum of squares 84 84 84 84 84 84 84 84 84 84 84
of committed

profile

Sum of squares 50 34 32 34 42 50 50 44 38 38 38
difference

Committed u0it®
O = N W

012 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21
Time periods

Squaresofthe 1361161251161 4101414191911 111114141l
profile of

resource with

activity at ES

Sum of squares of committed resource profile = 84
Sum of squares of new profile with activity at £S = 134
Difference in sum of squares 134 — 84 = 50

Fig. 184

The'best’ position‘isthat which minimisesthe sum of squaresincrease
from that of the original committed profile, in effect fillingin the lowest
point possible in the profilein the same way as one would as a project
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scheduler using a visual model. In this case the'best' position isearliest
start plustwo time periodsand thisresultsin the profileshownin Fig. 185.
Having selected the'best’ posdition for this resource the system considers
the next highest priority resource required by the activity for just those
positions which are a minimum for the more important resource - given

Time periods

Squaresofthe 125191161914 14116141919 11111114141
profile of

resource with

activity at 'best' position

g 185

that thereis more than one such position. This cycle continues until either
there isonly one position for the activity — which is therefore used - or
thereare no further resourcesto be consdered. In thelatter casg, if thereis
morethan one possible position theearliest is sdlected since that maximises
the remainingfloat on any uncommitted activities.

Having scheduled the selected activity the system updates the remain-
ing float on all the unscheduled activities and selects the next activity
to be scheduled as before. This results in a fast one-pass procedure
which isextremely effectivein producinga broadly 'levd’ requirement for
the use of resources without needing to be able to specify the resource
limitsin advance.

As noted earlier, the procedure requires the priority ordering of the
resources. Thiscan, of course, be on a purdy intuitivebasisbut it is prefer-
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ableto use a more rational approach based on the informationwhich can
be obtained from the two aggregation runsdescribed earlier.

In the discussion on aggregation it was noted that the minimum slope
straight line within the resource requirement loop gives a good indication of
the constant level requirement for each resource. Sincein the time-limited
case the availability of the resourcesis usualy unknown, a direct compari-
son cannot be made. However, some knowledge will certainly be available
and thiscan be compared with the requirementsfrom the aggregationsto
giveagood indication of the relative priority of the resources. Normally, the
more projectsthat are being considered together, the better the subjective
assessmentson total availability are likey to be and the better the consider-
ation of therdative priorities.

GENERAL CONSIDERATIONS

In many multi-project situations the real difficulty isthat of decidingin
advance the levd of each resource which can be madeavailableto a project.
In al except a project-orientated organisation, projectsare an addition to
the normal business of the organisation. Usualy it is only when the
number and frequency of projects becomesa problem that the organisation
takes action to set up independent project teams. Again, it is usualy then
that the resource problem becomes apparent because projects are crossing
departmental/functional boundariesand effective control of the resources
passes from the department to the project team. In most functional organi-
sations thisvishbility of the transfer of control isat the heart of the problem
of introducing resource analysis, even if network-based project planning
techniques are being successfully used.

As noted in Chapter 17 the organisation will have other commitments,
the normal work, which is unlikely to be networked, and which requires
resources. How much of each resource can be made availablefor projects,
and - what is equally important - when they will be availableis largely a
matter of guesswork since few organisationshave planning systems which
yidd the necessary data. Even if the grossdata on resource availability can
be obtained there still remainsthe difficulty of deciding what proportion of
the available resources shall be made availableto each of the projectsin a
multi-project situation. Thereare no easy answersto this problem.

If possible, it isin fact better to sidestep the problem and generatethe
requirement from a time-limited procedure, preferably a smoothing proce-
dureif avalable. If the resulting levelsare unacceptable then the timeframe
(total duration) of some, or all, projects must be adjusted and a new run
carried out. Usually this situation will only arise when a new project is
being introduced to an existing portfolio of projects, so that the amount of
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freedom for alteration of end dates for current in-progress projectsislim-
ited. However, an acceptance of some change isimplicit if the new project
isto be added to the portfolio, without, that is, causing unacceptable over-
loadsin the resource requirement profiles.

The output of the system is of course a statement of resource require-
mentsfor the activitiesin each project together with a timetablefor those
requirementsin the form of activity start and finish datesin each project
and atotal requirementsprofileagainst time. Thisisessentia informationin
any situation for the managerswho have to provide the necessary resources.
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Line of balance

Historicaly, line of balance (LoB) was developed before project network
techniques (PNT), and the two systemsare often considered to be separate
but related techniques. However, if the original time-scaled stage-timedia-
gram is abandoned, then LoB can be seen to be a quiteconventional PNT
system applied to a single batch.

WHERE LoB CAN BE USED

Just as PNT can be used to scheduleand control a single project, LoB can
be used to scheduleand control a single batch. The following requirements
need to be satisfied:

e Theremust beidentifiable stagesin production at which managerial con-
trol can be exerted.

e The manufacturing time between these stages must be known.

e A ddivery schedulemust be available.

e Resourcescan be varied as required.

Whileit is possible to use LoB to control a number of separate batches,
just asit is possibleto use PNT to control a number of separate projects,
the computational difficulties becomegreat. It is therefore usual to employ
LoB in'sngle batch' situationswhere the batch concerned is of some con-
siderable importance to the organisation. An estate of houses, a batch of
guided weaponsor a batch of computersare likely to be the type of work
appropriateto LoB control.

Again, aswith PNT, LoB can be usad in a hierarchica manner, consid-
erabledetail and a small timespan being displayed at the bottom of the
hierarchy, whilelittledetail but a considerabletimespan isshown at the top.

LoB IN USE

The LoB technique will beillustrated by reference to the following hypo-
thetical example.

Product Z is assembled from five components: A, B, C, Dand E. A is
purchased outright and B ismade, tested and then joined with A to make



Line d balance 223

subassembly 1 (S/A1). Cis dso made and tested, and then assembled with
S/A1 to give subassembly 2 (S/A2). The material for D has to be pur-
chased, and it can then be made up and tested, and then joined with S/A2
to give subassambly 3 (S/A3). E isa purchased item which is assembled to
S/A3 to give the complete product Z. Thefina assembly stage can be con-
sidered to include the act of delivering the product to the customer. The
ddivery scheduleisasfalows (first ddivery in wesk ending 1 January):

Week number Quantity

Tota 250

Step 1

Construct an arrow diagram to show the logic and timing of the pro-
duction (Fig. 19.1). It will usually be found most convenient to start
to draw this from the end (in this case ‘final assembly’), and work
towards the various opening activities. The network need not be closed
at the start - multiple starts are quite permissibleand useful here- and
nodes need not necessarily be identified, although for the purposes of
the present text the nodes are identified here by letters. Duration times
indicate the time required for unit production: these times are main-
tained constant during production by the variation of resources. The
final chart is now very similar to the'GOZINTO' diagram discussed
by, for example, Vaszonyi.
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Component B

Subassembly 1

Subassembly 2
Buy

Component D Make

\ S/A3
Subassembly 3 1

Final assembly

Fig. 19.1

Step 2

Carry out a reverse forward pass from time 0 at the final node, that is
assgn to thefinal nodeatime 0, and then successivey add duration times
for each activity in order. Thiswill give the st of figuresinscribed against
eachnode: 2at N, 3at M, 8at Jand soon (Fig. 19.2).

Theresult of thisreverseforward passcan also be represented on a time-
scaed diagram, which isthe form in which LoB results are often presented
(Fig. 193

Node times

While the node times represent the latest possible finishing timesfor the
variousactivities, it is probably more ussful to consider thesetimesin rela
tion to the quantitiesthat would pass through the head nodes at any given
time. Consider, for example, the activity 'make component B’. Any single
component B having been made will subsequently require 3 weeksfor test-
ing, 4weeksto beassembled into S/A1, 5 weeksto be assembled into S/A2,
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17

component A

Subassembly 1
12 10

Subassembly 2
16 Buy 12 6
= .~ f~\materia Make

— 4 — —

Subassembly 3

Component E
P FIA

Final assembly 0

1 week to be assembled into S/A3 and afina 2 weeksto be incorporated
into the final assembly. Therefore, the interval of timein weeks that must
€lgpse between a unit being madeand itsfinal assembly into product Z is

+

3 0+ 4 o+ 5 o+ = 15

1 2

(Test B) (S/A1) (S/A2) (S/A3) (F/A)

If the conclusion of the Fnal assembly is the delivery of the complete
product Z to the customer, then the cumulativequantity of Bsthat should
'pass through’ node F by time t is the cumulative quantity that should
'pass through' node P (i.e., be delivered) by atimet + 15. For example,
2 weeks after the start of delivery of complete'product Z’ to the customer,
the total quantity of B which should have been completed isequal to the
cumulative quantity which should be delivered by week 15 + 2 = week 17,
that is 244. This node time obtained by the reverseforward passiscalled
elsawhere the 'equivalent week number' for al activitiesentering the node
being considered.
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|

Makec Test i
Component B

Subassembly 1
Component C
Subassembly 2
Component D t Buy materia \{;\;
Subassembly 3

Component E

Final assembly

Fig. 193

Step 3

|

1

Time in weeks
17161514131211109 8 7 6 5 4 3 2 1 0

!

Make

!

!

!

1

T

oy Test

LEDEE

o

Make L@
Final |_@
assembly

Rank all the activitiesin descending order of 'equivalent wesk number'.
Thisranking gives the activity number — sometimes, in LoB, called the
sage- and iscarried out to producelater atidy 'cascade chart.

Activity

Makecomponent B

Test component B

Buy component A

Buy material component D
Makecomponent C

Test component C

Make subassembly 1
Makecomponent D
Test component D

Make subassembly 2
Makesubassembly 3
Buy component E

Carry out final assembly

15
12
»
»

5

ONDNWWO 0

Equivalent week
number

Activity

number
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Step 4

Preparea calendar in combination with an accumulated delivery quantity
table
Cumulative
Date Week number  Quantity quantity

4 September
11 September
18 September
25 September
2 October
9 October
16 October
23 October
30 October

6 November
13 November
20 November
27 November
4 December
11 December
18 December
25 December
1 January
8 January
15 January
22 January
29 January
5 February
12 February
19 February
26 February
5 March
12 March
19 March
26 March

2 April

9 April

16 April

23 April

30 April

7 May

14 May

From the above two tables deduce the quantity of each activity which
should be completed by any particular date. For example,
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It isnow 22nd January. How many of each component should be completed?
Congder 'meke component D'.
Thetimeisnow wek 4.

The quantity through 'make component D' isequal to the quantity which
can pass through thefinal stagein 6 weekstime, that isin week 4 + 6 = 10.
From thetablein Step 4 thisisatotal of 122 units.

Similarly for all activities:

Volume of work completed

is equivalent to volume Total

deliveredat week units
Méake component B 4+15=19
Tegt component B 4+12=16
Buy component A 4+12=16
Buy materid component D 4+12=16
Make component C 4+10=14
Test component C 4+ 8=12
Make subassembly 1 4+ 8=12
Make component D 4+ 6=10
Tegt component D 4+ 3= 7
Make subassembly 2 4+ 3= 17
Makesubassambly 3 4+ 2= 06
Buy component E 4+ 2= 06
Carry out find assambly 4+ 0= 4

Thiscan be represented on a chart - the traditional LoB chart asin Fig. 19.4.

A complete table for the whole'life’ of the batch can be drawn up if
desired (Fig. 19.5). The'Ss in thetable indicate the latest dates by which
the various chains of activities should start, this date being derived from
the equivalent week numbers from the opening activities. The'Cs' in the
table show that work must be continued.

Step 6

Record the actual progressupon either thel.oB chart or the'lifeé table. For
example, if at 22 January the achieved and planned resultsare:

Achieved Planned

1 Méake component B 20 248
2 Teg component B 20 240
3 Buy component A 20 240
4 Buy materia component D 20 240
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Fig. 19.4

5 Make component C

6 Test component C

7 Make subassembly 1

8 Makecomponent D

9 Test component D
10 Make subassembly 2
11 Make subassembly 3
12 Buy component E
13 Final assambly

theLoB chart will beasin Fig. 19.6 whilethelife tablewill beasFig. 19.7.
Despite the over-fulfilment of the delivery schedule (90 delivered and
only 26 required), it can be seen that a ‘choking-off' of production will
occur in the weeksto comedue to under-fulfilment on some activities, and,
equally important, thereisan over-investmentin work-in-progress on other
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Fig. 10.6

activities. It may, therefore, be possibleto transfer resourcesfrom the'rich
activities to the 'poor' ones while preserving the delivery schedule: deci-
sions here can only be taken in the light of local knowledge, and will
require reference to both the PNIT diagram and the progressresults.

DESIGN/MAKE PROJECTS = JOINT PNT, LoB.

It isnot uncommon to find projects that involvea setting-up stage (design,
plan, make jigs and tools) followed by the production of a batch of equip-
ment. Here it is possible to use conventional PNT for all the work up to
and including the making of the first complete equipment, and then to
employ LoB to control the subsequent batch production.
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ELEMENTAL TREND ANALYSIS

In some types of batch project a technique developed at the Building
Research Station by Brian Fine and David Hutchings- 'elemental trend
anaysis - can be a remarkably useful planning and control tool. This
requiresthat:

¢ itemsin the batch areindependent of each other;

¢ the same resources carry out the same activities (elementsof work) on
each unit of the batch;

e whilean activity is being completed by one resource (trade) no other
resourcecan work on that item;

¢ any constraintsof material or subassembly availability must be removed
at theplanningstage. 5

Two examples of such projectswhich are in fact very similar in concept,
but from very dissmilar industries, are:

e repetitive building construction - where a number of similar unitsareto
be built on a site by tradesmen who work on each in turn;

¢ heavy engineering assembly — where units remain static in the assembly
shop and are progressed by tradesmen who work on each in turn.

I'n such casestheconventiona bar chart and network presentationsare not
particularly useful Snceeach unit becomesa smplestring of activitieswith
no convergent or divergent branches.

Since two trades (resources) do not work on the same unit at the same
time and the constraintsof material have been removed, the operating con-
straintsin thistype of batch production are those of space and time. For a
smooth flow of work, therefore, it is necessary to balance the time spent on
each unit by each resource by adjusting the resources available or by modi-
fying the methods Plotting the progress of the first resource acting on the
first activity throughout a batch of units gives a smple straight lineas
shownin Fig. 19.8.

If the second resource acting on the second activity throughout the
batch operatesat a dower rate than thefirst resource, its straight line will
rise more dowly. The physicd effect of thisisan increasing delay between
thefinishing of the first activity on a batch unit and the starting of the
second activity on that same unit, and a consequent delay in the comple-
tion of the batch. Thisisillustratedin Fig. 19.9.

On the other hand, if the second resource operates faster than thefirst,
thereisthe possibility that it will require to work on a unit before thefirst
resourceis clear, something which is not possibleand it will be held up.
Thisisillustratedin Fig. 19.10.

Some allowance can bemadefor thedifferent progressrates by adjusting
theinterval between thestart of the first activity of a resourceand thestart
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Time units

of the next resource on itsfirst activity (the'heading). If all progressrates
aredifferent throughout the batch, then each heading will need to be spe-
cially sdected and will give rise to manageria difficulties. Idedly, the
resource levesare adjusted to give parald progress rates throughout the
batch, asillugtratedin Fg. 19.11

Thiswill givea smooth flow of work and a continuoussteedy use of the
resources|n practiceit may not be possibleto baancethe resourcesas pre-
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Fig. 19.10

Time units

Fig. 1911

cisaly asis ideally desirable, and use must be made of the heading to
accommodate the imbalance. For example, Fig. 19.12 shows a situation
where resource 5 employed on activity 5 is operatingdowly while resource
70n activity 7 isoperating fast.

Clearly, thereislittle point in speeding up activitiesafter the fifth since
subsequent activitieswill beheld up waiting for the output from resource5.
On the other hand, if resource 5 can be increased then the whole batch



236 Project management and project network technigues

Fig. 19.12

completion will be speeded up. Equally, it may be possibleto effect savings
by reducing the level of resource 7 - and later resources - so that the
progressrate balancesthat of resource 5.

In use asacontrol tool, progressis plotted directly on to the graphsand
the trend of actual achievement as against the planned achievement givesa
dramatic indication of possible problemsto come and suggests possible pre-
ventiveaction to avoid them. Thesmplicity of the techniquebdiesits power.



CHAPTER 20

Some practical considerations

Asdiscussed in Chapter 1, there are four basic phasesto any project: con-
ception, development, redlisation and termination. These can all be
expanded into sub-phasesto suit the project or parent organisation's needs.
The practical hints given in this chapter, which are based on the authors
experienceof many years of industry, teaching and consultancy, have been
arranged to fitinto thefour phases.

CONCEPTION

It isassumed for this discussion that the project has been accepted by the
parent organisation.

1 Egablish the project objectives. Just asit isimportant to know the desti-
nation before setting out on a journey, so it isimportant to identify and
defineas precisdly as possiblethe objectivesthe project isto achieve. The
explicit objective - “... to build a new structure, to launch a new product,
to install a new system, ...” - will obvioudy be known at the outset. It is
the implicit objectives which nead to be carefully thought through before
any sengble planning can take place.

2 Acceptance criteria. The criteria by which the project will be judged
should be set down unambiguously before the project is accepted. It is
usualy said that the project should be achieved 'on time, within budget
and to the right specification'. This requires three interdependent ques-
tionsto be answered:

(8) What standard (degree of excellence) does the project specification
envisage?

(b) What time constraintsareimposed?

(¢) What cost and resourceconstraintsare imposed?

In each case the acceptable range of variation needs to be discussed and
recorded. For example, it may be that achieving the project early isworse
than a degree of latenessand that 'on time meansin this case'on time
or not morethan X per cent late, but not early'.
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Clearly, each of the three depends to some extent on the others (Fig.
20.1), and the primary objectivemust be identified. When, asisinevitable, a
problem arises during the project run, this prime objective is the one
against which alternative solutions are judged. It must be noted that, as
time passesin the project, the changing circumstances may wel cause a
changein the primacy of objectivesince thereisa trade-off between them.

Fig. 201

3 Appointment of the project manager. It is, of course, desirable that the
project manager should be appointed as early in the project as possible.
However, good project managers are seldom available on a full-time
basisjust when needed, so that a part-time involvement with the project
will probably be al that can be arranged. Thiswill at |east ensure that
the project manager is aware of, and can take part in, the major deci-
sionsand commitmentswhich affect the courseof the project.

4 The project 'log' (‘diary).A project log must be started as soon as possi-
ble in the conception phase of any project. The lessons learned from it
may be vital for future projects- in particular the reasons why a project
was closed down!

5 Appointment of the project team. As soon as the project manager is
appointed, he or she must be involved in the selection of the membersof
the project team, in particular the co-ordinators, the accountant and the
procurement officer, given that the project is big enough to warrant such
appointments. They, like the project manager, may be on a part-time
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basisin this phase of the project, but will wish to beinvolved, with the
project manager, in the selection and training of their staff, some of
whom will be on a full-time basis. Some of the team may aready bein
post, having been with the project from itsearliest inception, and some-
timesmay have views on the project which are at variancewith the new
members. Thiscan cause significant problems.

6 Involvement in design. Once the project manager and membersof the
project team are appointed they must beinvolved, so far asis possible, in
the preparation of the specification of the project product and in the
design work resulting from that specification. In many cases the specifi-
cation for the product will have been drawn up esewhere, so that it isthe
interpretation of that specification and the design of the product to meet
it, with which the project manager and the team should beinvolved.

7 Establish the planning techniques. Plans can be produced for at least two
purposes: either to determine whether a task is capable of being carried
out successtully (a feasibility study), or to assist in the management of a
project (a management tool). Since the objectives are different in the two
cases, the plans are unlikely to be the same and will certainly differ in
detail. To produce a detailed management plan for the feasibility study
would in many casesbe more costly than isjustified; to use a feasibility
plan for project control may wel be too broad-brush. However, a man-
agement plan can wel grow out of afeasibility plan.

8 Investigate the computing facilities. There are now so many excellent
computer-based project management packagesavailablethat it would be
an act of extremefolly for any project planner to write a new program
for a project. That having been said, it is essentia to discover precisay
the facilitiesthat are being offered by any available software. It does not
follow that, because a package has been successfully used in the past,
that it will be equally suitable on this occasion. For instance, it may be
that extensivegraphical output is required in the reportsfor this project
and the packageis not capable of providingit.

DEVELOPMENT

1 Update the specification with the customer. The conception phase will
probably haveincluded a feasibility sudy. The resultsof such a study may
wadl result in changesto thedetail of the specification of the product. Any
changesmust be agreed with the customer and incorporated in the speci-
fication before the contract issigned. Further changes may result from
thedevel opment phase; these too must be agreed by the customer.
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2

Procurement items. All procurement items, in particular critical ones,
should be separately identified in the plans, not just bulked together as
‘procure all materials (items) or services. Critical itemsare likely to be
goods or sarvices or specidly made equipment which are on a long lead
time and decisonson these are likely to have to be made on the basis of
inadequate knowledge. The procurement officer should be aware of
these and be prepared to update the specification with the supplier. The
procurement officer should ensure that the project manager is involved
in the process of selectingsubcontractorsand suppliers.

Ensurethat all plansare dated. Always ensurethat all plansare dated so
that all usng one can be sure they are up to date and, in discussion, are
talking about the same plan!

Preparingnetwork plans:

- Use a large sheet of paper, a pencil and a rubber. It is extremely
unlikely that the first attempt, for even a small project, will be the
final version, so that changes must be capable of being made easly.
The authors have seen incorrect networks being used just becausethey
had been drawn in ink and were too difficult to change. A good eraser
isthe planner's most useful tool.

- When producing the final versionsof the network - assuming that
they are to be manually drawn — aim to have no more than 200 activi-
tiesto a drawing sheet and, in a large project, try to ensure that each
sheet containsa subproject or linked subprojectsif they are small. So
far asis possible, try to ensure that the flow of timeisfrom left to
right across the drawing sheet. Try to avoid arrows which point back-
wardsin time; these are a potent source of logica errors, particularly
between the separate drawing sheets. See also BS 6046: Part 2 Guide
to the use of graphical and estimatingtechniques.

- Alwaysinvolve the person responsiblefor theexecution of that part of
the project in al discussions on drawing the network logic, particu-
larly where difficultiesare likdy to arise. Much of the time needed for
drawing the network is taken up in discussing the logicd interactions
of activitieswhere respongbilitieschange. It isfar better if the planner
can arrange for discussion to take place between the managers.
responsible for the interface than for each to talk separately and
blamethe planner for any problems.

- Alwaysinvolve the person responsiblefor the execution of an activity
in all discussions on setting durations and/or dependency times.
Failureto do so may wdl result in the network being discredited as
impracticd'.

- Duration timesfor activitiesmust be based on the best estimatesfor this
occasion and should be based on normal methods of working unless
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otherwise specified. In collecting resource information no account
should be taken of callson the resources by other activities; it isaways
assumed that the necessary resourceswill be available when required.

It is probable that subsequent anaysis may change the assumption on
availability for some resources, but that should be left to that anadysis
if suchisto be performed.

A problem often occursin assgning a duration to a nove activity. In
such cases it may be useful to break the activity down into more
detail, when it will probably be found that the 'novelty' appliesto a
comparatively small part of the whole activity. This part can then be
discussed in detail with the person responsiblefor its execution and,
sinceit forms only a small part of the whole, any error which still
remainswill bediluted.

Once the network has been drawn and analysed, it isworth rechecking
the durations of critical and near critical activities, particularly in the
early part of the project. Activities with substantial amounts of float
can absorb considerable inaccuracy in duration estimates without
causing problems.

Thereisno'best’ point at which to start a network. Pick any activity,
locateit approximately on the sheet and work from there by asking:

What had to be donebefore this?
What can bedoneafter this?

When drawing the network do not attempt to use the duration times
or any resource information until the network iscomplete. A belief
that such-and-such an activity is bound to becritical or that a resource
isbound to beaconstraintislikely to distort thinking.
Avoid excessve detail. No moredetail should be included than is nec-
essary for the leve of control which is to be exercised in the project.
For example, if progressisto be reviewed weekly, it is pointlessto have
activities whose durations are measured in hours, with many occur-
ring between reviews. There is dways the temptation to include more
detail in the bdlief that it improvesthe ability to control. In practice,
too much detail clogs both thinking and the control sysem. A smple
string of non-branchingactivitieswith similar resource requirements
asin Fig. 20.2can often be ussfully amalgamated, asin Fig. 20.3.
Rules concerning such amalgamations have not been defined, but
threequestionscan usefully be posed in each case

(8) Do separate activitieshave to be specified because of particular
resource usages?

(b) Would an amalgamated activity cover responsibilitiesassignable
to morethan one person?
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Fig. 03

(c) Will the person using the network be able to make sensible deci-
sionsin controlling the activity?

A large network should aways be broken down into subprojects. The
way the breakdown is structured should reflect the control procedures
to beemployed and any work breakdown structure.

Oncea first network has been drawn, check the logic, asfar asis pos-
siblefor the planner, by asking the questions above, namely:

What had to bedone before this?
What can bedone after this?

When using the AoA formalism, always pay specia attention to
‘crossroad’ configurations where numbers of activitiesenter and leave
anode. Thisisavery rich sourceof logical errors.

When using the AoN formalism with multiple dependencies, ensure
that the interactions do represent the situation intended and will be
correctly interpreted by the system being used.

Make sure that all leaving activitiesdo in fact depend on all entering
activities. These situations are a very common source of errors. Make
sure that there are no obviousloops or ‘dangling’ activities unless the
program being used will accept multiple start and finish activities,
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when in such cases the appropriate input data must be supplied.

- When updating any network, either as a result of changes to future
activities, or asa result of progressdata, care must aways be taken to
ensure that any overlap conditions are correctly dealt with. Thisis
particularly true for multi-dependency AoN where the dependency
interactions can be extremely complex. Asdiscussed in Chapter 15,
the use of multiple dependencies should be restricted to the short-
term planning horizon to avoid too many problemsof this nature.

— Do not assign labels (numbers) to the nodes (AoA) or activities(AoN)
until the logic of the plan has been reasonably determined, then
ensure that all arein fact labelled. Most current project management
software will accept al phanumeric identifiers, however, all require
uniquenessin the identifiers. Good practice will help in this respect -
the label should consist of the project number, the sheet number on
which the activity isdrawn and a unique number for that sheet. If the
recommendation of no more than 200 activities to a sheet is followed,
there will be that number as a maximum for an AoN network and
about 180 nodesfor an AoA network. There should be no problemin
keeping that part of the label unique. Do not reuse numbers when
changesare made. A record of thelast used number should be kept.

- It may be necessary to redraw the network to conform to a particular
'house-style' or other required breakdown structure. Asfar as possible
thisshould be consideredin the preparation of the'first' network.

- Enter the project to the system being used, which will carry out a
diagnostic passto trap any errorssuch asloops, etc. Then, havingcor-
rected any errors, carry out the appropriate analyses required on this
occasion — of time, of resources and of costs - and compare,the
results with the objectives ofthe project. This comparison will always
requireeither modification of the project plan (the network) or modi-
fication of the project objectives as being infeasible within 'the
imposed constraints.

- Alwaysstart with the ssmplest possible network since the complexity
of the diagram reflectsthe complexity of the management problem in
controlling the project. Keep detail limited to the short-term planning
horizon, with lessand lessdetail as the plan extendsinto the future. It
isafact of life that projects seldom proceed as originally planned and
that changeswill haveto be made - lessdetail meanslesschanges. The
extra detail should be included as required, as activities enter the
short-term planning period.

5 Preparing plans by other techniques. Bar charts are the only other reason-
able way of preparing plans for anything but the smallest project, where
it can be'dl in themind' but would be better on paper. Bar charts have
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problems when complex logic is required, since the interactions are not
represented, and can cause difficulties, even in simple projects, when
changes are required. That apart, the hints given above for networks
should be studied and, so far as is possible, applied when using bar
charting methods.

REALISATION
Hints on running the project are asfollows:

1 The flow of information. Ensure that information flows freely to and
from the network or other plan. If, for example, something happens
which causes a previoudly critical or near critical activity to acquire
float, or which increases the criticality of an hitherto non-critical activ-
ity, then let that be known to the person concerned.

2 Planningflexibility. No plan should be cast in concrete- it isa tool, and
only a model of how the objective is to be achieved, and should be
treated as such. Changes in circumstances will occur in the best regu-
lated circles, and the plan must be modified to take cognizance of them.
When using networks redrawing them is not a crime, nor isit a problem
if the computer system being used can draw the network.

3 The predictive power of networks. When a problem occurs, use the predic-
tive power of the network to resolveit by carrying out 'what if” exercises
rather than taking time and emotional energy to discover the cause. A
later analysis, possibly post-project, can be used to discover the causes of
problems with a view to preventing them in future projects, and to build
up a database of actual timesfor future common activities.

The predictive power of the network should also be used at every
stage in the project life-cycle to examine potential problem areas and
devise alternative strategies for dealing with such problemsshould they
becomeredl.

4 Progress reporting. Progress should always be reported as quickly and
accurately as possible, but speed is more important than accuracy.
Information now with 10 per cent accuracy is much more useful than
the sameinformation with =2 per cent accuracy next week.

‘Time to complete' is a better statement of progress than percentage
of work completed. Never ask 'Are you on schedule? The answer is
aways'Yes!

5 Progress meetings. The schedule for progress meetings should be part of
the project plan. The frequency of meetings will probably need to
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increase as the project proceeds. Progress meetings should be held on a
routine basis, not just geared to emergencies.

6 Maintain thelog. The project log must be maintained throughout the life
of the project, and must be written up at the time, not later from
memory — whichisall too often at fault. The information in the log will
beinvauablefor thefinal report and for future projects.

TERMINATION

At the end of the project there is seldom an opportunity for the project
team to carry out all the post mortem activities which should be under-
taken - they are off to the next project or back to functional jobs. However,
it should be part of the wind-down to carry out some analysisat least.

In many hardware projects the termination phase will include the han-
dover of the project product to a user. This handover can be a difficult time
for the project manager and the team, as responsibility is progressively
transferred from them to the users. For their own reasons the users may try
- and possibly succeed - to introduce changes and modifications to the
product so that it may fail to achieve the specification or performance
requirements and result in litigation. The project log will be an essential
part of the evidence!

1 Activity records. The records of actual activity times as against planned
times should be examined and, where significant differences occur, the
reasonsshould be written up for future reference.

2 Standard plans. Any 'standard’ networksor bar charts should be stored
for future reference, with the logic amended where necessary. A library
of 'standard’ subproject plans should be built up if possibleto save time
and effort in future projects with similar subprojects. These plans are
'logic only', since the activity times will need to be reassessed on each
new occasion of use.

3 The project log. The'log' of the project should be converted to a report
for the benefit of future projectsof a similar nature. Any aspects of the
project which are likely to form part of any ‘clams must be coveredin
detail; qually any lessons |learned from the project should be properly
written up.
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Two unanswerable questions

Both authors have been asked on many occasions, in academic and industrial
teaching and in consultancy work, two questions to which they have never been
ableto give satisfactory answers. Thesequestionsare:

1 Which isthe best form of network diagram: AoA or AoN?
2 Which isthe best project management program?

It is hoped that the following brief discussion will indicate why the questions
should be difficult to answer in genera terms, and will help others to find answers
appropriate to their circumstances.

Which is the best form of network diagram?

Both authors have had considerableexperiencein the use of both formsof network
diagram. At the outset it must be said that neither has significantadvantage in rep-
resenting the plan - both are equally flexible - and both are in widespread use. A
range of computer programs is available for both, although one author has been
informed that much of the recently released software has been for AoN only.

The availability of softwarefor project management may in many cases force the
decision, although the more sophisticated packages usualy offer both formalismsof
AoA and AoN. Modern softwareis relatively cheap and thisshould not be a problem.

AOCA

Thisform of diagram displaysthe logic of the project more clearly than AoN since
thereisless need to restrict the description of activitiesdue to lack of space, and it is
therefore easier to understand. In general, even with single dependency AoN, there
will be fewer arrowsin an AoA diagram and, when a change of activity duration is
required, only one figure has to be changed. However, when changes to the logic are
required, more changes may be necessary in AoA. The single greatest drawback to
AoA for many is the dummy. This, in the opinion of the authors, is moreimagined
than real, aswith relatively littleexperiencethe difficultiesdisappear.

AoN

Thisform of diagram will be smpler to draw for the beginner as no dummiesare
required. However, in any but a smple situation, the diagram will be more complex
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because of theinteractingdependency arrows. Multipledependenciesalow the repre-
sentation of complex interactions which are very difficult to represent in AoA.
Changesto thelogicof a plan can bemoreeasily accommodatedin AoN, but changes
todurationscan lead to problemswith dependency timeswhich are often forgotten.

Which s the best project management program?

Thisisa question of the same order as'How long is a piece of string?. So much
depends on what kind of project it isto be used for both now and inthefuture. A
relatively simpleinternal project will require very different facilitiesto an externa
major project, or one with a consortium of partners. Although the mgjority of
modern software is available on PCs, some also have mainframe versions, which
may be necessary for someindividual projects, but are more likely to be required
for multi-project situationsin a large organisation.

One of thedifficulties in giving advicein thisfield is the multiplicity of programs
available. One author had a student research project in the late 1980s, which found
that there were some 100 to 150 different programson the market in the UK, rang-
ing from the very simple - nothing more than time analysis - to the very
sophisticated mainframe systems offering a total integration of the project systems
with the company systems. It is, therefore, very much up to the project manager
and the project team to make a decision within the context of the project and the
parent organisation. In any case, any recommendation that could be made at the
timeof writingwould be out of date before publication!
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Questions

The first twenty questionsare concerned with the management aspects of the disci-
pline of project management, for which there can be no absolute answers, so that
none are provided in the Instructor's manual which is obtainable by teachers on
demand from the publishers The materia presented in thefirst ten chaptersplusan
understanding of the remainder of the text is necessary and, in addition, theinter-
pretation put on the material by the teacher (lecturer) will influencethe answers.

The remaining questions all follow broadly the same form, namely some text
indicatesthe procedure, followed by a list of activities. In most, but not al, dura-
tion timesare provided.

It issuggested that after reading the chaptersconcerned with the drawing of net-
works the reader should sketch the network implicit in each question, ignoring
duration times The logic of the sketch should then be checked against the model
answers provided in the tutor's manual. It is further suggested that the reader
should attempt to produce both AoA and AoN networksto ensure a full under-
standing of the procedures

When the reader is satisfied that he or she can draw a network, the chapters on
analysing a network should be studied, and when understood, duration times
applied to the sketches and an analysis carried out. This analysis can then be
checked against the model answer. Note: Use a pencil on large sheets of paper, and
keep an eraser handy when drawing networks.

The authors have found that, whenever a difficulty in analysis arises, it can
invariably be resolved by drawing a bar (Gantt) chart. Even if the question does not
ask for abar chart it will befound rewardingto draw one.

No general resourceallocation problemsare provided. Thisisfor two reasons:
first, decision rule techniques- the most commonly used methods of resourceallo-
cation - do not necessarily provide unique answers unless the rules are specified -
and therefore the student's answer may differ from theauthors, yet both be equaly
valid. Second, manual resourceallocation is tediousin the extremeand very few
students have the persistence to ‘follow through' a resource problem. This having
been said, students interested in the topic are recommended to apply arbitrarily
resourcesto problems, and draw the resultant histogramsin the 'earliest start' and
latest start' positions

Questions 39 and 40 are specificaly intended to illustrate precedence network-
ing. Question 39 is capable of being solved by any system of networking; Question
40 isa precedence network containing all relationshipsfor analysis
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Question 1

Discuss the problems of introducing project management asa disciplinein relation
to the main forms of structure which occur in functional, process and service
organisations.

Question 2

Discuss the tools and techniqueswhich are availableto project management in the
context of the environment of projectsand the objectiveswhich you see as likely in
those environmentsfor a client or contractor.

Question 3

Discuss, giving small examples to illustrate your answer, how and why a work
breakdown structure should be constructed for a project and the use that can be
made of it in the managementof the project.

Question 4

Obtaining resourcesfor individual projectsis a problem in manufacturing and ser-
vice industries. Discuss why this should be so and suggest how you might attempt
to resolve the problem from a project viewpoint in a highly functionally structured
organisation.

Question5

Describe from your own experienceor from your imagination a project, explaining
clearly why you consider it to be a project.

Question 6

What is a matrix organisation, and why isit often appropriate for the governance
of aproject?

Question7

Discussthe problemsencountered in a project if adual reporting systemisset up.

Question 8

A project may be said to have a semi-autonomous management. What is meant by
this?

Question9

What are the minimum characteristicsof agood plan?
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Question 10

Why should strategic plans be set before tactical plans? In your answer make sure
that you explain the difference between the two categoriesof plan.

Question 11

'One man's strategy is another man's tactics.' Discuss.

Question12

Discussand explain the five quality conceptsof project management.

Question 13

'Procurement is buying. Buying is not procurement.’ Discuss.

Question 14

What ismeant by a risk? How doesit differ from a hazard?Give examples.

Question 15
Suggest areas of a project where risk may befound.

Question 16

"The timefor carrying out a project can aways be reduced by throwing resourcesat
it." Discuss.

Question 17

Two tasks A and B require24 and 36 unitsof timefor their execution. They areini-
tially planned to becarried out in sequence, A preceding B. The total timefor these
two tasks to be completed in is 60 units of time. Show graphically how these two
tasks may be overlapped to reducethe timeto 48 unitsof time, and discuss:

(@) the managerial;and
(b) the resource utilisation consequences.

Question 18

A project manager with a project planned to have a TPT of 1000 days findsthat,
after running for 250 days, the planned activities which were completed should
have taken 220 days. Calculate the current schedule performance index, and,
assuming no significantchangein performance, the current estimated timedip.
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Question 19

Part-way through a project the costs recorded by the project accountant and the
parent company accountant differ considerably. Discuss possible reasonsfor this.

Question 20

Three monthsinto a project the project accountant reports that, while the original
budget for that date showed that £75000 should have been spent, only £60000 are
committed. Discuss possiblereasonsfor this.

Question 21: Four parts from three machines

In the manufacture of a piece of apparatus, the final assembly (which hasto be
tested by a pieceof specially made test gear) is made up from two items:

(1) Component D.
(2) A second assembly of parts.

The second assembly in turn is made up from two items:

(1) Component C.
(2) A firstassembly.

and thefirst assembly is made up from two parts:

(1) Component A.
(2) Component B.

To manufacture these components specia machinesmust be obtained asfollows:

First machine  producescomponent A
Second machine producescomponent B
Third machine  producescomponents Cand D

Each component is tested beforeit is assembled with another component or item,
but test gear can be assumed to be availablefor al testing except final testing where
special test gear hasto be made. Thedesign of thisspecia test gear isknown at the
outset of thewhole project. The activitiesinvolved in the project are;

Activities involved Duration
(days)

Obtain first machine
Obtain second machine
Obtain third machine
Make component A
Make component B
Make component C
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Activities involved Duration
(days)

Makefinal test gear
Test component A
Test component B

Test component C
Makefirst assembly
Test final assembly
Makecomponent D
Test component D

M ake second assembly
Makefinal assembly

Quedtions

Now answer the followingquestions.

(21.1) Prepare a schedule showing the times when the various activities must be
carried out in order that the total project can be completed in the mini-

mum time.
(21.2) Draw a bar chart for the project.

Question 22: The ATC tower

An air traffic control (ATC) tower utilisesan ATC consolewhich, though standard
in terms of mechanical design and inputloutput panels, has to be electrically
designed to meet the needs of the particular airfield. The activitiesinvolved in

building and equipping an ATC tower are;

Activities involved Duration
(weeks)

Designconsole

Order console

Makeand deliver console

Install console

Operationally test console

Design tower

Designfoundations

Order foundations material

Deliver foundations material
Construct foundations

Order tower constructional material
Deliver tower constructional material
Erect tower
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Questions
Now answer the followingquestions.

(22.1) What is the minimum time that must elapse between the receipt of a 'letter
of intent' (i.e. a purchased order) for a fully equipped tower and the *hand-
over' date (i.e. the tower being fully equipped with tested material)?

(22.2) What would be the effect of adelay in thedesigning of the tower of:
(@ | week?
(b) 2weeks?

(c) 3weeks?
(d) 5weeks?

(22.3) What action, if any, appears desirableif 10 weeks after receipt of the letter
of intent the followingactivitiesare complete:

Designconsole  Design tower
Order console  Order tower constructional material

and thefollowingactivitiesare started but not yet complete:

'Make and deliver consol€' requiring 11 weeks more work.
‘Deliver tower constructional material' requiring 2 weeks more work.

and no other activitiesare yet started?

(22.4) What savingin time, if any, would have resulted if a completely standard
console had been used and the tower designed to match it so that the follow-

ing times had been obtained:
Designconsole 1 week Makeand deliver console 8 weeks
Order console 2 weeks Design tower 8 weeks

al other timesremainingasin the tableabove?

Question 23;: The telescopic gun-sight

(An exercise suggested by a publication of the Industrial Operations Unit of the
Department of Scientificand Industrial Research entitled 'Application of Critical
Path Method of Scheduling: A Demonstration’. The modificationsto the DSIR report
areso greet that the exercisecan now beconsidered to be completely fictitious)

A manufacturer has a telescopic gun-sight assembly that he makesup only upon
receipt of a firm order from a customer. The design of this gun-sight is completely
stable, and no deviations from the standard product are ever accepted, with the
result that al drawings, toolsand production aids are aways available.

The parts used in the assembly can be considered to beasfollows:

(1) Tube (6) Washer.
(2) Eyepiece (7) Spring.
(3) Lensholder.  (8) Screw.
(4) Locknut. (9) Lens
(5) Lensnut.
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Parts 1-5 were manufactured internally after purchase of theinitial raw material
(aluminium) and were sent outside for finishing (anodizing). Parts 6-9 were bought
complete, ready for assembly, from outside suppliers.

Upon receipt of a firm order, an internal worksorder is raised, which initiates
al activity. The relevant drawingsare then extracted from the drawing library and
copies sent to the appropriate departments. Having received the drawings, the
material control section scans its records and raises purchase requisitions, which
are forwarded to the purchasing department. Purchase orders are then made out
and once material sare received they areinspected and passed either to the machine
shop (in the case of raw material) or to the final assembly department. Once all
parts are available in the final assembly department, they are assembled into the
completed gun-sight, which is then inspected, packed and eventually dispatched to
the customer. A list of operationsfollows:

Operation Duration
(days)

Raiseworksorder

Extract and circulate drawings
Rai se purchase requisitions
Prepare production paperwork
I ssue production paperwork
Place purchaseorders

Piece part toolswithdrawn from store
Final assembly tools withdrawn from store
Raw material delivered

Part 6 ddlivered

Part 7 delivered

Part 8 ddlivered

Part 9 ddlivered

Part 1 machined

Part 2 machined

Part 3 machined

Part 4 machined

Part 5 machined

Inspect part 1 beforefinishing
Inspect part 1 after finishing
Inspect part 2 beforefinishing
Inspect part 2 after finishing
Inspect part 3 beforefinishing
Inspect part 3 after finishing
Inspect part 4 beforefinishing
Inspect part 4 after finishing
Inspect part 5 beforefinishing
Inspect part 5 after finishing
Inspect part 6

Inspect part 7

Inspect part 8
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Operation Duration
(days)

Inspect part 9

Anodize part 1

Anodize part 2

Anodizepart 3

Anodizepart 4

Anodizepart 5

Raw material inspected

Final assembly

Final inspection

Pack

Digpatch

Questions
Now answer thefollowing questions.

(23.1) A firmorder isrecaived on Monday, 30 December, and work isimmediately
put in train.

() What istheearliest date by which ddivery can be completed?

(i) Past experience has shown that the ingpection in the machine shop has
proved a bottleneck. What could be doneto dlow oneinspector to do dl
the machine shop inspection without delaying thecompletion of thejob?

(iii) Assume that parts 1 and 2 are made on machine A, parts 4 and 5 on
machine B, and that only one machine A and one machine B are avall-
able, what could be done to dlow one ingpector to do al the machine
shop inspection without delaying the completion of the job? (Assume
no limitation on availahility of the machineto make part 3.)

(23.2) Assuming that there are no resourcelimitationsand no changesin duration
time and/or logic are made in the manufacture of the gun-sight, examine the
situation that would exist if, 20 days after the receipt of the customer's
order, thefollowing operations had been completed asearly as possble:

raiseworksorder,

extract and circulatedrawings,
prepareproduction paperwork,
issue production paperwork,
issue piece part tools,
issuefinal assembly tools,

raise purchase requisitions,
place purchaseorders,

and it was understood that the time for delivery of rav materials would be
increased from 4 days to 14 days, and that ddivery of part 7 would increase from

24 to 26 days. All other operationswereexpected to be performedin the timesorig-
indly estimated.
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(33) Bdievingthat the overal timefrom receipt of the customer's order to dis-
patching the finished goods was too great, the general manager invited
suggestions for reducing this time. He specified that the cost was not an
important consideration in this case, and that capital expenditurecould be
tolerated providingthat reductionin total timecould be demonstrated.

He received the following suggestions:

(i)

(ii)

(iii)

(iv)

v)

(vi)

From the material control section: hold bigger stocks of raw material
so that machining could start by withdrawing material from stores
rather than obtaining it from an outside supplier.

From the production manager: purchase a piece of equipment for
£4 000 that would enable part 6 to be made internally in 4 days and
another piece of equipment for £3 000 that would enable part 7 to be
made internally in 5 days. Inspection time would not be reduced on
either part.

From the office manager purchase a more efficient office duplicator
that would enable all the works orders to be raised in 1 day. The cost
of thisequipment would be of the order of £350.

From the chief inspector abandon the pre-finishing inspection for the
machined parts (parts 1-5) but increase the scopeof the post-finishing
inspection. This would double the time for the post-finishinginspec-
tion and increase the risk that defective parts were finished. The chief
inspector stated that thisrisk was very smdl.

From the foreman of machine shop 3: permit overtime working for
machineshop 3 in order to reduce the machiningtime from 12 work-
ing daysto 10 workingdays

From the chief draughtsman: purchasean electricaly operated printing
machine to enable the time for the extraction of drawings to be
reduced from 4 daysto 3 days. Cost estimated to be £450.

(vii) From the production controller purchase a new duplicating machine

(cost £100) to reduce the time for raising production paperwork by
one half

(viii) From the buyer part 9 can be obtained from a different source at an

increased cost but with a ddlivery timeof 20days
Evaluatethe above suggestions

Question 24: Nine phrases

Sketch the following nine 'phrases. Sincethey form parts of complete networks,
they are not necessarily completein themselves, that is, they do not start from, nor
do they finishon, asingleevent.

(i) TaskKdependson tasksA and B.

(i) TeskKandtask L dependon tasksA and B.

(iii) Task K dependson tasks A and B and task L dependsonly on task B.

(iv) Task K dependsonly ontask A, but task L dependson both tasks A and B.
(v) Task K depends on tasksA and C, and task L dependson tasksBand C.



258 Project management and project network techniques

(vi) Task Kdependson tasks A and C, task L dependson tasks B and Cand task
M dependsonly on task C

(vii) Task K dependson task A, task L dependson task B, and task M depends on
tasks A,Band C.

(viii) Task K depends on task A, task L depends on tasks A and B, and task M
dependson tasksBand C.

(ix) Task K dependson task A, task L depends on tasks A and B, and task M
dependson tasks A, Band C.

Question 25: Excavate ~ shutter = pour

Foundations are to beexcavated, and shuttering erected to receive poured concrete.
The threeactivitiestake the followingtimes:.

Activities involved Duration
(days)

Excavate foundations
Erect shuttering
Pour concrete

If the three activities are carried out in sequence, each activity being completed
before its successor is started, the total time for the project will be 54 days. To
reduce thisit isdecided to start shuttering when only part of the excavatingiscom-
plete, and pouring when only part of the shuttering is complete. Draw the arrow
diagramsfor the situations when work on a successor starts:

(i) after one-half
(i) after one-third
(iii) after one-quarter

of a predecessor is complete. Assume that only one excavating gang, one shuttering
gang and one pouring gang are available, and that these gangs must not be split.
Calculate the total timesfor (i), (ii) and (iii) and then expressthem as a percentage
of theoriginal total time of 54 days. .

~

Questions 26: Draw —trace ~ print

In the preparation of aset of drawings the followingactivities occur:

Activities involved Duration
(weeks)

Draw 12

Trace 8

Print 4
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The chief draughtsman is prepared to release drawingsto the tracers after 2 weeks,
and thetracerswill release drawingsto the print room after 1 week. Sketch the net-
work for thissituation.

Question 27: Network V
Draw the network represented by:

Activity Precedes Duration

START

rXIONMMO

FINISH

Analyzethis network and draw a bar chart.

Question 28: Overhauling delivery lodes

A fleet of three delivery lorriesare overhauled each week. The practiceis that Joe,
the sole mechanic, overhaulsa lorry, and then Fred, the sole garage-hand, cleans
and polishesthat lorry.

Thereare threelorries, A, B and C, and they are processed in that order.

Sketch the network for the above situation. Usethe following activities:

Overhaul A Clean and polish A
Overhaul B Cleanand polish B
Overhaul C Cleanand polish C

Question 29: A new machine
Draw the network for thefollowing:

A new machineis needed for which budget approval is required. The useof the new
machine necessitates employing a new operator who must be specially trained,
using a training manual and some special equipment that is delivered with the
machine. The training itself does not depend upon the new machine being installed
and working. Once the machineisingtalled and the operator istrained, production
can proceed.
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Activitiesinvolved

Obtain budget approval
Obtain machine

Install machine
Hireoperator

Train operator
Production of goods

Question 30: The machine tool overhaul
Draw the network for thefollowing situation:

Within a factory there are three machine tools that have to be removed from their
bases, modified and then reinstalled on the same bases. Assume that thereis only
one heavy gang to undertake the initial moving, only one fitter capable of carrying
out the modifications, and only one gang of millwrightscapable of reinstalling the
machines.

Activitiesinvolved

Removefirst machine
Remove second machine
Removethird machine
Modify first machine
Modify second machine
Modify third machine
Install first machine
Install second machine
Install third machine

Question 31: 'The rubblefill ...’
(Courtesy of Building Research Station)
Draw the network for the following situation:

The rubble fill cannot be started until the brickwork below d.p.c., the drainage
under the building and the mainlaying under the building are finished. The com-
pletion of the drainage will follow after the drainage under the building and the
external mainlaying will follow the mainlaying under the building. The external
paving must be laid after the external mainlaying and the brickwork below d.p.c.
The completion of the drainage and the external mainlaying must be finished
beforetheinternal servi ces
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Activitiesinvolved

Start internal services

Finish drainage under the building
Finish brickwork below d.p.c.

Finish mainlaying under the building
Completedrains

Completeexternal mainlaying

Lay external paving

Install internal services

Fill with rubble

Question 32: The stock-taking

Within a small neighbourhood department store there are three sections in the
shoedepartment:

(1) Mens
(2) Women's
(3) Children's.

Therearethreestaff:

(1) Ajunior.
(2) A management trainee.
(3) A manager.

The manager hasto have a stock-takeand decidesto do it asfollows:

(1) Thejunior will removestock, clean fixturesthoroughly and replace stock con-
veniently for stock-taking, not being considered experienced enough to do
more than this.

(2) Themanagement traineewill then count and record the stock.

(3) Themanager will sample check the trainee's stock-take.

It isdecided to carry out the work section by section, starting with the men's sec-
tion, following with the women's and finishing with thechildren's section.
Draw the network for the above, consideringonly thefollowing activities:

Removeand clean men's stock
Removeand clean women's stock
Removeand clean children's stock
Carry out men's stock-check
Carry out women's stock-check
Carry out children's stock-check
Check men's stock-take

Check women's stock-take

Check children's stock-take
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Question 33: Network W

The logicd relationships, duration times and resource requirements for the activi-
tiesof a project are:

Activity Precedes Duration Resources
activity X Y

Opening

MmO

Closing

(1) Draw the network for theaboveand analyseit fully.

(2) Draw thebar chartsfor the'earliest start' and 'latest start' situations.

(3) Aggregatethe resourcesfor the'earliest start' and 'latest start' situations
(4) Draw thetwo cumulativerequirement curvesfor each resource.

(5) Suggest thelikdy minimum constant leve requirement for each resource.

Question 34: Network X
Thelogical relationshipsand duration timesfor the activitiesof a project are:

Activity Precedes Duration

activities

Opening

D

E

F

G

H

J

K
Closing 4

Draw the network for the aboveand anadyseit.
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Question 35: Network Y
Thelogica relationshipsand duration timesfor theactivitiesof a project are:

Activity Precedes Duration
A H L 43
B J L 40
Opening C K L 16
D LM 37
E L N 0
X TY 2
Acrasswholeproject Z _ 165
H P 0
J Q 2
K R 40
L PQRST 2
M S 70
N T 62
P _ 45
9 — 60
Close — 70
S — 35
T _ 45
Y — 0
Draw and anadysethe network.

Question 36: The pre-production models

In the pre-production stages of the manufacturing of a piece of equipment that
containsboth eectrica and mechanicd parts, thefollowing procedureiscarried out:

The specification is agreed, after which the design department makesa proto-
typefor approval, by thesaesdepartment. This prototypeisin aform final enough
for the later detailed mechanical and electrical design work to proceed indepen-
dently. Once the detailed design work is complete, further sets of both electrical
and mechanica parts are made which are then assembled together to form a series
of complete pre-production models (PPMs).

Note: the PPMs require both e ectrical and mechanical parts.

Enough PPMsare made for dectrical and mechanical provingteststo becarried
out independently, although both provingtestsrequirespecial test gear to be made.
Themanufactureof thistest gear can be undertaken once the detailed devel opment
iscomplete. Electrical and mechanica proving tests having been completed, afind
approval isgiven that enablesmaterialsto be ordered and production equipment to
be made. Oncedl the material and production equipment isto hand, manufacture
can start.
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Activitiesinvolved Duration
(days)

Agreespecification

Make prototype

Prototypeapproved

Detailed mechanicd design
Detailed e ectricd design

Make mechanica partsfor PPMs
Make dlectrical partsfor PPMs
Make mechanical test gear
Make€dectrical test gear

Make pre-production models (PPMs)
Electrica provingtest PPMs
Mechanica proving test PPMs
Final approval given

Make productionequipment
Obtain production materia
Manufacture

Questions
Answer thefollowingquestions

(36.1) Draw the network.

(36.2) Analyse the network.

(36.3) Trandatethenetwork into a bar chart..

(364) Lig thoseactivitieswhich, 35 daysafter work has started must:

(&) havebeen finished
(b) have been started

if thetotal project timeisnot to beincreased.

Question 37: The storage heater

A Derbyshirefireclay manufacturer has obtained the manufacturing and selling
rightsof a new storage hester that will utilise some of hisown products. It has been
decided that initidly the heater will be sold only in the London area, since this rep-
resentsthe largest concentrated market, and transport to London will be by rail
since the company hasits own ralway sdings, but the actual volume of heatersto
be offered will only be determined after a market survey. This survey will not
requirethe presenceof any sample heaters In order to obtain the rightsto the new
heater, the Derbyshire manufacturer undertook to market the heater, but the
market price vas not fixed by the German company, and had to be determined by
local conditions
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Manufactureof ‘first batch

Although the design iscomplete, a number of modelswill need to be madefor test
and approval by both the sdles and manufacturing departments Only after these
approvals have been obtained, the market survey has been carried out, and a deci-
sion on volume has been made, will the production equipment and material be
obtained. The heater itsalf, though inexpensive, is fragile, and specia 'immediate

packing will need to be designed, this packing later forming part of the retailer's
point-of-salesdigplay. Within this packing will be an ‘operating and installation’

leflet, which can only be prepared after theapprova of the samples The design of
the packing itsdlf can start oncesamplesareavailable, but it need not wait upon the
testing and approval by either the salesor the production departments since any
modificationsto the heater asa result of salesand manufacturingapprova are not
likely to affect the design of the packing. The cost of packing will be inggnificant
in relation to the cost of the heater. The production costs can only be extracted for
pricing purposes after thefirgt batch has been made.

Transport

Transport from the manufacturer's factory sidingsin Derbyshireto the retail shops
in London will be provided by British Railways, who will provide specia containers
into which numbersof the packed heaters can be loaded at the factory. Thesefilled
containerswill belifted from the factory sidingson to thetrains, and thencetaken
to British Railways wharves at a suitable North London depot. From these
wharves British Railways vans will distributeto the London shops It is expected
that both the sidingsand the wharveswill need to be modified in order that the
goodscan be handled most effectively.
A substantial part of the cost of modifying the British Railways wharves will

have to be borne by the manufacturer, and thus the total transport costs can be
assumed to consigt of two parts:

(1) Thecostsof modifyingthewharves

(2) Thecost of moving the heatersfrom the worksto the shops (the 'handling'
costs).

Any chargesincurred in modifying the works sidingswill be capitalised by the
company and not directly incorporatedin the selling priceof the hegter.

Asthere are a number of apparently suitable wharvesin North London, and a
number of aternativeroutes, atest run will becarried out. Thiswill check:

(1) Therail routefrom Derbyshire to L ondon.
(2) Thesuitability of the proposed wharves.
(3) Thesuitabilityof the British Railways container.

Before carrying out the test-run, therefore, British Railways need to survey the
wharvesand obtain a suitable samplecontainer into which sample heaterscan be
loaded. For thispurpose, only temporary immediate packing, of a typereadily avail-
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able isnecessary, and neither sidingsnor wharvesneed to be modified, the contain-
ers being 'man-handled’ on and off the train. However, once the wharves have been
modified it will be necessary to train the wharf staff in their operation. No such
training is needed for thefactory staff who will work at thefactory sidings

Marketing

Once the salesdepartment has approved the sample heaters, and the volume has
been determined by the market survey, the sales campaign can be prepared. No
further sales activity can be undertaken, however, until the campaign and its
budget have been approved. This approval will include a statement of the market-
ing cost, and this, together with the production and transport cost, can be used in
the derivationof thefinal selling price. Thefina agreement of salesoutlets depends
upon the setting of the selling price. Salestaff are trained after the salescampaign
has been agreed, and their training will involve some of the sample heaters Once
trained they can take orders for heatersfrom the shops (that is, they can 'sdl-in).
Distribution of the heatersfrom the North London wharvescan follow thereafter.

Advertising will take the form of 'photograph + text' advertisementsin maga-
zines and the advertising can only be finalised when the salling price, the artwork
and thetext are available. No advertising will take place until all distribution from
wharvesto shops has been completed.

Pricing
Thefinal selling pricewill be determined after:

(1) Thetotal transport costsareagreed.
(2) Thecost of producingthefirst batch isknown.
(3) Thesaesbudget isapproved.

Activitiesinvolved Duration
(days)

Carry out market survey

Producesamplessufficient for all tests

Arrangeand hold first meeting with British Railways
Survey wharves

Obtain estimatefor modificationto wharves
Agreeestimatefor modification to wharves

Modify wharves

British Railwaysobtain samplecontainer
Arrangetest run fromworksto wharves

Carry out test run

Agreepricewith British Railwaysfor handlingfrom
worksto shops (handling costs)

Sign contract for modifying wharves

Agreetotal transport costs
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Activitiesinvolved Duration
(days)

Obtain railway containers

Modify sidingsfor easy loading from theworksto train

Train wharf staff

Production departmentsagree sample heater

Sdesdepartmentsagree sample heater

Design packing

Obtain quotation for packing

Salesdepartment approve packing

Production department gpprove packing

Obtain packing

Obtain production materia sand equipment

Producefirgt batch

Agreedling price

Peck first batch

British Ralwayscollect first batch from worksand
send to wharves

Agreeretail outlets

Callect from wharves and send to shops

Advertise'In your shops now

Extract production costs

Preparesalescampaign

Agree salescampaign and budget

Train sdesgtaff

Take ordersfrom shops('sdl-in)

Prepareadvertisingartwork

Prepare advertisingtext

Book advertisingspace

Finalissadvertising

Send samplehegtersto British Ralwaysfor test run

Prepare operating and installationinstructions

Questions
Now answer the following questions

(37.1) What istheshortest possibletimethat can € gpse between thestarting of the
whole project (that is, the decision to market the heatersin London) and its
completion (that is, advertised heatersbeing availablein the shops)?

(37.2) Oncestarted, it isfound that the market survey will take at least 21 daysto
becompleted. What effectwill this have?

(37.3) The buyer reports that for an increased price he can obtain packing in 5
days rather than the 10 he had previoudy specified and astime is essentia
he requeststhat he be alowed to purchase the more expensive packing.
What decision would you recommend the manufacturer to take?
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(37.4) Thechairman of thecommitteethat isto meet to agreethe total transport
costs catchesinfluenzaand the meeting of the committeeis postponed for 5
days What isthe effect of this?

(37.5) By working over two weekendsthe production manager managesto make
thefirst batchin 10days By how much will thetotal timefor the wholepro-
ject be reduced?

(37.6) Owing to pressure of work, the chief of the railways supplies department
findsit difficult (though not impossible) to obtain the special containers
needed for the heaters in the 15 days he had originally quoted. What
increasein time, if any, can be permitted?

(37.7) What activities must be completed 40 working days after the start of the
whole project?

(37.8) Assumingthat it isnow 50 daysafter 'project-gtart', you learn that thecopy
writer preparing the operating and installation instructionswill not com-
plete histask for another 20 days What istheeffect of this?

(37.9) Draw a bar chart representing the activitiesof the salesdepartment oncethe
sales budget has been approved, assuming that the advertising 'In your
shops now' iscompleted by theend of Monday, 3rd October.

Activitiesinvolved
Agreesdling price
Agreesalesoutlets

'Sl in

Collection from wharvesand send to shops
Advertise'In your shops now'
Train salesstaff

Prepare advertisingartwork
Finalise advertising

Prepare advertising text

Book advertising space

Note The diagram for thisquestion is particularly involved. It is suggested that
readersdivide the activitiesinto their responsibility areas—trangport activities, gen-
eral and manufacturing activities and marketing activities—and then draw three
separate networkscorresponding to these three areas, indicating (for example, by
means of double nodesor double arrows) which eventsor activitiesarecommon to
two or more networks. Once these three networks have been drawn they can be
amalgamated into onefinal network. Thisisknown asinterfacing and corresponds
to the red-life situation where separate departments (in thiscase the transport, fac-
tory and marketing departments) draw diagramsindependently and these are then
amalgamated by the general manager.
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Question B The petrol Sation

A site with appropriate planning permission, has been obtained for a small petrol
station. Thiswill consist, essentidly, of two idands, one (the sdlesidand) carrying
the cash office and the pumps, and the other (the office island) carrying the man-
ager's office, public toiletsand an air compressor. Adjacent to the sdlesidand will
be a concrete pit which will house the storagetanksfor the petrol (Fig. Q38). The
pit and the rest of the site (with the exception, of course, of the two idands) iscov-
ered with a concrete hardstanding slab and surrounded by a low perimeter wall.
Specific planning and design pointsare detailed bdow.

Fig. Q38 The petrol station

Services

Adequate main water and main drainage servicesare availableimmediately adja-
cent to the site so that no specia provison must be made for these beyond laying
them to such locations on the site as appropriate. Thereis no electricity on or near
the site and the Electricity Board has undertaken to install an dectrical supply in
theform of atransformer located in acomer of theste.

Petrol pumps

These need to be obtained from the manufacturers,and after being erected on the
sdlesidand they are connected to the storage tanks and the power supply. Before
use they must be ingpected by the local authority to ensure safety and-compliance
with regulations
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Storage tanks

These are housed in concrete pits and covered by the hard-standing dab. Before
they are covered however, the tanks and the associated pipe-work have to be
inspected by the local authority.

Manager's office

The manager's office furnishingswill includea safe, for the custody of overnight tak-
ings Theinsurancecompany insiststhat the office isefficiently burglar-alarmed; once
these alarms are ingtalled the insurance company will inspect them. The alarms are
powered by main eectricity. All furnishingsfor the officeand toilets must be specialy
obtained and, when ddlivered, must be stored under cover to avoid weather damage.
Some furnishingsare 'built in' and, therefore, require painting when in position.

'Freeair’ supply

Compressed air for inflating tyres will be supplied by an electrically driven com-
pressor, the receiver of which must be inspected by a competent person before the
compressor is put into use. The air linesto the 'free air' points are installed with
the general underground services, and the points themselvesare mounted on the
perimeter wall.

Approach road signs

To advertisethe petrol station, signswill be erected on the approach roads. Sitesfor
these signs have not been negotiated in detail, although some surveys work has
been done, but actual site negotiation will not start until the project asa wholeis
started. It isexpected that the signswill be in portion by the time that the petrol
station isready for use by the public.

Possesson and release of site

Beforeany work can start on the site, a mobilehut iserected to store toois, furnish-
ings any weatherprone parts, and to act as the site office. The installation of this
hut, along with any other preparatory work is known as 'taking possession'.
Similarly, when work on the site is complete, the hut, which has been moved as
appropriate, isremoved, and all scaffolding and plant taken avay. Thisis known as
‘cleaning up thegte.

Duration
Activitiesinvolved (weeks)

Excavatefor salesidand base
Construct salesidand base
Construct cash office

Obtain pumps

Erect pumps

Connect pumps

I nspector approvespump installation
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Activitiesinvolved Duration
(weeks)

Obtain office furnishings

Paint and furnish office and toilets
Connect office and toilet lighting
Excavatefor office idand

Construct office isand base

Build offices and toiletsincluding al services
Install buglar alarm

Connect up burglar dlarm

I nsurancecompany inspects burglar alarm
Electricity board install stransformer
Connect mainscableto transformer
Install arealighting

Take possession

Set-out and levd site

Excavatefor, and lay, dl underground services
Excavatefor pipe-work and tanks
Construct concrete pit

Install pipe-work and tanks

Obtain pipe-work and tanks

Obtain compressor

Install compressor

Connect power to compressor

Competent person testscompressor
Backfill and cover tanks

Construct concrete hardstanding
Consgtruct perimeter wal includingair points
Connect up air points

Cleanup site

Obtain approach road signs
Negotiatesitesfor approach road signs
Erect approach road signs

I nspector approves pipe-work and tanks

Questions
Now answer thefollowingquestions

(38.1) Draw and anadysethe network that representsthe construction of the petrol
station.

(38.2) Of the activitieslisted, four involve excavation. Assuming that only one
mechanica excavator was available, suggest a possible sequencein which the
four excavation activitiescan be performed.

(38.3) List thoseactivitiesthat must be completed by wesk 12 after thestart of the
wholetask if thetotal timefor thetask isnot to exceed 20 weeks
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(384) Whatistheeffect of adeay of:

(@) 1 wek

(b) 2weeks

() 3weks

in ‘taking possession’ of thesite?

(385) Thecontractor proposesto use one gang to carry out the work of ‘construct
salesidand base' 'congtruct officeidand base’ and ‘construct concrete hard-
gstanding'. In order that the gang concerned iskept fully employed and on site
for the shortest possible time, when should the above activities be started?

Question 39: The new CPU

(Derived from IBM’s ‘System/360 Project Control System: A pplication Description’
H20-0222-0-modified version of example of precedence diagramming and used
with their permission.)

It isdecided to develop a new CPU, and in discussionat a preliminary planning
mesting it is agreed that the following activitiesare involved in preparinga firm
plan for approval by the CPU manager involved.

Activitiesinvolved Duration
(days)

Developinitia plan

Prepareinitia data

Key-punchinitial data

Initial computer run

Refine plan asa result of initial computer run
Prepare revised data derived from refined plan
Key-punch revised data

Revised computer run

Derivefirm plan asaresult of revised computer run
CPU manager agreesfirm plan

If theseactivitieswerecarried out gtrictly ‘'end-toend' thetime required would be 30
days and it wasfet that thiswasexcessve, and a second preliminary planning meet-
ing was convened. At thisit was agreed that thetotal time for the project could be
reduced by starting some activitiesbeforetheir predecessorswerecomplete:

(1) Initial data preparation could start 3 days after the start of the initial plan
devel opment, these two activitiesfinishing at substantially the sametime.

(2) Key-punchinginitial data could start after 1 day of initial data preparation,
but it would require at least haf a day after the finish of data preparation for
itscompletion.

(3) Revised data preparation could start when half the refined plan iscomplete
and the two activitiescould finish substantially together.

(4) Key-punchingrevised datacould start as soon asthe preparation of the revised
datastarted, the two activitiesfinishing s multaneoudy.

Sketchthe network for thissituation and analyse it.
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(Helpful hint-draw the'end-to-end' situationfirst and from thisdraw a modified
network.)

Question 40: An exericise in multiple dependencies
Analyse the network shown in Fig. Q.40 and draw theappropriatebar chart.

‘ 6
on

I =" H

10
Fig. Q40

Question 41: A costing exercise

Given the project data shown in Table Q41.1 draw a diagram for the project and
fully analyse it.

Table Q41.1 Activity data

Activity Duration (Weeks) Cost £000s Precedence

WhereA<B, C, D meansthat activity A precedesactivitiesB, Cand D.
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Table Q41.2 Reported data

Week Activities Duration Cost £000s
Planned Actual Planned Actual
to date to date

If all activitiesexcept activity B, the start of which must be delayed until 8 weeks
after thecompletion of activity A, can be scheduled at their earliest start times,
obtainacost curvefor the project asplanned.
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At stagesin thelife of the project, progressand cost information is reported as
shown in Table442.2. Given thisinformation prepare predictionsat weeks 32 and
56 of thelikely final cost and duration of the project.

Question 42: The free-standing garage

A free-standing garage, for which all materialsare available, isto be erected on a
vacant sitewhich will need to be set out, cleared and fenced. The perimeter is suffi-
ciently leved and clear for fencingto be carried out once the siteis set out. The only
servicesto be supplied are drainage and water, the main services for both of which
areimmediately adjacent to the proposed siteentrance.

Thedrive, of concreteon hardcore, opensinto a forecourt to be used for car-wash-
ing, so thedrain risesinto the centre, and the standpipeand tap are at theside of this
forecourt. The drain and water pipesare to belaid in a trench near enough to the
driveto requirethat the trench be backfilled beforethe hardcore islaid for thedrive.

The garage stands on a concrete on hardcore dab, thisdab and the drive being
constructed separately. Windows are inserted during building, but the door posts
and lintel are fixed after bricklaying isfinished. Doors and windowsare glazed
when in position, and gutters, rain-water pipes, window frames and doors require
painting. Painting and glazing may proceed as required without risk of interfer-
ence, so that, for example, there is no need to delay painting the door until the
gutter and rain-water pipesarefixed. The garageisnot handed over until the siteis
cleared up.

Estimated duration
Activitiesinvolved (days)

Set out

Clear site

Fencesite

Creosotefence
Excavatetrenchfor pipes
Lay water pipe

Erect stand pipe, tap, etc.
Lay drain

Backfill trench
Excavateforecourtand drive
Hardcore to forecourt and drive
Shutter forecourtand drive
Concreteforecourt and drive
Strike shuttering
Excavategaragesiab
Hardcore to dab

Shutter dab

Concretedab

Strikeslab shuttering
Brickwork to window leve
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Estimatedduration
Activitiesinvolved (days)

Brickwork to eaves

Fix roof structure

Fix roof coverings

Fix guttersand rain-water pipes
Paint guttersand rain-water pipes
Fix door postsand lintel

Hang door

Glazedoor

Paint door

I nsert window frames

Glaze window frames

Paint window frames

Clear up siteafter all work completed

Calendar for the project
Time0 = Midnight, April 30th
Bank holiday —May 29th

Day Date Date
1 M 1-5 T 30-5
2 T 25 W 31-5
3 W 35 Th 1-6
4 Th 4-5 F 2-6
5 F55 M 56
6 M 85 T 66
7 T 95 W 7-6
8 W 10-5 Th 8-6
9 Th 11-5 F 9-6
10 F 125 M 12-6
n M 155 T 13-6
12 T 165 W 14-6
13 W 17-5 Th 15-6
14 Th 185 F 16-6
15 F 195 M 19-6
16 M 25 T 20-6
17 T 235 W 21-6
18 W 24-5 Th 22-6
19 Th 255 F 23-6
20 F 265 M 26-6

Questions

Now answer the following questions
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(42.1)

(42.2)

(42.3)

(42.4)

(42.5)

(42.6)

(42.7)

Assuming that work on the garage can start on the morning of Monday 1
May, when can it be completed? (Note: 5-day week, and Bank Holiday on
Monday 29 May.)

Progress meetings are held every Friday. Assuming that the date found
aboveisto be maintained, what activitiesshould be

(a) Started

(b) Finished

on:

(i) SMay

(ii) 12 May

(iii) 19 May

(iv) 26 May?

Glazing and painting are to be carried out by a sub-contractor who wishes
to send one tradesman aong to clear the work off in a number of consecu-

tive days, rather than on a number of separate occasions. What dates could
be specified for this?

Excavationisto be carried out by one gang. Suggest a sequence by which
thiscould be conveniently done.

The customer for the garage asks whether the completion date can be
brought forward, and made the followingsuggestions. Which, if any, should
be considered further?

(i) Useapre-treated fencing material to avoid creosoting.

(ii) Purchase extra shuttering boards to allow the drive shuttering to pro-
ceed before the shuttering has been removed from the dab.

(iii) Use plastic guttering and rain-water pipesto avoid painting.

(iv) Use pre-glazed and pre-painted windows.

(v) Usepre-glazed and pre-painted doors.

(vi) Increasethe sizeof the gang putting down the slab hardcore in order to
reduce the timefor thisactivity from 3daysto 2 days.

(vii) Usea pre-fabricated roof structure in order to permit the roof structure
to beset up in 3days rather than the 5 daysoriginally estimated.

Connecting the water pipe to the mainsinvolves a substantia initia charge.
How may the cost to the contractor be minimised?

The activity fix roof structure' started on schedule but because of unfore-
seen labour shortages will now take seven daysinstead of five What is the
effect of this?What correctiveaction, if any, appears possible?

(42.8) On Tuesday 23rd of May the foreman finds that the window frames ear-

marked for this job have been used on another job. How much time is
availableto obtain another set of frames?
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Question 43; Line of balance = the two-chassis job

A product, which requires two weeksin its final assembly stage, is to be made up
from four basic components. The delivery schedule to be met is specified in the
Table, and the details of the basic components are given beow.

Component A isa painted chassis. The assembly of the chassisitself requires
two weeksand a further week for the painting operation.

Component B isa painted chassis. The assembly of the chassisitself requires
three weeksand the painting a further week.

Component C is a wired-up cable and components board. The assembly of the
board requiresthree weeksand its subsequent testinga further two weeks

Component D is a multiple plug-and-socket assembly. The assembly requires
three weeksand the subsequent testing three weeks

Table of delivery schedule
One hundred units of thefinal product areto bedeliveredat the followingrate.

Week no. Quantity Week no. Quantity
11 10
12 10
13 9
14 8
15 6
16 5
17 2
18 1
19 1
20 1

Total 100

At theend of wesk 5it isreported that:

11 final products are complete
22 component D are tested
24component Care tested

24 component B are painted
22 component A are painted
24component B are assembled
32 component A are assembled
36component Care assembled
60 component D are assembled

Comment on these results.
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Question 44: Elemental trend analysis ~ a new estate

(Based on an original problem by Prof: W, L. Gage)
A construction company has obtained a contract to build a small new estate which
consists of 40 identical houses, which have to be completed in 24 weeks of 5 days
per week.

Progress meetings are held on the Friday of each week and the management
policy is
() Tocompleteat an evenrate
(if) To minimisethe investment in inventory.

The activitiesto be considered in building each house are asfollows:

Activity duration
Activity description (days)

Obtain building material
Obtain plumbing unitsand fittings
Preparefoundations
First-phase brickwork
First-phasejoinery
Second-phasebrickwork
Second-phasejoinery

Roof tiling

Plumbing

Electrical installation
Plaster, paint and clean up

Notes:

All the building materials must be available before brickwork on a unit can start,
although preparation of the foundations can proceed in advance of the materia
availability. Both the plumbers and electricianscan start work four days after the
start of the second-phase joinery, all other jobs on site are sequential. The siteis
isolated and the resourcescan be built up to full strength asrapidly as you wish but
two weeks noticeis required for reductionsin strength.

The resourcesrequired for the durationsshown aboveare asfollows:

Foundations - 1digger 3labourers
First-phase brickwork -4 bricklayers
First-phasejoinery - 3 carpenters
Second-phasebrickwork - 4 bricklayers
Second-phasejoinery - Scarpenters

Roof tiling - 3tilers

Plumbing - 2 plumbers
Electrical work - 3 electricians

Plaster, etc. - 5general tradesmen
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Quedtions
Answer thefollowingquestions
(44.1) Planthefirst unit and suggest which aspectsmay need careful control.

(44.2) Plan the complete project. Specify the resources required to fulfil the pro-
grammeyou have prepared.

(44.3) Atamesetingon the Friday of week 12it isreported that:

27 foundation preparati ons have been completed,
22 houses havefirgt phasejoinery complete,

16 houses haveadll joinery completed,

12 houses aretiled, plumbed etc.,

10 housesare compl eted.

Report on thissituation with comments



Glossary of terms

Thisglossary is not intended to be exhaudtive: it containsthe basicinformation
necessary for the reader. A much fuller glossary isgivenin BS 4335:1987, and fur-
ther information is given in BS 6046, a four part guide to the'Use of network
techniquesin project management', and these should be consulted by any serious
practitioner. Internationally a number of terms, which apply in wider fields than
project management, are contained within ISO 8402 and the latest version of this
should beconsulted.

Wherever appropriate, the term and its definition as given in BS 4335:1987 are
used and appear between inverted commas In some casesa further brief note has
been added.

‘Activity: an operation or processconsumingtimeand possibly other resources

Activity span: thetimeavailablefor the completion of an activity.

Activity time see 'Duration’.

Arrow: thesymbol by which an activity is represented.

Arrow diagram: thestatement of the completetask by meansof arrows.

‘Backward pass the procedure whereby the latest event timesor thelatest start and
finish timesfor theactivitiesof anetwork arecaculated.’

Circle: the symbol by which an event isrepresentedin activity-on-arrow.

Cogt-dope: the cost incurred in reducing the activity time by unit time. (Note a
negative cost-dopeindicatesthat the cost of completing an activity decreasesas
the activity timedecreases)

Critical path: that sequence of activities which determinesthe total timefor the
task.

Critical path andlysis(CPA): one namefor that PNT system wherein an activity is
represented by an arrow. Other names which may be used are critical path
method (CPM) and program eva uation and review technique (PERT).

'Dangle (dangling activity): an activity represented in a network where its start or
finish does not connect either with any other activity or to a start or end event
or activity.'

Dependency Arrow: (AoN) the logical and timing rel ationships between a pair of
activitieswhich may be any of thefour possiblein a precedencediagram or will
be start-to-startin a MoP diagram. It is dways represented by a solid arrow in
thediagram.

Dependency rule: (AoA) the basic logicd rule governing the drawing of a network.
It requiresthat an activity which depends on another activity is shown to
emerge from the head event of the activity upon which it depends, and that only
dependent activitiesaredrawnin thisway.
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Dummy: a logical link, a constraint which representsno specific operation. In cal-
culations it is most usefully regarded as an activity that absorbs neither
resourcesnor time. (Note dummiesare usually represented by broken arrows)

Dummy activity: a dummy.

‘Duration: theestimated or actual time required to completean activity.'

Duration time see'Duration'.

Earliest event time(EET): the earliest time by which an event can be achieved with-
out affectingeither thetotal project timeor thelogic of the network.

Earliest finish timeof an activity (EFT): theearliest possible time at which an activ-
ity can finish without affecting the total project timeor thelogic of the network.

Earliest independent finish time (EIFT): the earliest timean activity can finish with-
out changing the total project timeor changing thefloat in a previousactivity.

Earliest start time of an activity (EST): the earliest possibletime at which an activ-
ity can start without affecting either the total project time or the logic of the
network.

'Event: astatein the progress of a project after the completion of al preceding
activitiesbut beforethe start of any succeeding activity.'

Event time: the time by which an event can (or isto be) achieved.

'Float: a time availablefor an activity or path in addition to its duration (may be
negative)'. It isessentialy a property of activities, and is the difference between
the time necessary and the time availablefor an activity.

'Forward Pass: the procedure whereby the earliest event times or the earliest start
and finishtimesfor the activitiesof a network are calculated.'

Freefloat: the float possessed by an activity which, if used, will not change the
float in later activities

Freefloat-early: another namefor freefloat.

Freefloat —late: the float possessed by an activity when its predecessorsand suc-
cessorsare achieved aslate as possible.

Head event: theevent at the finish of an activity.

Head dack: the slack possessed by an event at the head of an activity.

iz the symbol for the event number of a tail event.

'Imposed date: a point in time determined by circumstancesoutside the network.'

Independent float: the float possessed by an activity which, if used, will not change
thefloat in any other activitiesin the arrow diagram.

'Interface: an activity or event common to two or more networks' It will dways
occur when a network isdrawn on two or more drawing sheets.

Interface(to): the act of coalescing two or more networks.

Interferencefloat: acomponent of float equal to the head dack of an activity.

J: the symbol for theevent number of a head event.

Junction: another namefor, an event.

L atest event time(LET): the latest time by which an event can be achieved without
affectingeither the total project timeor thelogicof the network.

Latest freefinishing time (LFFT): the latest time by which an activity can finish
without changingthe total project timeor changingthefloat inany later activity.

L atest finish timeof an activity (LFT): thelatest possibletime by which an activity can
finish without affectingeither thetotal project timeor thelogicof the network.



Appendix 3 Glossary d terms 283

Latest start timeof an activity (L ST): thelatest possibletime by which an activity can
start without affecting either thetotal project timeor thelogicof the network.

'Loop: an error in a network which results in a later activity imposing a logical
restraint on an earlier activity.'

Method of potentials(MoP): a networking system wherein an activity is represented
by a node, and dependency is shown by an arrow. Only one type of dependency
is used, thestart of a succeeding activity being defined by the start(s) of its pre-
decesors(s). The necessary interval between starts is shown as a subscript to the
dependency arrow.

'Milestone: (key event): an event selected for itsimportance in the project.’ It will
often havean imposed date.

Negativefloat: the time by which the duration of an activity or chain of activities
must be reduced in order to permit a scheduled date to be achieved.

Negativeslack: the time by which the difference between the earliest and latest
event timesfor an event must beincreasedin order to permit a scheduled date to
be achieved.

‘Network: a diagram representing the activities and events of a project, their
sequenceand interrel ationships

Node another name for event.

PERT: a namefor a network analysis techniqueformed from the words 'program
evaluation and review technique'. Originaly requiring the use of three estimates
of the duration times, the name is now usually accepted as one of the generic
namesfor network techniques

Precedence Diagramming: a networking system wherein an activity is represented
by a node and dependenciesare shown by solid arrows. At least four types of
dependency can be shown, each having different locations on the associated
activity nodes, namely:

Finish-to-start —thestart of an activity dependson thefinish of its predecessor.
Finish-to-finish—thefinish of an activity dependson thefinish of its predecessor.
Start-to-start —thestart of an activity dependson thestart of its predecessor.
Start-to-finish—thefinish to an activity dependson thestart of its predecessor

Project network techniques(PNT): the generic term for that group of techniques
whereby a project is represented by a set of nodes joined by a set of arrows. It
embraces both the system where the activity is represented by an arrow (activity-
on-arrow (AoA) technique) and where the activity is represented by a node (the
activity on node (AoN) technique).

Resource: anything other than timethat is necessary for carrying out an activity. It
may be
Simple(nondordde—if  not used when availableit isextinguished.

Pool (storable)—may be used when required.

‘Resource aggregation: the summation of the requirementsof each resource, and for
each time period. (Note wherethe earliest start timeof an activity is used alone,
it isoften termed an 'early-start' aggregation. Smilarly a'late-start' aggregation
usesthelatest start timesof an activity only.)

'Resource cumulation: the process of accumulating the requirements for each
resourceto giveatotal required to date at all timesthroughout the project.’
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‘Resource levelling: the processof producing a schedule that reduces the variation
between maximum and minimum vauesof resourcerequirements.

'Resource limited scheduling: the scheduling of activities, so that predetermined
resource levelsare never exceeded.

Resour ceoptimisation: the manipulation of the network to try to ensure that the
resourcesrequired and availableare in balance.

'Resour ce smoothing: the scheduling of activitieswithin the limitsof their float, so
that fluctuations in individual resourcerequirementsare minimised. ¢

Resour cetotalling: equivalent to 'resource aggregation'.

date . " .

Scheduledtime} equivalent to 'imposed date'.

Secondary float: when a scheduled date isimposed upon an activity which isnot a
final activity, a secondary critical path can appear which is the time-controlling
seguence between the start and the scheduled event, or between two scheduled
events. Activities not on thiscritical path but which contribute to the achieve-
ment of the event possessfloat with respect to this secondary critical path, and
thisissaid to be secondary float.

Semi-critical path: that path which is next to the critical path when all paths are
arranged in order of float.

'Slack: latest date of event minus earliest date of event (may be negative). The term
slack is used asreferringonly to an event.'

Stage: another name of an event.

Sub-critical path: a path which is not critical.

Tail-event: the event at the beginning of an activity.

Tail slack: thedack possessed by an event at the tail of an activity.

Timeavailable: another namefor 'activity span'.

'Time limited scheduling: the scheduling of activities so that the specified project
duration, or any imposed dates, are not exceeded.'

Total float: the total float possessed by an activity.

'Trading off: the transferring of resourcesfrom one activity to another. Thisis usu-
aly accompanied by changesin duration times, and is carried out to affect the
resourcedistribution. ¢
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