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Preface

Preparing the fifth edition of this book has reminded us that project management is not

just a crucial element in successful software and lT development, but is also a fascinating

topic in its own right. lt is an intriguing mixture of the technícal and the very human,

of the rational and also the intuitive. lnitially we offered this topic as an ancillary discipline
for software engineers and lT practitioners. We have, however, become increasingly

convinced that the discipline should have a more central role: that the question of how

systems are implemented is a vital one to be asked at the same time as that of what a

system is to do.
Not many software books have lasted as long as this one. Clearly the principles of

project management are less transient than those of software design and implementation,

whích have gone through some very major developments over recent years. However,

project management has not been ímmune from change. One development has been

the growth in project management bodies of knowledge such as those of the Project

Management lnstitute (PMl) in the United States and the Association for Project

Management (APM) in the United Kingdom. There has also been the development of
project management standards such as PRINCE2. These developments are to be welcomed

as externalizing and codifying good practice - indeed we have included an appendix on

PRINCE2. However, we have resisted becoming a 'PMf'book or a 'PRINCE2'book. Partly

thís is because we believe that software project management, while incorporating all the

key elements of generic project management, also has to deal with the peculiar problems

associated with creating software. These include the relative intangibility of software, its

extreme malleability, the intimate relationship it has with the systems within which it is

embedded, and its sheer complexity. We also wanted to avoid means-end inversion

where there was a focus on the recall of specific terminology and procedural detail

at the expense of an understanding of underlying concepts and purpose.

One new development that has been taken on board has been the growing awareness

that a project is rarely an isolated activity but is almost always part of a broader
programme of work aimed at meeting organizational and business objectives. There are

also agile approaches, such as extreme programming, which have been a timely reminder

that software development is an intensely human activity. ln contrast to this emphasis on

the highly productive, highly interactive co-located team, there is also a growth of
dispersed or virtual projects where all or part of the development team is in another

country or even continent. We noted these developments in previous editions but have

expanded their treatment in this one - this Sreater emphasis on development team

dynamics has led to the creation of a chapter devoted solely to these topics.

One major problem has been the conflict between a desire to include all the topics that

our reviewers would lilce to see and the desire for a concise volume that avoids 'bloating'.
Sometimes there are topics and standards which appear to be current and of which one

feels people should be aware. On closer inspection, the material for various reasons is less

x



Preface xi

useful or relevant than one hoped. ln this edition we have dropped an appendix on the
British standard 856079. This is because the new version of this has become what is

essentially a general advisory guide on project management practice. As such it duplicates
material already covered in this book. Some individual topics have also been dropped
because it was felt that they really needed a deeper treatment better conveyed by a more
specialist publication than this one: the internal rate of return (lRR) in project evaluation
and the Hofstede analysis of national cultural characteristics are examples. ln general,

though, we have erred on the side of caution in retaining topics.
[t seems a long time since the first, rather slim, edition published in 1995. As novice

authors, Cotterell and Hughes were very indebted to Dave Hatter and Martin Campbell
Kelly who had a huge influence on the style of the book. Dave Hatter in particular
emphasized the need for each chapter to have clear learning objectives: ideally the reader
should finish the chapter feeling they had learnt a new skill. He also instilled the need to
explain things clearly - to feel confident in using simple words to explain things that might
at first appear complicated. We are aware that we have not always lived up to these values
* and have been taken to task by our students and teachers from other institutions who
have kindly acted as reviewers. Many of the changes we have made in the new edition
are as a result of this process.

Acknowledgements

ll uring the course of preparing the four previous editions since 1 995, we have received
L-¿lassistance from many people. These people have included: Ken l'Anson, Chris Claire,
David Howe, Martin Campbell Kelly, Barbara Kitchenham (for permission to use a project
data set shown in Chapter 5), Paul Radford and Robyn Lawrie of Charismatek Software
Metrics in Melbourne, David Carmus and David Herron (the lastfour, allfor material in

Chapter 10), David Purves, David Wynne, Dick Searles, John Pyman, Jim Watson, Mary
Shepherd, Sunita Chulani, David Wilson, David Farthing, Charlie Svahnberg, Henk
Koppelaar and lan McChesney.

We have made use of materials produced by Abdullah Al Shehab and David l.

Shepherd in the chapter on risk. David also offered some advice on the developments in

earned value analysis. Our colleague Marian Eastwood helped us out on some of the finer
points of the Unified System Development Method.

We would also like to thank the team at McCraw-Hill. The role previously taken by
Karen Mosman was taken over by Catriona Hoyle (née Watson) and Katy Hamilton who,
among other good things, instilled the necessary disciplines of timeliness. We have already
mentioned Dave Hatter who was our former editor at lnternational Thomson Press and
then at McCraw-Hill and we hope he continues to enjoy retirement in the groves and
glades of Essex.
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Exercises
Brief exercises are dotted throughout the
chapters, to allow students to practise the
techniques and apply the methodology to
real-world situations.

Chapter: conclus¡ons
This briefly reviews and reinforces the

main topics covered in each chapter to
ensure that students have acquired a solid

understanding of the key topics.

Appendix A at rhe åi:ü3i::;
explains PRINCE2. Appendix B, Answer
pointers, provides guide answers to the
questions and exercises set in the book.

Further exercises
These questions encourage the readerto review
and apply the knowledge acquired from each
chapter and to explore further some of the ideas
in the chapter.
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CHAPTER

lntroduction
to software

management
pro¡ect

When you have completed this chapter
you will be able to:

ô define the scope of 'software project
management';

s understand some problems and
concerns of software project
mana8ers;

* define the usual stages of a software
project;

ô explain the maÍn elements of the
role of management;

ô appreciate the need for careful
planning, monitoríng and control;

+ identify the stakeholders of a project
and their objectives;

s define the success criteria for a
project.

.þ 0wrcrtvEs

-fhis textbook is about 'softvvare project management'. The first question is whether
I the management of software projects is really that different from that of other

projects. To answer this, we need to look at some key ideas about the planning,
monitoring and control of software projects. We will see that all projects are about
meeting objectives. Like any other project, a software project must satisfy real needs.
To do this we must identify the project's stakeholders and their objectives. Ensuring that
their objectives are met is the aim of project management. However, we cannot know
that a project will meet its objectives in the future unless we know the present state of
the project.

1



2 Chapter 1 lntroduction to software proiect management

1.2 Why is software pro¡ect management important?

-T-his book is for students of software engineering and computer science and also those

I stuclying business information systems. More tàchnically orientecl students can be

impatierrt at having to study something which keeps them away from

their code. So why is it important to become familiar with pro.iect

The information in management?

this paragraph First, there is the question of money. A lot of money is at stake with

comesfrom a ICT projects. ln the United Kingdom during the financial year 2OO2*2O03,

Natíonal Audit Offíce the central government spent more ot-ì contracts for ICT projects than on
report,lmproving lT contracts related to roads (about f2.3 billion as opposed Io f-1 .4 billion).

.,Pttult*::l', ì he biggest departmental spender was the Department for Work and
November2004' pensions, who spent over fB00 million on lCT. Mismanagenrent of

ICT projects means that tftere is less to spend on good things such as

There has been hospitals'

some debate about Unfortunately, projects are not always successful. ln a report published

ir,- Jr.."."rl,a¡tv in 2003, the standish croup in the united states analysed l'3,522 projects

of the Standish and concluded that only a third of projects were successful; B2o/, of

findings butthe key projects were' late and 43'/, exceeded their budget.
pointaboutthe The reason for these project shortcomings is often the management
prevalence of lT of projects. The National Audit office in the uK, for example, among ofher
profectfailings factors causing project failure iclentified 'lack of skills and proven approac:lt
remains clear' b proiect management and risk managemen(.

1.3 What is a project?

Dictionary
definitions of

'projecf include:
'A specific plan or
design"A planned

undertaking''A large

undertakíng: e.g.

a public works
scheme', Longman

Cancise English

Dictionary,1982.

Programme

managenentis often
used to coordinate

activities on

concurrent jobs.

The dictionary definitions put a clear emphasis on the project being a

plannec! activity.
The emphasis orr being planned assumes we carl determine how

to carry out a task before we start. Yet with exploratory projects this mi¡4ht

be difficult. Planning is in essence thinl<irrg carefully about sometlring,

belore you do it - even with uncertairr projects this is worth doing as

long as the resulting plans are seen as provisional. Other activities, such

as routine maintenance, will have been performecl so many times that

everyone l<nows exactly what to do. ln tlrese cases, planning hardly

seems necessary, although proceclures might be documented to ensure

corrsistency and to help newcomers.

l-he activities that benefit most from conventional project management

are lil<ely to lie between these two extremes * see Figure 1.1.

There is a hazy bourrdary between the non-routine project and the

routine job. The first time you do a routirre tasl( ¡t will l¡e like a project. Orr

the other hand, a project to develop a system sirnilar to previous ones that

you have developed will have a large element of the routine.



Rout¡ne

Jobs Projects

Uncertainty
of outcome

Exploration

1.3 What is a project? 3

FIGURE t.1 Activities most likely to benefit from project management

The fol lowi ng characteristics d ísti ngu ish projects :

r non-routine tasks are involved;

r planning is required;

r specific objectives are to be met or a specified product is to be created;

r the project has a predetermined time span;

¡ work is carried out for someone other than yourself;

r work involves several specialisms;

r people are formed into a temporary work group to carry out the task;

r work is carried out in several phases;

r the resources that are available for use on the project are constrained;

r the project is large or complex.

The more any of these factors apply to a task, the more difficult that task will be. Project
size is particularly important. The project that employs 20 developers is likely to be
disproportionately more difficult than one with only 10 staff because of the need for
additional coordination. The examples and exercises used in this book usually relate to
smaller projects in order to make the techniques easier to grasp. However, the techniques
and issues discussed are of equal relevance to larger projects.

Consider the following:

r producing an edition of a newspaper;

r putting a robot vehicle on Mars to search for signs of life;

r getting married;

r amending a financial computer system to deal with a common European cunency;

EXERCISE 1.1



4 Chapter 1 lntroduction to software project management

r a research project ilrto what nrakes a good httmatr-cornpttter interface;

r an investigation into the reâson why a user has a problem with a computer system;

¡ a second-year programrtting assigtìütent fbr a cornputing studerrt;

r writing an operating system fbr a new computer;

r installing a new version ofa word processing package in an organization.

Some seem more like real projects tìran others. Prtt them into an orcler most closely
rnatching your ideas of what constitutes a project. For each entry in the orclered list,
clescribe the dilTerence between it and the one above which makes it less worthy of the

term'project'.
There is no one correct âÌtswer to this exercise, but a possible solution to this and the

other exelcises you will corne across may be fbund at the end of the book.

For example, see
Rolf A. Lundin and
Andres Söderholm

t1995) 'A theory of
the temporary
organization'
Scandinavian

Journal of
Managenentlll4l

437-55.

Some argue that projects are especially problematic ils they are

temporary sub-organizations. A ¡4roup of people is brou¡¡ht together

to carry out a task. The existence of this sub-or¡lanization cuts across

the autlrority of the existing units within the organization. This has the

advantage that a group containing various specialists is focused on

a single important task. However, the profect is lil<elyto be seen as

clisruptive to others. Also, expertise built up during the project may

be lost when the team is eventually clispersed at the errd of the

project.

F. P. Brooks (1987).

'No silver bullet:
essence and

accidents of
software

engineering'. This
essay has been

included in I/,e
MythicalMan-

Monffi, Anniversary
Edition, Addison
Wesley,1995.

1.4 Software proiects versus other types of proiect

h / any techniques in general project management also apply to software

I V I pro¡ect management, but Fred Brooks identified some characteristics

of software projects which make them particularly difficult:

tnvisibility When a physical artefact such as a bridge is constructecl the

progress can actually be seen. With software, proS,ress is not inrmecliately

visible. Software project management can be seen as the process of making

the invisible visible.

Complexity Per clollar, pouncl or euro spent, software products contain

more complexity than other engineerecJ artefacts.

Conforntity The 'traditional'engitreer usually works witlr physical systems

and materials like cenrent and steel. These physical systems have

complexity, but are ¡¡overned by consisterrt physical laws. Software

developers h¿lve to conform to the requirements of human clients. lt is rrot just that

individuals can be inconsistent. Organizations, because of lapses in collective memory/

in internal communication or in effective decision making, can exhibit remarkable

'organ izational stupid ity'.
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Flexibility That software is easy to change is seen as a strength. However, where the
software system interfaces with a physical or organizational system, it is expected that
the software will change to accommodate the other components rather than vice versa.

Thus software systems are particularly subject to change.

ln-house projects are where the users and the developers of new software work for the
f same organization. However, increasingly organizations contract out ICT development
to outside developers. Here, the client organization will often appoint a 'project manager'
to supervise the contract who will delegate many technically oriented decisions to the
contractors. Thus, the project manager will not worry about estimating the effort needed to
write individual software components as long as the overall project is within budget and
on time. On the supplier side, there will need to be project managers who deal with the
more technical issues. This book leans towards the concerns of these 'technical' project
mana8ers.

I software project is not only concerned with the actual writing of
/-\software. ln fact, where a software application is bought in 'off
the shelf', there may be no software writing as such, but this is still
fundamentally a software project because so many of the other activities
associated with software will still be present.

Usually there are three successive processes that bring a new system
into being - see Figure 1 .2.

Project execution

Do itl
Plan

ls it worth
doing?

Feasibility study
How do we

do it?

+
FIGUßE 1.2 The feasibility study/plan/execution cycle
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1 The feasibility study assesses whether a project is wortlr starting -
Chapter 2 explores

somefurther that it has a valid business case. lnformation is gathered about the

aspects of requirements of the proposed application. Requiremerrts elicitation

programme can, at least irritially, be complex and difficult. The stal<eholders may

management. krrow the aims they wish to pursue, br¡t rrot be sr-¡re about the means of

achievernetrt. The developmental and operational costs, and the value

of the benefits of the new system, will also have to be estimated. W¡th a large system,

the feasibility study coL¡ld be a project in its own right with its own plan. The study

could be part of a strategic planning exercise examinin¡1 a ranÊîe of potential software

developments. Sometimes an organization assesses a programme of clevelopment

macle up of a number of projects.

The pRtNCE2 2 Planning lf the feasibility study indicates that the prospective project

method,which appears viable, therr project planning can start. For larger projects, we

is described in would not do all our detailed planning at the beg,inning. We create an

AppendixA,takes outline plan for the whole project and a detailed one for the first stage.

this iterative Because we will have more detailed and accurate project information
approach to after the earlier stages of the project have been completed, planning of
planning. the later stages is left to nearer their start.

Annex 1 to this
;;ü;ñ';; 3 Proiect execution The project can now be executed. The execution

outline of the of a pro ject often contain s design and implementation sub-phases.

content of a plan. Students new to project planning often find that the boundary between

design and planning can be hazy. Design is mal<irrg decisions about

the form of the producfs to be created. This coulcl relate to the external appearance

of the software, that is, the user interface, or the internal architecture. The plan details

lhe activities to be carried out to create these products. Plarrning and design can be

confused because at the most detailed level, planning decisions atre irrfluenced by

design decisions. Thus a software product with five major components is lil<ely to

require five sets of activities to create them.

Figr-rre 1 .3 shows the typical sequence of software development

activities recommended in the international standard ISO 
.l 2207. Some

activities are concenled with the system while others relate to software.The
development of software will be only one part of a project. Software could

be developed, for example, for a project which also requires the installation

of an ICT infrastructure, the design of user jobs ancJ user training.

t Requirements analysis starts with requirements elicitation or

requirements gathering which establishes what the potential users and

their managers require of the new system. lt could relate to a function -
that the system should do something. lt coulcl be a quality requirement -
how well the functions rnust worl<. An example of this is dispatching an

ambulance in response to an emergency telephone call. ln this case transaction time

would be affected by harclware and software performance as well as the speed of

human operation. Training to ensure that operators use the computer system efficiently

is an example of a system requirementfor the project, as opposed to a specifically

a.

Figure 1.3 suggests
that these stages

must be done strictly
in sequence - we

will see in Chapter 4

that other, iterative
approaches can be

adopted. Howeveç
the actual activities

listed here would
still be done.
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FIGURE 1.3 The lS0 12207 software development life cycle

software requirement There would also be resource requirements that relate to
appl ication development costs.

t Architecture design The components of the new system that fulfil edch requirement
have to be identified. Existing components may be able to satisfy some requirements.
ln other cases/ a new component will have to be made. These components are not
only software: they could be new hardware or work processes. Although software
developers are primarily concerned with software components, it is very rare that these
can be developed in isolation. They will, for example, have to tal<e account of existing
legacy systems with which they will interoperate. The design of the system architecture
is thus an input to the software requiremenfs. A second architecture design process then
takes place that maps the software requirements to software components.

t Detailed design Each software component is made up of a number of software units
that can be separately coded and tested. The detailed design of these units is carried
out separately.

t.
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t Code and test refers to writing code for each software unit. lnitial testing to debug

individual software units would be carried out at this stage.

t Integration The components are tested together to see if they meet the overall

requirements. Integration coulcl involve combirring different software components,

or combining and testing the software element of the system in conjunction with the

hardware platforms and user interactions.

t Qualification testing The system, includirrg the software components, has to be tested

carefully to ensure that all the requiremerrts have been fulfilled.

t lnst¿tllation This is the process of making the new system operational. It woulcl include

activities such as setting up standing data (for example, the details for employees in a

payroll system), setting system parameters, installing the software onto the hardware

platforms and user training.

t Acceptance support This is the resolving of problems with the newly installed system,

including the correction of any errors, and implementing agreed extensions and

improvements. Software ma¡ntenance can be seen as a series of minor software

projects. ln many environments, nlost software development is in fact maintenance.

1.7 Plans, methods and methodologies

Aplan for an activity must be based on some idea of a ntethod of work. For example, if
you were asked to test sonre software, you may know nothing about the software to be

tested, br-rt you cor-¡ld assume that you would neecl to:

r analyse the reqr.rirements for the softwarei

r clevise and write test cases that will check that each requirement lras been satisfied;

r create test scripts and expected results for each test case;

r compare the actual results and the expected results and identify cliscrepancies.

þ rightrnouth College is a higher education institr-rtion which used to be managed by a
I-D local government authority but has now becorne autonomous. Its payroll is still
adrninisterecl by the local authority and pay slips and other output are produced in the

local authority's computer centre. The authority now charges the college for this service'

The college nÌanagement are of the opinion that it would be cheaper to obtain an 'off-the-

shelf' payroll package and do the payroll processing themselves.

What wolld be the main stages of the project to convert to indepenclent payroll
processing by the college? Bearing in mincl that an off-the-shelf package is to be used, how

would this ploject difÏer lì'orn one where the soflware was to be written from scratch?

EXTRCISE 1.2
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While a method relates to a type of activity in general, a plan takes that method (and
perhaps others) ancl converts it to real activities, identifying for each activity:

r its start and end dates;

r who will carry it out;

r what tools and materials - including information * will be rreeded.

-[he 
or"rtput from one methocl might be the input to another. Croups of methods or

techniques are often grouped into methodologies sLrch as obiect-or¡ented clesigrr.

1.8 Some ways of categorizing software pro¡ects

P
rojects may differ because of the different technical products to be createcl. l-hus we
need to identify the characteristics of a project which could affect the way in which it

shoulcl be planrred and nranaged. Other factors are cJiscussed below

Compulsory versus voluntary users

In workplaces there are systems that staff have to use if they want to do something, such
as recording a sale. However, use of a system is increasingly voluntary, as in the case of
computer games. Here it is difficult to elicit precise requirements from potential users ¿ìs

we could with a business system. What the game will do will thus depend nruch on the
informed ingerrr-rity of the developers, along with techniques such as market surveys, focus
groups arrd prototype evaluation.

tlhis shorrld ideally be clone in groups of about fortr, but you can think about how yor-r

I would go about this exercise on yollr own if neecls be. You are probably in a building
that has more than one storey. From the point of view ol this exercise, the bigger the
building the better.

In a group of f'our, work out how you would obtain an accurate estimate of the height of
the building. (If you happen to be in a single-storey builcling, you can estimate the floor
area instead!) Plan how you would carry out any actions needecl to obtain your estirnate.
Spend 20 minutes on this - you must remain in the same room for this pìannirrg phase,
Once plannirrg is complete, implement your plarr, timing how long it takes to produce
your final figure.

If there is urore than one gror-rp carrying out this exercise, after completion of the task
you can compare answers and also the approach you used when coming up with your
answer,

EXERCISE 1.3
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lnformation systems versus emhedded systems

Embedded systems

are also called real-
time or industrial

systems.

A traditio¡al clistinction has been between infornt¿ttiott systems which
enable staff to carry out office processes atrd enbetlcled sYstems which

corrtrol maclrines. A stock control system would be an inlormatiorr system'

An er-ltbeddecl, or process control, system nrig,ht control the air conditionirrg

equipment irr a building. Some systems may have elements of lloth where,

for exanrple, the stocl< control systetn also controls ¡rn autorn¿rted

warehouse.

ould an operating systern on a cornputer be art irrlbrulation system or an ernbedded

system?W
EXERCISE 1.4

0b jectives versus products

Projects may be distinguisherl by whether their aim is to produce a product or to meet

certairr objeclives.
A project rnight be to create a prodLrct, the cletails of which have been specified by the

client. Tlre client has the resporrsibility for justifying the product.

On the other hancl, the project requirement might be to meet certaitr

Service level objectives which coulcl be met in a number of ways. An organizatiot-t
agreementsare might have a problem and ask a specialistto recommend a solr¡tion.

becoming Many software projects have two stages. First is an objective-drivetr

ilt^::::n]l projecr resulting in recommendations. lhis might identify the need for a
¡mportant as

åiäiîiäiri, new software system. I'he next stage is a project actrrally to create the

cõnûact out software Procluct.

functi.nsto external This is useful where the technical worl< is being dorre by an external

service suppliers. g,rou¡r and the user neecls are unclear at the or¡tset. l-he external group can

produce a preliminary design at a fixed fee. lf the design is acceptable the

cJevelopers can then quote a price for the seconcl, implementation, stage based on an

agreed requirement.

oulcl the project to implement an independent payroil systern at the Brighlmouth
College clescribecl in Exelcise 1.2 above be an objective-driven ploject or a product-W

driven project?

EXERCISE 1.5

a.
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1.9 Stakeholders

Jhese are people wlro have a stal<e or interest in the project. Their early identification is

I important as you need to set up adequate communication channels with them.
Stakeholders can lre categorized as:

t lnternal to the project team This means that they will be under the direct managerial
control of the project leader.

t External to the project team but within the same organization For example, the
project le¿rder might need the assistance of the users to carry out systems testirrg.
Here the commitment of the people involved has to be negotiated.

; Extental to both the project team and the organizafion External

B. W. Boehm and stal<eholclers may be customers (or users) who will benefit from the
R. Ross,'Theory system that the project implements. They may be corrtractors who

Wsoftware project will carry out work for the project. The relationship here is usually
management: lrased on a contract.
principles and
examples', in Different types of stakeholder may have c.lifferent objectives and one of

B. W. Boehm (ed.) the jobs of the project leader is to recognize these clifferent ¡nterests and to
|11989l. Software Rísk be able to reconcile them. For example, end-users may be concerned with
Managenent,I.EEE the ease of use of the new application, while their managers may be more
ComputerSociety focused on staff savings. The project leadertherefore needs to be a good

communicator and negotiator. Boehm and Ross proposed a '1-heory W'of
software project management where the manager concentrates on creating

The role andformat situations where all parties benefit from a project and therefore have an

of communication interest in its success. (The 'W'stands for'win-win'.)
planswill be Project managers can sometimes miss an important stakeholder group,

explained in greater especially in unfamiliar business contexts. These could be departments
detail in Chapter l1 supplying important services that are taken for granted.

on managing people Civen the importance of coordinatirrg the efforts of stakeholders, the

:l::yiT recommended practice is for a comntunication planto be created at the
envlronments.

start of a project.

l.l0 Setting objectives

Among all these stal<eholders are those who actually own the project. They control the
financing of the project. They also set the objectives of the project. The objectives

should define what the project team must achieve for project success. Although different

Identify the stakeholders in the Brightmouth College payroll project.

TXTRCISE 1.6

t.
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stakeholders have different motivations, the project objectives identify the shared

intentions for the project.
Objectives focus on the desired oLttcomes of the project rather than the tasks within it *

they are the 'post-conditions'of the project. lnformally the objectives could be written as a

set of statements followin¡; the opening words 'the proiect will be a s¿,ccess if. . . .'Thus

one statement in a set of objectives mi¡;ht be'custonters can order our proclucts onlind
rather than 'to build an e-commerce website'. There is often more than one way to meet

an objective and the more possible routes to success the better.

There may be several stakeholders, irrcluding users itl different business areas, who

might have some claim to project ownership. ln such a case/ a proiect

authority needs to be explicitly identified with overall authority over the

This committee is project.
likelyto contain user, This authority is often a project steering committee (or project board

developmentand or project man¿tgement board) with overall responsibility for setting,
managem.ent monitoring and modifying objectives. The project manaÉier runs the project

representatlves' on a day-to-day basis, but regularly reports to the steering committee.

Sub-objectives and goals

An effective objective for an individual must be something that is within
ueflnrng suþ-

,¡¡ã.ii"ä.iäqri*, the control of that incliviclual. Arr objective might be that the software

assr*pt¡ons å¡out application produced must pay for itself by reducing staff costs' As

howthe main an overall business objective this miglrt be reasonable. For software

objective ¡sto be cJevelopers it would be unreasonable as any reduction in operational staff

achieved. costs depends not jr-rst on them but orr the operational management of the

delivered system. A more appropriate goal or sub-objective for the software

developers would be to keep development costs within a certain budget.

We can say that in order to achieve the objective we must achieve certain goals or subr-

objectives first. I'lrese itre steps on the way to achieving an objective, just as goals scored

in a football match ¿rre steps towards the objective of winnin¡¡ the match. lnformally this

can be expressed as a set of statements following the words 'To reach obiective . . . , the

following must be in place . . .'.
The mnemonic SMART is sometintes used to describe well<lefined objectives:

t Specific Effective objectives are concrete ancl well defined. Vague aspirations such as

'to improve custamer relations'are r-rnsatisfactory. Objectives should be defined so

that it is obvious to all whether the project has been successfl¡1.

t Measurab/e ldeally there should be nreas¿rres of effectiveness which

tell us how successful the project lr¿ls been. For example,'to reduce
This still leaves a customer complaints' wou ld be more satisfactory as an objective than
problem aboutthe ,Kt improve custon'rer relations'. The measure cart, in some cases, be ;ln

,iïii$ir['lJi:, ",,r*", 
to simple yes/no question, e.s. 'Dic! we install the new software

e.g. wny, say, a SoYo bY I June?'

reduction in t Achiev¿tble lt must be within the power of the individual or Sroup to

complaints and not achieve tÌte oLrjective.
40% or 60%? t Relev¿uttThe objective must be relevant to the true purpose of the project,
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t Time constrained There should be a defined po;nt ¡n time by which the objective
should have been achieved.

Measures of effectiveness

rL-_- _ ----a __- Measures of effectiveness provide practical methods of checking that
I nese conceDts are
;ffiir.d #; fñ an objective has been met. 'Mean tinre between failures' (mtbf ) might,

ínChaptert3on 
' for example, be used to measure reliability. This is a performance

software quality. measurement and, as sltch, can orrly be taken once the system is

operational. Project nlanagers want to get some iclea of the performance
of the completed system as it is being constructed. They will therefore seek predictive
measures. For example, a large number of errors found cJuring code inspections nright
indicate potential problems with reliability later,

l.1l The business case

The business case

should be

established at the
t¡me of the project's

feasibility study.
Chapter 2 explains

rhe idea 0f a

business case in
more detail.

À ,{ ost proiects need to have a justification or business case: the effort
lVlnn¿'""punr" of pushing the project throu¡¡h must be seen to be
worthwhile in terms of the benefits that will eventually be felt. A cost-
benefit analysis will often be part of the project's feasibility study. This will
itemize ancl quantify the project's costs and benefits. The benefits will be
affected by the completiorr date: the sooner the project is completed, the
sooner the benefits can be experiencecl. The quantification of benefits will
often require the formulation of a business modelwhich explains how the
new application can gener¿ìte the claimed benefits.

earing in mind the above discussion of objectives, comment on the appropriateness
of the wording of each of the f'ollowirrg 'objectives' lbr software developers:

(i) to implement the new application on time and within budget;

(ii) to implement the new sofTware application with the fewest possible solTware errors
that might lead to operational fàilures;

(iii) to desigrr a system that is user-frienclly;

(iv) to produce full documentation fbr the new system,

B

EXTRCTSI 1.7

Jclentify the objectives and sub-objectives of the Briglrtmouth College payroll project.
IWhat measrlres of efTectiveness coulcl be used to check the success in achieving the
objectives of the project?

EXTRCISE 1.8
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A simple example of a business model is that a new web-based application might allow

customers from all over the world to order a firm's products via the internet, increasing

sales and thus increasing revenue and profits.

Any project plan must ensure that the business case is kept intact. For example:

r that development costs are not allowecl to rise to a level wlrich threatens to exceed the

value of benefits;

r that the features of the system are not reducecl to a level where the expected benefits

cannot be realized;

I that the delivery date is not delayed so that there is an unacceptable loss of

benefits.

1.12 Project success and failure

-T-he prolect plan shoulcl be designed to ensure project success

I by prur"ruing the business case for the project. However, every

non-trivial project will have problems, and at what stage do we say that a

project is actually a failure? Because different stal<eholders have different

interests, some stalceholders irr a project might see it as a success while

others do not.
Broadly speaking, we can distinguish between proiect obiectives and

business objectives. The project objectives are the targets that the project

team is expected to achieve. ln the case of software projects, they can

usually be summarized as delivering:

r the agreed fr-rnctiorralitY

r to the required level of qualitY

r on time

r within budget.

A project could meet these targets but the application, once delivered could fail to meet

the business case. A computer game could be delivered on time and within budget,

but nright then not sell. A commercial website used for online sales could be createcl

successfully, but customers might not use it to buy products, because they could buy

the goods more cheaply elsewhere.
We have seen that in business terms it can generally be said that a

The assessment of project is a success if the value of benefits exceeds the costs. We have
the value of project 

also seen that while project managers have consiclerable control over

i:1tt]t^:::ilii:j development costs, the value of the benefits of the project deliverables is
rn 0reater 0eoln tn"''',il#;ä.""" dependent on external factors such as the number of customers. Project

objectives still have some bearing on eventual business success. As we

will see in Chapter 2, increasing rlevelopment costs recllrce the chances of the delivered

procluct being profitable. A delay in completion reduces the amount of time during which

benefits can be generated and dirninishes the value of the project.
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A project can be a success on delivery but then be a business failure, On the other
hand, a project could be late and over budget, but its deliverables could still, over time,
generate benefits that outweigh the initial expenditure.

Some argue that the possible gap betweerr project and business concerns can be

reduced by having a broader view of projects that includes business issues. For example,
the project management of an e-commerce website implementation could plan activities
such as market surveys/ competitor;rnalysis, focus groups, prototyping, and evaluation by
typical potential users - all designed to reduce business risl<s.

Because the focus of project management is, rrot unnaturally, on the

For a wider immediate project, it may not be seen that the project is actually one of a

discussion of the sequence. Later projects benefit from the technical sl<ills learnt on earlier
relationships projects. Technical learning will increase costs on the earlier projects, but

between successive later projects benefit as the learnt technologies can be cleployed more

,ltt*ilffire,l,, quicl<ly, cheaply and accurately. This expertise is often accompanied by

;;;ffi;]i"ij.n;, additional software assets, for example re¡-rsable code. Where software
'l¡ní,ing proir.ird development is outsourced, there may be immediate savings, but these

historyand conte)d' longer-term benefits of increased expertise will be lost. Astute managers
Research Policy n''ìay assess which areas of technical expertise it would be beneficial to

32789-808. develop.
Customer relationships can also be built up over a number of projects.

If a client has trust in a supplier who has done satisfactory worl< in the past, they are

more lil<ely to use that company again, particularly if the new requirement builds on
functionality already delivered. lt is much more expensive to acquire new clients than
it is to retain exisling ones.

1.13 What is management?

I /\ /e have explored some of the special characteristics of software. We now look at the
V V 'runogement' aspect of software project management. lt has been suggestecl that
management involves the following activities:

r planning - deciding what is to be dorre;

r organizing - making arrangements;

r staffing - selecting the right people for the job etc.;

r directing - giving instrr"rctions;

r morritorirrg - checkirrfl on progress;

¡ controlling - taking action to remedy hold-ups;

r irrnovating - coming up with new solutions;

r representing - liaising with clients, users, developer, suppliers and other stakeholders.
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anagement/ in general, involves setting objectives for a system and then monitoríng

the performance of the system. ln Figure 1 .4 the 'real world' is shown as being ratherM
formless. Ëspecially in the case of large undertakings, there will be a lot going on about

which management should be aware.

This will involve the local managers in data collection. Bare details, such as 'location
X has processed 2OO0 documents', will not be very useful to higher management: data

processingwill be needed to transform this raw data into useful informafion. This might be

in such forms as 'percentage of records processed', 'average documents processed per day

per person'and 'estimated completion date''

J)aul Duggan is the manager of a software development section. On Tuesday at 10.00 a.m'

-F tr" and his fellow section heads have a meeting with their group manager about the

staffing requirements for the coming year. Paul has already drafted a document 'bidding'
for staff. This is based on the work planned for his section for the next year. The document

is discussed at the meeting. At 2.00 p.m. PauI has a meeting with his senior staff about an

important project his section is undertaking. One of the programming staff has just had a

road accident and will be in hospital for some time. It is decided that the project can

be kept on schedule by transferring another team member from less urgent work to this

project. A temporary replacement is to be brought in to do the less urgent work but this

may take a week or so to arrange. Paul has to phone both the human resources manager

about getting a replacement and the user for whom the less urgent work is being done,

explaining why it is likely to be delayed'
Identify which of the eight management responsibilities listed above Paul was

responding to at different points during his day.

EXERCISE 1.9

I n ICT project is to replace locally held paper-based records with a centrally organized

f\d"t"b"re. Staff in a large number of offices that are geographically dispersed need

training and will then have to use the new ICT system to set up the backlog of manual

records on the new database. The system cannot be properly operational until the last

record has been transferred. The new system will only be successful if new transactions

can be processed within certain time cycles.

Identify the data that you would collect to ensure that during execution of the project

things were going to plan.

EXEIICISE 1.10
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Actions
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Data
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FIGURE 1,4 The prolect control cycle

ln our example, the project management might examine the 'estimated completion
date'for completing data transfer for each branch. These can be checked against the

overall target date for completion of this phase of the project. ln effect they are comparing
actual performance with one aspect of the overall project objectives. They might find
that one or two branches will fail to complete the transfer of details in time. They would
then need to consider what to do (this is represented in Figure 1 .4 by the box Making

decisionsþlarrs). One possibility would be to move staff temporarily from one branch to
another. lf this is done, there is always the danger that while the completion date for the

one branch is pulled back to before the overall target date, the date for the branch from
which staff are being moved is pushed forward beyond that date. The project manager

would need to calculate carefully what the impact would be in moving staff from
particular branches. This is modelling the consequences of a potential solution.
Several different proposals could be modelled in this way before one was chosen

Íor implementation.
Having implemented the decision, the situation needs to be kept under review

by collecting and processing further progress details. For instance, the next time that
progress is reported, a branch to which staff have been transferred could still be behind
in transferring details. This might be because the reason why the branch has got behind in
transferring details is because the manual records are incomplete and another clepartment,
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for whom the project has a low priority, has to be involved in providing the missing

information. ln this case, transferring extra staff to do data inputting will not have

accelerated data transfer.
It can be seen that a project plan is dynamic and will need constant adjustment during

the execution of the project, Courses and books on project management (such as this one)

often focus considerable attention on project planning. While this is to be expected, with

nearly all projects much more time is spent actually doing the project rather than planning

it. A good plan provides a foundation for a good project, but is nothing without intelligent

execution. The original plan will not be set in stone but will be modified to take account

of changing circumstances.

This chapter has laid a foundation for the remainder of the book by defining what is meant

by various terms such as 'software project'and 'management'. Among some of the more

important points that have been made are the following:

r Projects are by definition non-routine and therefore more uncertain than normal

undertqkings.

r Software projects are similar to other projects but have some attributes that present

particular difficulties, e.g. the relative invisibility of many of their products.

r A key factor in project success is having clear objectives. Different stakeholders in a
project, however, are likely to have different objectives. This points to the need for a

recogn ized overal I project authority.

r For objectives to be effective there must be practical ways of testing that the objectives

have been met.

I Where projects involve many different people, effective channels of information

have to be established. Having objective measures of success helps unambiguous

communication between the various parties to a project.

r lntroduction

r Background: including reference to the business case

r Project objectives

r Constraints - these could be included with project objectives

r Methods

r Project products: both deliverable products that the client will receive

and intermediate products

¡ Activities to be carried out

r Resources to be used

).
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r Risl<s to the project

r Management of the project, including
o organizational responsibilities
. management of quality
o configuration management

1.16 Further exefc¡ses

1 List the problems you experienced when you carried out a recent lCl-related
assignment. Try to put these problems into some order of magnitude. For each problem
consider wlrether there was some way in which the problem could have been reduced
by better organization and planning by yolrrself.

2 ldentify the main types of personnel employed in an information systems department.
For each stage of a typical lS development project, list the types of personrrel who ¿rre

lil<ely to be involved.

3 A public library is considering the implementation of a computer-b¿rsed system to help
administer book loans at libraries. ldentify the stal<eholders in such a project. What
might be the objectives of such a project and how might the success of the project be
measured in practical terms?

4 A software house has developed a customized order processing system for a client.
You are an employee of the software house that has beerr asl<ed to organize a training
course for the end-users of the system. At present, a user hanclbool< has been produced,
but no specific training material. A plan is now needed for the project which will set
up the delivery of the training courses. The project can be assumed to have been
completed when the first training course starts. Among the things that will neecl to be
considered are the following:

o training materials will need to be designed and created;
r a timetable will need to be drafted and agreed;
o date(s) for the course will need to be arranged;
e the people attending the course will need to be identified and notified;
. rooms and computer facilities for the course will need to be provided.

A ldentify the main stal<eholders for this project.
B Draw up objectives for this project.
C For the objectives, identify the measures of effectiveness.
D For each objective, write down sub-objectives or goals and the stal<eholclers who

will be responsible for their achievement.

5 A manager is in charge of a sub-project of a larger project. The sub-project requires the
transfer of paper clocuments into a computer-based document retrieval system and their
subsequent indexing so that they can be accessed via key-words. Optical character
readers are to be usecl for the initial transfer but the text then needs to be clerically
checked and corrected by staff. The project is currently scheduled to take 12 months
using permanent staff. A small budget is available to hire temporary staff in the case of

I
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staff absences through holidays, sickness or temporary transfer to other, more urgent,

jobs. Discuss the control system that will need to be in place to control that

sub-project.

6 The idea behind a project is that students should be able to access details of available
placements via an intranet. When there is a placement opportunity for which they

wish to be considered, they would be able to apply for it electronically, This would

cause a copy of their CV, which would also be held online, to be sent to the potential

employer.
Details of interviews and placement offers would all be sent by e-mail. While

some human intervention would be needed, the process would be automated as far

as possible.
You are required to produce a business case report for such an application, which

justifies the potential development by showing that the value of its potential benefits

outweighs its development and operational costs.

Create lists of the main benefits and costs for the project. You do not have to specify

actual figures, just the headings under which they would appear.
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When you have completed this chapter
you will be able to:

$ describe the contents of a typical
business plan;

* explain project portfolio
managemenu

rt cârry out an evaluation and
selection of projects against
strategic, technical and economic
criteria;

S use a variety of cost-benefit
evaluation techn iques for choosing
among competi ng project proposals;

* evaluate the business risk involved
in a project;

ù explain how individual projects can
be grouped into programmes;

* explain how the implementation of
programmes and projects can be
managed so that the planned
benefits are achieved.

N. ourcrruEs

-l-hu first that many developers hear of an ICT project is when they are allocated to the
I project team. However, new projects do not appear out of thin air. There will be some

process - varying in sophistication between organizations - that decides that the project is

worth doing.
As we saw in Chapter 1, sometimes managers justify a commitment to a single project

as the benefits will exceed the costs of the implementation and operation of the new
application. ln other cases/ managers would not approve a project on its own, but can see

that it enables the fulfilment of strategic objectives when combined with other projects.

21
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Thus a project to establish an ICT infrastructure within an organization might not deliver

a direct financial benefit, but could provide a platform for subsequent projects to do so.

It might not be possible to measure the benefits of a project in financial terms. lf you

create a iystem which allows the more accurate recording of data concerning the medical

conditíon of patients, it might contribute to the alleviation of pain and the preservatìon of
life, but it would be difficult to put a money value on these.

The last chapter emphasized that an ICT or software project needed a business case.

ln this chapter we explain what such a document might contain. A business case may be

presented for several potential projects, but there may be money or staff time for only

some of the projects. Managers need some way of deciding which projects to select. This

is part of portfolio managemenf. This chapter will discuss some ways in which projects

can be evaluated and compared for inclusion in a project portfolio. The chapter finishes

by discussing the way groups of projects which together contribute to a common business

objective can be managed as programmes of projects'

rganizations may have different titles such as a feasibility
study or a project justification for what we call the business

case. lts objective is to provide a rationale for the project by

showing that the benefits of the project outcomes will exceed

the costs of development, implementatíon and operation (or

production).
Typically a busíness case document might contain:

1 lntroduction and background to the proposal

2 The proposed project

3 The market

4 Organizational and operational infrastructure

5 The benefits

6 Outline implementation Plan

./ LOSTS

B The financial case

9 Risks

10 Management plan

These sections will be now be described in more detail

lntroduction and background

This ís a description of the current envíronment of the proposed project, A problem to be

solved or an opportunity to be exploited is identified.



2.2 A business case 23

The proposed proiect

A brief outline of the proposed project is provided

The market

This is needed when the project is to create new product or a new service
capability. This would contain information like the estimated demand for
the product or service and any likely competitors.

Organizational and operat¡onal infrastructure

This describes how the structure of the organization will be affected by the
implementation of the project. This is of most relevance where the project

is implementing or modifying an information system as part of a broader business change
project. lt would also be relevant if a tailored production or distribution system has to be
set up when a new product is designed.

Benefits

Where possible, a financial value should be put on the benefits of the implemented
project. For commercial organizations this could be related to increased profits caused
either by increasing income or by making savings on costs. For not-for-profit organizations
we would try to quantify the benefits even if we cannot quote a precise financial value.
ln an example we used earlier relating to an lT system that improved the diagnosis of a
particular disease, an increase in the rate of diagnosis might be quoted,

0utline implementation plan

ln addition to the ICT aspects of the project, activities such as marketing, promotion
and operational and maintenance infrastructures need to be considered. One
consideration will be which project activities can be outsourced, and which are best
kept in-house.

This will also detail the management of the implementation. The responsibilities are
allocated for the tasks identified in the outline implementation plan. Key decision points
or milestones, where a health-check on the state of the implementation is taken, should be
identified. As we wilI see, for a large implementation a number of projects may be needed
which can be managed as a programme.

Gosts

Having outlined the steps needed to set up the operations needed by the proposal, a
schedule of expected costs associated with the planned approach can now be presented

There will clearly be some uncertainties about some of the costs, especially as the
details of the requirements have not yet been worked out.
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The financial case

There are a number of ways in which the inforrnation on income and costs can be

analysed and these will be the subject of the section on evaluation techniques later

in this chapter.

Risks

Once again a more detailed discussion of risks will follow in a later section. We note

here that many estimates of costs and, more particularly, benefits of the project will be

speculative at this stage and the section on risl< should take account of this. ln the last

chapter we distinguished betweerr project and business objectives. We can similarly
distirrguislr project risk * relating to threats to successful project execution - from business

risk -_ relating to factors threatening the benefits of the delivered project. ln the business

case the main focus is on business risk.

2.3 Project portfolio management

Ouite a good

introduction to the
concepts of

portfolios can be
found in B. De Reyck

et al. The ímpact of
project portfolio

management on

information
technology projects'
(2005l' lnternational
Journal of Project

Managenent
23524-37.

r ensuring

r ensuring

portfolio prof ect management provides an overview of all the projects

I that an organization is undertaking or ís considering. lt prioritizes the

allocation of resources to projects and decides which new projects should
be accepted and which existing ones should be dropped.

The concerns of pro.iect portfolio management incude:

r identifying which project proposals are worth implementation;

r assessin¡1 the amount of risk of failure that a potential project has;

r deciding how to share limited resources, including staff time ancl

finance, between projects - or-re problem can be that too many projects

are started given the resources available so that inevitably some projects

will miss planned completion dates;

r being aware of the depenclencíes between projects, especially where
several projects neecJ to be completed for an organization to reap

benefits;

that projects do not duplicate work;

that necessary developments have not been inadvertently been missed.

The three key aspects of project portfolio managementare portfolio definitiort, portfolio
management and portfolio optimization. An organization would undertake portfolio

definition before adopting portfolio management and then proceeding to optimization.

Projeet portfolio definition

An organization should record in a single repository details of all current projects.

A decision will be needed about whether projects of all types are to be inclr¡ded. Should
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Warren McFarlan,s 
just ICT projects be included in the repository, or should other proiects-{tdii:;;#;ì;- 
such as the setting up of a new warehouse also be included? Orre problem

appioachto for many organizations is that projects can be divided into new product
information systems' developmen¿s (NPD) where the project deliverable is a product, such as

Haruard Business a computer game, that is sold to customers, and renewal projects which
ReviewS\(5| 142-50 improve the way an organization operates - informatiorr systems projects

íntroducedthe are often like this. The distinction is not always clear-cut. For example,

,f,t-!-:l^:""it:ltl a new information system coulcl be used to provide a customer service
rnformatr0n svstems.vvv¡v'¡re' 

such as recording the details of people buying a new insurance product.
NPD projects are often more frequent in organizations which have

a continuous development of new goods and services. Renewal projects m;ry be less

frequent and thus inherently more risky as there is less experience of these types of
project. NPD projects find attracting furrding easier with their clear relationship
between the project and inconre. Where both types of project call upon the same
pools of resources, including finance, the argument for a common portfolio is strong.

Project portfolio management

Once the portfolio has been established, more detailed costings of projects can be
recorded. l-he value that managers hope will be generated by each project can also
be recorded. Actual performance of projects on these performance indicators can then
be tracked. This information can be the basis for the more rigorous screening of new
projects.

Proiect portfolio optimization

The performance of the portfolio can be tracked by high-level managers on a regular
basis. A better balance of projects may be achievecl. Some projects could potentially be
very profitable but could also be risky. lrr the case of an e-commerce site, for example,
sales may not be as great as hoped because established competitors reduce prices. Other
projects could have modest benefits, such as those cutting costs by automating processes,

but have fewer risks. The portfolio ought to have a carefully thoughGout balance between
the two types of project.

Some problems with project portfolio management

An important role of project portfolio management is sharing resources
between projects. l-here can be problems because while apparently
fL¡ll-time staff are allocated to a project, they may effectively be part-time
because they still have routine work to do. This is particularly so with
users, and with developers who may on occasion be callecl away from
project work to deal with support tasks.

The official project portfolio may not accurately reflect orgarrizational
activity if some projects are excludecJ. A formal decisiorr mary be made that
only projects over a certairr level of cost will be recorded in the portfolio.

lnteresting insights
into the practical

problems of
portfolios can

be found in
B. S. Blichfeldt and

P. Eskerod (2008)

'Project portfolio
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. I he 'below the lirre'projects could in fact consume sul¡stantial staff effort

.1119^s:T:t:. anc] bleed away effort from the official projects. lt can be argued that all
tnere s more ro rr

türî,urrìãr.rì projects should be included in the official portfolio.

enacts, However, there are advantages in allowing tlrese tasks. lt allows

lnternational small ad hoc tasks to tre done, such as qurick fixes to systems to deal with

Journal af Project externally imposed changes. They reduce work for higher management by
Management saving them from having to process a large number of small worl< requests'
26357-65' Devetpers may firrd these small tasks rewarding: dealing with these

small requests is an easy way to keep r-rsers happy. Thus when allocating

resources to projects, a margin should be set to allow first-line managers some judgement

in accepting non-planned work.

2.4 Evaluation of individual pro¡ects

e will now lool< more closely at how the feasibility of an individual project can be

evaluated.W

Any project aiming
at a return on

investment must, as

a minimum, provide

a greater benefit
than putt¡ng that

investment in, say,

a bank.

Technical assessment

Tech¡ical assessment of a proposed system consists of evaluating whether the required

functionality can be achieved with current affordable technologies. Organizational policy,

aimed at providing a consistent hardware/software infrastructure, is likely to limit the

technical solutions considered. The costs of the technology adopted must be tal<en into

account in the cost-benefit analysis.

Gost-benefit analysis

Even where the estimated benefits will exceed the estimated costs, it is

often necessary to decide if the proposed project is the best of several

options. Not all projects can be undertaken at any one time and, in any

case, the most valuable projects should get most resources.

Cost-benefit analysis comprises two steps:

t lclentifying all of the costs and benefits of carrying out the proiect and

operating the clelivered application These include the development

costs, the operating costs and the benefits expected from the new

system. Where the proposed system is a replacement, these estimates should reflect

the change in costs and benefits due to the new system. A new sales order processing

system, for example, could only claim to benefit an organization by the increase ir-l

sales due to the use of the new system.

Expressit'rg, these costs and benefits in common unifs We must express each cost and

benefit - ancl the net benefitwhich is the difference between the two - itr money.

Most clirect costs are easy to quantify in monetary terms and can be categorized as:



The different types of
benefits will be

discussed ín greater

detail in the context 0f
benefits management
later in this chapter.
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t development costs, including development staff costs;

. setup cos¿s, consisting of the costs of putting the system into place,
mairrly of any new hardware but also including the costs of file
conversion, recruitment and staff training;

t operational costs relating to operating the system after installation.

f) rightrnouth College is considering the replacenrent of the existing payroll setvice,
I-Doperated by a third party, with a tailorecl, off-the-shelf cornputer-based system. List
some of the costs it might consider under the headings of:

r Development costs

r Setup costs

r Operational costs

List some of the benefits u¡rder the headings:

r Quantified and valued benefits

r Quantified but not vaÌuecl

r Identified but not easily valued

For each cost or benefit, explain how, in principle, it might be measured in monetary terms.

TXERCISE 2.1

Typically products
generate a negative

cash flow during their
development followed by

a positive cash flow over
their operating l¡fe.

There might be

decommissioning
costs at the end of a

product's life.

'The difficulty and

importance of cash flow
forecasting is evidenced

by the number of
companies that suffer
bankruptcy because,

although they are

developing profitable

Gash flow forecasting

As important as estimating the overall costs and benefits ol a project is

producing a cash flow forecast which indicates when expenditure ancl

income will tal<e place (Figure 2.1).
We need to spend money, such as staff wages, durir-rg a project's

development. Such expenditure cannot wait until income is received
(eitlrer from using software developecl in-house use or from selling it).
We need to know that we can fund this developnrent expencliture either
from the company's own resources or by borrowing. A forecast is
needed of when expenditure, such as the payment of salaries, and any
income are to be expected.

Accurate cash flow forecasting is difficult, as it is done early in

the project's life cycle (at least before any sigr-rificant expencliture is

committed) and many items to be estimatecl (particularly the benefits
of usirrg software) might be some years in the fr-rture.
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FIGURE2.l Typical product life cycle cash flow

products or services,
they cannot sustain an

unplanned negative
cash flow.

When estinrating futr-rre cash flows, it is usual to ignore the effects

of inflation. Forecasts of inflation rates tencl to be uncertain. Moreover,
if experrditr-rre is increased dr"re to inflation it is lilcely that income will
i ncrease proportionately.

2.5 Gost-benefit evaluat¡on techniques

W;trî.::::r1J:.- 
at some methods for conrparins projects on the basis of their cash

Table 2.1 illustrates cash flow forecasts for for-¡r projects. ln each case it is assumed that

the cash flows take place at the end of each year. For short-term projects or where there

are significant seasonal cash flow patterns, quarterly, or even monthly, cash flow forecasts

could be appropriate.

Net profit

Tlre net profit of a project is the difference between the total costs and the total income

over the life of the project. Project 2 in lable 2.1 shows the ¡4reatest net prof¡t but this is at

the expense of a large investment. lndeed, il we had f 1m to invest, we might undertake all

of the other three projects and obtain an even greater net ¡rrofit. Note also that all projects

corrtain an element of risk arrd we might not be preparecl to risk f 1m. We shall look at the

effects of risk ¿lnd investment later irr this chapter.

¡-ìonsider the project cash flow estirnates f'or fbur projects at IOE shown in Table 2.1.

L-rNegative values represent expencliture and positive values income.

Rank the fbur projects in orcler of firrarrcial desirability and make a lote of your reasons

f'or ranking therrr in that way befbre reading firrther.

EXERCISE 2.2



Cash flows take
place at the end of

each year. The year

0 represents the
initiâl investment

made at the start of
the pro¡ect.

2.5 Cost-benefit evaluation techniques 29

Moreover, the simple net profit takes no account of the timin¡¡ of
the cash flows. Projects 1 and 3 each have a net profìt of f50,000 and
therefore, according to this selection criterion, would be equally preferable.
The bulk of the income occurs late in the life of project '1, whereas project 3

retlrrns a steady income throughout its life. Having to wait for a return
has the disadvantage that the investment must be funded for longer. Add
to that the fact that, other things being equal, estimates in the more distant
future are less reliable than short-term estimates and we can see that the
two projects are not equally preferable.

Payback per¡od

The payback period is the time taken to break even or pay back the initial irrvestment.
Normally, the project with the shortest payback period will be chosen on the basis that
an organization will wish to minimize the time that a project is 'in debt'.

The advanta¡;e of the payback period is that it is simple to calculate and is not
particularly sensitive to small forecastin¡¡ errors. Its disadvantage as a selection technique is
that it ignores the overall profitability of the project- in fact, it totally ignores any income
(or expenditure) once the project has brol<en even, Thus the fact that projects 2 and 4 are,
overall, more profitable than project 3 is ignored.

0

1

2

3

4

5

Net profit

-100,000

r 0,000

10,000

10,000

20,000

r00,000

50,000

-1,000,000

200,000

200,000

200,000

200,000

300,000

1 00,000

-r00,000

30,000

30,000

30,000

30,000

30.000

50,000

-r 20,000

30,000

30,000

30,000

30,000

75,000

75,000

Year Proiecl 4Project 3Proiect 2Proiect 1

TABTE 2.1 Four project cash flow projections - figures are end of year totals (f)

onsider the four project cash flows given in Table 2.1 and calculate the payback period
lbr each of them.C

TXERCIST 2.3
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Return on ¡nvestment

fhe return on investment (ROl), also known as the acco¿tnting rate of return (ARR),

provides a way of comparing the net profitatrility to the investment required. There

are some variations on the formula used to calculate the return on investment but a

straightforward common version is:

OO, _ average annual profit *,OO
total investment

l-he return on investment provides a simple, easy-to-calculate measure of return on

capital. Unfortunately, it sLrffers from two severe disadvar-rtages. Like the net profitab¡l¡ty, it

tal<es no accout"ìt of the timing of the cash flows. More importantly, this rate of return bears

no relationship to the interest rates offered or charged by banks (or any other normal

interest rate) since it takes no account of the timing of the cash flows or of tlre

conrpounding of irrterest. lt is therefore, potentially, very misleading'

Net present value

Tlre calculation of net present valtte is a project evaluation technique that

takes into accour'ìt the profitability of a project and the timing of the cash

flows that are producecl. This is based on the view that receivirrg f 100

today is better than havin¡; to wait until next year to receive it. We could,

for example, invest the f'100 in a bank today ancl have f100 plus the

interest in a year's time. lf we say that the present value o{ f 100 in a

year's tinre is L91 , we me¿ìn that f 100 irr a year's time is the equivalent

of f9'l now.
The equivalence of [9'l now and f 100 in a year's tirne means we

are discounting tlre future income by approximately 10"/". lf we received

f91 now and investecl it for a year at an annual interest rate of 1Ou/", il

would t¡e worth f 100 in a year's time. The annual rate by whiclr we

Net present value
(NPVI and internal
rate of return (lRR)

are collectively
known as

discounted cash

flow (DCFI

techniques.

Note that this
example uses

approximate figures.

¡rìalculating the ROI for project 1, the net profit is f50,000 and the total investment is

L-¡¿ioo.oo0. The return on investment is th.erefore calculated as

on, - avt¡rag,e annual Profit , roo
total investntent

- 5o'ooo/5 x 1oo = 1o%
100,000

Calculate the ROI for each of the other projects shown in Table 2.1, ancl decide which, on

the basis of this criterion, is the most worthwhile'

EXERCISE 2.4
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discount future earnings is known as the drscount rate - 1O% in the above
example.

Similarly, f100 received in two years'time would have a present value
of approximately fB3 - in other words, f 83 invested at an interest rate of
10% would yield approximately f 100 in two years'time.

The present value of any future cash flow may be obtained by applying the following
formula

Present value =
value in year t

('l + r)t

where r is the discount rate, expressed as a decimal value, and f is the
number of years into the future that the cash flow occurs.

Alternatively, and rather more easily, the present value of a cash flow
may be calculated by multiplying the cash flow by the appropriate
discount factor. A small table of discount factors is given in Table 2.2.

The NPV for a project is obtained by discounting each cash flow (both

negative and positive) and summing the discounted values. lt is normally
assumed that any initial investment takes place immediately (indicated as

year 0) and is not discounted. Later cash flows are normally assumed to
take place at the end of each year and are discounted by the appropriate
amount.

0.9524

0.9070

0.8638

0.8221

0.7835

0.7462

0.7107

0.6768

0.0446

0.6r39

0.4810

0.3769

0.2953
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0.7921
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0.6274

0.5919
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0.3r18

0.2330

0.9259
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0.7938
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0.6302
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0.5403

0.5002

0.4632

0.3152

0.2145

0.1460
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0.8204

0.7513

0.6830

0.6209

0.5645

0.5132

0.4605

0.4241

0.3855

0.2394

0.r486

0.0923

0.8929

0.7972

0.71r8

0.6355

0.5674

0.5066

0.4523

0.4039

0.3806

0.3u0

0.1821

0.1037

0.0588

0.8696

0.756r

0.6575

0.57t8

0.4972

0.4Í123

0.3759

0.3269

0.284Íì

0.2472

0.r229

0.06r1

0.0304
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7

Discount rate (%)

I

TABTE 2.2 NPV discount factors
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It is interesting to note that the net present values for projects 1 and 3 are significantly

different-even though they both yield the same net profit and both have the same return

on investment. The difference in NPV reflects the fact that, w¡th project 1, we must wait

longer for the bulk of the income.
The main difficulty with NPV for deciding between projects is selecting an appropriate

discount rate. Some organizations have a standard rate but, where this is not the case,

then the discount rate should be chosen to reflect available interest rates (borrowing

costs where the project must be funded from loans) plus some premium to reflect the

fact that software projects are normally more risky than lending money to a bank. The

exact discount rate is normally less important than ensuring that the same discount rate

is used for all projects being compared. However, ¡t ¡s important to check that the ranking

of projects is not sensitive to small changes in the discount rate - have a look at the

following exercise.

/\ ssuming a 1.Oo/o discount rate, the NPV for project 1 (Table 2.1) would be calculated as

fl,in Table 2.3. The net present value for project 1, using a 7Oo/" discount rate, is

therefore f,618. Using a 1,Oo/o discount rate, calculate the net present values for projects 2,

3 and 4 and decide which, on the basis of this, is the most beneficial to pursue.
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5

-r00,000
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r0,000

r0,000

20,000

100,000

f50,000

r.0000
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0.7513

0.6830

0.6209

NPV: f618

-100,000

9,0sr

8,264

7.513

13,660

62,090

Net Profit

Discounted cash flow {Ê}Year Proiect I cash flow (f) Discount factor @ l0%

TABLE 2.3 Applyìno the discotlnt factors to project 1

EXERCISE 2.5,

l-alculate the net present value for each of the projects A, B and C shown in Table 2.4

L:using each of the discount rates 8o/o,1\o/o and 72o/o'

For each of the discount rates, decide which is the best project. What can you conclude

from these results?

EXERCISE 2.6
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Alternatively, the discount rate can be thought of as a target rate of return. lf, for
example/ we set a target rate of return of 15o/o we would reject any project that did not
display a positive net present value using a 15o/' discount rate. Any project that displayed
a pos¡tive NPV would be considered for selection - perhaps by using an additional set of
criteria where candidate projects were competing for resources.

lnternal rate of return

One disadvantage of NPV as a measure of profitability is that, although it may be used to
compare projects, it might not be directly comparable with earnings from other investments
or the costs of borrowing capital. Such costs are usually quoted as a percentage ¡nterest rate.
The internal rate of return (lRR) attempts to provide a profitability measure as a percentage
return that is directly comparable with interest rates. Thus, a project that showed an
estimated IRR of 10% would be worthwhile if the capital could be borrowed for less than
1Oo/" or if the capital could not be invested elsewhere for a return greater than 10%.

The IRR is calculated as that percentage discount rate that would produce an NPV
of zero.lt is most easily calculated using a spreadsheet or other computer program that
provides functions for calculating the lRR. Microsoft Excel, for example, provides IRR

functions which, provided with an initial guess or seed value (which may be zero), will
search for and return an lRR.

One deficiency of the IRR is that it does not indicate the absolute size of the return.
A project with an NPV of f 100,000 and an IRR of 15olo can be more attractive than one
with an NPV of f 10,000 and an IRR of 1B% - the return on capital is lower but the net
benefits greater.

Another objection to the internal rate of return is that, under certain conditions, it is

possible to find more than one rate that will produce a zero NPV. However, if there are
multiple solutions, it is always appropriate to take the lowest valr"¡e and ignore the others.

NPV and IRR are not, however, a complete answer to economic project evaluation.
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r A total evaluatiorl must also tal<e irrto account the problems of funding the cash

flows - will we, for example, be able to repay the interest on any borrowed money

at the appropriate time?

r While a project's IRR might indicate a profitable project, future earnings from a

relatively risky project might be far less reliable than earnings from, say, irrvesting

with a banl<. We might r-rndertake a more detailed risl< analysis as described below.

r We must also consider any one project within the financial and econotric framework

of the organization as a whole - if we fund this one, will we also be able to fund other

worthy projects?

2.6 Risk evaluat¡on

E
very project involves risk. We have already noted that proiect risks, which prevent the

project from being completed successfully, are different from the business risl< that the

deliverecl products are not profitable. Project risl<s will be discussed in Chapter 7' Here

we focus on business risk.

Risk identification and ranking

ln any project evaluation we should identify the risks and quantify their effects. One

approach is to construct a project risl< matrix utilizirrg a checklist of possible risks and

classifying risl<s according to their relative importatrce and lil<elihood. lmportance and

likelihood need to be separately assessecl - we might be less concerned with something

that, althor-rgh serious, is very unlikely to occur than with something less serious that is

almost certain. Table 2.5 illustrates a basic project risk matrix listing some of the business

risks for a project, with their importance and lil<elihood classified as high (l-l), medium (M),

low (L)or exceedingly unlil<ely (-). So that projects may be comparecl, the list of risks

must be the same for each project assessed. lt ¡s lll(ely, in reality, that it would be lorrger

than shown and more precise.

The project risk matrix nray be used as a way of evaluating projects (those with hiSh

risks being less favoured) or as a means of identifying and ranl<ing the risl<s for a specific

project.

Cl¡ent reiects proposed look and feel of site

Competitors undercut prices

Warehouse unable to deal with increased demand

0nline payment has security problems

Maintenance costs higher than estimated

Response times deter Purchasers

H

H

M

M

L

M

M

L

M

L

M

Risk lmportance [ikelihood

TABLE 2.b A fragment of a basic proiecvbusiness risk matrix for an e-commerce applicat¡on
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Risk and net present value

Where a project is relatively risky it is common practice to use a higher discount rate to
calculate net present value. This risk premium might, for example, be an additional 2%
for a reasonably safe project or 5o/o for a fairly risky one. Projects may be categorized as

high, medium or low risk using a scoring method and risk premiums designated for each
category. The premiums, even if arbitrary, províde a consistent method of taking risk into
account.

Cost-benefit analysis

A rather more sophisticated approach to the evaluation of risk is to consider each possible

outcome and estimate the probability of its occurring and the corresponding value of the
outcome. Rather than a single cash flow forecast for a project, we will then have a set

of cash flow forecasts, each with an associated probability of occurring. The value of
the project is then obtained by summing the cost or benefit for each possible outcome
weighted by its corresponding probability. Exercise 2.7 illustrates how this may be done.

p uyRight, a software house, is considering developing a payroll application for use in
I) academic irrstitutions and is currently engaged in a cost-benefit analysis. Study of the
market has shown that, if BuyRight can target it efficiently and no competing products
become available, it will obtain a high level of sales generating an annual income of
f,800,000. It estimates that there is a 1 in 10 chance of this happening, However, a com-
petitor might launch a competing application before its own launch date and then sales
might generate only €100,000 per year. It estimates that there is a 30% chance of this
happening. The most likely outcome, it believes, is somewhere in between these two
extremes - it will gain a market lead by launching before any competing product becomes
available and achieve an annual income of f650,000. BuyRight has therefore calculated its
expected sales income as in Table 2.6,

Sales

80,000

390,000

30,000

500,000

High

Medium

Low

Expected lncome

800,000

650,000

1 00,000

0.r

0.6

0.3

Expected
value (fl
ixp

Annual sales
income El
i

Probability

p

TABTE 2.6 BuyRight's ìnconre forecasts

EXERCIS[ 2.7
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Development costs are estimated at f750,000. Sales levels are expected to be constant

f'or at least four years. Annual costs of marketing and product maintenance are estimated

at f200,000, irrespective of the rnarket sÌrare. Would you advise going ahead with the

project?

This approach is frequently used to evaluate large projects such as the building of

motorways/ where variables such as traffic volumes, and hence the total benefit of

shorter journey times, are uncertain. The technique, of course, relies on being able to

assign probabilities of occurrence to each scenario/ which requires extensive

research.
When used to evaluate a single major project, the cost-benefit approach, by

'averaging out'the negative and positive outcomes of the different scenarios, does

not take full account of 'worst-case scenarios'. Because of this, it is more appropriate for

the evaluation of a portfolio of projects where overall profitability is the primary concern/

more successful projects can offset the impact of less successful ones.

Risk profile analys¡s

An approach which attempts to overcome some of the objections to cost-benefit averaging

is the construction of risk profiles using sensitivity analysis.

This involves varying each of the parameters that affect the project's cost or benefits to

ascertain how sensitive the project's profitability is to each factor. we might, for example,

vary one of our original estimates by plus or minus 5% and recalculate the expected costs

and benefits for the project. By repeating this exercise for each of our estimates in turn we

can evaluate the sensitivity of the project to each factor.

By studying the results of a sensìtivity analysis we can identify those factors that are

most important to the success of the project. We then need to decide whether we can

exercise greater control over them or otherwise mitigate their effects. lf neither is the case,

then we must live with the risk or abandon the project.

Using decision trees

The approaches to risk analysis discussecl previously rather assume that we are passive

bystanders allowing nature to take its own course - the best we can do is to reject

over-risky projects or choose those with the best risk profile. There are many situations,

however, where we can evaluate whether a risk is important and, if it is, decide a suitable

course of action.
Such decisions will limit or affect future options and, at any point, it is important to be

able to assess how a decision will affect the future profitability of the project.

As an example, say a successful company is considering when to replace its sales order

processing system. The decision largely rests upon the rate at which its business expands -
if its market share significantly increases (which it believes will happen if rumours of a
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competitor/s imminent bankruptcy are fulfilled) the existing system might need to be
replaced within two years. Not replacing the system in time could be an expensive option
as it could lead to lost revenue if it cannot cope with increased sales. Replacing the system
immediately will, however, be expensive as it will mean deferring other projects already
scherjuled.

It is calculated that extending the existing system will have an NPV of f75,OOO,
although if the market expands significantly, this will be turned into a loss with an NPV
of -f 100,000 due to lost revenue. lf the market does expand, replacing the system now
has an NPV of f 250,000 due to the benefits of being able to handle increased sales
and other benefits such as improved management information. lf sales do not increase,
however, the benefits will be severely reduced and the project will suffer a loss with an
NPV of -f 50,000.

The company estimate the likelihood of the market increasing significantly at 2Oo/o

- and, hence, the probability that it will not increase as B0%. This scenario can be
represented as a tree structure as shown in Figure 2.2.

The analysis of a decision tree consists of evaluating the expected benefit of taking
each path from a decision point (denoted by D in Figure 2.2).The expected value of
each path is the sum of the value of each possible outcome multiplied by its probability
of occurrence. The expected value of extending the system is therefore f40,000
(75,000 x 0.8 - 100,000 x 0.2) and the expected value of replacing the system f 10,000
(250,000 x 0.2 - 50,000 x 0.8). The company should therefore choose the option of
extending the existing system.

NPV (T)

- 100,000
Expansion

0.2

0.8

E No ex

75,000

250,000
Expansion

Replace
0.2

0,8

No expansion

- 50,000

FIGURE 2.2 A decision tree
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2,1 Ptogtamme management

I t shoulcl now have been made clear that there will be an element of

#ï;iilï, lrisl< wirh any single project. Everr where projects procluce real financial
"',.r;;ä;;;i benefits, rhe precise size of those benefits will often be uncertain at the start

nìuìititoi:lriitu of the project. This makes it important for organizations to take a broad

Management view of all its projects to ensure that while some projects may disappoint,
August 1991. organizational clevelopments overall will generate substantial benefits.

We introduced project portfolios in Section 2.3. We will now examine how

careful management of programmes of projects can provide berrefits. D. C. Ferrrs defined a

progriìmme as'a g¡ottp of projects that are managed in a coordinated wtty to g,ain ber¡efits

that wc¡ulcl not be possible were the projects to be manag,ed independently'.

Programmes can exist in different fornrs, as can be seen below'

Business cycle programmes

The collection of projects that an organization undertakes within a particular planning

cycle has already been discussed under the topic of project portfolios. We have seen that

many organizations have a fixed buclget for ICT clevelopment. Decisions have to be made

about which projects to implement within that budget within the accounting period,

which often coincides with the financial year.

Strategic programmes

Several projects together can implement a single strategy. For example, tlre merging of

two organizations'computer systems coulcl require several projects each dealing with a
particular application area. E¡lch activity could be treated as a distinct project, but would

be coordinated as a programme.

I nf rastructu re prog rammes

Organizations can have various departments which carry out distinct, relatively self-

co¡tained, activities. ln a local authority, one department might have responsibilities for

the maintenance of highways, another for refuse collection, and another for education.

These flistinct activities will probably rec¡uire distinct cJatabases ancl information systems.

ln such a situation, the central lCl'function woulcl h;tve resporrsibility for setting up and

maintaining the ICT infrastructure, irrclr-rcling the networl<s, workstations and servers Llpon

whiclr these distinct applications run. ln these circumstances, a infrastructure programme

coulcl refer to tlre activities of identifying a commorr lC'I infrastructure and its

implementation and maitrtenance

Research and development programmes

Truly innovative companies, especially those that are trying to develop new products for

the marl<et, are well aware that projects will vary in terms of their risl< of failr'rre and the
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potent¡al returns that they might eventually reap. Some development projects will be
relatively safe, and result in the final planned product, but that product might not be
radically different from existirrg ones on the market. Other projects rnight be extremely

risky, but the end result, if successful, could be a revolutionary

Alan Webb (20011 technological breal<through that meets some pressing but previously
'When project unsatisfied need.

managementdoesnt A successful portfolio would need to be a mixture of ,safe projects,
work' Project with relatively low returns and some riskier projects that might fail, but if
Management-';;';ri';;::;.' 

ffiïiilJould 
senerate handsome profits which will offset the losses on

lnnovative partnerships

Companies sometimes come together to worl< collaboratively on new technologies
in a 'pre-competitive'phase. Separate projects in different organizations need to be
coordinated and this miglrt be done as a programme.

2.8 Managing the allocation of resources within programmes

\ Â /u are now going to examine in more detail programmes where resources have to
V V be shared between concurrent projects. Typically, an ICT department has pools of

particular types of expertise, such as software developers, database designers and networl<
support staff, and these might be called upon to participate in a numl¡er of concurrent
projects.

ln these circumstances, programme managers will have concerns about

The comoarison is the optimal use of specialist staff. l-hese concerns can be contrasted with

based on G. Reiss those of project managers - see Table 2.7.

11gg6l Programne The project managers are said to have an 'impersonal relationship'with
Management resource types because, essentially, they require, for example, a competent
Denystified, systems arralyst and who fills that role does not matter. -fhe programme

Chapman & Hall' manager has a number of individual systems arralysts under his or her
control whose deployment has to be planned.

When a project is planned, at the stage of allocating resources/ programme
management will be involved. Some activities in the project rnight have to be delayed

Many simultaneous projects

Personal relationship w¡th skilled resources

Need to maximize utilization of resources

Projects tend to be similar

One project at a time

lmpersonal relationship wlth resource type

Need to minimize demand for resources

Projects tend to be dissimilar

Programme manager Project manager

TABTE 2.7 Programme managers versus project managsrs
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until the requisite technical staff are freed from work on other projects. Where expensive

technical staff are employed fr-rll-time, then you would want to avoid them having short

periods of intense activity interspersed with long periods of idleness, during which they

are still being paid. lt is most economic when the clemand for work is everrly spread from

month to month.
As will be seen in Chapter 9 on monitorirrg and control, when a project is executed

activities can take longer (or sometimes even less time) than planned' Delays can mean

that specialist staff are prevented from moving on to their next project. Hence it can be

seen that programme management needs continually to monitor the progress of projects

ancl the use of resources.

2.9 Strateg¡c programme management

I clifferent form of programme management is where a portfol¡o of projects all

f\contribute to a common objective. Tal<e, for example, a business which carries

out mainterrance work for clients. A custonrer's experience of the organization might be

found to tre very variable and inconsistent. The employee who records the customer's

requirements is different from the people who actually carry out the work and different

agairr from the clerk who cleals with the accounts. Often a customer has to explain to one

company employee a problem that has already been discussed at length with some other

employee. A business objective might be to present a consistent and uniform front to the

client. This objective miglrt require changes to a number of different systems which until

now have been largely self-containe<J. The work to reorganize each

Recall that'GCis indiviclual area could be treated as a separate proiect, coordinated at a
""il#ffi;'" higher levelas a programme.

Government These types of programme are most ofterr needed by large organizations

CoÃrãr."*¡,i.f, which have a large and complicated organizational structure. Covernment

wasformerly departments are typical examples and it is not surprising that the OCC, the

the Central United Kingdom government agency which was responsible (as the CCTA)

Computing and for the introduction of PRINCE2 project management standards, has
Telecommunications clirected its attention to guidelines for effective programme management.

AgencyorCCTA' rhe approach rrow describecl is based on the oCC guidelines.

2.10 Greating a programme

The programme mandate

The OCC envisages that the plarrning of a programme will be triggered by the creation of

an agreed programme mandate. ldeally this slrould be a formal document describing:

r the new services or capabilities the programme should deliver;

r how tlre organization will be improved by use of the new services or capability;

r how the programme fits with corporate goals and any other irritiatives.
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At this point, a programme director ought to be appointed to provide initial leadership
for the programme. To be successful, the programme needs a champion who is in a
prominent position within the organization. This will signal the seriousness with which
the organization takes the programme.

The progamme brief

A programme brief is now produced which outlines the business case for the programme,
It will have sections setting out:

r a preliminary vísion statementwhich describes the new capacity that the organization
seeks - it is described as 'preliminary'because this will later be elaborated;

r the benefits that the programme should create - including when they are likely to be
generated and how they might be measured;

r risks and issues;

r estimated costs, timescales and effort.

The vision statement

The programme brief should give the sponsors enough information to decide whether to
request a more detailed definition of the programme. This stage would justify the setting up
of a small team. A programme manager with day-to-day responsibility for the programme
would be appointed.

This group takes the vision statement from the project brief and refines and expands
it. lt should describe in detail the new capability that the programme will give the
organization. lf estimates for costs, performance and service levels cannot be provided,
then there should at least be an indication of how they might be measured; for example,
one might be able to say that repeat business will be increased, even if the precise size ol
the increase cannot be provided.

The blueprint

The achievement of the improved capability described in the vision statement can come
only through changes to the structure and operations of the organization. These are
detailed in the blueprint. This should contain:

r business models outlining the new processes required;

r organizational structure - including the numbers of staff required in the new systems
and the skills they will need;

r the information systems, equipment and other, non-staff, resources that will be needed'

r data and information requirements;

r costs, performance and service level requirements.

To return to the example of the organization which wants to present a consistent
interface to its customers: while this aspiration might be stated in the vision statement, the
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way that it is to be achieved would have to be stated in the blueprint' This might, for

example, suggest:

r the appointment of 'account managers'who could act as a point of contact for the

client throughout their business transact¡ons with the company;

r a common computer interface allowing the account manager to have access to all the

information relating to a particular client or job, regardless of the computer system from

which it originates.

The blueprint is supportedby benefit profiles which estimate when the expected

benefits will be experienced following implementation of the enhanced capability. One

principle is that a programme should deliver tangible benefits. Being provided with a

capability does not guarantee that it will be used to obtain the benefits envisaged. For

example. as a part of the programme above, the marketing department might be provided

with sales and demographic informatíon which allows them to target potential customers

more accurately. This should improve the ratio of sales revenue to advertising costs.

However, just because this information is available does not mean that the marketing staff

will necessarily make effective use of it. Hence the need for evidence of actual business

benefits. The timing of the benefits needs to be carefully considered. Thus marketing

campaigns that target particular customers might take time to plan and organize and the

benefits in increased sales and/or lower advertising costs could take some months to

become apparent.
The management structure needed to drive this programme forward would also need

to be planned and organized.
A preliminary list of the projects needed to achieve the programme objectives will be

created with estimated timescales. This programme portfolio will be presented to the

program me sponsors
A major risk is that some of those whose work will be affected by

the programme wíll not be drawn into the programme effective lv.A
stakeholder map identifying the Sroups of people with an interest in the

project and its outcomes and their particular interests could be drawn up.

This can be used to write a communications strategy and plan showing

how the appropriate information flows between stakeholders can be set

up and maintained.
We noted back in Chapter 1 that with conventional project planning, it is not usually

possible to plan all the phases of a project at the outset, as much of the information

needed to produce the detailed plans will not be available. This is more so with

programmes. However, at the initial proSramme planning stage, a preliminary plan

can be produced containing:

r the project portfolio;

r cost estimates for each Projec!

r the benefits expected (including the appropriate benefits profile);

¡ risks identified;

I the resources needed to manage, support and monitor the programme.
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This information allows a financial plan to be created. This enables higher management
to put ¡n place the budget arrangements to meet the expected costs at identified points in
time. These will be tied to points in the programme when higher management review
progress and authorize further expenditure.

Dependency diagrams

There will often be physical and technical dependencies between projects. For example,
a project to relocate staff from one building to another cannot start until the project to
construct the new building has been completed. Dependency diagrams, which are very
similar to activity networks at project level, can show these dependencies. However,
where projects run concurrently in a programme and products interchange, the
dependency diagrams could become quite complicated.

Figure 2.3 shows a dependency diagram for a programme to merge two organizations,
the constituent parts of which are explained below

A Systems study/desìgn A project is carried out which examines the various existing
lT applications in the two old organizations, analyses their functionality, and makes

recommendations about how they are to be combined.

B Corporate image design lndependently of Project A, this project is

designíng the corporate image for the new organization. This would
include design of the new logo to be put on company documents.

C Build common systems Once Project A has been completed, work can
be triggered on the construction of the new common ICT applications.

E TrainingD Relocate
offices

F Data
migrationcommon

systems

C BuildA System
study/design

G lmplement
corporate
interface

B Corporate
image design

F|GURE2.3 An example of a dependency diagram
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D Re/ocate offices This is the project that plans and carries out the physical co-location
of the staff in the two former organizations. ln this scenario, this has to wait until

the completion of Project A because that project has examined how the two sets of

applications for the previous organizations could be brought together, and this has

repercussions on the departmental structure of the new merged organization.

E Training Once staff have been brought together, perhaps with some staff being made

redundant, training in the use of the new systems can begin,

F Data migration When the neq joint, applications have been developed and staff have

been trained in their use, data can be migrated from existing databases to the new

consol idated database.

C tmplement corporate interface Before the new applications can 'go live', the interfaces,

including the documentation generated for external customers, must be modified to

conform to the new company image,

Delivery planning

The creation of a delivery deperrdency diagram would typically lead to the definition of

tranches of projects. A tranche is a group of projects that will deliver their products as one

step in the programme. The projects in a tranche should combine to provide a coherent

new capability or set of benefits for the client. A consideration in scheduling a tranche

will be the need to avoid contention for scarce resources.

Figure 2.4 shows how the programme's portfolio of projects can be organized into

tranches, each of which delivers some tangible benefits to the user.

Tranche 1 Tranche 2 Tranche 3

Project A

Project F

Benefìt
delivery

Benefìt
delivery

Benefit
delivery

Project E

Project D

Project C

Project B

Project G

FIGURE2.4 Delivering tranches of projectdeliverables
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At this point, the planning of individual projects can be considered. This could
be initiated by the writing of project briefs, defining the scope and objectives of
each project.

2.12 Some reservations about programme managêment

Qome writers on project management have expressed reservations about the way
Jthey see the ideas of programme management being presentecl. lt is argued that
approaches lil<e the one we have described above focus on structure - for example,
who reports to whom * at the expense of process - for example, the basis on which
decisions are made.

The main concern is that the programme may be seen as some kind of 'super-project'.
This could lead to two problems: first, that programme management may exert an
unnecessary control over the subordinate projects, leading to bureaucratic obstruction.
The second is that programmes should be seen as the means by which the objectives of
the business are converted into action at the level of projects. The business environment is
constantly changing and as a consequence programmes need to evolve and be modified
during the course of their execution. lf the super-project idea predominates then too much
planning at the beginning plus a reluctance to change the scope of the programme may
lead to inflexibility.

As we have seen in the case of the company merger programme/ the projects within a

programme may be very different from one another. Also, some programmes - for example
where engineering integration is important - may need to be quite tightly coordinated,
whereas other programmes could afford a more flexible regime.

The main lessons here seem to [re:

r programme management is notsimply a scaled-up project managemenu

r clifferent forms of programme management may be appropriate for different types of
project.

2.13 Benefits management

Thomas K. Landauer
(1995) I/re Trouble

with Conputers:
Usefulness,

Usability and
Productivity,MlT

Press, explores the
issues of the
'productivity

paradox'in lT.

\ Â /" have already noted that providing a capability does not guarantee
V V that the capability will be used to cleliver the planned benefits.

Businesses have t¡ecome aware of the lack of evidence of some
investments in ICT increasing the productivity of organizations. Even

with business process re-eng,ineering (BPR), the radical reorganization
of businesses to deliver improvements in efficiency and effectiveness,
there are many reported cases where the expected benefits have not
materialized.

Benefits management is an attempt to remedy this. lt errcompasses the
identification, optimization and trackirrg of the expected benefits from a

business change in orcler to ensure that they are actually achieved.
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To do this, you must:

r define the expected benefits from the programme;

r analyse the balance between costs and benefits;

r plan how the benefits will be achieved and measured;

r allocate responsibilities for the successful delivery of the benefits;

r monitor the realization of the benefits.

Benefits can be of many different types, including;

t Mandatory compliance Covernmental or European legislation might make certain

changes mandatory.

t Quatity of service An insurance company, for example, might want to settle claims by

customers more quicklY.

t Productivity The same/ or even more/ work can be done at less cost in staff time.

t More motivated workforce This might be because of an improved

rewards system, or through job enlargement or job enrichment.

t lnternal management benefits (for instance, better decision making)

To take an insurance example again, better analysis of insurance

claims could pinpoint those categories of business which are

most risky and allow an insurance company to adjust premiums to

cover this.

r Risk reduction The insurance example might also be applicable here, but measures to

protect an organization's networks and databases from intrusion and external malicious

attack would be even more pertinent'

t Economy The reduction of costs, other than those related to staff - procurement

policies might be put in place which encourage the consolidation of purchasing in

order to take advantage of bulk-buying at discount.

t Revenue enhancement/acceleration The sooner bills reach customers, the sooner they

can pay them.

t Strategic /it A change might not directly benefit a particular group withirr the

organization but has to be made in order to obtain some strategic advantage for the

organization as a whole.

A change could have more than one of these types of benefit. ln fact, benefits are

often inter-linked. An example of this is an insurance company which introduced a

facility whereby when settling claims for damage to property, they directly arranged for

contractors to carry out the remedial work. This improved quality of service for customers

as it saved them the trouble of locating a reputable contractor, reduced costs to the

insurance company because they could take advantage of the bulk purchase of services,

and improved staff morale because of the goodwill generated between the insurance

company's front-line staff and the customer.
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0uantifying benefits

We have already seen that benefits can be:

r quantified and valued - that is, a direct financial benefit is experienced;

r quantified but not valued - for example, a decrease in the number of customer
complaints;

¡ identified but not easily quantified - for example, public approval of the organization
in the locality where it is based.

A particular activity might also have disbenefits. For example, increased sales might mean
that more money has to be spent on expensive overtime working.

There can be controversy over a whether a business change will lead to the particular
benefits claimed for it, for example that a new company logo will improve staff morale.
Some key tests have been suggested in order to sound out whether a putative benefit is

likely to be genuine:

r Can you explain in precise terms why this benefit should result from this business
change?

r Can you identify the ways in which we will be able to see the consequences of this
benefit?

r lf the required outcomes do occur, can they be attributed dírectly to the change, or
could other factors explain them?

r ls there any way in which the benefits can be measured?

We mentioned earlier the need for benefit profiles that estimate when and how benefits
wíll be experienced. Specific staff have to be allocated responsibility for ensuring that the
planned benefits actually materialize. These will often be business change managers.

Benefits cannot normally be monitored in a purely project environment because the
project will almost certainly have been officially closed before the benefits start to filter
through.

ln our view, benefits management brings to the fore the powerful idea that developers
and users are jointly responsible for ensuring the delivery of the benefits of projects.

Some of the key points in this chapter are:

r Projects must be evaluated on strategic, technical and economic grounds.

r Many projects are not justifiable on their own, but are as part of a broader programme
of projects that implement an organization's strategy.

r Not all benefits can be precisely quantified in financial values.

r Economic assessment involves the identification of all costs and income over the
lifetime of the system, including its development and operation and checking that
the total value of benefits exceeds total expenditure.
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r Money received in the future is worth less than the same amount of money in hand

noq which may be invested to earn interest'

r The uncertainty surrounding estimates of future returns lowers their real value

measured now.

¡ Discounted cash flow techniques may be used to evaluate the present value of future

cash flows taking account of interest rates and uncertainty.

I Cost-benefit analysis techniques and decision trees provide tools for evaluating

expected outcomes and choosing between alternative strategies.

1 ldentily the major risks that could affect the success of the Brightmouth College payroll

project and try to rank them in order of importance.

2 Explain why díscounted cash flow techniques provide better criteria for project

selection than net profit or return on investment'

3 An insurance company has examined the way that it settles house insurance claims.

It decides to introduce a new computer-based claims settlement system which will
reduce the time taken to settle claims. This reduction in effort is partly achieved

by enabling the claims clerk to obtain the information needed directly, rather than

having to go through other departments. Also, as part of the new process/ new repair

work will be allocated by the insurance company to authorized builders, decorators,

plumbers etc., rather than the claimant having to make arrangements to 8et estimates

and so on.
a Explain the possible benefits and disbenefits that might be generated by this

application. Note that the benefits could come under the following headings:

Mandatory compliance

Quality of service
Productivity
More motivated workforce
lnternal management benefits

Risk reduction
Economy
Revenue en hancemenVacceleratíon
Strategic fit

How could the actual benefit be assessed in each case?

b When the application is implemented, some of the claims staff at the insurance

company complain about the additional stress of dealing with irate customers

grumbling about tradespeople being slow to do repair work or about poor quality

workmanship. Also, in some places there are shortages of qualified repair people

leading to delays in getting work done.

Which projected benefits are being affected by these developments?

How would you dealwith these problems?

How would you assess your success in dealing with these problems?



An overuiew
of proiect
planning

When you have completed this chapter
you will be able to:

* approach project planning in an
organ ized step-by-step manner;

* see where the techniques described
in other chapters fit into an overall
planning approach;

+ repeat the planníng process in more
detail for sets of activities within a
project as the time comes to execute
them.

N; oatrcrtvEs

Jhis chapter describes a framework of basic steps in project planning upon which the
I following chapters build, Many different techniques can be used in project planning

and this chapter gives an overview of the points at which these techniques can be applied
during project planníng, Chapter 4 will illustrate how different projects may need dífferent

technical approaches, but the overall framework should always apply to
the planning process.

The framework described is called the Step Wise method to help to
distinguish it from other methods such as PRINCE2. PRINCE2 is a set of
project management standards that were originally sponsored by what
is now the Office of Covernment Commerce (OCC) for use on British
government ICT and business change projects. The standards are now also
widely used on non-government projects in the United Kingdom. Step Wise
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. should be compatible with PRINCE2. lt should be noted, however, that

,oåp.ï#äån* Srep Wise covers only the planning stages of a project and not monitoring
-Jrtr¡lr 

åU"Jiir.,r and control.
pRlNCE2approach. ln order to illustrate the Step Wise approach and how it might have to

be adapted to deal with d¡fferent circumstances, two parallel examples are

used. Let us assume that there are two former Computing and lnformation Systems students

who now have several years of software development experience under their belts.

J) rigette has been working for the Management Services department of a local

lJ aùhority when she sees an advertisement for the position of Information Systems

Development Officer at Brightmouth College, She is attracted to the idea of being her own

boss, working in a relatively small organization and helping them to set up appropriate

information systems from scratch. She applies for the job and gets it' One of the first

tasks that confronts her is the implementation of independent payroll processing' (This

scenario has already been used as the basis of some examples in Chapter 1.)

/\ manda works for International Ofñce Equipment (IOE), which assembles, supplies,

-fa,installs and services various items of high-technology ofñce equipment. An

expanding area of their work is the maintenance of ICT equipment. They have now

started to undertake maintenance of equipment of which they were not the original

suppliers. An existing application built by the in-house ICT department allows sales

staff to input and generate invoices for completed work. A large organization might have

to call ooi IOn several times during a month to deal with problems with equipment. Each

month a batch run of the system generates monthìy statements for customers so that only

one payment a month needs to be made. The management of IOE would like to provide

a service where for a single annual payment customers would get foee servicing and

problem resolution for a pre-specified set of equipment. Amanda has been given her first
project management role, the task of implementing this extension to the IOE maintenance

jobs billing system.
The enhanced application will need a means of recording the details of the items

of equipment to be covered by a customer's annual maintenance contract. The annual

fee wili depend on the numbers of each type of equipment item that is to be covered.

Even though the jobs done under this contract will not be charged for, the work will be

recorded to allow for an analysis of costs and the profitability of each customer and

each type of equipment. This will provide information which will allow IOE to set

CASE STUDY EXAMPLE A: A BRIGHTMOUTH COLLEGE PAYROLL o

CASE STUDY EXAMPLE B: INTERNATIONAL OFFICE EOUIPMENT ANNUAL

MAINTENANCE CONTRACTS o
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ln Table 3.1 we outline the general approach that might be taken to planning these
projects. Figure 3.1 provides an outl¡ne of the main planning activities. Steps 1 and 2

'ldentify project scope and objectives'and 'ldentify project infrastructure'could be
tackled in parallel in some cases. Steps 5 and 6 will need to be repeated for each
activity in the project.

8. RevieM
publicize plan9, Execute plan

7. Allocate
resources

10. Lower{evel
planning

6. ldentify activity
risks

5. Estimate effort
for each act¡vityLower-

level
detail

Review

4. ldentiû, the
products and
activitíes

3. Analyse project
characteristics

2. ldentiñ/ project
¡nfrastructure

1. ldentifo project
scope and
objectives

0. Select project

For
each
activity

I
I
I
t-

I
I
I

FIGURE 3.1 An overview of Step Wise



Step Activities within step

0

I
Select proiect
ldentify project scope and obiectives

1.1 ldentify obiectives and measures of effectiveness in meeting them

1.2 Establish a pro¡ectauthority

1.3 ldentifystakeholders
1.4 Modify obiectives ¡n the light of stakeholder analysis

1.5 Establish methods of communication wlth all parties

ld ent¡fy pro¡ect inf rastructure

2.1 Establish relationship betvvsen proiect and strategic planning

2.2 ldentify installation standards and procedures

2.3 ldentify proiectteam organization

Analyse project characteristics
3,1 Distinguìsh the pro¡ect as either objective- or product-driven

3.2 Analyse other project character¡st¡cs

3.3 ldentify high-level proiect risks

3.4 Take into accountuser requirements concerning implementation

3.5 Select general life-cycle approach

3.6 Review overall resource est¡mates

ldentify proiect products and act¡vit¡es

4.1 ldentify and describe proiect products (including quality criteria)

4.2 Documentgeneric productflows

4.3 Recognizeproduct¡nstances
4.4 Produce ideal activity netr¡vork

4.5 Modify ideal to take into account need for stages and checkpoints

Est¡mate effortfor each activity
5.1 Carry out bottom-up estimates

5.2 Revise plan to create controllable acl¡vit¡es

ldentify activity risks

6.1 ldentify and quant¡fy activ¡ty-based risks

6.2 Plan risk reduction and contingency measures where appropr¡ate

6.3 Adjust plans and est¡mates to tako account 0f r¡sks

Allocate resources
7.1 ldentify and allocate resources

7.2 Revise plans and estimates to take account of resource constra ints

Review/publicize plan

8.1 Review quality aspects of proiect plan

8.2 Documentplans and obtain agreement

Execute plan/lower levels of planning

2

3

4

5

6

7

I

9/10
This may requ ire the reiteration of the planning process at a lower level

TA8[E 3.1 An outline of Step Wise planning activities
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A major principle of project planning is to plan in outline first and then in more detail

as the time to carry out an activity approaches. Hence the lists of products and activities

that are the result of Step 4 will be reviewed when the tasks connected with a particular

phase of a pro.iect are considered in more detail. This will be followed by a more detailed

iteration of Steps 5 to I for the phase under consideration'
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3.2 Step 0: Select pro¡ect

Chaorer2has Jhis is called Step 0 because in a way it is outside the main project

,läoi'ii*rr*o I planning process. Proposed projects do not appear out of thin air -
thesé issues in some process must decide to initiate this project rather than some other.

some detail. While a feasibility stucly miglrt suggest that there is a business case for the
project, it woulcl still need to be established that it should have priority

over other projects. This evaluation of the merits of projects coLrlcl be part of project
portfolio management.

3.3 Step 1: ldentify proiect scope and obiectives

-fh* activities in this step ensure that allthe parties to tlre project agree on the
I objectives and are comnritted to the success of tlre project. We have already

looked at the importance of the correct definition of oLrjectives in Chapter 1 .

Step 1.1: ldentify objectives and pract¡cal measures of the effectiveness in
meeting those objectives

tT,h" project objectives for the Brightmouth College payroll project have already been
I discussed in Exercise 1.8,

Amanda at IOE has the objectives clearly laid down for her in the recommendations
of a business case I'eport which have been accepted by IOE management. The main
objectives are to allow:

¡ details of annual maintenance cont-racts to be recorded;

r cletails of maintenance work covered by these contracts to be recorded;

r analysis of costs to be carried out so that the optimal level of maintenance contract
fees may be identified;

r recording of job requests and notification of jobs to engineers via mobile phones.

Other objectives are laid down that refer to expected timescales and the resources that
might be used.

Step 1.2: Establish a pro¡ect authority

We have already rroted in Chapter 1 that a single overall project ar,rthority rreecls to be
establishecl so that there is urrity of purpose among all those corrcernecl.

CASE STUDY EXAMPLES: PR0JECT 0BJECTIVES o
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Step 1.3: Stakeholder analys¡s - identify all stakeholders in the proiect and

their interests

Recall that this was the basis of a discr-¡ssion in Chapter 1. Essentially all the parties

who have an irrterest in the project need to be identified. ln that chapter we listed as

an example the stal<eholders in the Brightmouth College payroll project.

lri :, 
ns: :*, ::T A ilîîT*fi 'Xi ii: îö ::ä::lJiïîi îf ü iåä'"iÏi 

*
we use caprtallze0

initial letters to clirection of the project. She is a little concerned as the equipment

indicate a term that maintenance staff are organizecl with different sections dealing with

has a precise different types of equipment. This means that a customer could
meaning in the have work done by several different sections. Not all the sections

PRINCE2 standards. are represented on the Project Board and Amanda is aware that
e.g. Project Board. there ãre some differences of opinion between some sections. It is

left to the user representatives on the board to resolve those

dift'ere¡ces and to present an agreed policy to the systems developers'

Brigette finds that effectively she has two different clients for the payroll system: the

finance and human resources clepartments. To help resolve conflicts, it is agreed that the

managets of both departments should attend a monthly meeting with the vice-principal

which Brigette has arranged in order to steer the project'

step 1.4: Modify objectives in the light of stakeholder analys¡s

ln order to gain the full cooperation of all concernecl, it might be necessary

to rnoclify the project objectives. This could mearl adding new features

to the system which give a benefit to some stal<eholclers as a means of

assuri¡rg their conrmitment to tlre project. Ihis is potentially darrgerous as

the system size may be increasecl arrd the original objectives obscurecl.

Because of these clangers, it is su¡4gested that this process be done

consciously and in a controlled manner'

Compare this with
the 'Theory W'of
Boehm and Ross

mentioned in

Chapter 1.

I Ä 7hat important stakeholders outside the IOE organization might be considered irl the

V V 
""r" 

oi,ftu tor annual mainterrance contracts system?

EXERCISE 3.1

CASE STUDY EXAMPLES: PR0JECT AUTH0RIÏlES o
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tTthu IOE maintenance stalÏ are to be given the extra task of entering clata about
I completed jobs. As no crrstomer charges are generated by visits under annual

rnaintenance contracts, engineers may feel that completing cost details is unnecessary
bureaucracy, and start to do this in a careless ancl inaccurate nanner. To give some
benefit to the engineers, the system is to be extendecl to reorder spare parts automatically
when required. It will also automatically capture timesheet details which previously had
to be completecl by hancl.

At Brightmouth College, the human resources department has a lot of work preparing
payroll details for finance. It would be tactlìrl to agree to proch.rce some management
information reports for human resources frorn the payroll cletails held on the compr-rter.

Step 1.5: Establish methods of communication with all parties

For internal staff this should be fairly straightforwarcl, br-rt a project leader implementing a

payroll system would need to find a contact point with BACS (Banl<ers Automated Clearing
Scheme), for instance. 1-his step could lead to the first draft of a cc¡mmunications plan * to
read more about these, see Chapter 12.

3.4 Step 2: ldentify pro¡ect infrastructure

proiects ¿ìre never c¿rrried out in a v¿ìcuum.l'here is usually some l<incl of existirrg
I infrastructure into which the project mr-rst fit. Where project m¿ìnagers ;rre new to the
organization, they must find or"rt the precise n¿lture of this ilrfrastrr-rctrrre. This cor-rld bet the
c¿rse where tlre project manager works for an or¡tside organization carrying or-rt the work
for a client.

B. lyer and
R. Gotttieb (2004)

'The Four-Domain
Architecture: an

approach to
support enterprise

architecture design'
IBM Systems

Journal 4313l. 587-97
provides a good

introductíon to
enterprise

architecture
c0ncepts.

Step 2.1: ldentify relationship between the project and
strateg¡c planning

We s¿rw in Chapter 2 how project portfolio rnan¿ìgeffìent supported
the selectiorr of the projects to be carriecJ out by irn orgtrrrization. Also,
how prclgramame rÌìanagÉ-rment can ensLrre that a group of projects

<:ontribute to a comrnon or¡;anizational strategy. 1'here is also a

technical frarlreworl< within which the proposecl rrew systems are to
fit. H¿rrdware arrd software standarcls, for example, are needecl sci that
varior¡s systems can conlmunicate with each other. 1-hese technical
strategic decisions shoulci be clocur-nented as part of an enterprise
;trchitecture process. Cornpliance with the enterprise architecture shor-rld

ensure that successive lCl-projects create software ancl other components

CASE STUDY EXAMPLES: M0DIFIED PR0JECT 0BJECTIVES o
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compatible with those created by previous projects and also with the existing harclware

¿nd software platiorms.

/\ manda finds at IOE that there is a well-defined rolling strategic plan which has

.fa,identified her annual maintenance contracts subsystem as an important required
development. Because it is an extension of an existing system, the

Enterprise Resource hardware and software platforms upon which the application are

Planning {ERP} to run are dictated'
systems are Brigette at Brightmouth College finds that there is an overall

integrated software College strategic plan which clescribes new courses to be
applicat'rons usually developed, ancl so on, and mentions in passing the need for
acquired as off-the-
shelf packages that .appropriate 

administrative procedures' to be in place' There

;ñ;ä;#;iii; is a recommendation in a co¡rsultant's report concerning the

cusr'mizati0n. implications of financial autonomy that independent payroll

They integrate processing be implemented as just one module in an ERP system

all the standard which would covel all the college's financial processing needs.
financial and trading Although the college has quite a lot of ICT equipment for teaching

applications purposes, there is no machine set aside for payroll processing and
common t0 most the intention is that the hardware to rtrn the payroll will be

busrnesses.- acqr.rired at the same time as the software.

Step 2.2: ldentify installation standards and procedures

See discussion of Any organization that develops software shoulcl clefine their development

,f,'" fiõtrËi: iäirä ¡rroceclures. As a minimum, the normal sta¡ies in the softw¿rre life cycle to

,";;;;i; lre carried out shoulcl be documenteclalon¡4 with the products created at

Chapter 1. each stage.

Ch;tng,e control and config,ur¿ttion ntanagement standards should be

in place to ensure that changes to requirernents ¿ìre irn¡llemerrtecl in a safe

and orclerly way.
SeeChaptergon -l-lre procedural standards may lay dowrr the quality checks that need to
monitoring and be done at each point of the project life cycle or these may be documented

control' in a separate c¡uality stancl¿trds and prctcedtLres nralrual.

1-lre organizatior.r, ;ts part of its monitoring ancl control policy, may

have a tneasuremeut prog¡amme in place which dictates that certain statistics lrave to

be collectecl at various stages of a pro.iect.

Firrally the project man¿ìger shoulcl be aware of any project planning and control
standards.l-hese will relate to how the ¡:roject is controlled:for example, the way that

the hours spent by team menrbers on indiviclual tasl<s are rec-orcled on timesheets.

CASE STUDY EXAMPLES: R0LE 0F EXISTING STRATEGIC PLANS o
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I manda at IOE finds that there is a very weighty volume of development standards
I \which, among other things, specifies that a specific structured systems analysis and
design method be used. She finds that a separate document has been prepared which lays
down quality procedures. This specifies when the reviews of work will be carried out
and describes detailed procedures governing how the reviews are to be done. Amanda
also finds a set of project nranagement guidelines modelled on PRINCE2.

Brigette finds no documents of tìe nature that Amanda found at IOE except for some
handouts for stuclents that have been produced by different lecturers at different times
and which seem to contradict each other.

As a stop-gap measure, Brigette writes a brief document which states what the main
stages of a 'project' (perhaps 'job for the user' would be a better term in this contextJ
should be. This happens to be very similar to the list given in Chapter 1. She stresses
that:

r no job of work to change a system or implement a new one is to be done without
there being a detailed specification fir'st;

r the users must record agreement to each specification in writing before the work is
carried out.

She clraws up a simple procedure for recording all changes to user requirements.
Brigette, of course, has no organizational quality procedures, but she dictates that

each person in the group (inclucling herself ) has to get someone else to check through
their work when they finish a major task and that, before any new or amended software
is handed over to the users, someone other than the original developer shouìd test it.
She sets up a simple system to record errors found in system testing and their resolution.
She also creates a log file of reported user problems with operational systems.

Brigette does not worry about timesheets but arranges an infbrmal meeting with her
colleagues each Monday morning to discuss how things are going and also arranges to
see the vice-principal, who is her official boss, and the heads of the finance and human
resources sections each month to review progress in general terms.

Step 2.3: ldentify proiect team organization

Someof these Project leaders, especially in the case of large projects, nright have-;il;;äi' some control over the way that their project team is to be organized.

be discussed in Often, though, the organizational structure will be dictated to them.
Chapter 12 on For example, a high-level managerial decision mi¡;ht have been tal<en

working in teams. that software developers and business analysts will be in differerrt
groups, or that the development of business-to-consumer web applications

will be clone within a separate group from that responsible for'traditional'clatabase
applications.

CASE STUDY EXAMPLES: IDENTIFYING STANDARDS o
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lf the project leader does have some control over the project team organization then

this would best be considered at a later stage (see Step 7: Allocate resources).

^ 
t IOE, there are groups of business analysts set up as teams which deal with

fLinctividual nser clepartments. Hence the users always know whom they should
contact within the information systems department if they have a problem. Software

developers, however, work in a 'pool' and are allocated to specific projects on an

ad hoc basis.
At Brightmouth College, a software developer has been secorrded to Brigette from

the technicians supporting the compr.rting courses in the college. She is also allowed to
recruit a trainee analyst/prograrnmer. She is not unduly worried about the organizational

structure needed.

3.5 Step 3: Analyse pro¡ect characteristics

Chapter 4 elaborates
on the process of
analysing project

chara cteristics.

The general purpose of this part of the plarrning operation is to ensltre

that the appropriate methods are used for the project.

Step 3.1: Distinguish the proiect as either obiective- or
product-driven

lhis has already been discr¡ssed in the first chapter. As developmerrt of a system advances

ittencls to lrecome more product-driven, although tlre underlying objectives always remain

and must be respected.

Step 3.2: Analyse other pro¡ect characteristics (including
qual¡ty-based ones)

For example, is an informatiorr system to be developecl or a process control systenr, or

will there be elements of both? Will the system be safety critical, wlrere hum¿rn life could

be tlrreiltened by a malfunction?

Step 3.3: ldentify high-level proiect risks

Consideration must be given to the risks that threaterr the sr¡ccessful or¡tcome of
the project. Cerrerally spealcing, most risks can be attributed to the operational or

developmerrt errvirorrnrent, the techrrical nature of the project or the type of product

being createcl.

CASE STUDY EXAMPLES: PR0JECT 0RGANIZATI0N o
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\ A I" have already noted that Amanda has raised concerns about the possibility
V V that engineers lack the motivation to complete with due care and attention the

cost details for jobs done under annual contracts. Anotìrer risk relates to the software
lìrnctionality which will produce cost analysis reports used for the future pricing of
annual contracts. If the analysis is incorrect IOE coulcl suffer financially. Amanda decides
therefore that the analysis ftinctionaìity will be produced using an iterative approach
where an IOE marketing analyst will look at versions of the reports produced and suggest
improvements to the methods of calculation and presentation before the system is finally
made operational.

Brigette at Brightmouth College considers the application area to be very well defined.
There is a risk, however, that there may be no package on the market that caters for the
way that things are done at the moment. Brigette, therefore, decicles that an early task in
the project is to obtain information about the features of the main payroll packages that
are available.

Step 3.4: Take into account user requ¡rements concern¡ng
implementation

The clients may have their own procedural requirenrerrts. For example, arr organization
might nrandate the use of a particr-rlar development method.

Step 3.5: Select development methodology and life-cycle approach

l-he development methodology and project life cycle to be used for the project will be
influenced by the issues raisecl above. The idea of a methodology, that is, the group
of methods to be use<J in a project, was discussed in Chapter 1 . For many software
developers, the choice of methods will seern obvious: they will use the ones that they
have always used in the past. ln Chapter 4 we recommend caution in assuming that
the current project is really similar to previous ones.

As well as the metlrocls to be r-rsed, there are generic ways of

Chapter4discusses structuling projects, such as the use of the waterfall life cycle outlined
life cycles in in Chapter 4, that need to be consideted. While the setting of objectives
more delail. involves identifying the problems to be solved, this part of planrring is

working out the ways in which these problems are to be solvecl. For a
project that is novel to the planner, some research into tlre methods typically used in
the problem clomain is worthwhile. For example, sometimes, as part of a project, a

questionnaire survey has to be conducted. l-here are lots of books on the techniques
used in such snrveys and a wise move would be to look at orìe or two of them at the
planning stage.

CASE STUDY EXAMPLES: HIGH-LEVEL RISKS o
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Chapter 5 goes ¡nto

more detail on this
topic. Function
po¡nts are an

attemptto measure

system size without
using lines of code.

Step 3.6: Review overall resource est¡mates

once the major risks have been identified arrd the broad project approach

has been clecided upon, this would be a good pç¡int at which to re-estimate

the effort ancl other resources requirecl to implement the project. Where

enough information is available an estimate basecl on function points might

be appropriate.

3.6 Step 4: ldentify pro¡ect products and activities

The more detailecl planning of the inclividual activities now takes place. The longer-term

planning is broacl and in outline, while the more immediate tasks are planned in

some detail

Step 4.1: ldentify and describe proiect products {or deliverables}

ln general, there can be no project products that do not have activities that create them.

Wlrerever possible, we ought also to ensure the reverse: that there are tlo activities that

clo not procluce a tan¡;ible procluct. lclentifying all the tlrings the project is to create

lrelps us to ensure that all the activities we need to carry out are accounted for' Some

of these proclucts will be handed over to the client at the end of the project - these are

fleliverables. Other proclucts might not be in the firral configurtltion, but are needecl as

intermefliate products usecl in the process of creating the deliver¿rbles.

These proclucts will include a lar¡4e number ol technical products, such as trarinin¡¡

nraterial ancl operatin¡4 instructions. There will also l:e products to clo with the

management and the quality of the project. Plarrning documents woulcl, for example,

be mana¡lement products.
The procJucts will form a l-rierarchy. The main products will have sets of componellt

products which in turn may have sub-component products and so on. Tlrese relationships

can be documented in a Procluct Breakclown Structure (PBS)- see Figr.rre 3.2. ln this

exanrple the products lrave been grouped into those relating to the system as a whole,

ancl those related to individual moclules. A third 'group', which happens to have only one

product, is callecl 'managemerrt products'and consists of pro¡;ress reports. The asterisk irr

tlre progress reports inclicates that there will be new instances of the entity 'progress report'

created repeatedly throughout the project.

Note that in Figure 3.2 the orrly boxes that represent tangible products

pRlNcE2 suggests a_re those at the bottom of the hìerarchy that are not further subdivided.

ih;iï;i,B'd;;- Thus there are only six irrdividual product types shown in the diagram.

;;;;;; The boxes that are higher up - for example 'module products'- are simply

hierarchy diagram. the names of grolrps of itenrs.

ln practice it may be Sorne products ¿rre created from scratch, for example lrew software
more convenientto components. A procluct could quite easily be a document, such as a

.pro.ducl3 . soltware design clocument. lt might be a modified version of something that
structured list' 

alreacly exists, sr-rclr o, n,.' o."nied piece of cocle. A prodr.rct coulcJ even lre
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FIGURE3.2 AfragmentofaProductBreakdownStructureforasystemdevelopmenttask
* indicatos thatfurther progress reports can be added during the course ofthe project.

a person/ such as a 'trained user/, a product of the process of training. Always remember
that a product is the result of an activity. A common error is to identify as products
things that are really activities, such as 'training', 'design'and 'testing'. Specifying
'documentation' as a product should also be avoided - by itself this term is just too vague.

This part of the planning process draws heavily on the standards laid down in
PRINCE2. These specify that products at the bottom of the PBS should be documented
by Product Descriptions which contain:

r the name/identity of the product;
o the purpose of the product;
. the derivation of the product (that is, the other products from which it is derived);
o the composition of the product;
¡ the farm of the product;
r the relevant standards;
. the quality criteria that define whether the product is acceptable.

At Brightmouth College, Brigette has decided that the finance department at the college
should carry out acceptance testing of the new payroll system. This type of testing ensures
that the application has been set up in a way that allows the users to carry out their jobs
accurately using the new system. As the finance department staff are not sure what test
case documents should look like, Brigette draws up a product description of a test case.
Write the content for this product description.

EXERCISE 3.2
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A t IOE, Amanda finds that there is a standard PBS that she can use as a checklist for

,( \her own project.
Brigette at Brightmouth College has no installation standard PBS, although she can,

of course, refer to various books I'or standard checklists. She decides that one part of the

PBS should contain the products needed to help select the appropriate hardware and

software for the payroll application (Figure 3.3).

F|GURE3.3 AproductBreakdownStructure(PBslfortheproductsneededtoproduceaninvitationtotender(lTT)

Step 4.2: Document gener¡c product flows

Some proclucts will neecl one or more other products to exist first before
tn::jo^t^1::t',:t't 

,l',uy .un be created. For example, ¡ì progr¿ìm desig,n must be created before
00cumenrs, rn

,r'"i,ini'-åiiìr. tlre program can be written arrd the program specification must exist before

i;;;ðí,;pi.;ii;;; the design can be commerrced. These relatiorrships can be portrayed in a

the piofect.. product Flow Diagram (PFD). Figure 3.4 gives an example. Note that tlre

'flow' in the cliagram is assumed to be from top to bottom and left to right.

ln the example in Figure 3.4,'user requirements'is in atr oval which means that it is used

by the project but is not createcl by it. lt is often convenient to identify an overall product

at the bottom of the diagram, in tlris case 'integrated/testecJ software', irlto which all the

other products feed.
PFDs shoulcl not h¿rve links between products which loop back iteratively. This is

emphatically notbecause iteratiorls are not recognized. On the contrary, the PFD allows

for looping, bacl< at any point. For example, in the PFD showrr in Fig,ure 3.4, say that

during integration testing it was found that a r¡ser requirement hacl been missed in the

overall system specification. lf we go back to overall system specification and change it we

can see from the PFD that all the products that follow it might need to be reworked. A new

CASE STUDY EXAMPLES: PR0DUCT BBEAKD0WN STBUCTURES o
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FIGURE 3.4 A fragment of a Product Flow Diagram (PFD) for a software developmenttask

module might need to be designed and coded, test cases would need to be added to check
thatthe new requirements had been successfully incorporated, and the integration testing
would need to be repeated.

The form that a PFD takes will depend on assumptions and decisions about how the
project is to be carried out. These decisions may not be obvious from the PFD and so a
textual description explaining the reasons for the structure can be helpful.

t IOE, Amanda has an installation standard PFD for software development projects.
This is because a recognized software development method is used which laysA

down a sequence ofdocuments that have to be produced. This sequence ofproducts
can be straightforwardly documented as a PFD.

CASE STUDY EXAMPLES: IOE HAS STANDARD PFD o

J-lraw up a possible Product Flow Diagram (PFD) based on the Product Breakdown
L/Structure (PBS) shown in Figure 3.3. This identifies some of the prod.ucts of the
Brightmouth payroll project, particularly those generated when gathering information to
be presented to potential suppliers of the hardware as part of an 'invitation to tender'. The
volume figures are such things as the number of employees for whom records will have to
be maintained.

EXERCISE 3.3
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This may be delayed

to later in the project

when more
information is

known.

Step 4.3: Recognize product instances

Where the same generic PFD fragment relates to more than one instance of

a particular type of product, an attempt should be made to identify each of
those instances. ln the example in Figure 3.2, it could be that in fact there

are just two component software modules in the software to be built.

Step 4.4: Produce idealactivity network

ln orcler to generate one product from another there must be one or more activitíes that

carry out the transformation. By identifying these activities we can create an activity
network which shows the tasks that have to be carried out and the order in which they

have to be executed.

CASE STUDY EXAMPLES: ACTIVITY NETWORK FOR IOE MAINTENANCE ACCOUNTS o
Part of the initial activity network developed from the PFD in Figure 3.4 for the

software development task might look like Figure 3.5.

Code
module B

Design
module B

Specify
overal I

system

Code
module A

Design
module A

Test
integrated
software

Design
integration
test cases

FIGURE 3.5 An example of an activity network

f-|raw up an activity network for the Prodnct Flow Diagram that yor.r created in Exercise

lul g.z (or the PFf) giverr in the solution if you prefer!).

EXERCISE 3.4
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Tlre activity networks are 'ideal' in the sense that no account lras been tal<en of resource
cor'ìstraints. For example, in Figure 3.5, it is assumed that resources are available for both
software nrodules to be developed in parallel. A good rule is that activity networks are
never amended to tal(e accour'ìt of resource constraints.

Step 4.5: Modify the ideal to take into account need for stages
and checkpo¡nts

The approaclr to sequencirr¡; activities described above encourages the formulation of a

plarr which will minimize the overall duration, or'elapsed time', for the project. lt assunres
that an activity will start as soon as the preceding, ones uporr which it depends have been
completed.

Strictlv. a milestone l'here might, however, be a need to modify this by cJividing the project
:"''ì " - ""'-::-j. " rnto stages and introducirrg checl<point activities. These are activities which
rs a dummv act¡v¡tv

*i f, ,.,, lrrä,ìrr rnå, draw together the products of preceding activities to check that they are

indicatesthe startor compatible. This could potentially delay work on some elements of the

end of a group of project * there has to be a trade-off between efficiency and quality.
act¡vities. The The people to whom the project manager reports could decide to leave

milestonewould the routine monitoring of activities to the project manager. However,
therefore b.e a.fter there cor¡ld be some key activities, or milestones, which represent the

the checkpoint completion of important stages of the project of which they would want toactivlty' 
tal<e particular note. Checkpoint activities are often useful milestones.

3.7 Step 5: Estimate effort for each activity

Step 5.1: Carry out bottom-up est¡mates

Some overallestimates of effort, cost and duration will already have been done (see

Step 3.6).
At this point, estinrates of the staff effort required, the probable elapsed

ChapterSon time and the non-staff resources needed for each activity will need to be
software effort produced. the method of arriving at each of these estimates will vary

estimat¡on deals clepending, on the type of activity.
withthistopic in rhe cliffererrce between elapsed time anc)effortshould be noted. Êffortmoredetail' 

is the amountofwork that needs to beclone. If a task requires three

Jn the example in Figure 3.5, it has been decicled that the clesigns for modules A ancl B are
Ito b" checkecl fbr consistency by 'dry-running' them against the integration test cases
before cornmittirrg staff to soflware coding. Redraw the activity netwolk to reflect this.

EXERCISE 3.5
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members of staff to work for two full clays each, the effort expended is six days. Elapsed

time is the time between the start and end of a tasl<. In our example above, if the three

members of staff start and finish at the same time then the elapsed time for the activity

would be two days.

fhe inflividual activity estimates of effort should be sr-rmnted to $et an overall

bottom,up estimate which can be recorrciled with the previous top-down estimate'

The activities on the activity networl< can be annotated with their elapsed times so

that the overall duration of the project can be calculated'

Step 5.2: Revise plan to create controllable activities

1-he estimates for indivicJual ¿lctivities could reveal that some are going to tal<e quite a

long time. Long activities make a project difficult to control. lf an activity involving system

testi¡g is to take 12 weeks, it would be difficult after six weel<s to judge accurately whether

50 per cent of the worl< is cornpleted. lt would be better to break this clown into a series of

smaller subtasl<s.

^ 
t IOE. Amanda has to estimate the lines of code for each of the software modules.

lt\,St 
" 

looks at programs that have been cocled for si¡nilar types of application at IOE

in the past to get some idea of the size of the new modules. She then refers to some

conversion tables that the information systems clevelopment department at IOE have

produced which convert the lines of code into estimates of effort. Other tables allow her

to allocate the estimated effort to the various stages of the proiect'

Although Brigette is aware that some adclitional programs rnight have to be written to

cleal with local requirements, the main software is to be obtained 'off the shelf' and so

estimating based on lines of code woulcl clearly be inappropriate. Instead, she looks at

each inclividual task and allocates a time. She realizes that in many cases these represent

'targets' as she is uncertain at the moment how long these tasks will really take (see

Step 6 below).

There might be a number of activities that are important, but indivicfi-¡ally take L¡p very

little time. For a training course, there might be a need to bool< rooms ancl equipment,

notify those attencling, register str-rdents on the training system, order refreshments, copy

trairring materials ancl so on. In a situatiorr like this it would be easier to bunclle the

activities irrto a single mergecJ act¡vity 'make traininfl coLtrse arrangements'which coulcl

be supplemented with a checl<list.

Irr gerreral, try to nrake activities abor-rt the length of the re¡lorting period trsed for

monitoring and controlling the project. lf yor-r have a progress meeting every two weel<s, thert

it woulil converrient to have activities of two weel<s'cluratiotl on average, so that progress

meetings woulcl normally be made aware of completed tasks each time they are held.

CASE STUDY EXAMPLES: IOE ANNUAL MAINTENANCE CONTRACTS - CARRY

OUT BOTTOM-UP ESTIMATES
o
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3.8 Step 6: ldentify activity risks

Step 6.1: ldentify and quant¡fy activity-based risks

êL^-.^_, ^_ _:^,_ Risks inherent in the overall nature of the project have already been
unapter / 0n nsK

*r.'r,årrrrüriãp¡, considered irr Step 3. We now want to look at each activity in turn and

in more detail. assess the rísks to its successful outcome. Any plan is always based on
certailr assumptions. Say the design of a component is planned to take

five days. This is based on the assumption that the client's requirement is clear and
unambiguous. lf it is not then additional effort to clarify the requirement would be needed
The possibility that an assumption upon which a plan is based is incorrect constitutes a

risk. ln this example, one way of expressing the uncertainty would be to express the
estimate of effort as a range of values.

As will be seen in Chapter 7, a simple way of dealing with uncertainty is to have
a 'most likely'estimate for where everything works with no problems (such as users

changing their requirements) and a second estimate that includes a safety margin so
that it has an estimated 95 per cent chance of being met.

A project plan will be based on a huge number of assumptions, and so some way of
picking out the risks that are most important is needed. The damage that each risl< could
cause and the likelihood of it occurring have to be gauged. l-his assessnrent can draw
attention to the most serious risl<s. The usual effect if a problem materializes is to make
the task longer or more costly.

Step 6.2: Plan risk reduction and contingency measures where appropr¡ate

It may be possible to avoid or at least reduce some of the identified risks. On the other
hand, contingency p/ans specify action that is to be taken if a risk materializes. For
example, a contingency plan could be to use contract staff if a member of the project
team is unavailable at a key time because of serious illness.

Step 6.3: Adjust overall plans and est¡mates to take account of risks

We may change our plans, perhaps by adding new activities which reduce risks. For
example, a new programming language might mean we schedule training courses
and time for the programmers to practise their new programming skills on some
non-essential work.

CASE SïUDY EXAMPLES: IDENTIFYING RISKS o
I s well as the new software modules that will have to be written, Amanda has

.,( \identified several existing modules that will need to be amended. The ease with
which the modules can be amended will depend upon the way that they were originally
written. There is therefore a risk that they may take longer than expected to modify.
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Amanda takes no risk recluction measrlres as such but notes a pessimistic elapsecl time

fbr the amendment activity.
Brigette identifies as a risk the possible absence of key staff when investigating the

user requirements, as this activity will take place over the holiday period. To reduce this

risk, she aclcls a new activity, 'arrange user interviews', at the beginning of the project.

This will give her advance notice of any likely problems of this nature.

3.9 Step 7: Allocate tesources

Chapter 8 on

resource allocation
covers this topic in

more detail.

Step 7.1: Identify and allocate resources

l-he ty¡re of staff neeclecl for each activity is recorded' The staff

availaltle for the project are icJentifiecl and are provisionally allocated

to tasl<s.

Step 7.2: Revise plans and est¡mates to take into account resource
constra¡nts

Some st¿lff nray be neecled for more tharr one task at the s¿lme time and, in this case, an

order of priority is established. The decisions m¿rcle here may have atr effect on the overall

duration of the project when some t¿rsks are delayed while waiting for staff

to become free.

Ganttchartsare Ensurirrg sonleone ìs available to start work on an activity as soorl as

named after Henry tlre precedirrg activities lrave been completer.l might ntean that they are

Gantt and 'Gantt' iclle while waitirrg, for the job to start ¿lnd are therefore usecl inefficiently.
shouldtherefore not Tlre product of Steps 7.1 ancl 7.2 woulcJ typically þe a Cìantt chart -
be written.in capita.l see Fig,r-rre 3.6. T'he Cantt chart gives a cleilr picturre of when activrties will
lt$ttt lt ti],:'_tod ,.trloùy tal<e place ancl highlights which ones will be executecl at the same

torsomeÏnlngl 
time. Activity tretworl<s catr be nrisleadin¡; irr tlris respect.

Amanda has now identified three new major software modules plus an existing software

module that will neecl extensive amendment. At IOE the specification of modules is

carried out by the lead systems analyst for the project (who in this case is Amancla)

assisted by junior analyst/clesigners. Four analyst/programmers are available to caüy

out the design, coding and unit testing of the individual modules. After careful

consi{eration and discussion with her manager, Amanda clecides to use only three

analyst/programmers so as to minimize the risk of staff waiting betweerr tasks and thus
þþ

CASE STUDY EXAMPLES: TAKING RESOURCE C0NSTRAINTS lNTO ACCOUNT o



3.10 St€p 8: Review/publicize plan 89
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FIGURE 3.6 Gantt chart showing when staff will be carrying out tasks

Step 8.1: Review qual¡ty aspects of the pro¡ect plan

A danger when controlling any project is that an activity can reveal that an earlier
activity was not properly completed and needs to be reworked. This, at a stroke, can
transform a project that appears to be progressing satisfactorily into one that is badly
out of control. lt is important to know that when a task is reported as completed, it
really is - hence the importance of quality reviews. Each task should have quality
criteria. These are quality checks that have to be passed before the activity can be
'signed off' as completed.



70 Ghapter 3 An overview of project planning

I manda finds that at IOE, the Quality Standards and Procedures Manual lays down

ll,quality criteria for each type of task. For example, all module design documentation

for any group of modules that interact with one another has to be reviewed by a group

of colleagues before the coding can commence. This is to reduce the likelihood of
integration problems when the components are finally executed together. Amanda adds

an activity to her plan to deal with this.

Step 8.2: Document plans and obtain agreement

It is important that the plans be carefully documented and that all the parties to the project

understand and agree to the commitments required of them in the plan. This may sound

obvious, but it is amazing how often this is not done. Chapter 12 describes the use of a

communications plan to ensure appropriate communications between stakeholders at the

right points in the project.

3.11 Steps 9 and 10: Execute plan/lower levels of planning

nce the project is under way, plans will need to be drawn up in greater detail for

each activity as it becomes due. Detailed planrring of the later stages will need

to be delayed because more information will be available nearer the start of the stage.

Of course, it is necessary to mal<e provisional plans for the more distant tasl<s, because

thinking about what needs to be done carr help unearth potential probrlems, but sight

should not be lost of the fact that these plans are provisional.

CASE STUDY EXAMPLES: IOE EXISTING OUALITY STANDARDS o

-lJ rigette has no installation standards to help her apart from the minimal ones she has

-fDwritten herself. What quality checks might Brigette introdr.rce to ensure that she has

understood the users' requiremerrts properly?

EXERCISE 3.6

t the end of Chapter 1 the main sections of a project plan document were listed. Draw

up a table showing which Step Wise activities provide material for which sections ofA
the project plan.

EXERCISE 3.7
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3.13 Further exercises 71

\ /\ /hile work is going on with the specification of the individual modules, Amanda
V V has some time to start planning the integration tests in some detail. She finds that

one of the modules - the one that deals with recording job requests - does not actually
communicate directly with the other new modules and can therefore be reviewed
independently of the others. She schedules an earlier review of this module as this
allows coding of the module to be started earlier.

When Brigette comes to consider the activity 'draft invitation to tender', she has to
familiarize herself with the detailed institutional rules and procedtues that govern this
process. She finds that in order to draft this document she will need to obtain some
additional pieces of information from the users.

3.12 Gonclusion

fhis chapter has presented a framework into which the techniques described in the
I other parts of the book should slot. lt is suggested that any planning approach should

have the following elements:

r the establishment of project objectives;

r the analysis of the characteristics of the project;

r the establishment of an infrastructure consisting of an appropriate organization and set
of standards, methods ancl tools;

r the identification of the products of the proj ect and the activities neecled to generate
those prodr-rcts;

r the allocation of resources lo activities;

r the establishment of quality corrtrols.

Project planning is an iterative process. As the time approaches for particular activities to
be carried out they should be replanned in more detail.

3.13 Further exerc¡ses

1 List the products created by the Step Wise planning process.

2 What products must exist before the activity 'test program' can take place? What
products does this activ¡ty create?

3 An employee of a training or¡;anization has the tasl< of creating case study exercises
and solr-rtions for a training course which teaches a new systems arralysis ancl desigrr
methocl. The person's worl< plan has a three-week task'learn new method'. A colleague
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suggests that this is unsatisfactory as a task as there are no concrete deliverables or
products from the activity. What can be done about this?

4 ln order to carry out usability tests for a new word processing package, the software has

to be written and debugged. User instructions have to be available describing how the

package ís to be used. These have to be scrutinized in order to plan and design the

tests. Subjects who will use the package in the tests will need to be selected. As part of

this selection process, they wíll have to complete a questionnaire giving details of their
past experience of, and training ín, typing and using word processing packages. The

subjects will carry out the required tasks using the word processing package. The tasks

will be timed and any problems the subjects encounter with the package will be noted.

After the test, the subjects will complete another questionnaire about what they felt

about the package. All the data from the tests will be analysed and a report containing
recommendations for changes to the package will be drawn up. Draw up a Product

Breakdown Structure, a Product Flow Diagram and a preliminary activity network for
the above.

5 Question 4 in the further exercises for Chapter 1 refers to a scenario relating to a

training exercise. Using that scenario, draw up a Product Breakdown Structure, a

Product Flow Diagram and a preliminary activity network.
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Selection of an
appropr¡ate

I

prof ect
approach

When you have comp[eted this chapter
you will be able to:

* evaluate situations where software
applications could be acquired off-
the-shelf rather than being built
specially;

* take account of the characteristics of
the system to be developed when
planning a project;

* select an appropriate process model;

* make best use of the waterfall
process model where appropriate;

¡t reduce some risks by the creation of
appropriate prototypes;

* reduce other risks by implementing
the project in increments;

* identify where unnecessary
organizational obstacles can be
removed by using agile
development methods.

N. 0atrcrtvls

The development of software in-house usually means that:

r the developers and the users belong to the same organization;

r the application will slot into a portfolio of existing computer-based systems;

r the methodologies and technologies are largely dictated by organizational standards
and policies, including the existing enterprise architecture.

However, a software suppf ier could carry out successive development projects for a
variety of external customers. They would need to review the methodologies and

73
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technologies to be used for each individual project. This decision-making
B. Fitzqerald. N. L.

*i;ffiïii:ó:ä, process has been called technical planning by some, although here we

{2003}.,Software use the term proiect analysis. Other terms for this process are methocls

development method engineering and methods tailoring. Even where development is in-house,

tailoring at Motorola' any characteristics of the new project requiring a different approach
Communicationsof fronr previous projects need to be considered. A wide range of system
the ACM4614165-70 development methods exists, but many organizations get along without

Proti!.t.t 3 qond using any of the recognized approaches. Where methods are used,

it::!ii:lî-1?-1 'means*end inversion'can happen: developers focus on the means -
mem00 14il0fln0

#;ilrï;ä.i;å. rhe procedures and intermediate products of a prescribed method - at

the expense of the 'end', the actual requirecJ outcomes of the work.

These issues are the subject of this chapter'

The relevant part of the step wise approach is Step 3: Analyse proiect

characteristics. The selection of a particular process model could add rrew

products to the Project Breakdown Structure or new activities to the activity

network. This will generate ir-rputs for Step 4: ldentify the products and activities

of the project (see Figure 4.1).

ln the remainder of this chapter we will look at how the characteristics of a project's

environment and the application to be deliverecl influence the shape of the plan of a

project. We will then look at some of the most common process models, namely

the waterfall approach, prototypir'ìg and incremental delivery. Some of the ideas of

prototyping and incremental clelivery have been further developed and made part of

agile methods. We will have a look at how these lightweight processes have been

designed to remove what have been seen as the bureaucratic obstacles created by

more formal , heavyweighf methods.

4.2 Build or buy?

C oftware development can be seen from two differing viewpoints:

'ttj:iìi::iï'tt )that of the developers ancl that of the clients or users. With irr-house

*;ffif,id; clevelo¡tnenf, the developers and the users are in the same organizatiotr.

¿¡ipr"riptoi.ó6 Where tl-re developmer-ìt is outsourced,lhey are in clifferent organizations'

are discussed in ln these days of global system development, the different organizations
Chapter 12 on could be on different continents. These factors will affect the way tlrat a

working in teams. project is organized.
The development of a new lT application within an organization

woulcl often require the recrr¡itment of technical staff who, once the project has been

completed, will no longer be required. Because this project is a unique new development

for tþe client organization there may kre a lack of executives qualified to lead the effort.

Contracting the project out to an external lT development company may be attractive in

these circumstances. The contracting company will have technical arrd project expertise

not reaclily available to the client. However, there would still be considerable malragement

effort needed by the client to establish and manage the contract and this is the subject of

Chapter 10 on managing contracts.
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9. Execute plan 8. Review/publicize plan
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planning
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FTGURE 4.'l Project analysis is the subject of Step 3

Whether in-house or outsourced, software development is still involved. An option which
is increasingly taken - as in the case of the Brightmouth College payroll scenario - is to
obtain a licenceto run off-the-shelf software. The advantages of such an approach include

r the supplier of the application can spread the cost of developmer'ìt over a large number
of customers and thus the cost per customer should be reduced;

r the software already exists and so

o it can be examined and perhaps even trialed before acquis¡t¡on,
o there is no delay while the software is being built;
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r where lots of people have already used the software, most of the bu¡¡s are likely to have

been reported ¿lnd removed, leadin¡; to n'ìore rel iable software.

However, there are rlisadvarrtages, wlrich inclr:de the followirrg.

r As you lrave the same application as everyol'ìe else, tlrere is no cornpetitive

advantage.

r Modern ofÊthe-shelf software tends to be very cr-rstomizable: the characteristics of
the applicatioll c¿ìrt be charrged by means of various parameter tables. However, this

flexibility has limits anclyou may end up having to change your office procedures in

order to fit in with the computer system.

r You will not own the software cocle. This may rule out making, modifications to the

application in response to changes in the organization or ìts envirot-ìn-ìent.

r Once you have acquired your off-the-shelf systern, your orgiìniziltion may come to

be very reliant upon it. This may create a considerable barrier to movin¡4 to a different

application. The supplier may be in a positìon to charge inflated licence fees because

yoL¡ are effectively a captive customer.

We will explore these issues l'urther irr Chapter 1O on managing contracts. ln the remainder

of this chapter we focus on situations where new software is being developed, whether

in-house or outsourced,

4.3 Ghoosing methodologies and technologies

I n the context of ICT system developnrent and software en¡¡ineering, the

"Ì'lllllil,läilii, 
l ternr metlro dotosy clescribes a collection of methods. we introduced

".;ffi."ni,;i;õ" 'methocl' in Chapter 1 as a general way of carrying out a specific task that

of methods,. could be applicable to any project needirrg to do that tasl<. 7èchniques

and methods are sometimes distinguishecl. Techrriclues tend to involve the

applicatiorr of scientific, mathematical or logical principlesto resolve a particular kind of
problem. They often require the practice of particular personal skills (the worcl 'technique'
is derived from the Creek for skilful)- software clesign is a good example. Methods often

involve the creatior-r of moclels. A model is a representation of a system which abstracts

certain features but ignores others. For example, an entity relationship cliagram (ERD)

is a model of the structure of the data used by a system. What can be confusing is that

a software development life cycle itself is a type of system. Features of life cycles can

therefore be abstractecl and represented as'models'as we will see later in this chapter.

Some of these models can thus start to look a bit like methocls.

Project analysis should select the most appropriate methoclologies and technologies

for a project. Methoclologies include approaches like the Unified Software Development

Process (USDP), Structured Systems Analysis and Design Method (SSADM) and Human-

Centrecl Desi¡¡n, while tecJrnologies might include a¡lpropriate application-building and

automatecJ testirrg envirorrments. The analysis identifies the methodology, but also selects

the methods within the methodology that are to be cleployed.

I
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As well as the products and activities, the chosen methods and technologies will affect:

r the trairrin¡¡ requirements for cJevelopment staff;

r tlre types of staff to be recruited;

¡ the development environment - both hardware and softw;lre;

I system rn;rintenance arrangements.

We are now going to describe some of the steps of project analysis.

ldentify proiect as e¡ther objective-driven or product-driven

ln Chapter 1 we clistinguished betrnzeen objective-driyen ¿lncl product-clriverr projects.
A prodr-rct-driven project creates products clefined before the start of the project. Arr
objective-driven project will often have come first which will have defined the general
software solr¡tion that is to be implemented.

1"he project manager's dream is to have well-defirled objectives but as much freeclom as
possible abor"rt how those objectives are to be satisfied. An objective mi¡¡ht be to pay staff

in a start-up company reliably, accurately and with low administrative costs.

ÌL^ ^^& ^..-¡^-^ The company does not have to specify the use of a particular pacl<aged
rne soTt systems
;p*jiñ 

- softw¿tre solution at the outset - but as we will see, there can be

deicribed in exceptions to this.

P. Checkland and Sometimes the obrjectives of the project are urrcertain or are the subject
J. Scholes (1999) of disagreement. People might be experiencing problems but no one knows

-S0f 
S¡rstetry exactly how to solve these problems. ICT specialists might provide help

-Methodo.logy-.in with some problems but assistance from other specialisms might be needecl

"t't#o'3:iry"tu witlr orhers. tn these kinds of siruation a soft system, npprou.h might be
considered.

Analyse other pro¡ect characteristics

The lollowing cluestions can be usefully asked

We first introduced 
t ls a data-oriented or process-oriented system to be implemented? Data-

the difference oriented systems generally mean information systems that will have

between information a substantial database. Process-orierrfedsystems refer to embeclded

systems and control systems. lt is not uncommon to have systems with elements of
embedded systems both. Some writers suggest that the OO approach is more suitable for

in Chapter I' process-oriented systems where control is important than for systems
dominated by a relational database.

t Will the software that is to be produced be a general tool or application specifíc?
An example of a general tool would be a spreadsheet or a word processing package.
An application-specific package could kre, for example, an airline seat reservation
system.

t Are there specific tools available for implementing the particular type of application?
For example:

t
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Note that here we - does it involve concurrent processirtg,? * the use of techniques

aretalking about appropriate to the analysis and design of such systems would be

writing the ioftrruare considered;

to'l, n.t its use. - wilt the system to be createcl be knowledge-based? * expert systems

have rr-rles which result in some 'expert advice'when applied to a

problem, and specific methods and tools exist for developirrg such systems; clr

- wilt the systen to be produced make heavy use of computer graphics?

s Is the system to be createtl safety critical? For instance, could a malfunction in the

system endanger human life? lf so, among other tl-ring,s, testing woulcl become very

important.

t ls the system clesigned primarily to carry out preclefined services or to be engag,irtg,

anr! entertaining?With software designed for entertainment, clesign and evaluation

will need to be carried out differently frorrr more conventional software products.

t Wh¿tt is the nature of the hardware/software envirc¡nment in which the system will
operate?Ihe elrvironment in which the final software will operate could l¡e clifferent

from that in which it is to be developed. Embedded software might be developed on

a large development machine which has lots of supportin¡¡ software tools such as

compilers, debuggers and static arralysers, butthen be downloaded to a small

processor in the target configuration. A standalone desktop application neecls a

different approach to one for a mainframe or iì client-server environment.

ldentify high-level proiect risks

At the beginning of a project, sonte man¿ìgers nright expect elaborate

plans even though we are ignqrant of nrany important factors affectirrg the

project. For example, until we lrave analysed the users'requiremetlts in

detail we cannot estimate the effort neecled to builcl a system to meet those

requiremerrts. l'he greater the uncertainties at the beginning, the greater the

risl< tlrat the project will be utrsuccessful. Once we recognizc: an area of
r-rrrcertainty we can/ however, take steps to recluce its uncertainty.

Chapter 2 has

already touched on

some aspects of risk
which are developed

further in Chapter 7.

T Tow would you categorize each of the following systerns according to the classifìcation

-Flabovet
(a) a payroll systern;

(b) a system to control a bottling plant;

(c) a systern which holds cletails of the plans of piant usecl by a water company to supply

water to consllmers;

(d) a soflware package to support project managers;

(e) a systern used by lawyers to access case law relating to conpany taxation.

EXERCISE 4.1



Extreme
programming w¡ll
be discussed in

Section 4.13.

0f course, some risk
factors can increase
both uncertainty and

complexity.
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One suggestion is that uncertainty can be associated with tlre products, processes, or
resources of a project.

t Product uncertainty How well are the requirenrents understood? The users themselves
could be uncertain abor,rt wlrat a proposed information system is to do. The
government, say, nright introduce a new form of taxation but its detailed operation
might not be l<nown untilcase law has lreen bLrilt up. Some environments change so
quickly that a seemingly precise and valid statement of requirements rapidly becomes
out of date.

n Process uncertainty The project under consicJeratiorr might be the first
where an organizalion is using an approach like extreme programming
(XP) or a new application-building tool. Any clrange in the way that the
systems are developed introduces uncertainty.

t Resource uncerlainty The mairr area of uncertainty here is likely to be

the availability of staff of the right ability ancJ experience. l-he larger the
nr-rmber of resources needed or the long,er the duratiorr of the project,
the more inherently risky it will be.

Some factors - such as continually changirrg requirements * increase
uncertainty, while others - for instance, software size - increase

complexity. Different strate¡¡ies are needed to deal with the two distinct types of risl<s.

Take into account user requ¡rements concern¡ng implementation

We suggested earlier that staff planning a project should try to ensL¡re that unnecessirry
constraints are not imposed on the way that a project's objectives are to be met. The
example given was the specification of the exact payroll package to be deployed.
Sometimes, such corrstraints are unavoiclable. lnterrrational conglomerates have founcJ

that imposing uniforrn applicatiorrs and technologies throughout all their component parts

c¿ìn save time and money. Obtairring ll-services for the whole org,anization from a single
supplier car-ì mean that large cJiscounts can t¡e neg,otiated.

Chapter 13 on A client organization often lays down stanclards that have to be adopted
software qlality by any contractor providing software for them. Sometimes organizations
discusses BS EN"''",ä;'o;; ''' s¡recify that suppliers of softw¿rre have BS EN ISO 9001 :2000 or TicklT

" accredit¿ltion. This will affect the way ¡rrojects are conducted.

A t IOE, Amanda has identifiecl possible user resistance as a risk to the annual main-
,( \tenance contlacts project. Woulcl you classify this as a plodr.rct, process or resoÌrrce
risk? It may be that it does not fìt into any ol these categories and snme other is needed.

Brigette at Brightmouth College has identifìed as a risk the possibility that no suitable
payroll package would be available on the rnarket, What other risks rnight be inherent irr
the Brightmouth College payroll project?

EXERCISE 4.2
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Select general life-cycle approach

t Control systems A real-time system will need to be ìmplemented using an appropriate

methodology. Real-time systems that employ concurrent processing may have to use

techrriques such as Petri nets.

SSADM as a named t Information systems Similarly, an information system will need a

methodology is now methodology, such as SSADM or lnformation Engineering, that

rarely used, but matches that type of environment. SSADM would be especially

manyof methods appropriate where the project employs a large nr-¡mber of
within it are still development staff whose work will need to be coordinated: the

inwide use- method lays down in detail the activities and products needed
sometimes under at each step. Team members would therefore know exactly what
the general name is expectecl.

of business system
development {BSD) t Availability of users Where the software is for the general marl<et rather

techniques. than application and user specific, then a methodology which assumes

that identifiable users exist who can be quizzed about their needs

would have to be thought about with caution. Some business systems development

methods assume an existing clerical system which can be arralysed to yield the logical

features of a new, computer-based, system. ln these cases a marl<eting specialist may

act as a surrogate user.

: Specialized techniques For example, expert system shells and logic-based

programming languages have been invented to expedite the development of
knowledge-based systems. Similarly, a nr-¡mber of specialized techniques and

standard components are available to assist irr the development of graphics-based

systems.

t H¿trclware environmenf The environment in which the systerr is to operate cor-rld put

constraints on the way it is to be implemented. The need for a fast response time or

restricted computer ntemory might mean that only low-level programming languages

can be used.

Safety-critical systems Where safety and reliability are essential, this

might justify the additional expense of a formal specification using

a notation such as OCL. Extremely critical systems could justify the

cost of havirrg indepenclent teanrs clevelop parallel systems with the

same functionality. The operational systems can then run concurrently

with continuous cross-c;hecking. l-his is knowrl as n-version
programming.

lmprecise requirements Uncertainties or a rrovel hardware/software
platform mean that a prototyping approach should be considered.

lf the environment in which the system is to be implemented is a

rapidly changin¡; one/ then serious consideration wor-lld need to be

given to incremental delivery.lf the users have uncerfa in obiectives

in connection with the prolect, then a soft systems approach might

be desirable.

OCL stands for
0bject Constraint

Language.

The implications of
prototyping and the

incremental
approach are

explored later in
the chapter.



What, in broad outline, would be the most suitable approach fbr each of the fbllowing?

(a) a system which calculates the amount of a drug that should be aclministered to a

patient who has a particular complaint;
(b) a system to administel a stuclent loans schene;

(c) a system to control trains in the Channel 'l'unnel.

EXERCISE 4.3
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4.4 Choice of process mode¡s

Th" word 'process'emphasizes the idea of a system in action.ln order to achieve an
I outcome, the system will have to execute one or more activities: this is its process.

Ihis applies to the development of computer-based applications. A number of interrelated
activities have to be r-¡ndertaken to create a final prodLrct. These activities can be organizecl
in different ways and we can call these process models.

The planner selects methods and specifies how they are to be applied. Not all parts of
a methodology such as USDP or SSADM will be compulsory. Many student projects have
the rather basic failing that at the planning stage they claim that, say, SSADM is to be used:
in the everrt all that is produced are a few SSADM fragments such as a top-level data flow
diagram and a preliminary logical data structure diagram. lf this is all the particular profect
requires, it should be explicitly stated.

4.5 Structure versus speed of delivery

ïhe principte behind A llh"l{ some 'obiect-oriented'specialists might obiect(l), we inclucle

,i" itrráirrtf,ro. / \the OO approach as a structured method - after all, we hope it is not

is'get it right utrstructured. Structurecl methods consist of sets of steps and rules which,
firsttime'. when applied, generate system products such as use case cliagrams. Each of

these products is carefully defined. Such methods are more time consunrirr¡3
and expensive tharr more intuitive approaches. The pay-off, it is hoped, is a less error
prone and more maintainable final system. This balance of costs and benefits is more
lil<ely to be justifiecl on a large project involving many developers and users. Because of
the additiorral effort needed and their greater applicability to large anrJ complex projects,
these are often called heavyweightmethods.

It might be thought that users would generally welcome the more professional
approach that structurecJ methods imply. However, customers for software are concernecl
with getting working applications delivered qLricl<ly and at less cost ancl often see

structured nrethods as unnecessarily bureaucratic and slow. One response to this has been
rapid a¡tplication development (RAD)which puts the emphasis on quickly producing
prototypes of the software for users to evaluate.
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r :,:: : ! ! !i1:: ::,,, Jl;ff i "ï ï",X'l l'"î, ll : :Tff l' r';l [: n: :: i: ffi : [iï Ï ri:',uevetopmentDy .j;; Vffiffi bur also adopts tactics such as ioint itpplication developrnenf (JAD)

Denise Silver, Wiley workshops. In these worl<shops, clevelopers and users worl< together

and Sons,1995,isa intensively for, say, three to five clays and iclentify and agree fully
useful introduction documented system requirements. Often these workshops are conclucted

to JAD. away from the normal business ancl development environments in c/ean

roomst s¡lecial conference rooms free from outside interruption and

suitably furnisþed with whiteboards and other aids to communication. Advocates of JAD

believe that these hot-house conditions can speed up communication and negotiation

that might otherwise tal<e several weel<s or months.

Use of JAD does not rnean that the project is not structured. The definitiorr of the

scope of the project, tlre initial research involving the interviewirrg of l<ey personnel and

the creation of prelinrinary data and process models wor-lld need to planned and executecl

before the JAD sessions were organizecl. The results of .lAD sessions could be irnplementecl

using quite conventional methods.

Another way of speeding up delivery is simply to deliver less. This can be done lry

breakirrg a large developnrent into a series of small increments, each of which delivers a

small amournt of useful functionality quickly.

Two conrpeting pressr-rres can be seen. One is to ¡;et the job done as quickly and

cheaply as possible, and the other is to mal<e sure that the final product has a robust

structLrre which will be able to meet evolving needs. Later in this chapter and in

Chapter 12 we will discuss the increasingly important topic of agile methods which

focuses on lightweight processes. There is, however, a contrasting approach which is the

attempt to create model-driven architectures (MDA). System development using MDA

irrvolves creating a platfornr-irrdependent model (PlM) which specifies system functionality

using UML cJiagrams supplemented by aclditional infornration recorded in the Object

Constraint Language (OCL). A PIM is the logical structure that should apply regardless of

the softw¿lre and hardware environmerrt in which the system is to implemented. This can

be transformecl into a platform-specific model (PSM) that takes account of a particular

development and implementation environment. A PSM can then be transformed into

executaþle code to inrplement a working system. The goal is that once a PIM hacl been

createcl the creation of PSMs and executable code wíll be autonratecl. At present, the

autonration of these transformation processes is still being cjeveloped.

4.6 The waterfall model

Jhis is the 'classical' model of system development that is also l<nown as the one-slrof

I or once-tltroughmodel. As can be seen fronr the example in Figure 4.2, there is a

sequeuce of activities worl<ing from top to bottom. The diagram shows some arrows

pointin¡i upwarcis and bacl<wards. This inclicates that a later stage may reveal the need for

some extra work at an earlier stage, ÌlLrt this should definitely be the exception rather than

the rule. After all, the flow of a waterfall should be dowrrwarcls, with the possibility of just

a little splashing bacl<. The limitecl scope for iteration is in fact one of the strengtlrs of this
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FIGURE 4.2 The waterfall model

process model. With a large project you want to avoid reworking tasks
previously thought to be completed. Having to reopen completed activities
plays havoc with promised completion dates.

The waterfall approach may be favoured by some managements
because it creates natural milestones at the end of each phase. At these
points, managers can review project progress to see whether the business
case for the project is still valid. This is sometimes referred to as the stage-
gate model. As we will see, stage-gates are compatible with process models
other than the waterfall, but higher management may have to accept that
activities may have to be grouped in different ways with these alternative
approaches.

Even though writers often advocate alternative models, there is nothing intrinsically
wrong with the waterfall approach in the right place. lt is the ideal for which the project
manager strives. Where the requirements are well defined and the development methods
are well understood, the waterfall approach allows project completion times to be forecast
with some confidence, allowing the effective control of the project. However, where there
is uncertainty about how a system is to be implemented, and unfortunately there very often
is, a more flexible, iterative, approach is required.
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The waterfall model can expancled into the V-process model wlrich is further explored

in Section 13.10 on testing. This expansion is done by expanding the test¡ng process into

different types of testing which check the executable code against the products of each

of the activities in the project life cycle leacling up to the coding. For example, the code

nlay seem to execute correctly, but mily be at variance with the expected design. This is

explained further irr Chapter 13.

4.7 The spiral model

I r could be argued that this is another way of lookin¡i at the waterfall

'iliiJåiil:'j|,e,:i lmodel. tn the waterfall model, it is possible to escape at the end of

model can be found any activ¡ty in the sequence. A feasibility study might decide that

in B.W. Boehm's the implementation of a proposed system would be beneficial. The

1988 paper'A spiral management therefore authorize worl< on the cletailed analysis of user

model of software requirements. Some analysis, for instance the interviewing of users, might
developmentand alreacìy have tal<en place at the feasibility stage, but a more thorough

,:ln:l::Ylljl,, investigation is now launched. 
-lhis could reveal that the costs of

lÉEEUomputerzllsl 
implementing the system would be higher tharr projected benefits ancJ

lead to a decision to abandon the project.

A greater level of detail is considered at each sta¡;e of the project and a greater deg,ree

of confidence about the probability of success for the project should be justified. This

can be portrayed as a loop or a spiral where the system to be implemented is considered

in more detail in each sweep. Eaclr sweep terminates with an evaluation before the

next iteration is embarked upon. Fi¡;ure 4.3 illustrates how SSADM can be interpreted

in such a way.
A key point lrere is that uncertainty about a project is usually because of a lack of

knowledge about some aspect. We can spend money on activities at the start of the

project that buy knowledge and reduce that uncertainty.

4.8 Software prototyp¡ng

fhis is orre way in which we can buy l<nowledge and reduce uncertainty. A prototype is

I a working model of one or more âspects of the projectecl system. lt is constructed and

tested quickly and inexpensively in order to test out assumptions.

Prototypes can be classified as throw-away or evolutionary.

t Throw-away prototypes The prototype tests out some ideas and is then discarded wherr

the true development of the operational system is commenced. The prototype could be

developed using a different software or hardware environment. For example, a desktop

application builder could be used to evolve an acceptable user interface. A procedural

programming language is then used for the final system where machine-efficiency is

important.



Review and
commit

\ Feasibility

\tuov
Define business

Requirements
specif¡cation

system
options

Physical
design

analysis

Logical
design

4.8 Software prototyping 85

FIGURE 4.3 The application of the spiral model to SSADM version 4

t Evolutionary prototypes The prototype is developed and modified until it is finally in
a state where it can become the operational system. ln this case the standards that are
used to develop the software have to be carefully considered.

Some of the reasons that have been put forward for prototyping follow.

t Learning by doing We can usually look back on a task and see where we have made
mistakes.

t Improved communication Users do not get a feel for how the system is likely to work
in practice from a specification.

t lmproved user involvement The users can be more actively involved in design decisions,

t Clarification of partially known requirements Where there is no existing
system to mimic, users can often get a better idea of what might be
useful to them by trying out prototypes.

t Demonstration of the consistency and completeness of a specification
Any mechanism that attempts to implement a specification on a
computer is likely to uncover ambiguitíes and omissions. The humble
spreadsheet can, for instance, check that calculations have been
specified correctly.
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t Reduced need for documentatlon Becar-¡se a working prototype

''ii[J.iür11äl;, 
can be examinect rhere is less neecl for cletailed documentation of

a very dangerous requirements'

suggestion. t Recluced maintenance costs lf the user is unable to suggest

modifications at the prototyping stage they are more lil<ely to ask for

changes to the operational system. This reduction of maintenance costs is the core of

the financial case for PrototYPes.

t Feature co¡straint lf an application-building tool is used, then the prototype will tend

to have featr-rres that are easily implemented by that tool. A paper-based design might

suggest features that are expetrsive to implemerrt'

t procluction of expected results The problem with creating test cases is gerrerally not

the creation of tþe test input but the accurate calculation of the expected results.

A prototype can helP here.

Software prototyping is not without its clrawbacks and dangers, however.

t lJsers can misunderstanr! the role of the prototype For example, they might expect the

prototype to have as stringent input validation or as fast a response as the operational

system, although this was not intendecl.

t Lack of project stancflarcls possible Evolutionary prototyp¡ng could just be an excuse for

a sloppy 'hack it out and see what happens'approach'

t Lack of control lt can be difficult to control the prototyping cycle if the clriving force is

the users'propensity to try out new thing,s'

t Ad¿itional expense Building and exercising, a prototype will incur additional expenses.

However, this should not be over-estimated as many analysis and design tasks have to

be undertaken whatever the approach.

t Machine efficiency A system built through prototyping, while sensitive to the users'

needs, might not be as efficient in machine terms as one developed using more

convetrtional methods.

t C|ose proximity of developers Prototyping could mean that code developers have to

be sítecl close to the users. One trend is for organizations in developed countries to

transfer software development to developit-tg countries with lower costs such as lndia'

Prototyping might Prevent this.

4.9 0ther ways of categorizing prototypes

What is being learnt?

The most important reason for prototyping is a need to learn about an area of uncertainty.

Thus it is essential to identify at the outset what is to be learnt from the prototype.

Computing stuclents often realize that the software that they are to write as part of their

final-year project could not safely be used by real users. t hey therefore call tlre software a

'prototype'. However, if it is a real prototy¡,le tlren they nrust:
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r specify what they hope to learn from the prototype;

r plan how the prototype is to be evaluated;

¡ report on what has actually been learnt.

Prototypes can be used to find out about new development techniques, by using them
in a pilot project. Alternatively, the development methods might be well known, but the
nature of the application uncertain.

Different projects will have uncertainties at different stages. Prototypes can therefore
be used at different stages. A prototype might be used, for instance, at the requirements
gathering stage to pin down requirements that seem blurred and shifting. A prototype
might, on the other hand, be used at the design stage to test out the users'ability to
navigate through a sequence of input screens.

To what extent is the prototyp¡ng to be done?

It would be unusual for the whole of the application to be prototyped. The prototyping
usually simulates only some aspects of the target application. For example there might be

t Mock-ups As when copies of input screens are shown to the users on a terminal, but
the screens cannot actually be used.

t Simulated interaction For example, the user can type in a request to access a record
and the system will show the details of a record, but the details shown are always the
same and no access is made to a database.

r Partial working model:
o Vertical Some, but not all, features are prototyped fully.
o Horizontal All features are prototyped but not in detail - perhaps there is not full

validation of input.

What is being prototyped?

t The human-computer interface With business applications, business process
requirements have usually been established at an early stage. Prototyping tends,
therefore, to be confined to the nature of operator interaction. Here the physical
vehicle for the prototype should be as similar as possible to the operational system.

t The functionality of the system Here the precise way the system should function
internally is not known. For example/ a computer model of some real-world
phenomenon is being developed. The algorithms used might need to be repeatedly
adjusted until they satisfactorily imitate real-world behaviour.

I t what stage of a system development project (for example, feasibility study, require-
l, \ments analysis etc.) would a prototype be useful as a means of reducing the following
uncertainties?

EXERCISE 4.4
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(a) There is a proposal that the senior managers of an insurance company have personal

access to management information through an executive information system ínstalled

on personal computeß located on their desks. Such a system would be costly to set

up and there is some doubt about whether the managers would actually use the

system.

(b) A computer system is to support sales office staff taking phone calls from

members of the public enquiring about motor insurance and giving quotations

over the phone.

(c) The insurance company is considering implementing the telephone sales system

using the system development features supplied by Microsoft Access' They are not

sure, at the moment, that it can provide the kind of interface that would be needed

and are also concerned about the possible response times of a system developed

using Microsoft Access.

Gontrolling changes during prototyping

A major problem with prototyping is controlling changes to the prototype following

suggestions by the users. One approach has been to categorize changes as belonging to

one of three types:

t Cosmetic (often about 35o/o oî changes)

These are simple changes to the layout of the screens or reports. They are:

(a) implemented;
(b) recorded.

t Local(often about 6}0/o of changes)

These change the way that a screen or report is processed but do not

affect other parts of the system. They are:
(a) implemented;
(b) recorded;

(c) backed-up so that they can be removed at a later stage if necessary;

(d) inspected retrospectivelY.

Global(about 5% oî changes)
These are changes that affect more than one part of the processing. All changes here

have to be the subject of a design review before they can be implemented.

f his approach breaks the application down ínto small components which are then

I implemented and delivered in sequence. Each component delivered must give some

benefit to the user. Figure 4.4 gives a general idea of the approach.
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FIGURE 4.4 lntentional incremental delivery

Time-boxing is often assoc¡ated with an incremental approach. Here the scope of
deliverables for an increment is rigidly constrained by an agreed deadline. This deadline
has to be met, even at the expense of dropping some of the planned functionality. Omitted
features can be transferred to later increments.

Advantages of this approach

These are some of the justifications given for the approach.

r The feedback from early increments improves the later stages.

r The possibility of changes in requirements is reduced because of
the shorter time span between the design of a component and ¡ts

delivery.

r Users get benefits earlier than with a conventional approach.

r Early delivery of some useful components improves cash flow, because
you get some return on investment early on.

r Smaller sub-projects are easier to control and manage.

t Gold-plating, that is, the requesting of features that are unnecessary and not in fact
used, is less as users know that if a feature is not in the current increment then it can be
included in the next.

r The project can be temporarily abandoned if more urgent work emerges.
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Job satisfaction is increased for developers who see their labours bearing fruit at

regular, short, intervals.

Disadvantages

On the other hand, these disadvantages have been put forward'

r Later increments might require modifications to earlier increments. This is known as

software breakage.

r Software developers may be more productive working on one large system than on a

series of smaller ones.

r Crady Booch, an authority on OO, suggests that with what he calls
,requirements driven' projects (which equate to incremental del ivery)

'Conceptual integrity sometimes suffers because there is Iittle motivation

to deal with scalability, extensibility, portability or reusability beyond

what any vague requirements might imply.' Booch also suggests there

could be a tendency towards a large number of discrete functions with
I ittle common infrastructure.

The incremental del¡very plan

The nature and order of each increment to be delivered to the users have

to be planned at the outset.

This process is similar to strategic planning but at a more detailed

level. Attention is given to increments of a user application rather than

whole applications. The elements of the incremental plan are the system

objectives, incremental plan and the open technology plan.

System obiectives

Recall that earlier we suggested that project planners ideally want well-defined objectives,

but as much freedom as possible about how these are to be met. These overall objectives

can be expanded into more specific functional goals and quality goals.

Functional goals will include:

r objectives it is intended to achieve;

r jobs the system is to do;

r computer/non-computer functions to achieve them.

ln addition, measurable quality characteristics should be defined, such as

reliability, response and security. lf this is done properly these overarching

quality requirements can go some way to meeting the concerns, expressed

by Crady Booch, that these might get lost with the concentration on the

requirements at increment level. lt also reflects Tom Cilb's concern that

system developers always keep sight of the objectives that they are trying
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to achieve on behalf of their clients. ln the changing environment of an application
individual requirements could change over the course of the project, but the objectives
should not.

0pen technology plan

lf the system is to be able to cope with new components being continually added then it
needs to be extendible, portable and maintainable.

As a minimum this will require the use of:

r a standard high-level language;

r a standard operating system;

¡ small modules;

r variable parameters, for example items such as the names of an organization and its

departments, charge rates and so on are held in a parameter file that can be amended
without programmer intervention;

r a standard database management system.

These are all things that might be expected as a matter of course in a modern software
development environment.

Although Cilb does not suggest this, following Booch's hints it would be desirable to
draw up an initial logical data model or object model for the whole system. lt is difficult to
see how the next stage of planning the scope and order of each increment could be done
without th is foundation.

lncremental plan

Having defined the overall objectives and an open technology plan, the next stage is to
plan the increments using the following guidelines:

r Steps typically should consist of 1-5% of the total project.

r Non-computer steps should be included.

¡ An increment should, ideally, not exceed one month and should not, at
worst, take more than three months.

¡ Each increment should deliver some benefit to the user.

r Some increments will be physically dependent on others.

r ln other cases value-to-cost ratios may be used to decide priorities (see

below).

A new system might be replacing an old computer system and the first increments
could use parts of the old system. For example, the data for the database of the new
system could initially be obtained from the old system's standing files.

Which steps should be first? Some steps will be prerequisites because of physical

dependencies but others can be in any order. Value-to-cost ratios (see Table 4.1) can be
used to establish the order in which increments are to be developed. The customer is
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asked to rate the value of each increment with a score in the range 1-10. The developers
also rate the cost of developing each of the increments with a score in the range 0-10.
This might seem rather crude, but people are often unwilling to be more precise. Dividing
the value rating by the cost rating generates a ratio which indicates the relative 'value for
money' of each increment.

An incrementalexample

Tom Cilb describes a project where a software supplier negotiated a fixed-price contract
with a three-month delivery time with the Swedish government to supply a system to
support map-making. lt later became apparent that the original estimate of effort upon
which the bid was based was probably about half the real effort.

The project was replanned and divided into ten increments, each supplying
something of use to the customer. The final increments were not available until
three months after the contract's delivery date. The customer was not in fact
unhappy about this as the most important parts of the application had actually been
delivered early.

Agile methods are designed to overcome the disadvantages we have noted with
heavyweight implementation methodologies. There are various agile approaches,

including:

r Crystal technologies

r Atern (formerly DSDM)

r Feature-driven development

r Scrum

r Extreme Programming (XP)
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The Aoile Manifesto Some of the leading proponents of these approaches came together in 2001

i,,*¡lr¡J,,i to issue an Agile Manifesto which stated that their various methods shared

http://www. four core values:

agilealliance'org r indivicluals and interaction over processes and tools;
r working together over comprehensive documentation;

¡ customer collaboration over contract negotiation;

r responding to chan¡;e over following a plan.

l'here is an argument that the agile approach would represent a

revolutionary step for many organizations. Sridhar Nerur and colleagues
have written, for example, 'Neither culture nor the mindsets of people can
easily be changed which makes the move to agile methodologies all the
ntore formidable for many organizations'.

An alternative argument is that that agile practices represent simply a

development from good practices that have been evolving for many years.
As Hikka Merisalo-Rarranen and colleagues suggest'... XPcanonizes, and
to a certain extent formalizes, the good practices used by these exceptional
individuals and teams, which is fine.'

ln the remainder of this chapter we will examine two agile approaches:
first, Atern, as DSDM is now callecl, which illustrates how agile practices
are based on elements discussecl earlier, such as iterations and increments,
We will also look at Extreme Programming as perhaps the most well l<nown
of the remaining practice sets. Agile concepts are very closely tied to ideas
about effective teanr communication and working, which are the main
concerns of Chapter 12 where we will be looking at Scrunr from this point
of view.

4.12 Ate¡n/Dynam ic Systems Deve I opment Method

ln the United Kingdom, SSADM (Structured Systems Analysis and Design Methocl) has
luntil recently been a preclominant methodology. ln no small part, this has been because
of sponsorship by the United Kingdom government. More recently, however, it has lost
some favour, partly because it has been perceived as overly bureaucratic and prescriptive
ln contrast, there has been an increased interest in the iterative and incremental
approaches we have outlined above. As a consequence, a consortium has developed
guidelines for the use of such techniques and packaged the overall approach as the
Dynamic Systems Development Method (DSDM). This has been re-badged as Atern. lt is

possible to ¿lttend courses on the method and to t¡ecome an accredited Atern practitioner.
Eight core Atern principles have been enunciated.

7 Focus on business need. Every decision in the development process should be taken
with a view to best satisfying business needs. Effectively this is emphasizirrg the need
to avoid means-etrd inversion that we describecl in Section 4.1, that is, focusing on
the cletail of a procedure to the detriment of satisfactory prolect cJeliverables.

I
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2 Deliver on time. Time-boxing is applied. Every deadline will see the delivery of

valuable products, even if some less valuable ones are held over. This is better than

delivery dates being pushed back until a delivery of all scheduled products can made.

3 Collaborate, A one-team culture should be promoted, where user representatives are

integrated into the delivery team.

4 Never compromise quality. Realistic quality targets are set early in the project. A process

of continuously testing developing products starting as soon as possible is adopted.

5 Develop iteratively. The prototyping approach described in Section 4.8 would be

example of how this might be done.

6 Build incrementally from firm foundations. The incremental delivery approach as

described in Section 4.10 is embraced.

7 Communicate continuously. ln the case of users this could, for

example, be done via workshops and the demonstration of prototypes

B Demonstrate control. Atern methodology has a range of plans and

reports that can be used to communicate project intentions and

outcomes to project sponsors and other management stakeholders'

Figure 4.5 outlines the general approach. The main life-cycle phases are shown:

c Feasibility/foundation Among the activities undertaken here is derivation of a

business case of the sort discussed in Chapter 2 and general outlines of the

proposed architecture of the system to be developed'
o Exploration cycle. This investigates the business requirements, These requirements

are translated into a viable design for the application. This could be an iterative

process that could involve the creation of exploratory prototypes. A large project

could be decomposed into smaller increments to assist the design process.

foundations

PRE-PROJECT

(

ë

Deployment

POST-PROJECT

FIGURE 4.5 Atern process model
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. Eng¡neering cycle. This tal<es the design generated in the exploration cycle
and converts it into usable components of the final system that will be used

operationally. Once again this could be done using incremental and evolutionary
techniques.

o Deploymenf. This gets the application created in the engineering cycle into actual
operational use.

Not only can there be iterations within the exploration and engineering cycles, but an
increment could involve requirements investigation followed by the building of the
furrctionality.

Atern encourages the use of time-boxes. lt is suggested that these

. should typically be between two and six weeks in order to makeÏ11;boxgs participants focus on real needs. lt will be recalled that in order to meet
wefe orscusseo ,

i;î;;,'o.n";ä; the cleadline imposed by a time-box, the implementation of less important

inrre*ànirl J"f¡urr. features may be held over to later increments (or even dropped altogether)' The relative importance of requirements can be categorized using the
'MoSCoW' classification :

t Must have: that is, essential features.

t Should have: these would probably be mandatory if you were using a conventional
development approach -- but the system can operate without them.

t Could have: these requirements can be delayed with some inconvenience.

t Won't have: these features are wanted, but their delay to a later increment is readily
accepted.

The possibility of requirements being, reallocated to different increments means that project
plans will need to be constantly updated if the project is to be successfully controlled.

4.13 Extreme programming (XPl

See Kent Beck (with

Cynthia Andreas),
Extreme

Programming
Explained: Enbrace
Change, Addison-

Wesley, lst edition
1999,2nd edition
2004.'Extreme

programming'is

sometimes shown
with a capital'X'

i.e.'eXtreme
Programming',

fhe primary source of information on XP is Kent Beck's Extreme
I progrn.*ing explained: embrace change, first published in 1999

and updated in 2O04. The description here is based on the first edition,
with some comments where the ideas have been developed further in

the seconcJ.

The ideas were largely developed on the C3 payroll development
project at Chrysler. l-he approach is called 'extreme programming' because,
according to Beck, 'XP takes commonsense principles to extrente levels'.
Four core values are presented as the foundations of XP.

1 Communication and feedback. lt is argued that the best method of
communication is face-to-face communication. Also, the best way
of commr-rnicatirrg to the users the nature of the software under
procluction is to provide them with frequent working irrcrements.
Formal documentation is avoided.
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2 Simplicity. l lre simplest design that implements the users' requirements should always

be acJopted. Effort should not be spent tryin¡; to cater for future possible needs - which

irr any c;rse might never actually materialize.

3 Responsibility. The developers are the ones who are ultimately responsible for the

quality of the software - not/ for example, some system testing or quality control

group.

4 Courage. This is the courage to throw away work in which you have already invested

a lot of effort, and to startwith a fresh design if that is what is called for. lt is also the

courage to try out new ideas - after all, if they do not worl< out, they can always be

scrapped. Beck argues that this attitude is more likely to leacl to better solutions.

Among the core practices of XP are the following.

The planning exerc¡se

Previously, when we talked about'increments'we meant components of
ln the second edttton"'"1'n,iäiL. rä"ü" rhe system that users could actually use. XP refers to these as /€/eases.

tr*r"jirrr,¡rrr.t Within these releases code is developed in iterations, periods of one to for-tr

one week on the weel<s' duratiorr during which specific features of the software are created.

groundsthatpeople Note that these are not usually'iterations'in the sense that they are new,
tend to work improved, versions of the same feature - although this is a possibility. The
naturallyin planning game is the process whereby the features to be incorporated in

weekly cycles' ihe rrext release are negotiated. Each of the features is documented in a
short textual description called a storythat is written on a card. A process

similar to value-to-cost ratio analysis discussed earl ier in Section 4. 1 0 or Atern's MoSCoW

rat¡ng is carriecl out in order to give priorities to the features. At the time of the next cocle

release, arry features that have not been completed will be held over - that is, time-boxing

is employed.

Small releases

The time between releases of functionality to users should be as short as possible. Beck

suggests that releases should icleally take a month or two. l"his is compat¡ble with Tom

Gilb's recommendation of a month as the ideal time for an increment, with a maximum

of three months.

Metaphor

The system t6 be built will be software code that reflects thirrgs that exist and happen in

the real world. A payroll application will calculate and record payments to employees. The

ternrs used to describe the corresponding software elements should, as far as possible,

reflect real-world terminology - at a very basic level this would mean using mearringful

¡antes for variables and proceclures such as 'hourly-rate'ancl 'calculate-gross-pay'. Beck

sug,gests that what he calls the use of metaphor catr clo the job that'system architecture'
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does on conventional projects. ln this context 'architecture' refers to the use of system
models such as class and collaboration diagrams to describe the system. The astute reader
might point out that the use of the term 'architecture' is itself a metaphor.

Simple design

This is the practical implementation of the value of simplicity that was described above.

Testing

Testing is done at the same time as coding. The test inputs and expected results should be
scripted so that the testing can be done using automated testing tools. These test cases can
then be accumulated so that they can be used for regression testing to ensure that later
developments do not insert errors into existing working code. This idea can be extended
so that the tests and expected results are actually created before the code is created.
Working out what tests are needed to check that a function is correct can itself help to
clarify requirements. Two types of testing are needed: unit testing which focuses on the
code a developer has just written, and function testing which is user-oriented and checks
the correctness of a particular feature and which may involve several code units.

Refactoring

A threat to the target of striving to have always the simplest design is that over time, as

modifications are made to code, the structure tends to become more spaghetti-like. The
answer to this is to have the courage to resist the temptation to make changes that affect as

little of the code as possible and be prepared to rewrite whole sections of code if this will
keep the code structured. The repository of past test cases - see the section immediately
above - can be executed to ensure that the refactoring has not introduced bugs into the
application.

Pair programm¡ng

All software code is written by pairs of developers, one actually doing the typing and the
other observing, discussing and making comments and suggestions about what the other
is doing. At intervals, the developers can swap roles. The ideal is that you are constantly
changing partners so that you get to know about a wide range of features that are under
development. It follows from this that office environments need to be designed carefully
to allow this type of worl<ing, and that developers will generally need to keep the same
office hours.

Helen Sharp of the Open University has studied XP in practice. One of her
observations is that the social nature of the development process encourages a rhythm of
group meetings, pair working and daily 'builds'when new code is integrated that helps to
give the project momentum. lnterestingly, this rhythm of activity and review acting as a
hearGbeat of the project has also been noted in a successful dispersed project.
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Gollective ownersh¡p

This is really the corollary of pair programming. The team as a whole take collective

responsibility for the code in the system. A unit of code does not'belong'to just one

programmer who is the only one who can modify it.

Continuous integration

This is another aspect of testing practice. As changes are made to software units, integrated

tests are run regularly - at least once a day - to ensure that all the components work

together correctly.

Forty-hour weeks

Chapter 1'l discusses, among other issues, the question of stress. lt points out that working

excessive hours (in some cases 60 hours or more a week) can lead to ill-health and be

generally counterproductive. The principle is that normally developers should not worl<

more than 40 hours a week. lt is realistic to accept that sometimes there is a need for

overtime work to deal with a particular problem - but in this case overtime should not be

worked for two weeks in a row. lnterestingly, in some case studies of the application of XP,

the 4O-hour rule was the only one not adhered to.

0n-site customers

Fast and effective communication with the users is achieved by having a user domain

expert on-site with the developers.

Goding standards

lf code is genuinely to be shared, then there must be common, accepted, coding standards

to support the understanding and ease of modífication of the code.

Limitations of XP

The successful use of XP is based on certain conditions. lf these do not exist, then its

practice could be difficult. These conditions include the following.

r There must be easy access to users, or at least a customer representative who is a

domain expert. This may be difficult where developers and users belong to different

organizations.

r Development staff need to be physically located in the same office'

r As users find out about how the system will work only by being presented with working

versions of the code, there may be communication problems if the application does not

have a visual interface.

r For work to be sequenced into small iterations of work, it must be possible to break the

system functionality into relatively small and self-contained components.
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r Large, complex systems may initially need sigrrificant architectural effort. 1-his migl-rt
preclr-rde tlre use of XP.

XP cloes also have some intrinsic potential problems * particularly with regard to its
reliance on tacit expertise and knowledge as opposed to externalized l<nowledge in the
shape of docrlmentatior-r.

r There is a reliance on high-quality developers which makes software development
vulnerable if staff tr-¡rrrover is significant.

r Even where staff retention is good, once an application has been developerl and
implemented, the tacit, personal, l<nowledge of the system may decay. This might nral<e

it difficult, for example, for mainterrance staff without documentatiorr to identify which
bits of the code to modify to implement a change in requirements.

r Having a repository of comprehensive and accurate test data ancl expected resr-rlts may
not be as helpful as might be expected if the rationale for particular test cases is not
documentecl. For example, where a chang,e is made to the code, how do you l<now
which test cases need to be changed?

r Some software development environments have focused on encouragir-rg code reuse as

a means of improving software development procluctivity. Such a policy would seem to
be incompatible with XP.

4.14 Manag¡ng iterative processes

Jhis discussion of agile methods might be confusing, as it seems to turn marry of our
I previous planning, concepts on their head.

A¡rproaclres like XP correctly emphasize the importance of comnrunication ar-¡d of
removing artificial barriers to development productivity. XP to lnany might seem to be
simply a'licence to hacl<'. However, a more cletailecl examination of the techniques of
XP shows that many (sr-¡ch as pair programming and installation standards) are conscious
techniques to courrter the excesses of hacl<ing and to ensure that good m¿lintainable
code is written.

Booch suggests that there are two levels of development: the macro process and
the micro process. The macro process is closely related to the waterfall process model.
At this level, a range of activities carried out by a variety of specialist groups has to be
coordinated. We need to have some dates when we know that major activities will be
finished so tlrat we know when we will need to bring in staff to worl< on subsequent
activities. Within this macro process there will be nricro process ¿rctivities which might
involve iterative worl<ing. Systems testing l-ras always been orre. Figure 4.6 illustrates how
a sequential macro process can be imposed orr a nr-¡mber of iterative sub-processes. With
iterative micro processes, the use of time-boxes is rreeded to control at the macro level.

l-here are c¿rses where the m¿rcro process itself can be iterative. It might be that a

prototype for a complex technical system is proclucecl in two or three successive versions,
each tal<ing, sever¿rl months to create and evaluate. ln these circumstances, each iter¿rtion
should be treated as a project in its own right.
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Micro process

Stop/checkpoint
Macro process

Iterate as

required

Stop/checkpoint
Macro process

Iterate as
required

Micro process

Stop/checkpoint
Macro process

Iterate as
required

FIGURE 4.6 A macro process conta¡n¡ng three iterative micro processes

The packaging of micro processes within larger macro processes means

that it is possible for agile projects using XP practices to exist within a more

traditional stage-gate project environment (see section 4.6) which has

formal milestones where the business case for the project is reviewed. Agile

projects might even contribute helpfully to this process as their progress is

more visible.

fonstruction of an application can be distinguished from ifs installation. It is possible

L- to use different approaches for these two stages. For example, an application could

be constructed using a waterfall or one-shot strategy but then be released to its users in

increments. The only combinations of construction and installation strategies that are

not feasible are the evolutionary installation with any construction approach other than

evolutionary.
Where uncertainty is high then an evolutionary approach is to be favoured. An

example of uncertainty would be where the users'requirements are not clearly defined'
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Where the requirements are relatively certain but there are many complexities, as with a

lar¡;e embedded system needing a large amount of code, then an incremental approach
is favoured. Where deadlines are tight, then either an evolutionary or an incremental
approach is favoured over a one-shot strategy, as both tactics should allow at least
somethin¡¡ to be delivered at the deadline, even if it is not all that was originally promised
Students ai:out to plarr final-year projects would do well to note this.

4.16 Conclusion

Jhis chapter has stressed the need to examine each project carefully to see if it has
I characteristics which suggest a particular approach or process model. These

characteristics might suggest the addition of specific activ¡ties to the project plarr.
The classic waterfall process model, which attempts to minimize iteration, should lead

to projects that are easy to control. Unfortunately, many projects do not lend themselves
to this structure. Prototyping may be able to reduce project uncertainties by allowing
knowledge to be bought through experimentation. The incremental approach encourages
the execution of a series of small, mana¡4eable, 'mini-projects'but does have some costs.

4.17 Further exerc¡ses

1 A building society has a long history of implement¡ng computer-based information
systems to support the work of its branches. lt uses a proprietary structured systems
analysis and design method. lt has been decided to create a computer model of the
property marlcet. This would attempt, for example, to calculate the effect of changes of
interest rates on house values. -fhere 

is some concern that the usual methodology used
lor lS developnrent would not be appropriate for the new project.
(a) Why might there be this concenr ancl what alternative approaches should be

corrsidered?
(b) Outline a plan for the development of the system which illr,¡strates the application

of your preferred methodology for this project.

2 A software pacl<a¡1e is to be designed ancl built to assist in software cost estimation. lt
will input certain parameters and produce initial cost estimates to be used at bicldin¡;
time.
(a) lt has been suggested that a software prototype would be of value in these

circurnstances. Explain why this might be.
(b) DiscLrss how such prototyping coulcj be controlled to ensure that it is conducted in

an orderly and effective way and within a specified time span.

3 An invoicing system is to have the followin¡4 transactions: amend invoice, produce
irtvoice, produce monthly statements, record cash payment, clear paid invoices from
database, create customer records, delete customer.
(a) What physical dependencies govern the order in which these transactions ¿lre

implementecl?
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(b) How could the system be broken down into increments which would be of some

value to the users (hint - think about the problems of taking existing details onto a

database when a system is first implemented)?

4 ln Section 4.9 the need was stressed of defining what is to be learnt from a prototype

and the way that it will be evaluated to obtain the new knowledge. Outline the

learning outcomes and evaluation for the following.
(a) A final-year degree student is to build an application that will act as a 'suggestions

box'in a factory. The application will allow employees to make suggestions about

process improvements, and will track the subsequent progress of the suggestion as

it is evaluated. The student wants to use a web-based front-end with a conventional

database. The student has not previously developed any applications using this mix

of technologies.
(b) An engineering company has to maintain a large number of different types of

document relating to current and previous projects. lt has decided to evaluate the

use of a computer-ltased document retrieval system and wishes to try it out on a

trial basis.
(c) A business which specializes in 'e-solutions', that is, the development of business

applications that exploit the World Wide Web, has been approached by the

computing school of a local university. The school is investigating setting up a

special website for its former students. The website's core will be information

about job and training opportunities and it is hoped that this will generate income

through advertising. lt is agreed that some kind of pilot to evaluate the scheme is

needed.

S ln a college environment, an intranet for students that holds information about courses,

such as lecture programmes, reading lists and assignment briefs, is often set up. As a

'real'exercise, plan, organize and carry out a JAD session to design (or improve the

design of ) an intranet faciltY.

This will require:

r preliminary interviews with representative key stal<eholders (for example, staff who

might be supplying information for the intranet);

r creation of documents for use in the JAD proceedings;

r recording of the JAD proceedings;

r creating a report which will present the findings of the JAD session.



Software effort
e

I successful project is one delivered'on time, within budget and with the required
l\quality'. This implies that targets are set which the project manager then tries to
meet. This assumes that the targets are reasonable - no account is taken of the possibility
of project managers achieving record levels of productivity from their teams, but still not
meeting a deadline because of incorrect initial estimates. Realistic estimates are therefore
crucial.

A project manager like Amanda has to produce estimates of effort, which affect costs,
and of activity durations, which affect the delivery time. These could be different, as in

the case where two testers work on the same task for the same five days.

stI at¡onm

When you have completed this chapter
you will be able to:

* avoid the dangers of unrealistic
estimates;

{ understand the range of estimating
methods that can be used;

.! estimate projects using a bottom-up
approach;

* estimate the effort needed to
implement software using a
procedural programming language;

* count the function points for a
system;

* understand the COCOMO ll
approach to developing effort
models.

.þ 0øtecnvEs
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ln chapter l, some of the difficulties of estimating arise from the complexity and

;;.*jJ' invisibility of software. Also, the intensely human activities which nrake

characteristics of utl system development cannot be treated in a purely mechanistic way.

softwareidentified Other difficulties irrclude:
by Brooks i.e.-ffiú;¡il t Subjective nature of estintating For example, some research shows

c.nformity, that people tend to unclerestimate the difficulty of small tasks and

changeability and over-estimate that of large ones.

invisibility,were t political implica¡o¡s Different groups within an organization have
discussed' different objectives. The IOE information systems development

managers may, for example, want to generate work and will press

The possibility of the estimators to reduce cost estimates to encourage higher management to

different groups with approve projects. As Arnanda is resporrsible for the development of the
stakes in a project annual maintenance contracts subsystem, she will want to ensure that

having differentand the project is within budget and timescale, otherwise this will reflect
possibly conflicting badiy on herself. She might therefore try to increase the estimates

objectives was
discussed in to create a 'comfort zone'. To avoid these'political' influences, one

chapterl susi;:HJ;J:åH'J,i:ï?:,:::ffiiffi:n':*:i..,iJÏ'':Ïå"

with this, as developers will be more committed to targets they

tlremselves have set.

t Changing technology Where technologies change rapidly, it is difficult to use the

experience of previous projects on new ones.

t Lack of homogeneity of project experience Even where technologies have not

changed, knowledge about typical task clurations may not be easily trarrsferred

from one project to another because of other differences between projects.

The lS0 12207

standard, touched
upon in Chapter 1,

is an attempt to
address this problem

by standardizing
on some of the

terms used.

It would be very difficult on the basis of this information to advise a

project manager about what sort of productivity to expect, or abrout the

probable distribution of ef{ort between the phases of design, coding and

testing that could be expected from a new project.

Using existing project data for est¡mating is also difficult because of
uncertainties in the way that various terms can be interpretecl. For example,

what exactly is meant by the term 'testing'? Does it cover the activities ol
the software developer when debugging code?

fìalculate the productivity (i.e. SLOC per work month) of each of the projects in Table

\-¡s.r and also f'or the organization as a whole. If the project leaders fbr projects a and cl

had correctly estiuratecl the soulce nnmber of iines of code (SLOC) and then usecl the

average productivity of the organization to calculate the efTort needecl to complete the

projects, how far out woulcl their estirnates have been from the actual effort?

EXERCISE 5.1
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Estimates are carried out at various stages of a software project for a variety of reasons

r Strategic planning Project portfolio management involves estimating
the costs and benefits of new applications in order to allocate priorities.
Such estimates may also influence the scale of development staff
recruitment.

t Feasibility study This confirms that the benefits of the potential system
will justify the costs.

t System specification Most system development methodologies usefully distinguish
between the definition of the users/ requirements and the design which shows how
those requirements are to be fulfilled. The effort needed to implement different design
proposals will need to be estimated. Estimates at the design stage will also confirm that
the feasibility study is still valid.

t Evaluation of suppliers'proposals ln the case of the IOE annual maintenance contracts
subsystem, for example, IOE might consider putting development out to tender.
Potent¡al contractors would scrutinize the system specification and produce estimates
as the basis of their bids. Amanda might still produce her own estimates so that IOE
could question a proposal which seems too low in order to ensure that the proposer
has properly understood the requirements. The cost of bids could also be compared
to in-house development.



106 Chapter 5 Software effort estimat¡on

t Project planning As the planning and implementatlon of the project

becomes more detailed, more est¡mates of smaller work components
will be made. These will confirm earlier broad-brush estimates, and

will support more detailed planning, especially staff allocations.

As the project proceeds, so the accuracy of the estimates should improve as

knowledge about the project increases. At the beginning of the project the

user requirement is of paramount importance and premature consideration

of the possible physícal implementation is discouraged. However, in order

to produce an estimate, there will need to be speculation about the eventual shape of the

application.
To set estímating into the context of the Step Wise framework (Figure 5.1) presented

in Chapter 3, re-estimating coufd take place at almost any step, but specific provision is

9. Execute plan 8. Review/publicize plan

10. Lower-level
planning

7. Allocate resources

6. ldentiñ/ activity
risks

5. Estimate effort
for activity

Review

Lowerlevel
detail

4. ldentif,/ the products
and activities

3. Analyse project
châracteristics

1. ldentify project
scope and objectives

2. ldentify project
infrastructure

0. Select project

-l

For each
activity

FIGUBE 5,1 Software estimation takes place in Steps 3 and 5 in part¡cular
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5.3 Problems with over- and under-estimates 197

made for the production of a relatively high-level estimate at Step 3, 'Analyse project
characteristics', and foreaclr índividual activity in Step 5. As Steps 5-B are repeated at
progressively lower levels, so estimates will be done at a finer degree of detail. As we
will see later in this chapter, different methods of estimating are needed at these different
planning steps.

5.3 Problems w¡th over- and under-est¡mates

I Orolect leader such as Amanda will need to be aware that an over-estimate may
/ \cause the project to take longer than it would otherwise. This can be explained by
the application of two'laws'.

t Parkinson's Law 'Work expands to fill the time available, that is, given
ar-ì easy target staff will work less hard.

t Brooks'Law The effort of implementing a project will go up
disproportionately with the number of staff assigned to the project.
As the project team grows in size, so will the effort that has to go into
management, coordination and communication. This has given rise,
in extreme cases, to the notion of Brooks' Law 'putting more people
on a late job makes ¡t latel . lf there is an over-estimate of the effort
required, this could lead to more staff being allocatecl than needed
and managerial overheads being increased.

Some have suggested that while the under-estimated project might not
be completed orr time or to cost, it might still be implemerrted in a shorter
time than a project with a more generous estimate.

The danger with the under-estimate is the effect on quality. Staff,
particularly those with less experience, could respond to pressing deadlines
by producing worl< that is sr-rbstandard. This may tre seerr as a manifestation
of Weinberg's zeroth law of reliability: 'if a system does not have to be
reliable, it can meet any other objective'. Substandard work might only
beconre visible at the later, testing, phases of a project which are
particularly difficult to control and where extensive rework can easily
delay project completion.

T_fo* clo agiìe methods such as XP - see Chapter 4 - attempt to address the problems
I lwith estimates clescribed above?

EXERCISE 5.2

Research has found that motivation and morale are enhanced where targets are
achievable. lf, over time, staff become aware that the targets set are unattainable and that
projects ror-rtinely miss targets, motivation is reduced. People like to thinl< of themselves as
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Barry Boehm

devised the
C0C0M0 estimating

models which are

described later in
this chapter.

winners and there is a general tendency to put success down to our own
efforts and blanre failure orr the organization.

An estimate is not really a prediction, it is tl m¿ìna!:ement g,oal. Barry

Boehm has sug¡¡estecl that if ¿r software developmerrt cost is within 2O%, of

the estinrated cost for tlre job then a ¡¡,ood miìllager c¿ìll turn it into a self-

fulfillin¡¡ prophecy, A project leader lil<e Am¿rrrda will work hard to mal<e

the actual perfornrance conform to the est¡mate.

Details of the work
ofthe lnternational

Software
Benchmarking

Standards Group

can be found at
httB://isbsg.oro

R. E. Park has

devised a standard
for counting source
statements that has

been widely adopted

- see Software Size
Measurement

A Framework for
Counting Source

Statements,
Softlvare

Engineering

lnstitute, '1992.

Measure of work

5.4 The basis for software est¡mat¡ng

The need for historical data

Most estimatirr¡¡ methocls treed information atrout past projects. However,

care is neeclecl wherr applying past performance to new projects because

of possible differences in factors suclr ¿ls programming larrgua¡;es and the

experience of staff. lf past project clata is lacking,, externally maintained

clatasets of project performance clata can be accessed. One well-l<nown

international database is tlrat maintairred by the lnterrrational Software

Berrchmarkirrg Starrdarcis Croup (ISBSC), which currently contains data

from 4800 projects.

Direct c¿rlculation of costs or time is difficult at the early planning stage.

The tinre to conrplete software will depend on the inclividual capability and

experience of staff not yet identified. lmplementation tinre ¿rnd costs will
also clepencl on the pilrticular technologies selected. The usr-lal practice is

therefore to start by expressing work size independently of effort using a

measLrre such as source lines of code (SLOC), sometimes expressed as

KLOC (thousancls of lines of cocje). The estimation of SLOC ís of course

itself problenratic and may not be relevant when parameter-driven

application-bLrilders are used. Alternative size measures have been

proposed, s¡-¡ch as function points which are explaitred in more detail later

in this clrapter. lt can also be ar¡iued that SLOC counts clo not take account

of the complexity of the code to be produced.

See B. W. Boehm
(1981) Sofrware

Engineering
Econonics,

Prentice-Hall.

5.5 Software effort estimation techniques

arry Boehm, in his classic worl< on software effort models, identifiecl the

main ways of cleriving estimates of software development effort as:

algorithmic models, which use'effort drivers' representin¡3

characteristics of the target system and the implementation
environment to prerlict effort;

B



This is also the
principle behind the

concept of time-
boxing discussed

in Chapter 4 in

the context of
incremental delivery,
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t expert judgement, based on the advice of knowledgeable staff;

t analogy, where a similar, completecl, project is iclentified ancl its actual effort is used as

the basis of the estinrate;

t Parkinson, where the staff effort available to do a project becomes the 'estimate';

t price to win, where the 'estimate' is a figure that seems sufficiently low to win a contract;

t top-dowrr, where an overall estimate for the whole project is brol<en down into the
effort required for component taslcs;

t bottom-up, where component tasks are identified and sized and these individual
estimates are aggregated.

Clearly, the 'Parkinson'method is not really an effort prediction method,
but a metl-rod of setting the scope of a project. Similarly, 'price to win' is a

way of identifying a price and not a prediction. Althou¡4h Boehm rejects
them as predictiorr techniques, they have value as management techniques.
-fhere 

is, for example, a perfec--tly acceptable eng,ineering practice of
'desi¡1n to cos( .

We will now look at some of these techniques more closely. First we
will examine the difference between top-down and bottom-up estimating.

5.6 Bottom-up estimating

\ A /ith tlre bottom-up approach the estimator breaks the project into its component
V V tasks. With a large project, the process of breaking it down into tasks is iterative:

e¿rch task is ciecomposed into its cornponent subtasl<s and these in turn could be further
analysed. lt is suggested that this is repeated until you get tasks an inclividual could do in
a week or two. Why is this not a 'top-down approach'? After all, you start from the top
and work cJown. Although this top-down analysis is an essential precursor to bottom-up
estimating, it is really a separate process - that of producing a work breakdown schedule
(WBS). l'he bottom-r-rp part comes in adding up the calculated effort for each activity to
get an overall estimate.

The bottorn-up approaclr is best at the later, more detailecl, sta¡;es of project planning.
lf this methocl is r-rsed earlier, assumptions about the characteristics of the final systenr and
project work methods will have to be made.

Where a project is completely novel or there is no historical data available, the
estimator would be forced to use the bottom-u¡r approach.

þ

rigette at Brightmouth College has been told that there is a requirernent, once the
payroll system has been successfi,rlly installed, to create a subsystem that analyses the

stafling costs f'or each course. Details of the pay that each mernber of staff leceives may be

B

txERClst s.3



þ

110 Chapter 5 Software effort estìmati0n

obtained fïom the payloll standing data. The number of hours that each tnember of stafl

spends teaching on each coluse rnay be obtained from standilrg files in a computer-based

tirnetabling system.
What tasks wolld have to be undertaken to implemeut this requirernent? 1iy to

iilentify tasks that woulcl take one person abor-rt 1 or 2 weeks'

Which tasks are the ones whose duratiorrs are üìost difficult to estimate?

A procedural code-oriented approach
'Ihe bottom-up ap¡troach described above worl<s at the level of activities. In software

clevelopnrent a ma.ior activity is writing code. l-lere we describe how a bottom-up

approach can be used ¿lt the level of software components.

(a) Ënvisage the number and type of software modules in the final system

Most information systenrs, for example, are built from a small set of system operations,

e.g. lrrsert, Amend, Update, Display, Delete, Print. The sarne principle should equally

apply to embedded systems, albeit with a different set of primitive futrctions.

(b) Estimate the SLOC of each identified module
One way to judge tlre number of instructiorrs likely to be in a program

'softwaremodule' is to draw up a program structure dia¡¡ram and to visualize how many
here implies a instnrctions would be needecl to implenrent each iclentified procedure. l-he

c0mponentthat can estimator may look at existirrg programs which have a similar functional

T::litj:lÏ descriptiorr to assisr in lhis process.
c0mpllet an0

**ärrt*d. (c) Estimate the work content, taking into account complexity and

technical difficulty
The practice is to multiply the SLOC estimate by a f;rctor for complexity ancl technical

clifficLrlty. 
'lhis factor will clepend lar¡;ely on the subiective judgement of the estimator.

For example, the requiremellt to meet particr-rlar highly constrainecl performance

targets carr greatly incre¿rse pro¡;ranrming effort.

(d) Calculate the work-days effort
Historical data can be used to provide ratios to couvert weig,htecJ SLOC to effort.

Note that the steps above can be used to clerive an estimate of lines of code tlrat can be

r-¡sed as an input to one of the COCOMO moclels which are described later.

fTthe IOE arurual nraintenance contracts subsystern lbr which Amancia is responsible

I wiil have a lransaction which sets up rietails of new annual mainteuance c:ontract

custorrrers.

EXERCISE 5.4
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Jhe top-down approach is normaf ly associated with parametr¡c (or algorithmic) models.
I These may be explained using the analogy of estimating the cost of rebuilding a house.

This is of practical concern to house-owners who need insurance cover to rebuild their
property if destroyed. Unless the house-owner is in the building trade he or she is unlikely
to be able to calculate the numbers of bricklayer-hours, carpenter-hours, electrician-hours
and so on required. Insurance companies, however, produce convenient tables where
the house-owner can find estimates of rebuilding costs based on such parameters as the
number of storeys and the floor space of a house. This is a simple parametric model.

Project effort relates mainly to variables associated with characteristics of the final
system. A parametric model will normally have one or more formulae in the form:

effort = (system size) x (productivity rate)

For example, system size might be in the form 'thousands of lines of code' (KLOC) and
have the specific value of 3 KLOC while the productivity rate was 40 days per KLOC.
These values will often be matters of judgement.

A model to forecast software development effort therefore has two key components.
The first is a method of assessing the amount of the work needed. The second assesses the
rate of work at which the task can be done. For example, Amanda at IOE may estimate
that the first software module to be constructed is 2 KLOC. She may then judge that if
Kate undertook the development of the code, with her expertise she could work at a rate of
4O days per KLOC per day and complete the work in 2 x 40 days, i.e. B0 days, while Ken,

who is less experienced, would need 55 days per KLOC and take 2 x 55, i.e. 110 days to

The operator will input:

Customer account number

Customer name

Address

Postcode

Customer type

Renewal date

All this information will be set up in a CUSTOMER record on the system's database, If
a CUSTOMER account already exists for the account number that has been input, an error
message wiil be displayed to the operator.

Draw up an outline program structure diagram for a program to do the processing
described above, For each box on your diagram, estimate the number of lines of code
needed to implement the routine in a programming language that you are familiar with,
such as |ava.
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complete the task. ln this case KLOC is a size driver indicating the amount of work to be

done, while developer experience is a productivity driver irrfluencing the productivity

or work rate.

lf you have figures for the effort expended on past projects (in worl<-days for instance)

and also the system sizes in KLOC, you should be able to work out a procluctivity rate as

prod uctiv ity = effort /size

A more sophisticated way of doing this would be by using the statistical technique /east

squares re¿lressiot't to derive an equation in the form:

effort= constan\ + (sizex constantr)

Some parametric models, such as that implied by function points, are focused on

system or task size, while others, such are COCOMO, are r.¡1ore concerned with
productivity factors. Those particular models are described in more detail later in this

chapter.

(^ì tudents on a coltrse are required to produce a written report on an lCT-related topic

ù"""þ sernester. If vou wanted to create a model to estimate how long it should take a

student to complete s.,"h an assignment, what measure of work content would you use?

Some reports might be more clifïicult to produce than others: what factors might afTect the

clegree of ditficulty?

EXERCISE 5.5

At the earlier stages

of a pro¡ect. the top-
down approach
would tend to be

used, whíle at later
stages the bottom-
up approach míght

be preferred.

Having calculated the overall effort required, the problem is then to

allocate proportions of that effort to the various activities within that

project.
The top-down and bottom-up approaches are not mutually exclusive

project managers will probably try to get a number of different estimates

from cliffererrt people using different methods. Some parts of an overall

estimate could be derived using a top-down approach while other parts

could be calculatec1 using a bottom-up method.

5.8 Expert iudgement

f his is asking, for an estimate of task effort from someone who is l<rrowledgeable about

I either the application or the development environment. I his method is often r¡sed

when estimating the effort needed to change an existing piece of software. The estimator

would have to examine the existing code in order to judge the proportion of cocle affected

and from that derive an estimate. Someone already familiar with the software would be in

the best positiorr to do this.
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Some have suggested that expert jud¡;ement is simply a matter of
guessing, but our own research has shown that experts terrd to use a

combination of an informal analogy approach where similar projects
frorn the past ¿ìre identified (see below), supplemented by bottom-Lrp
estimatirrg.

There may be cases where the opinions of more than one expert may
need to be combined. -lhe Delphi technique describecJ in Section 12.3
tackles group dec ision-mal<i ng.

5.9 Estimating by analogy

Jhis is also called case-based reasoning. The estimator identifies completed projects
I (source cases) with similar characteristics to the new project (the target case). The effort

recorcled for the matching source case is therr used as a base estimate for the target. The

. estimator then identifies differences between the target and the source and

:äi.jff|f:,f ad.¡usts the base estimate to procluce an estimate for the new project.

{lgg7},Estimating This can be a good approach where you have information about sonre

software pro¡eci previous projects but not enough to draw gerreralized conclr-¡sions about
effort using what miSht be useful drivers or typ¡cal productivity rates.

analogies'/EEF A problem is identifying the similarities and differences between
Transactionsin applications where you have a large number of past projects to analyse.

-Softwarg One attempt to automate this selection process is the ANCEL software tool.

..':!,':tt-i:n ^^ This iclentifies the source casethat is nearestthe target by measuring the
ùÈ-¿''[r r' 'ro-4ó' Euclidean clistance between cases. The Euclidearr distance is calculatecj as:

distance = sqLtare-root of ((tar¿4et-p¿tramete\ - source-parameter)2 +
. . . (ta rget_p¿1 ra rneter, - so Lt rce*p arameter,,)2)

Qay that the cases are being matchecl on the basis of two parameters, the number of
Uinputs to and the number of outputs fiom the applicatiorr to be buiÌt. The new project
is known to require 7 inputs ancl 15 olrtputs. One of the past cases, project A, has B inputs
and 17 outputs. The Euclidean clistance between the source ancl the talget is therefore the
square-root of ((z - a)' + (tz - 15)'), that is 2.24.

EXAMPLE 5.1

roject B has 5 irrputs ancl 10 outputs. What woulcl be the Euclidean distance between
this project and the target new project being corrsidered above? Is project B a betterP

analogy with the target than project A?

EXERCISE 5.6
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l-he above explanation is simply to give an idea of how Euclidean distance may be

calculated. The ANCEL pacl<age uses rather more sophisticated algorithms based on this

principle.

5.10 Albrecht function point analysis

Jhis is a top-down method that was devised by Allan Albrecht when he

I worl<ecl for lBM. Albrecht was investigating progranrming productivity

and neecled to quantify the functional size of programs independently of

their programming languages. He rJeveloped the idea of function points

(FPs).

The basis of function point analysis is tlrat information systems comprise

five major components , or 'external user types' in Albrecht's terminology,

that are of benefit to the users.

t External input types are input transactiot-ls which update internal

computer files.

s External oLttput types are transactions where data is output to the user.

Typically these would be printed reports, as screen displays would tend

to come under external inquiry types (see below).

t External inquiry types - note the US spelling of inquiry - are transactions in¡t¡ated by the

user which provide information but do not update the internal files. The user inputs

some information tlrat directs the system to the details required.

t Logica! internal file types are the standing files used by the system. The term 'file'
does not sit easily with modern information systems. lt refers to a Sroup of data items

that is usually accessecl together. lt may be made up of one or more record types. For

example, a purchase orcler file may be made up of a record type PUIìCHASE-ORDER

plus a second which is repeated for each item ordered on the purchase order *
PURCHASE-ORDER-|TEM. ln structured systems analysis, a logical internal file

would equate to a datastore, while record types would equate to relational tables

or er-rtity types.

Albrecht also t External interface file types allow for output ancl input that may pass to

dictatesthat and from other computer applications. Examples of this would be the

outgoing exfernal transmission of accounting data from an order processing systenr to the

interface files should main ledger system or the production of a file of direct debit details on a

be double counted magnetic or electronic medium to be passed to the Barrkers Automated

as logicalinternal Clearing System (Bacs). Files shared between applications would also be
file types as well. counted here.

The analyst identifies each instance of e¿rch external user type in the application. Fach

component is then classified as having either high, average or low complexity. The counts

of each external usertype in each complexity band are mult¡plied by specified weights

(see Table 5.2) to get FP scores which are sr-rmmed to obtain an overall FP count which

irrclicates the information processing size.



The lnternational FP

User Group (IFPUGl

have developed and
published extensive
rules governing FP

counting. Hence
Albrecht FPs are

now often referred
to as IFPUG FPs.
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With FPs as originally defined by Albrecht, the question of whether the
external user type was of high, low or average complexity was irrtuitive.
The lnternational FP User Croup (IFPUC) has now promulgated rules on
how this is assessed. For example, in the case of logical internal files and
external interface files, the boundaries shown in Table 5.3 are used to
decide the complexity level. Similar tables exist for exterrral inputs and
outputs.

External input type

External output type

External inquiry type

Logical internal f¡le type

External interface file type

3

4

3

7

5

4

5

4

10

7

Hish

External üser type Multipliet

6

AverageLow

7

6

15

10

,Tth" task for which Brigette has been made responsible in Exercise 5.3 needs a program
I which will extract yearly salaries from the payroll file, and hours taught on each

course by each mernber of stafT and the details of courses frorn two files maintained by the
timetabling system. The program will produce a report showing fbr each course the hours
taught by each member of stalT anci the cost of those hours.

Using the method described above, calculate the Albrecht function points fbr this
subsystem assuming that the report is of high cornplexity, but that all the other elements
are of average complexity.

EXERCISE 5.7

Average
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Number of data typesNumber of record types
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Functior-t point analysis recognizes that the effort rec¡uired to implement a computer-

based information systenr relates rrot just to the number and complexity of the features

provided but also to the operational environment of the systenr.

Fourteen factors h¿rve beetr identified which can influence the
Further details on TCA de¡¡ree of difficulty associated with irnplementirr¡¡ a system. The list that

can befound inthe Albrecht producecl related particLrlarly to the concerns of information
A brechtand Garrnev 

ffii:il iïîiï,îi lå ff:J 3:,i,il:*äìliïJ l-l;t'il; :::lî"J:J
The technical complexity adjustment (l'CA) calcr¡lation has had

many prolrlems, Sonre lrave even founcl that it procluces less accurate

The C0C0M0 ll Model estimates than usirr¡; tlre unadiustecl furrction point count. Because of

Definition Manual A these difficulties, we omit fr¡rther cliscussion of the TCA.

contains a table of Tables lrave been calcr-rlated to convert the FPs to lines of code

suggested conversion for various larr¡¡ua¡;es. For example, it is sr:ggested that 53 lirres of
rates and can be Java are needed on averafle to implenrent an FP, while for Visual C++
downloadedfrom the figLrre is 34. YoLr can then use historical productivity data to col'ìvert
http://sunset'usc' the lines of cocle irrto an effort estinrate, as previously described irredu/csse sectiorr 5.2.

/\ logical internal file rnight contain data about purchase orders. These ptrrchase orders

fì,nright be organizecl into two sepalate recorcl types: the main PURCHASE-ORDER

details, narnely purchase orcler nuruber', supplier ref'erence ancl pttrchase order date, and

then details for each PURCHASE-ORDER-ITEM specifiecl in the order, narnely the product

code, the unit price and number orclered. The numbel of recorcl types for that file would
therefbre be 2 and the ntrmber of clata types would be 6. Accorcling to Table 5.3, this file
type would be rated as 'low'. This woulcl rnean that accorcling to Table 5.2, the FP cotrnt

would be 7 lbr this file.

EXAMPLE 5.2

fn the case of the subsystem clescribecl in Exercise 5,7 I'or which Brigette is responsible at

IBrightm,rrrth HE College, how urany liues of Java cocle should be neecled to implement
this subsystem, accorcling to the stanclard cotrversiotr? Asstttning a productivity rate of
50 lines of code a clay, what wotrld be the estirnate of ef'f'ort?

EXERCIST 5.8
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-l-hu Mark ll method was originally sponsored by what was then the
I CCTR (Central Computer and Ielecommunications Agency, now

the Office of Covernment Commerce or OCC), which lays down
standards for UK government projects. The 'Mark ll'label implies an
improvement and replacement of the Albrecht method. The Albrecht
(now IFPUG) method, however, has had many refinements made to it
and FPA Mark ll remains a minority method used mainly in the United
Kingdom.

As with Albrecht, the information processing size is initially measured
in unadjusted function points (UFPs) to which a technical complexity
adjustment can then be applied (TCA). The assumption is that an

information system comprises transact¡ons which have the basic structure shown
in Figure 5.2,

Process

Datastore

From user
lnput Output

Return to user

FIGURE 5.2 Model of a transact¡on

For each transaction the UFPs are calculated

W,x (number of input data element types) +

W.x (number of entity types referenced) +

Wox (number of output data element types)

W¡, W", and Woare weightings derived by asking developers the
proportions of effort spent in previous projects developing the code
dealing respectively with inputs, accessing and modifying stored data
and processing outputs.

The proportions of effort are then normalized into ratios, or weightings,
which add up to 2.5. This process for calculating weightings is time
consuming and most FP counters use industry averages which are
currently 0.58 for Wi,1.66 for W"and 0.26 Íor Wo.
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Mark ll FPs follow the Albrecht method in recognizing that one system delívering

the same functionality as another may be more difficult to implement (but also more

valuable to the users) because of additional technical requirements, For example, the

incorporation of additional security measures would increase the amount of effort to

deliver the system. The identification of further factors to suit local circumstances is

encouraged.
Symons is very much against the idea of using function points to estimate SLOC rather

than effort. One finding by Symons is that productivity, that is, the effort per function point

to implement a system/ is influenced by the size of the project. ln general, larger projects,

up to a certain point, are more productive because of economies of scale, However,

beyond a certain size they tend to become less productive because of additional

management overheads.
Some of the rules and weightings used in FP counting, especially in the case of the

Albrecht flavour, are rather arbitrary and have been criticized by academic writers

on this account. FPs, however, have been found useful as a way of calculating the

price for extensions to existing systems, as will be seen in Chapter 10 on managing

contracts.

I cash receipt transaction in the IOE maintenance accounts subsystem accesses two
,( \entity types - INVOICE and CASH-RECEIPT'

The data inputs are:

Invoice number

Date received

Cash received

If an INVOICE record is not found for the invoice number then an error message is

issued. If the invoice number is found then a CASH-RECEIPT record is created. The error

message is the only output of the transaction. The unadjusted function points, using the

industry average weightings, for this transaction would therefore be:

(0.¡a x B) + (i..66 x 2) + (o.26 x 1) = 5.32

EXAMPTE 5.3

l-alculate the number of unadjusted Mark II function points for the transaction

L¡described previously for Exercise 5.4, using the industry average weightings.

txIRCtst 5.9
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5.12 COSMIC full function points

C'SM'C-FFp stands \ A /hile approaches like that ol IFPLJC are suitable for information--l;;ilrrr;; -- V V systems, they are not helpful wherr it comes to sizing real-time or

Software embedded applications. This has resulted in the development of another
Measurement version of fr-rnction points - the COSMIC FFP method.

Consortium-Full The full function point (FFP) method has its origins in the worl< of
Function Points. two i¡terlirrked research groups in Québec, Canada. At the start, the

developers were at pains to stress that this methocl should be seen as

simply an extension to the IFPUC method for real-time systems. 
-lhe original work of

FFPs has been tal<en forward by the formation of the Common Software Measurement
Consortium (COSMIC) which has involved not.iust the original developers in Canada,
but others from many parts of the world, irrcluding Charles Symons, the originator of
Marl< ll function points. lnterestirrgly, there has been little participation by anyonefrom
the United States.

-[-he 
argumerrt is that existing function point methods are effective in assessing the

worl< content of information systems where the size of the internal procedures mirrors the
number of external features. With a real-time, or embedded, system, its features will be

hidcJen because the software's user will probably not be a huntan but a hardware device
or another software conlponent.

COSMIC deals with this by decomposing the system architecture into a hierarchy of
software layers. The software component to be sized can receive requests for services
fronr layers above and can request services from those below it. At the same time there
coulci be separate software components at the same level that engage in peer-to-peer
contntur¡ication. This identifies the bor¡ndary of the software component to be assessed

and thus the points atwhich it receives inputs and transmits outputs. lnputs and outputs
are aggregated into data ¿4roups, where each group brings together clata items that relate
to the same object of interest.

Data groups can be moved about in four ways:

t entríes (E), which are effected by subprocesses that move the data group into the
software conrponent in question from a 'user'outsicle its boundary - this coL¡ld be
from anotlrer layer or another separate software component in the same layer via
peer-to-peer com mu n ication;

t exits (X), which are effectecl lry subprocesses that move the data gror"rp from tlre
software component to a 'L¡ser'outside its boundary;

t reads (R), which are data movements that move clata groups fronr persistent stora¡le
(such as a database) into the software componenU

t writes (W), which are data movements that transfer data groups from the software
compolrent i nto persistent storage.
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The overall FFP count is derived by simply adding up the counts for each of the four
types of data movement. The resulting units are Cfsu (COSMIC functional size units). The

method cloes not take account of any processing of the data groups once they have been

moved into the software component. The framers of the method do not recommend its

use for systems involving complex mathematical algorithms, for example, but there is

provision for the definition of local versions for specíalized environments which could
incorporate counts of other software features.

COSMIC FFPs have been incorporated into an ISO standard *

The NESMAFp ISO/IEC "19761:2003. Prior to this there were attempts to produce a

,.il| h*;;;, sin¡;le ISO standard for 'functional size measurement' and there is an ISO

developed bythe document - ISO/IEC 14143-1:1998 * which lays down some general

Nerherlands principles. ISO has decided, diplomatically, that it is unable to judge

Software the relative merits of the four main methods in the field: IFPUC, Mark ll,
Measurement NESMA and COSMIC-FFR and all four have been allowed to submit
Association' their methods ¿rs candidates to become ISO standards and then to

'let the market decide .

5.13 C0C0M0 ll: a parametric product¡uity model

Because there is

nOw a newer
c0c0M0 ll, the

older version is now
referred to as

c0c0M081.

p oehm's COCOMO (COrrstructive COst MOdel) is often referred to

L)¡n the literature on software project management, particularly in

connection with software estimating. The term COCOMO really refers

to a group of models.
Boehm originally based his models in the late 1970s on a study of

63 projects. Of these only seven were business systems and so the models

coulcl be used with applications other than information systems. The basic

model was built around the equation

I srnall computer system controls the entry of vehicles to a car park. Each time a

,( \vehicle pr,rlls up before an entry barrier, a sensor notifies the cornputer system of the
vehicle's presence. The system examines a count that it maintains of the number of
vehicles that ale currently in the car park. This count is kept on backing storage so that it
will still be available if the system is temporarily shut down, for example because of a
power cut. If the count does not exceed the maximum allowed then the barrier is lifted and

the count is incrernented. When a vehicle leaves the car park, a sensor detects the exit ancl

reduces the count of vehicles.
There is a system administration systern that can set the maximum number of cars

allowed, and which can be used to adjust or replace the count of cars when the system is
restarted.

Identify the entries, exits, reads and writes in this application.

EXERCISE 5.10
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(effort) = c(size)k

where effortwas measured in pm or the number of 'person-months'consisting of units
of 152 working hours, sizewas measured in kdsi, thousands of delivered source code
ínstructions, and c and k were constants.

The first step was to derive an estimate of the system size in terms of kdsi. The
constants, c and k (see Table 5.4), depended on whether the system could be classified,
in Boehm's terms, as 'organic', 'semi-detached'or'embedded'. These related to the
technical nature of the system and the development env¡ronment.

t Organic mode This would typically be the case when relatively small
teams developed software in a highly familiar in-house environment and
when the system being developed was small and the interface requirements
were flexible.

t Embedded mode This meant that the product being developed had
to operate within very tight constraints and changes to the system were
very costly.

s Semi-detached mode This combined elements of the organic and the embedded
modes or had characteristics that came between the two.

The exponent value ( when it is greater than 1, means that larger projects are seen as

requiring disproportionately more effort than smaller ones. This reflected Boehm's finding
that larger projects tended to be less productive than smaller ones because they needed
more effort for management and coordination.

Over the years, Barry Boehm and his co-workers have refined a family
of cost estimation models of which the key one is COCOMO ll. This
approach uses various multipliers and exponents the values of which
have been set initially by experts. However, a database containing the
performance details of executed projects has been built up and periodically
analysed so that the expert judgements can be progressively replaced by
values derived from actual projects. The new models take into account
that there is now a wider range of process models in common use than
previously. As we noted earlier, estimates are required at different stages in

the system life cycle and COCOMO ll has been designed to accommodate
this by having models for three different stages.

c k
2.4

3.0

3.6

System

r.05

1.12

1.20

0rganic

Semi-detached

Embedded

TABTE 5.4 C0C0M081 constants
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t Application composition Here the external features of the system that the users will

experience are designed. Prototyping will typically be employed to do this. With small

applications that can be bLrilt using high-productivity application-building tools,

development can stop at this point.

t Early desigp Here the fundamental software strLlctures are designed. With larger, more

clemanding systems, where, for example, there will be large volumes of transactions

and performance is important, careful attention will neecl to be paid to the architecture

to be adopted.

t Post architecture Here the software structures undergo firral construction, moclification

and tuning to create a system that will perform as required'

l-o estimate the effort for application composition, the counting of object

*:R I Banker, poiyrts is recommended by the developers of COCOMO ll. I his follows
R. Kauftman and

i.ìä[iTffii the funcrion point approach of counting externally apparent features of the

,n,,àiirirJiiríu sofrware. tt differs by focusing on the physical leatures of the application,

object-based output such as screens and reports, rather than 'logical'ones such as entity types.

measurement This is seen as being more useful where the requirements are being elicited
metrics'Journal viaprototypes.

of MlS,$l3l. Atthe early design stage, FPs are recomnlencleci as the way of gauging

a basic system size. An FP count may be convertecl to a LOC equivalent

by multiplying the FPs by a factor for the programming latrguage that is to be used - see

Section 5.10.
The following model can therr be used to calculate an estimate of person-months'

pm = A(size¡('i) x (emr) x (em2)x . . . x (em,,)

where pnr is the effort irr'person-morrths', A is a constant (which was set in 2000 at2.94),

size is nreasured in kdsi (which may have been derived from an FP count as explained

above), and sf is exponent scale factor.
-fhe 

scale factor is clerived thr-¡s:

sf = B + 0.0'l x 2 (exponent driver ratittgs)

where B is a constant cr-rrrently set at 0.91. The effect of the exponetrt ('. . . to tlre power

of . . .') scale factor is to increase the effort prerlicted for larger projects, that is, to take

account of cJiseconomies of scale which make larger projects less productive.

The qualities that goverrr the exponent clrivers used to calcr-rlate the scale factor are

listed below. Note tlrat the less each quality is applicable, the bigger the value given to the

exponent driver. The fact that tlrese factors âre used to calculate an exporrellt implies that

the lack of these qualities increases the effort required clisproportionately more on larger

projects.

t precede¡teclness (PREC) -l-his quality is the degree to which there are prececlents

or similar past cases for tlre current project. The greater the novelty of tlre new

system, the more uncertainty there is arrd the higher the value given to the exponent

clriver.
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t Development flexibil¡ty (FLEX) This reflects the number of different ways there are
of meeting the requirements. The less flexibility there is, the higher the value of the
exponent driver.

t Architecture/risk resolution (RESL) This reflects the degree of uncertainty about the
requirements. lf they are liable to change then a high value would be given to this
exponent driver.

t Team cohesion (TEAM) This reflects the degree to which there is a large dispersed
team (perhaps in several countries) as opposed to there being a small tightly knit team.

t Process maturity (PMAT) Chapter 13 on software quality explains the process maturity
model. The more structured and organized the way the software is produced, the lower
the uncertainty and the lower the rating will be for this exponent driver.

Each of the scale factors for a project is rated according to a range of judgements: very
low, low, nominal, high, very high, extra high. There is a number related to each rating
of the individual scale factors - see Table 5.5. These are summed, then multiplied by 0.01
and added to the constant 0.91 to get the overall exponent scale factor,

Nominal High Very high Extra high

PREC

FLEX

RESL

TEAM

PMAT

6.20

5.07

7.07

5.48

7.80

4.96

4.05

5.65

4.38

6.24

3.72

3.04

4.24

3.29

4.68

2.48

2.03

2.83

2.19

3.12

1.24

1.01

1.41

r.10

1.56

0.00

0.00

0.00

0.00

0.00

Driver Verylow Low

TABTE 5.5 C0C0M0 ll Scale factor valucs

I new project has 'average'novelty for the software supplier that is going to execute it
,( \and is thus given a nominal rating on this account for precedentedness. Development
flexibility is high, but requirements may change radically and so the risk resolution
exponent is rated very low. The development team are all located in the same office and
this leads to team cohesion being rated as very high, but the software house as a whole
tends to be very informal in its standards and procedures and the process maturity driver
has therefore been given a rating of 'low'.

(iJ What would be the scale factor (s/) in this case?

(ii) What would the estimate of effort if the size of the application was estimated as in
the region of zooo lines of code?

EXERCISE 5.11



124 Chapter 5 Soltware effort estimation

ln the COCOMO ll model the effìcrt multipliers (em) adjust the estimate to take account

of productivity factors, but do not involve economies or diseconomies of scale. The

multipliers relevant to early design are in Table 5.6 and those used at the post architecture

stage in Table 5.7. Each of these multipliers may, for a particular application, be given a

RUSE

PDIF

PERS

PREX

FCIL

SCED

Product reliability

and complexity

Required reusability

Platform difficulty

Personnel capability

Personnel experience

Facilities available

Schedule pressure

r.00

1.00

1.00

r.00

r.00

t.00

very
low

RCPX

low high
Extra Extra

0.49 0.ô0 0.83 1.00 1.33 1.91 2.72

Gode Effoñ modifier Low Nominal

0.95

0.87

1.26

1.12

1.10

t.l4

1.62

r.33

r.30

t.ß

r.07

r.29

0.83

0.87

0.87

1.00

2.12

r.59

r.4iì

r.l5

1.81

0.63

t.74

0.73

1.00

1.24

2.6r

0.50

0.62

0.62

High Very
hish

TABLE 5.6 C0C0M0 ll Early clesiç¡n effort nrultiplie rs

RELY

DATA

DOCU

CPLX

REUSE

TIME

STOR

PVOt

ACAP

AEXP

PCAP

PEXP

LEXP

PCON

TOOL

SITE

SCED

Required software reliability

Database size

Documentation match to life-cycle needs

Product complex¡ty

Required reusabil¡ty

Execution t¡me constraint

Main storago constraint

Platform volatility

Analyst capabilities

Application experience

Programmer capabilities

Platform experience

Programming language experience

Personnel continuity

Use of software tools

Multisite development

Schedule pressure

Pro¡ect attributes

Personnel attributes

Platform attributes

Effoil modifierCode

Product attributes

Modifiertype

TABLE 5.7 C0C0M0 ll Post architectt¡l e efforl rnttltipliers
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rating of very low¿ low, nominal, high or very high. Each rating for each effort multiplier
has an associated value. A valr"re ¡4reater than 1 increases development effort, while a value
less than 1 decreases it. The nominal ratin¡¡ means that the multiplier has no effect. The
intention is that the values that these ¿rnd other ratings use in COCOMO ll will be refined
over time as actual pro.fe'ct details are added to the database.

At a later stage of the project, detailed design of the application will have been
completc.d. lhere will be a clearer iclea of application size in ternrs of lines of code, ancJ

the factors influerrcing procluctivity will be better l<nown. A revisecl estimate of effort
can be proclucecl b¿rsed on the broader range of effort moclifiers seen in Table 5.7. The
methoci of calculation is the same as for early design. Readers who wish to apply the
model using the post architecture effort multipliers are directed to the COCOMO ll
Moclel Definition Manual which is available from the University of Southern California
website http://sunset.r,rsc.edu/csse/research/COCOMOII/COCOMO_main.html.

5.14 Conclusion

To summarize some key points:

r Estimates are really management tiìrflets.

r Collect as nruch information about previous projects as possible

r Use more than one method of estimating.

I software supplier has to procluce an application that controls a piece of equipment
,( \in a l'actory. A high degree of reliability is needed as a nralfìurction coulcl injure
the operators. The algorithms to control the equipment ale also complex, The procluct
reliability and complexity are therefbre ratecl as very high. T'he company would like to take
the opportunity to exploit fully the invest¡nent that they made in the project by reusing the
control systern, with suitable modificatiorrs, on future contracts. The reusability
requirernent is therefore rated as very high. Developers are familiar with the platf'orm and
the possibility of Jrotential problems in that respect is regarded as low. The cuuent stafï are
generally very capable ancl are rated in this respect as vely high, but the project is in a

sornewhat novel application domain fbr them so experience is rated as norninal. 'I'he

toolsets available to the developers are judged to be typical fbr the size of company arrcl are
rated as norninal, as is the degree of schedule pressure to meet a deadlirre.

Given the clata in Table 5.6,

(i) What would be the value fbr each of the eflbrt rnultipliers?

(ii) What woulcl be the impact of all the effbrt multipliers orr a project estimated as taking
200 stafÊmonths?

EXERCISE 5.12
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r Top-down approaches will be used at the earlier stages of project planning while

bottom-up approaches will be more prominent later on.

r Be careful about using other people's historical productivity data as a basis for your

estimates, especially if it comes from a different environment (this includes COCOMO)

¡ Seek a range of opinions.

r Document your method of doing est¡mates and record all your assumptions.

1 The size (that is, the effort needed to complete it) of any task will depend on its

characteristics. The units into which the work is divided will also differ. ldentify the

factors affecting the size of the task and work units for the following activities:

r installing computer workstations in a new office;

r transporting assembled personal computers from the factory where they were

assembled to warehouses distributed in different parts of the country;

r typing in and checking the correctness of data that is populating a new database;

r system testing a newly written software application.

2 lf you were asked as an expert to provide an estimate of the effort needed to make

certain changes to an existing piece of software, what information would you like to

have to hand to assist you in making that estimate?

3 A small application maintains a telephone directory. The database for the applícation

contains the following data tYPes:

r Staff reference
r Surname
r Forenames
r Title
r Department code
r Room number
r Telephone extension
r E-mail address

r Fax number

Transactions are needed which:

(i) set up new entries;
(ii) amend existing entries;
(iii) delete entries;
(iv) allow enquirers to list online the details for a particular member of staff;

(v) produce a complete listing of the telephone directory entries in alphabetical order.

(a) Use this scenario to produce an estimated Mark ll FP count. List all the assumptions

you will need to make.
(b) Another requirement could be to produce the listing in (v) in departmental order. ln

your view, should this increase FP count and if so by how much?
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4 The following details are held about previously developed software modules

A new module has 7 inputs, 1 entity type access and 7 outputs. Which of the modules

a to e is the closest analogy in terms of Euclidean distance?

5 Using the data in further exercise 4 above, calculate the Symons Mark ll FPs for each

module. Using the results, calculate the effort needed for the new module described in

further exercise 4. How does this estimate compare to the one based on analogy?

6 Civen the project data below:

Pro¡ect lnputs 0utputs Ent¡ty System Programming Developer
aGcesses üseñl language days

I 210

469

5r3

660

183

2M

1600

582

r80

484

420

'1406

1283

2310

367

975

3200

874

350

I 190

40

"t25

16

88

35

65

237

111

40

69

t0

20

1B

200

10

25

25

5

20

35

X

X

v

v

z

z

v

z

v

v

30

85

108

161

22

42

308

62

2

3

4

5

6

7

I
X

Y

(a) What items are size drivers?
(b) What items are productivity drivers?
(c) What are the productivity rates for programming languages x, y and z?.

(d) What would be the estimated effort for projects X and Y using a Mark ll function
point count?

(e) What would be the estimated effort for X and Y using an approximate analogy

approach?
(f) What would have been the best estimat¡ng method if the actual effort for X turns

out to be 30 days and for Y turns out to be 120 days? Can you suggest why the

results are as they are and how they might be improved?

lnputs

I

10

5

2

¡

Ent¡ty types accessed 0utputs

10

1

I

11

20

Days

2.60

3.90

1.83

3.50

4.30

Module

a

b

c

d

e
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7 A report in a college timetabling system produces a report showing the students

who should be attending each timetabled teaching activity. Four files are accessed:

the STAFF file, the STUDENT file, the STUDËNT-OPTION file and the TEACHINC-
ACTIVITY file. The report contains the following information:

Teach ing activity reference
Topic name
Staff forenames
Staff surname
TítIE

Semester (1 or 2)

Day of week
Time
Duration
Location
For each student:

student forename
student surnames

Calculate the Mark ll FPs that this transaction would generate. What further information
would you need to create an estimate of effort?

).



CHAPTER

Activity
planning

When you have completed this chapter
you will be able to:

S produce an activíty plan for q
project;

* estimate the overall duration of a
' project;

å create a critical path and a
precedence network for a project.

cl;0ørccrtvEs

ln earlier chapters we looked at methods for forecasting the effort required for a project
| - both for the project as a whole and for individual activities. A detailed plan for the
project, however, must also include a schedule indicating the start and completion times
for each activity. This will enable us to:

r ensure that the appropriate resources will be available precisely when required;

r avoid different activities competing for the same resources at the same time;

r produce a detailed schedule showing which staff carry out each activity;
r produce a detailed plan against which actual achíevement may be measured;

r produce a timed cash flow forecast;

r replan the project during its life to correct drift from the target.

To be effective, a plan must be stated as a set of targets, the achievement or non-
achievement of which can be unambiguously measured. The activity plan does this by
providing a target start and completion date for each activity (or a window within which

)
125
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each activity may be carried out). The starts and complet¡ons of act¡vities must be clearly
visible and this is one of the reasons why it is advisable to ensure that each and every

project act¡vity produces some tangible product or 'deliverable'.
Projectmonitoringis Monitorirrg the project's progress is then, at least in part, a case of ensuring

li:tTlt*^d,¡t To': rhat the products of each activity are deliverecl on tíme.
detail in chapter 9' 

As a project progresses it is Linlikely that everything will go according to

plan. Much of the job of project management concerns recognizing when something has

gol'ìe wrong, identifying its causes arrd revising the plarr to mitigate its effects. The activity
plan should provide a means of evaluating the consequences of not meet¡ng any of the

activity target dates and guidance as to how the plan might most effectively be modified to

brirrg the project back to target. We shall see that the activity plan may well also offer
guidance as to which components of a project should be most closely monitored.

6.2 The objectives of activity planning

t n addition to providing project and resource schedules, activity plarrnin¡4 aims to achieve

I a nrnrber of other objectives which may be summarized as follows.

t Feasibility assessmenf ls the project possible within required timescales and resource

constraints? ln Chapter 5 we looked at ways of estimating the effort for various project

tasl<s. However, it is not until we have constructed a detailed plan that we can forecast

a completion date with any reasonable l<nowleclge of its achievability. The fact that a
project may have been estimated as requiring two work-years'effort might not mean

that it would be feasible to complete it within, say, three months were eight people

to work on it - that will depend upon the availability of staff and the degree to which
activities may be undertaken in parallel.

t Resource allocatic¡n What are the most effective ways of allocating resources to the

project. When should the resources be available? The project plan allows us to

investigate the relationship between timescales and resource availability (in ¡;eneral,
allocating aclclitional resources to a project shortens its duration) and the efficacy of
additional spending on resource procurement.

t Detailed costing, How much will the project cost and when is that expenditLrre likely to
take place? After prodLrcing an activity plan and allocating specilic resoLtrces, we can

obtain more detailed estimates of costs and their timing.

t Motivation Provicling targets and being seen to monitor achievemetrt
against targets is an effective way of motivating staff, particularly where

they have been involved in setting those targets in the first place.

t Coordinatlon When do the staff in different departments need to be

available to worl< on a particular project and when do staff need to be

transferred between projects? The project plan, particularly with large
projects irrvolving more than a single project team, provicles an effective
vehicle for communication ancl coorclination among teams. ln situations
where staff nray need to be transferred between project teanrs (or work

Chapter 1 1

discusses motivation
in more detail.

This coordination
will normally form
part of Programme

Management.
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concurrently on more than one project), a set of integrated project schedules should
ensure that such staff are available when required ancl do not suffer periods of
enforced idleness.

Activity planning and scheduling techniques place an emphasis on completing the
project in a minimum time at an acceptable cost or, alternatively, meeting a set target
date at minimum cost. These are not/ in themselves, concerned with meeting quality
targets, which generally impose corrstraints on the scheduling process.

One effective way of shortening project durations is to carry out activities in parallel.
Clearly we cannot undertake all the activities at the same time * some require the
completion of others before they can start and there are lil<ely to be resource constraints
limiting how much may be done simultaneously. Activity scheduling will, however, give
us an indication of the cost of these constraints in terms of lengthening timescales and
provide us with an indication of how timescales may be shortened by relaxing those
constraints. lf we try relaxing precedence constraints by, for example, allowing a program
coding tasl< to commence before the design has been completed, it is up to us to ensure
tlrat we are clear about the potential effects on product quality.

6.3 When to plan

P
lanning is an ongoir-rg process of refinement, each iteration becoming more detailed
and more accurate than the last. Over successive iterations, the emphasis and purpose

of planning will shift.
Durirrg the feasibility study and project start-up, the mairr purpose of planning will be

to estimate timescales and the risl<s of not achieving target completion dates or keeping
within budget. As the project proceeds beyond the feasibility study, the emphasis will be
placecl upon the productiorr of activity plans for ensuring resource availability and cash

flow control.
Throughout the project, until the final deliverable has reached the customer,

monitoring and replanning, must continue to correct any drift that might prevent meet¡ng
time or cost targets.

6.4 Proiect schedules

0n a large project

detailed plans for
the later stages will

be delayed until
information about
the work required
has emerged from
the earlier stages.

p efore worl< commences on a project or, possibly, a stage of a larger
lJ project, the projecl plan rrust be dcveloped to the level oi showing
dates when each activity should start and finish and when and how much
of each resource will be required. Once the plan has beerr refined to this
level of detail we call it a project schedule. Creating a project schedule
comprises four main stages.

l-he first step in producing the plan is to clecide what activities need to
be carried out and irr what orcler they are to be done. From this we can
construct an ideal activity plan - that is, a plan of when each activity
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9. Execute plan 8. Review/publicize plan

10. Lower-level
planning

7. Allocate resources

6. ldentify act¡vity
risks

5. Estimate effort
for each act¡vity

Review

Lower-level
detail

4. ldentifl/ the products
and activities

3. Analyse project
characteristics

1. ldent¡fy project
scope and objectives

2. ldentify project
infrastructure

0. Select project

For each
activity

I

I

I

I

I

FIGURE 6.1 Activity planning is carried out in Steps 4 and 5

would ideally be undertaken were resources nota constraint. lt isthecreation of the ideal

act¡v¡ty plan that we shall discuss in this chapter. This activity plan is generated by Steps 4

and 5 of Step Wise (Figure 6.'l).
The ideal activity plan will then be the subject of an activity risk analysis, aimed at

identifying potential problems. This might suggest alterations to the ideal activity plan and

will almost certainly have implications for resource allocation. Activity risk analysis is the

subject of Chapter 7.

The third step is resource allocation. The expected availability of resources

might place constraints on when certain activities can be carried out, and our ideal plan
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might need to be adapted to take account of this. Resource allocation is covered in
Chapter B.

The final step is schedule production, Once resources have been allocated to each

activity, we will be in a position to draw up and publish a project schedule, which
indicates planned start and completion dates and a resource requirements statement
for each activity. Chapter 9 discusses how this is done and the role of the schedule in

managing a project.

Defining activities

Before we try to identify the activities that make up a project it is worth reviewing what
we mean by a project and its activities and adding some assumptions that will be relevant
when we start to produce an activ¡ty plan.

r A project is composed of a number of interrelated activities.

r A project may start when at least one of its activities is ready to start.

r A project will be completed when all of the activities it encompasses
have been completed,

r An activity must have a clearly defined start and a clearly defined
end-point, normally marked by the production of a tangible
deliverable.

r lf an activity requires a resource (as most do) then that resource requirement must be
forecastable and is assumed to be required at a constant level throughout the duration
of the activity.

r The duration of an activity must be forecastable - assuming normal circumstances, and

the reasonable availability of resources.

r Some activities might require that others are completed before they can begin (these

are known as precedence requirements).

ldentifying activities

Essentially there are three approaches to identifying the activities or tasks that make up a
project - we shall call them the activity-based approach, the product-based appraach and

the hybrid approach.

The activity-hased approach

The activity-based approach consists of creating a list of all the activities that the project is

thought to involve. This might require a brainstorming session involving the whole project

team or it might stem from an analysis of similar past projects. When listing activities,
particularly for a large project, it might be helpful to subdivide the project into the main
life-cycle stages and consider each of these separately.
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FIGURE 6.2 A fragment of an activity-based Work Breakdown Structure

WBSsare Rather than cioing, this in an ad hoc manneL with the obvious risks of

,¿"äriir¿ ¡v ss ornitting or double-counting tasks, a much favoured way of generating a

îäiö,ir.ãäiii¡rñ tasl< list is to create tt Work Breakdown Structure (WBS). This involves

Siandards identifying the main (or high-level) tasks required to complete a project

lnstitution's 6uide and then breaking each of these down into a set of lower-level tasks.

to Project Figure 6.2 shows a fragment of a WBS where the clesi¡;n task has beerr
Management. brol<en down into three tasks and one of these has lreen further

clecomposed into two tasks.

Activities are added to a branch in the structure if they contribute directly to the task

immediately atrove - if they clo not contribute to the parent tasl<, then they should not be

addefl to that branch. The tasks at each level in any branch shotrld inclucJe everything that

is required to complete the task at the higher level.

When preparing a WBS, corrsideration must be given to the final level of detail or

depth of the structure. Too great a depth will result irr a large trumber of small tasks that

will be difficult to manage, whereas a too shallow structure will ¡rrovide insufficient

detail for project control. Each branch should, however, be brokerr down at least to a

level where each leaf may be assigned to an individual or responsible section within the

organization.
Advantages claimed for the WBS approach include the belief that it

Acompletetask is much more likely to result in a task catalogue that is complete and is

catalooue will composed of non-overlapping activities. Note that it is only the leaves of

";;r;tÑi;.i;;s 
the structure that comprise the list of activities in the project - higher-level

taskdefinitions nocles merely represent collections of activities'
alongwithtaskinput lhe WBS also represents a structure that may be refined as the project
and output products proceeds. ln the early part of a project we might use a relatively high-level

and othertask' or shallow WBS, which can be developed as information becomes
related ¡nformat¡on.

available, typically during the project's analysis and specification phases.

Project

Design BuildAnalyse

Physical
designData design

Process
design

Logical
data design

Relational
data analysis

Ì
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Once the project's activities have been identified (whether or not by using a WBS), they
need to be sequencecl in the sense of deciciing which activities neecl to be conrpleted
before others can st¿ìrt.

The product-based approach

The product-based approach, usecl in PRINCE2 and Step Wise, has alreacly been described
in Chapter 3. lt consists of producing a Procluct Breakdown Structure and a Procluct Flow
Diagram. -lhe 

PFD indicates, foreach procluct, which other prodLrcts are required as

inputs. l-he PFD can therefore be easily transformed into an ordered list of activities by
identifying the transformations that tunr some procJucts into others. Proporrerrts of this
approach claim that it ¡s less likely that a product will be left out of a PBS than that an
activity miglrt be omitted from an unstructured activity list.

This approach is particularly appropriate if using, a methodology such as SSADM or
USDP (Unified Software Development Process), which clearly specifies, for each step or
tasl<, each of the proclucts required and the activities requirecl to produce it. For example,
the SSADM Referetrce M¿lnual provides a set of generic PBSs for earch stage in SSADM,
which can be used as a basis for generating a project specific PBS.

ln the USDR products are referred to as arfllacfs- see Figure 6.3 * and
Seel.Jacobson, the sequence of activities needed to create them is called a workflow-
. G'Booch.and- see Figure 6.4for an example. Some caution is neecled in clrawing up an

J. Rumbaush (1999)

;;;;;;;;î":ft*r;" activity networl< from tlrese worl<flows. USDP emphasizes thar processes-;,;;;;r_;';; " are iterative. This means that it may rror be possible to map a USDp process

process,Â¿Oiron- directly onto a single activity in a network. ln Sectiorr 4.i5 we saw how
Wesley. one or more iterated processes could be hidden in the single execution of a

larger activity. All projects, whether they contain iterations or not, will need
to have some fixed milestones or time-boxes if progress towards a planned clelivery date
is to be maintained. These larger activities with the fixed completion dates would be the
basis of the activitv rretwork.

BS 6079 states that
WBSs may be
product-based,

c ost-centre-based,
task-based or

function-based but
that product-based

WBSs are preferred.

Not all of rhe
products in this

activity structuring
will be final

products. Some will
be further refined in

subsequent steps.

The hyhrid approach

The WBS illustrated in Figure 6.2 is based entirely on a strr.rcturing of
activities. Alternatively, and perhaps more commonly, a WBS may be based
upon the project's products as illustratecl in Figure 6.5, which is in turn
based on a simple list of final deliverables and, for each deliverable, a set

of activities required to produce that product. Figure 6.5 illustrates a flat
WBS and it is lil<ely that, in a project of any size, itwould be beneficial to
introduce aclclitional levels - structuring both products ancl activities. -fhe

degree to which the structuring is product-l¡ased or activity-based might
be influenced by the nature of the project and the particular development
method adoptecl. As with a purely activity-based WBS, having identified
the activities we are then left with the task of sequencing them.

A frameworl< dictating the numtrer of levels and the nature of each level
irr the structure may be imposed on a WBS. For example, in their M11-P

methodology, IBM recommend that the following five levels should be
used in a WBS:

Þ
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HGURE 6.9 USDP product breakdown structure based on artefacts identified in Jacobson, Booch and Rumbaugh

( r segl

t Level 1: Project.

t Level 2: Deliverables such as software/ manuals and training courses.

t Level 3: Componenfs, which are the key work items needed to produce deliverables,

such as the modules and tests required to produce the system software.

t Level 4: Work-packages, which are major work items, or collections of related tasks,

required to produce a component.

t Level 5: Tasks, which are tasks that will normally be the responsibility of a single

person,

architecture
description

(deployment)

test
evaluation

deployment
model

defect

user interface
prototype

build plan
architecture
description test plan

glossary ¡nterface
architecture
description
(analysis)

component
testârchitecture

descr¡ption

architectu re
description
(use case)

class
designanalysis

class procedure
test

¡nterface

use case
realization
(analysis)

use case component
u5e case

realization
(design)

test case

analysis
packageactor

implementation
subsystem

design
subsystem

test system

analysis
model

use case

model
implementation

model
design
model

test model

requirements designanalysis testimplementation

USDP
Artefactes



Business/domain model Feature list Supplementary requi rements

Use case model
(outline) and Glossary

Architecture
Description (use case view)

Use cases
(descriptive)

Use cases
(detailed)

User interface prototype

Use case model (structured)

Find actors
and use cases

Structure use
case model

Prioritize use cases

Prototype user
interface for each actor

Detail a use case
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F|GURE6.4 A structuring of activities forthe USDP requirements capture workflow based on Jacobson, Booch and

Rumbaugh (1999)

User testing

Print manualsDeliver system

Deliver courseDo page layoutTest softwareTest system

Print handoutsCapture screensCode softwarelntegrate system

Write manualWrite textDetailed designDetailed design

Design courseDesign manualOutline designOutline design

Analyse
requirements

Analyse
requirements

Review
requ¡rements

Analyse
requ irements

course
TrainingUser

manuals
Software

components
lnstalled
system

Project

FIGURE 6.5 A hybrid Work Breakdown Structure based on deliverables and activit¡es
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l: Dave

H: Charlie

G: Charlie

F: Bill

E: Bill

D: Andy

C: Andy

B: Andy

A: Andy

13121110981654321
Weeks

Task

Activity key A: Overall design
B: Specify module 1

C: Specify module 2

D: Specify module 3

E: Code module 1

F : Code module 3

G: Code module 2

H: lntegration testing
l: System tesing

FIGUßE 6.6 A project plan as a bar chart

6.6 Sequenc¡ng and scheduling activities

Jhroughout a project, we will require a schedule that clearly indicates when each of
I the proiect's activities is plannecl to occur and what resources it will need. We shall

be considering scheduling in more detail in Chapter B, but let Lls consider in outline how

we might present a schedule for a small project. One way of presenting such a plan is to

use a bar chart as shown in Figure 6.6.
The chart shown has been drawn up talcing account of the

The bar chart does not nature of the development process (that is, certain tasl<s must be

showwhycertain completed before others may start) and the resources that are

decisions have been available (for example, activity C follows activity B because Andy
made. lt is not clear, for cannot work on both tasks at the same time). ln drawing up the
example, why activity H chart, we have therefore done two things - we have sequenced
is not scheduled to start
until week 9. lt could be the tasl<s (that is, identified the dependencies amotrg activities

rhat it cannot start until dictated by the developmelrt process) and schedulecl them (that is,

act¡viryFhasbeen specified when they should tal<e place). The scheduling has had to

completed 0r¡tmightbe take account of the availability of staff and the ways in which the

because Charlie is going activities have been allocated to them. The schedule might look quite

to be on holiday during different were there a different number of staff or were we to allocate
week8. the activities differently.

ln the case of small projects, this combined sequencing-scheduling
Separating the log¡cal approach might be quite suitable, particularly where we wish to
sequencing from the allocate incliviclLrals to particular tasks at an early plannin¡; stage.
scheduling may be However, on larger projects it is better to separate out these two
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activities: to sequence the f asl<s accorcling to their logical relatiorrships
and then to scheclule them tal<ing into accourrt resources and other
facto rs.

Approaches to scheduling that aclrieve this separation between
the logical arrd the physical use networks to model the project and it is

these approaches that we will consider in subsequent sections of tfris
chapter.

6.7 Network planning models

. These project scheduling techniques model the project's activities andttfff;Sïtol|ito I their relarionships as a networl<. tn the network, time flows from lefr

Ctr*irãrCorprnv to right. These techniques were originally developeci in the '1950s * the

which published the two best l<nown being CPM (Critical Path Methocl) and PEIìT (Prog,ram

method in 1958, Evaluatiorr Review Technic¡ue).
claiming that ¡t had Both of these tech n iques usecl an ac:tivity-on-arrow approach to

savedthem$1 visualizirrg the project as a networl< where activitíes are cjrawn as arrows
million in its first joining circles, or nodes, which represent the possible start ancl/or

year 0r use' completion of an activity or set of activities. More recently a variation or.r

these techniques, called precedence networks, has become popr"rlar. -l-his

method uses activity-on-nocle networks where activities are represer-ìted as nodes and th<r

linl<s between nodes rel]resent precedence (or sequencing) requirenrents. This latter
approach avoids some of the ¡rroblems inherent in the activity-on-arrow representation
and provides rnore scope for easily representing certairr situations. lt is this method that is
adoptecl ir-r the majority of computer applications currently available. These three methods
are very similar and it nrust be admitted that nrany people use the siìme name (p;rrticLrlarly

CPM) indiscriminately to refer to any or all of the methocls.

ln the following sections of this chapter, we will lool< at the critical patfr method
applied to prececlence (activity-on-node) networks followed by a brief introcluction to
activity-orr-arrow networl<s - a cliscussion of PERT will be reserverJ for Chapter 7 when
we lool< at risl< analysis.

Jn Chapter 2 we saw how Amanda identified that three new software components
Iwould neecl to be developed and a further component woulcl need to be rewritten.
Figure 6.7 shows the fragment of a network that she has developed as an activity-on-nocle
network. Figure 6.8 shows how this network would look represented as an activity-on-
arlow network. Study each of the networks briefly to verify that they are, indeecl, merely
different graphical representations of the same thing. b

Y

CASE STUDY EXAMPLES o
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FIGURE6.? The loEannual ma¡ntenance coilracts proiectactivity networkfragmentwith a checkpoint

act¡vity added

FIGURE 6.8 The loE annual maint€nancB contracb pro¡ect Activity network fragment repres€nted aq a

CPM netrruork l

-T-he first stage in creating a network model is to represent the activities and their

I interrelationships as a graph. ln activity-on-node we do this by representing activities

as nodes (boxes) in the graph - the lines between nodes represent dependencies.

Gonstructin g precedence networks

Before we look at how networks are used, it is worth spending a few moments considering

some rules for their construction.
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A project network should have only one start node Although it is logically possible to
draw a network with more than one starting node, it is undesirable to do so as it is a
potential source of confusion. ln such cases (for example, where more than one activity
can start immediately the project starts) it is normal to invent a 'start'activity which has

zero duration but may have an actual start date.

A project network should have only ane end node The end node designates the
completion of the project and a project may finish only oncel Although it is possible to
draw a network with more than one end node, it will almost certainly lead to confusion
if this is done. Where the completion of a project depends upon more than one 'final'
activity it is normal to invent a 'finish'activity.

A node has duration A node represents an activity and, in general, activities take time
to execute. Notice, however, that the network in Figure 6.7 does not contain any
reference to durations. This network drawing merely represents the logic of the
project - the rules governing the order in which activities are to be carried out.

Links normally have no duration Links represent the relationships between
activities. ln Figure 6.9 installation cannot start until program testing is

complete. Program testing cannot start until both coding and data take-
on have been completed.

Precedents are the immediate preceding activities ln Figure 6.9, the activity'Program test'
cannot start until both 'Code'and 'Data take-on'have been completed and activity
'lnstall'cannot start until 'Program test' has finished. 'Code' and 'Data take-on'can
therefore be said to be precedents of 'Program test', and 'Program test' is a precedent
of 'lnstall'. Note that we do not speak of 'Code'and 'Data take-on'as precedents of
'lnstall'* that relationship is implicit in the previous statement,

Time moves from left to right lf at all possible, networks are drawn so that time moves
from left to right. lt is rare that this convention needs to be flouted but some people
add arrows to the lines to give a stronger visual indication of the time flow of the
project.

A network may not contain loopsFigure 6.10 demonstrates a loop in a network. A loop is

an error in that it represents a situation that cannot occur in practice. While loops, in

the sense of iteration, may occur in practice, they cannot be directly represented in a

Data take-on

lnstallProgram test

Code

FIGURE6.9 Fragment of a precedence network
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FIGURE 6.10 A loop represents an impossible sequence

project network. Note that the logic of Figure 6.10 suggests that program testing cannot

start until the errors have been corrected.
lf we know the number of times we expect to repeat a set of activities, a test-

diagnose-correct sequence, for example, then we can draw that set of activities as a

straight sequence, repeating it the appropriate number of times. lf we do not know how

many times a sequence is going to be repeated then we cannot calculate the duration

of the project unless we adopt an alternative strategy such as redefining the complete

sequence as a single activity and estimating how long it will take to complete it.

Although it is easy to see the loop in this simple network fragment, very large

networks can easily contain complex loops which are difficult to spot when they are

initially constructed. Fortunately, all network planning appf ications will detect loops

and generate error messages when they are found.

A network should not contain dangles A dangling act¡vity such as 'Write user manual'

in Figure 6.11 should not exist as it is likely to lead to errors in subsequent analysis.

lndeed, in many cases dangling activities indicate errors in logic when activities are

added as an afterthought. lf, in Figure 6.11, we mean to indicatethatthe project is

complete once the software has been installed andthe user manual written then we

should redraw the network with a final completion activity - which, at least in this

case, is probably a more accurate representation of what should happen. The redrawn

networl< is shown in Figure 6.1 2.

Correct
errors errors

Diagnose

Code
program

Release
program

Test
program

Write user
manual

Design
program

Code
program

lnstall
program

Test
program

FIGURE 6.11 A danole
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FIGURE 6.12 Resolving the dangle

Representing lagged activities

We might come across situations where we wish to undertake two activities in parallel
so long as there is a lag between the two. We might wish to document amendments to a
program as it is being tested - particularly if evaluating a prototype. ln such a case we
could designate an activ¡ty'test and document amendments'. This would, however, make
it impossible to show that amendment recording could start, say, one day after testing had
begun and finish a little after the completion of testing.

Where activ¡ties can occur in parallel with a time lag between them,
we represent the lag with a duration on the linking arrow as shown in Figure 6.13. This
indicates that documenting amendments can start one day after the start of prototype
testing and will be completed two days after prototype testing is completed.

FIGURE 6.13 lndicating lags

Hammock activities

Hammock activities are act¡v¡ties which, in themselves, have zero duration but are
assumed to start at the same time as the first 'hammocked'activity and to end at the
same time as the last one. They are normally used for representing overhead costs or
other resources that will be incurred or used at a constant rate over the duration of a
set of activities,

Document
amendments

Revise
specification

Build
prototype

Test
prototype

2

1
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Labelling conventions

There are a number of differing conventíons that have been adopted for entering

infornlation on an activity-on-node network. The one adopted here is shown on the left

ancl is based on the British Standard BS 4335.
The activity label is r-rsually a code developecl to

uniquely identify the activity and may incorporate
a project code (for example, loElPl3 to designate

one of the programming activities for IOE's annual
maintenance contract project). 'Ihe activity
description will normally be a brief activity name

Latest finishFloatLatest start

Activity label, activity description

Earliest finishDurationEarliest start

suclr ¿ls'-[esttake-on module'. Theother items in ouractivity nodewill beexplained as

we discuss the analysis of a project network.

6.9 Adding the time dimen$¡on

| | aving created the lo¡iical network model indicating what needs to be done and the

I I ¡nterrelatiorrships between those activities, we are now ready to start thinl(infl about

when each activity shoulcl be undertaken.
The critical path approach is concerned with two primary objectives: planning the

project in such a way that ¡t is completed as quickly as possible; and identifying those

activities where a clelay in their execution is likely to affect the overall end date of the

project or later activities'start dates.

The method requires that lor each activity we have an estimate of its clr"¡ration. The

network is then analysed by carrying out a forward pass, to calculate the earliest dates at

which activities may comnìence ancl the project be completed, and a backward pass, to

calculate the latest start dates for activities and the critical path.

ln practice we would use a software application to carry out these calculations for

anything but the smallest of projects. lt is important, though, that we understand how the

calculations ¿rre carried out in order to interpret the results correctly ancl r-lnderstand the

limitatiorrs of the method.
The description and example that follow use the small example project outlined

in Table 6.1 - a project composed of eight activities whose durations have been

estirnated as shown in the table. Brigette at Brightmouth College has completed the

software package ev;rluation and a software package has lteen chosen and approvecl.

Now that the application software is known, the harclware needed as il platform can

be acquirecJ. Another task will be 'system conliguration'- there are a number of
parameters that will have to set in the application so that it runs satisfactorily for
13rightmoLrth College. Once the p¡ìrameters have been set, dettrils of the employees

who are to be paid will have to be set r-rp on the new system. Enough information

about the new system will now be available so that office procedures catr be

devisecl and docr¡mentecl. l'here are currently no staff currently dedicatecl to

payroll administration so a payroll officer is to be recruited and then trained.
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A Hardware selection

B System configuration

C lnstall hardware

D Data migration

E Draft office procedures

F Recruit staff

G User training

H lnstall and test system

Duration (weeksl

3

4

6

PrecedentsActivity

4

3

10

3

2

A

B

B

E,F

c,D

TABLE6.l Anexampleprojectspecificationw¡thest¡matedactlv¡tydurationsandprecedencerequirements

Figure ô.14 illustrates the
network for the project
specified in Table 6.1.

flraw an activity network using precedence network conven-
l-f tions for the project specified in Table 6.1. When you have
completed it, compare your result with that shown in Figure
6.1.4.

lIt\t

F. Recruit stâff

C. lnstall hardwareA. Hardware selection

FinishStart

G. User training

3 weeks

E. Draft office procedures

3 weeks

H. lnstall and test

2 weeks

D. Data migration

4 weeks

B. Software configuration

4 weeks

3 weeksI6 weeks

F|GURE6.f4 ïhe precedence networkforthe example project

EXERCISE 6.1
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6.10 The forward pass

Jhe forward pass is carried ourt to calculate the earliest dates on which each activity may

I be started and corrrpleted.
Where an actual start date is known, the calculations may be carried out using actr"ral

dates. Alternatively we can use day or weel< numbers ancl that is the approach we shall

adopt here. By conventiorr, dates indicate the end of a period and the project is therelore

shown as starting at the encl of week zero (or the beginning of weel< 1).

The forward pass and the calculation of earliest start dates are carriecl

Duringtheforward out accordinS to the following reasoning.

pass, earliestdates r Activities A, B and F may start immediately, so the earliest clate for their
are recorded as they- ;..;;r';i'ü' -' . i::lJ;;ilil ,ur" 6 weeks, so the eartiest it can finish is week 6.

: Activity B will take 4 weeks, so the earliest it can finish is weel< 4.

r Activity F will take 10 weel<s, so the earliest it can finish is week 10.

r Activity C can start as soon as A has finished so its earlíest start date is weel< 6. lt will
take 3 weeks'î'ffi::ï'j:ïi:ï]i;î:# 

as B is comprere so rhe earriesr

they can each start is week 4. Actívity D, which will take 4 weeks,

Thefonrvardpass can thereforefinish byweek B and activity E, which wiil take 3 weeks,

rule:the earliest can therefore finish by weel< 7.

startdateforan r Activity C cannot start until both E and F have been completed.
activity is the lt carrnot therefore start until week I 0 - the later of weeks 7 (for

i:lffl#::iil' îî:î.iru 
and r0 (for activity F). rt takes 3 weeks ancJ finishes in

activ¡ty. Where there
is morethan one r Similarly, Activity H canrrot start until weel< 9 * the later of the two

ímmediately earliest finish dates for the preceding activities C arrd D.

otgc,edfo i:lltly. r The project will be complete when both activìties H ancl G have been
we take the /afesfof

the earliestfinish cornpleted. Thus the earliest project conrpletion date will be the later

dafesf'rth.se of weeks I1 and 13 - that is, week 13.

activities' 
The results of the forwarcJ pass are showrr irr Figure 6.15.

6.11 The backward pass

J[e second stage in the analysis of a critic;rl path network is to carry ollt a backward

I prg to calculate the latest clate at which each activity may be st¿rrtecl and finished

without cielayirrg the errcl date of the project. ln calculating the latest cJates, we assrrnre that

the latest finish date lor the project is the same as the earliest finish date - that is, we wish

to conrplete the project as early as possible.



Utl\t

1310

Finish

C. lnstall hardwareA. Hardware selection

0 10

start

984

0 73 weeks4

44 weeks0 112 weeks

F. Recruit steff

H. lnstall and testD. Data migration

4 weeks

G. User training

3 weeks

E. Write office procedures

B- Software selection

I3 weeks666 weeks0

6.11 The backward pass 147

FIGUßE 6.f5 The network after the forward pass

Figure 6.16 illustrates our network after carrying out the backward pass.

The latest activity dates are calculated as follows.

r -Ihe 
latest completion date for activities C and H is assumed to be

week 13.

r Activity H must therefore start at week '11 at the latest (13 - 2) and the
latest start date for activity G is week 10 (13 - 3).

r The latest completion date for activities C and D is the latest date at

which activity H must start - that is, week 11 . They therefore have latest

start dates of week B (11 - 3) and week 7 (11 - 4) respectively.

r Activities E and F must be completed by week 10 so their earliest start
dates are weeks 7 (1O - 3) and 0 (10 - 10) respectively.

r Activity B must be completed by week 7 (the latest start date for both
activities D and E) so its latest start is week 3 (7 - 4).

r Activity A must be completed by week B (the latest start date for activity C) so its latest

start is week 2 (B - 6).

r The latest start date for the project start is the earliest of the latest start dates for
activities A, B and F. This is week zero. This is, of course, not very surprising since
it tells us that if the project does not start on time it won't finish on time.
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10t\t100 131013

E. Draft offìce procedures

103 weeks10 13

11

B. Software conf¡guration

4 weeks

0 74

77

Start Finish

440 8

I a

0

112

112 weeks9

F. Recruit staff

C. lnstall hardwareA. Hardware select¡on

D. Data migration

4 weeks

G. User training

3 weeks

11 13

H. lnstall and test

0 93 weeks666 weeks

FIGUßE 6.16 The netvvork after the backward pass

6.12 ldentifying the critical path

-T-here will be at least one path through the network (that ¡s, one set of
rle 1!tlc1!^oa1f,is I successive activities) that clefines the duration of the project. I his is
rne rongesr parn

,rröñïñãî.*.rf. known as the critica I path. Any delay to any act¡vity on this critical path

wìll delay the completion of the project.

Thisfloatisalso The difference between an activity's earliest start date and its latest start

frrr*,,ïirãitiã" date (or, equally, the difference between its earliest and latest finish dates)

to distinguish itfrom is known as the activity's float - it is a measure of how much the start or
otherforms of fioat- completion of an activity may be delayed without affecting the errd date of

see Sectíon 6.13. the project. Any activity with a float of zero is critical in the sense that any

delay in carrying out the activity will delay the completion date of the

project as a whole. There will always be at least one path through the network joining those

critical activities - this path is l<nown as the critical path and is shown bold in Figure 6'17 .

-l-he significance of the critical path is two-fold.

r ln mana¡;ing the project, we must pay particular attention to monitoring act¡vities on

the critical path so that the effects of any delay or resource L¡navailability are detected

and corrected at the earliest opportunrty,

r ln planning the project, it is the critical patlr that we must shorten if we are to reduce

the overall duration of the project.

Figure 6.17 also shows the activity span. This is the difference between the earliest start

date and the latest finish date and is a measure of the maximum time allowable for the

act¡vity. However, it is subject to the same conclitions of interpretation as activity float,

which is discussed in tlre next section.
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'1301010 Ut310 7\00

E. Draft office proceduresF. Recruit staff

133 weeks10

4 weeks

40

77

FinishStârt

8440

822

3

11I

3 weeks10

112 weeks9

B. Software confìguration

C. lnstall hardwareA. Hardware selection

4 weeks

G. User training

211 13

H. lnstall and testD. Data migration

1'l3

93 weeks666 weeks0

FIGURE6.17 The critical path

Refer back to Amanda's CPM network illustrated in Figure 6.7.
Using the activity durations given in Table 6.2, calculate the earliest completion date

for the project and identify the critical path on your network.

Specify overall system

Specify module A

Specify module B

Specify module C

Specify module D

Check specification

Design module A

Design module B

Design module C

Design module D

Code/test module A

Code/test module B

Code/test module C

Code/test module D

System integration

4

4

30

28

t5

25

6

6

7

Activ¡tyActivity

34

20

r5

25

t5

2

Estimated
duration (days)

Estimated
duration (daysl

TABLE 6.2 Estimated act¡vity durations for Anlanda's network

EXERCISE 6.2
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6.13 Activity float

. 
^ 

lthoush the total float is shown for each activity, it really 'belongs'to a

"iji:::Tii::'t l\pr,rl ií,ro,sn the network. Activities A and C in Fisure 6.17 each have

2 weeks' total float. lf, however, activity A uses up its float (that is, it is not

completecl until weel< B) then activity B will have zero float (it will have become critical).

ln such circumstances it may be misleadirrg and detrimental to the project's sttccess to

publicize totalfloat!
There are a number of other measures of activity float, including the following:

t Free float: the time by which arr activity may be delayecl without affecting arly

subsequent activity. lt is calculated as the difference between the earliest completion

date for the activity and the earliest start date of the succeeding activity. This might be

consiclered a more satisfactory measure of float for publicizing to the staff involved in

undertaking the activities.

t lnterfering, float: the difference between tot¿ll float and free float. This is quite

commonly used, particularly irr association with the free float. Once the free float has

been used (or if it is zero), the interfering float tells us by how much the activity may

be clelayecl without delaying the project end date - even though it will delay the start

of subsequent activities.

6.14 Shorten¡ng the proiect duration

I f we wish to shorten the overall duration of a project we would normally consider

I attemptirrg, to recluce activity cJurations. ln many cases this can be done by applying

more resources to the tasl< - worl<ing overtime or procuring additional staff, for exanrple.

The critical path inciicates wlrere we must look to save time - if we are trying to

bring forward the end date of the project, there is clearly no point irr attempting to

shorten non-critical actlvities. Referrirrg to Figure 6.17 , it can be seen that we cor.¡ld

complete the project in week 12 by reducing the duration of activity F by one weel<

(to 9 weeks).
As we reduce activity times along the critical path we must continually checl< for any

new critical path emergilrg and redirect our attention where necessary.
-llrere will come a point when we can no longer safely, or cost-effectively, reduce

critical activity durations in an attempt to bring forward the project encl date. Fr-rrther

alculate the free float anct interf'erirrg float for each of the activities shown in the

activity network (Figure 6.17).C

EXERCISE 6.3
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savings, if rreeded, must be sought in a consideration of our work methods and by
questioning the logical sequencing of activities. Cenerally, time savings are to be foLrnd

by increasing the anrount of parallelism in the network ancl the removal of bottlenecks
(subject always, of course, to resource and quality constraints).

6.15 ldentifying critical activities

The critical path iclentifies those activities which are critical to the endtit-Xäiilü-iJt I dnt" of the project; however, activities that are not on the critical path

role of the critícal may become critical. As the project proceeds, activities will invariably use

path in projecr up some of their float and this will require a periodic recalculation of the
monitoring,see networl<. As soon as the activities along a particular path use up their total

Chapter9. float then that path will become a critical path and a number of hitherto
non-critical activities will suddenly become critical.

It is therefore common practice to identify near-critical paths - those whose lengths
are within, say, 1O-2Oo/" of the dr-¡ration of the critical path or those with a total float of
less than, say, lOo/u of the project's uncompleted cluration.

The importance of identifying critical and near-critical activities is that it is they that are

most lil<ely to be the car-¡se of delays in completing the project. We shall see, in the next
three chapters, that identifyin¡; these activities is arr importarrt step in risk analysis, resource
allocation and project nronitoring.

6.16 Activity-on-arow networks

Jhe developers of the CPM and PERT methods both originally used activity-on-arrow
I networks. Although now less common than activity-on-node networks, they are still

used and introduce an additional useful concept - that of events. We will therefore tal<e a

brief look at how they are drawn arrd analysed using the same project example shown in

Table 6.1.
ln activity-on-arrow networl<s activities are represented by linl<s (or arrows) and the

nodes represent events of activities (or groups of activities) starting or finishing. Figure 6.i B

illustrates our previous example (see Figure 6.14) drawn as an activity-on-arrow networl<.

JJ eferring to Figure 6.17, suppose that the duration fbr activity F is shortened to B weeks.
I\Calculalc tlre end dal,e f'or lhe projecl.

What would the end date f'or the project be if activity F were shortened to 7 weeks?
whv?

EXERCISE 6.4
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FIGURE 6.18 An activity-on-arrow network

Activity-on-arrow network rules and convent¡ons

A project network may have only one start node This is a requirement of
activity-on-arrow networks rather than merely desirable as is the case with
activity-on-node networks.

A project netvvork may have only one end node Again, this is a requirement for

activity-on-arrow networks.

A |ink has duration A link represents an activity and, in general, activities take time to

execute. Notice, however, thatthe network in Figure 6.18 does notcontain any

reference to durations. The linl<s are not drawn in any way to represent the activity
durations. The network drawing merely represents the logic of the project - the rules

governing the order in which activities are to be carried out.

Program test lnstallation

FIGUBE 6.19 Fragment of a CPM network

Nodes have no duration Nodes are events and, as such, are instantaneous points in time

The source node is the event of the project becoming ready to start and the sink node

is the event of the project becoming completed. lntermediate nodes represent two
simultaneous events - the event of all activities leading in to a node having been

c

H
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completed and the event of all activities leading out of that node being in a position
to be started.

ln Figure 6.19, node 3 is the event that both 'coding'and 'data take-on'have been
completed and activity'program test' is free to start. 'lnstallation'may be started only
when event 4 has been achieved, that is, as soon as /program test'has been completed

Time moves from left to right As with activity-on-node networks, activity-on-arrow
networks are drawn, if at all possible, so that time moves from left to right.

Nodes are numbered sequentially There are no precise rules about node numbering but
nodes should be numbered so that head nodes (those at the 'arrow'end of an activity)
always have a higher number than tail events (those at the 'non-arrow'end of an
activity). This convention makes it easy to spot loops.

Correct Diagnose

program program program

FIGURE 6,20 A loop represents an impossible sequence

A network may not contain loops Figure 6.20 demonstrates a loop in an activity-on-arrow
network. As discussed in the context of precedence networks, loops are either an error
of logic or a situation that must be resolved by itemizing iterations of activity groups.

A network may not contain dangles A dangling activity, such as 'Write user manual' in
Figure 6.21 , cannot exist, as it would suggest there are two completion points for the
project. lf, in Figure 6.21, node 5 represents the true project completion point and there
are no activities dependent on activity'Write user manual', then the network should be
redrawn so that activity'Write user manual'starts at node 2 and terminates at node 5 -

in practice, we would need to insert a dummy activity between nodes 3

and 5. ln other words, all events, except the first and the last, must have at
least one activity entering them and at least one activity leaving them and
all activities must start and end with an event.

Des Code Test
program program program

Write user
manual

F|GURE6.2l A dangle
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Take a look at the networks in Figure 6,22. State what is wrong with each of them and,

where possible, redraw them correctly.

(a)

(b)

(c)

(d)

(e)

A

A

A

F

F

F

D

c

E

G

G

FIGURE 6.22 Some activity networks

EXFRCISE 6.5
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o

d

structu res

FIGURE 6.23 Two paths w¡th a common node

Using dummy activities

When two paths within a network have a common event although they are, in other
respects, independent, a logical error such as that illustrated in Figure 6.23 might occur.

Suppose that, in a particular project, it is necessary to specify a certain piece of
hardware before placing an order for it and before coding the software. Before coding
the software it is also necessary to specify the appropriate data structures/ although
clearly we do not need to wait for this to be done before the hardware is ordered.

Figure 6.23 is an attemptto modelthe situation described above, although it is

incorrect in that it requires both hardware specification and data structure design to be

completed before either an order may be placed or software coding may commence.
We can resolve this problem by separating the two (more or less) indepenclent paths

and introducing a dummy activity to link the completion of 'specify hardware'to the start
of the activity'code software'. This effectively breaks the link between data structure
design and placing the order and is shown in Figure 6.24.

Dummy activities, shown as dotted lines on the network diagram, have a zero duration
and use no resources. They are often used to aid in the layout of networl< drawings as in
Figure 6.25. The use of a dummy activity where two activities share the same start and
end nodes makes it easier to distinguish the activity end-points.

These are problems that do not occur with activity-on-node networks.

Place

data Code
structures

FlcUßE 6.24 Two paths linked by a dummy activity
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FIGURE 6,25 Another use of a dummy activity

Representing lag ged activities

Activity-on-arrow networks are less elegant when it comes to representing lagged parallel

activities. We need to represent these with pairs of dummy activities as shown in Figure

6.26. Where the activities are lagged because a stage in one activity must be completed

before the other may proceed, it is likely to be better to show each stage as a separate

activ¡ty.

Activity labelling

There are a number of differing conventions that have been adopted for entering

information on an activity-on-arrow newvork. Typically the diagram is used to record

information about the events rather than the activities - activity-based information

Test prototype

1 day \,2 days

Document amendments

A

B

fTtake another look at Brigette's college payroll activity network fragment, which related

I to the earlier software selection process and which you developed in Exercise 3.4

(or take a look at the model answer in Figure 8.2). Redraw this as an activity-on-arrow
network.

EXEIìCISE (r.(r

iril ¡.r ,¡1.,, .¡jr i r-'rr,11ir.:

J;,1. ,iil¡ ;1,: ¡'1 .,,,',

:)r:i f," |.ir, '. ; 'r1,,.1; t

i i",:r1r i:.

ir,rrt jtlrl: 1,¡ tì,jl]r, :i, ''

'i. I1;,{i'i'lì:;|!

t! Lri: Ì ;?,:ri , Iilrii: j:. !:rÌi¡

I ì.,1 I ri ì;,;::l

. .,. t ,... :.i .r.,11 r,,/fi l,.,li;i,i

|\nit :j.:.:. . :l ,: " ..1 I.

" L/ ri,l, rlí,:¡, ': ;r ,::i ì .r¡rii

't t,tt't I'
tlGuRE 6.26 Using the ladder technique to indicate lags



Slack

Latest
datedate

ber
Event

6.16 Activ¡ty-on-arrownetworks 157

(other than labels or descriptions) is generally held on a separate activity
table.

One of the more common conventions for labelling nodes, and the
one adopted here, is to divide the node circle into quadrants and use

those quadrants to show the event number, the latest and earliest dates
try which the event should occur, and the event slacl< (which will be

explained later).

Netwo* analys¡s

Analysis proceeds in the same way as with activity-on-node networks, although the
discussion places emphasis on the events rather than activity start and completion times

During the forward
pass, earliest dates

are recorded as they
are calculated. For

events, they are
recorded on the
network díagram
and for activities

they are recorded on
the activity table.

The fonruard pass

rule: the earliest
date for an event is

the earliest finish
date for allthe

activities terminating
at that event. Where

more than one

activ¡ty torminates at
a common event we
take the latest of the
earliest finish dates
for those actívities.

The forward pass The forward pass is carried out to calculate the earliest
date on which each event may be achieved and the earliest dates on which
each activity may be started and completed. The earliest date for an event
is the earliest date by which all activities upon which it depends can tre
completed. Using Figure 6.18 and Table 6.1, the calculation proceeds

according to the following reasoning,.

r Activities A, B and F may start immediately, so the earliest date for
event 1 is zero and the earliest start date for these three activities is

also zero.

r Activity A will take 6 weeks, so the earliest it can finish is week 6
(recorded in the activity table). Therefore the earliest we can achieve
event 2 is week 6.

r Activity B will tal<e 4 weeks, so the earliest it can finish and the earliest we can achieve
event 3 is week 4.

r Activity F will take 10 weeks, so the earliest it can finish is weel< 10 - we cannot,
howeveç tell whether or not this is also the earliest date that we can achieve event 5
since we have not, as yet, calculated when activity E will finish.

r Activity E can start as early as week 4 (the earliest date for event 3) and,
since it is forecasted to take 3 weel<s, will be completed, at the earliest,
at the end of week 7.

r Event 5 may be achieved when both E and F have been completed, that
is, week 10 (the later of 7 and 1O).

r Similarly, we can reason that event 4 will have an earliest clate of
week 9. This is the later of the earliest finish for activity D (week B)

and the earliest finish for activity C (week 9).

r The earliest date for the completion of the project, event 6, is tlrerefore
the encl of week 1 3 - the later of 11 (the earliest finish for H) ancl 13 (the

earliest finish for C).

The results of the forward pass are shown in Figure 6.27 and Table 6.3.
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F = 10

B=4 D=4

A= =3

H=2

=3

FIGUßE 6.27 A CPM ne¡ruork after the forward pass

The backward pass The second stage ¡s to carry out a backward pass

to calculate the latest date at which each event may be achieved, and

each activity started and finished, without delaying the end date of

the project, The latest date for an event is the latest date by which all

immediately following activities must be started for the project to be

completed on time. As with activity-on-node networks/ we assume that

the latest finish date for the project is the same as the earliest finish date

- that is, we wish to complete the project as early as possible.

Figure 6.28 illustrates our network and Table 6.4 the act¡vity table

after carrying out the backward pass - as with the forward pass, event

dates are recorded on the diagram and activity dates on the activity table.

Identifying the critical path The critical path is identified in a way similar to that used

in activity-on-node networks. We do, however, use a different concept/ that of slack, in

identifying the path. Slack is the difference between the earliest date and the latest date for

an event - it is a measure of how late an event may be without affecting the end date of

the project. The critical path is the path joining all nodes with a zero slack (Figure 6.29).
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FIGUßE 6.28 The CPM network after the backward pass
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t n this chapter, we have discussed the use of the critical path method and precedence

I networks to obtain an ideal activity plan. This plan tells us the order in which we

should execute activities and the earliest and latest we can start and finish them.
These techniques help us to identify which activities are critical to meeting a target

completion date.
ln order to manage the project we need to turn the activity plan into a schedule that

will specify precisely when each activity is scheduled to start and finish. Before we can

do this, we must consider what resources will be required and whether or not they will be

available at appropriate times. As we shall see, the allocation of resources to an activity
may be affected by how we view the importance of the task and the risks associated with
it. ln the next two chapters we look at these aspects of project planning before we consider

how we might publish a schedule for the project.

1 Draw an activity network using either actívity-on-node or activity-on-arrow network

conventions for each of the following projects:

o redecorating a room;
o choosing and purchasing a desktop computer;
o organizing and carrying out a survey of users'opinions of an information system.

2 lf you have access to a project planning application, use it to produce a project plan

for the IOE annual maintenance contracts project. Base your plan on that used for
Exercise 6.2 and verify that your application reports the same information as you

calculated manually when you did the exercise.

3 Based on your answer to Exercise 6.2, discuss what options Amanda might consider if

she found it necessary to complete the project earlier than day 104'

4 Create a precedence activity network using the following details:
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6.18 turther exercises l6l

5 Calculate the earliest and latest start and end dates and the float associated with each
activ¡ty in the network you have created for further exercise 4 above. From this identify
the critical path.

6 Draw up a precedence activ¡ty network for the following scenario:
The specification of an ICT application is estimated as likely to take two weeks to
complete. When this activity has been completed, work can start on three software
modules, A, B and C. Design/coding of the modules will need 5, 1O and 10 days
respectively. Modules A and B can only be unit-tested together as their functionality is

closely associated. This joint testing should take about two weeks. Module C will need
eight days of unit testing. When all unit testing has been completed, integrated system
testing will be needed, taking a further three weeks. This testing will be based on the
functionality described in the specification and will need l0 days of planning.

7 tor the activity network in further exercise 6 above, derive the earliest and latest start
dates for each activity and the earliest and latest finish dates. Work out the shortest
project duration. lf only two software developers were available for the design and
coding of modules, what effect would this have on the project duration?

B What are the limitations of the precedence and CPM activity network notations?

a



CHAPTER

R¡sk
management

When you have completed this chapter
you will be able to:

* identify the factors putting a project
at risk;

* categorize and prioritize actions for
risk elimination or containment;

å quantify the likely effects of risk on
project timescales.

.þ 0wecnvEs

I n Chapter 6 we saw hoq at lOE, Amanda planned how the software for the new annual

I maintenance contracts application was to be produced. This included estimating how

long each task would take - see Figure 6.7 andfable 6.2. Her plan was based on the

assumption that three experienced programmers were available for the coding of modules

A, B, C and D. However, suppose two developers then left for better-paid jobs, and so far

only one replacement has been recruited, who happens to be a trainee.

ln the case of Brigette and the Brightmouth payroll implementation project, imagine

that a payroll package has been purchased. However, a new requirement emerges that the

payroll database should be accessed by a new application that calculates

the staff costs for each course delivered by the college. Unfortunately, the

purchased payroll application does not allow this access.

Amanda and Brigette will have to deal with these problems as part of
the monitoring and control process that will be outlined in Chapter 9. ln

this chapter we consider whether the two project leaders could have

162
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foreseen that these problems were l¡l<ely to occur and made plans to deal with them. ln
other words, coulcl these problems have been identified as risks?

7.2 Risk

PM-B0K stands
for Project

Management Body
of Knowledge. a

pro¡ect management
standard published

bythe Project
Management

lnstitute in the USA.

DM-BOK defines risk as 'an uncertain event or condition that, if it occurs,
I has a positive or negative effect on a project's objectives' . PRINCE2,

the UK govenlment-sponsored project management standard, defines
risk as 'the chance of exposure lo the adverse consequences of future
events'.1-he two definitions differ, as the first includes situations where a

future uncer"tainty actually works in our favour and presents us with an
opportunity. We will return to this later in the chapter.

The key elements of a risk follow.

t lt relates to the future The future is inherently uncertain. Some things
which seem obvious when a prolect is over, for example that the- costs were under-
estimated or that a new technology was overly difficult to use, might not have been so

obvious durirrg planning.

t lt involves cause ¿tnd effect For example, a 'cost over-rLrn' might be

The lsPLriskmodel identified as a risk, but 'cost over-rLrn'describes some damage, but
(formerly cJoes not say what causes it. ls it, for example, arr inaccLrrate estimate

Euromethod) refers of effort, the use of untrainecl staff, or a poor specification? Both the
to hazards as

'situational factors'. cause (or hazarcl)' such as 'inexperienced staff" and a particular type
of negative outcome, such as 'lower productivity', should be defined
for each risk.

\ fatch the lbllowing causes - a to cl - to their possible e1'fects - i to iv. lfhe
IYlrelationships are not necessarily one-to-one. Explain the reasons fbr each match.

Cottses
(a) stafïinexperience;

(b) lack of top management cornmitment;

(c) new technology;

(cl) users urrcertain of their requirements.

Effects
(i) testing takes longer than planned;

(ii) planned elTort and tirne for activities exceedecl;

(iii) project scope increases;

(iv) tirne delays in getting changes to pians agreecl.

txERctsE 7.1
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The boundary between risk management and 'normal'software project management is

hazy. For example, when we were selecting the best general approach to a project - see

Chapter 4 * one consideration was the possible consequences of future adverse events.

As will be seen in Chapter 13, most of the techniques used to assure the quality of

software, such as reviews and testing, are designed to reduce the risk of faults in project

deliverables. Risk management is not a self-contained topic within project management.

The key role of risk management is considering uncertainty remaining after a plan has

been formulated. Every plan is based on assumptions and risk management tr¡es to plan

for and control the situations where those assumptions become incorrect. Risk planning

is carried out in Steps 3 and 6 (Figure 7.1).

0. Select project

2. ldentify project
infrastructure

1. ldentify project
scope and objectives

3. Analyse project
characteristics

4. ldentify the products
and activities

5. Estimate effort
for each activity

6, ldentify activity
risks

7. Allocâte resources10. Lower-level
planning

Review

Lower-level
detail

8. Review/publicize plan9. Execute plan

For each
activity

FIGURE 7.1 Risk planning is carried out primarily in Steps 3 and 6

|,
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7.3 Gategor¡es of risk

¿\ n ICT project manager is normally ¡;iven the objective of installing the required
/ \application by;r specified de¿rdline and within an agreed budget. Other objectives
might be set, especially with regard to qLrality requirements. Project risks are those that
cor,rlcl prevent the achievement of the objectives given to the project nrat'ìager ancJ the
project team.

As we noted irr Chapter 2, there coukl be risks that an application after successful
implementation is a business failure. T'hus if an e-commerce site is established to sell
a product, the site miglrt be correctly implemented, but customers fail to use the site
because of the uncompet¡tive prices demanded. Dealin¡; with these b¿rsiness rsks is likely
to be outside the clirect responsibilities of the application implementation team. However,
the failure to meet any project objective could have a ne¡;ative impact on the business
case for tlre project. For example, an increase in clevelopment cost might mean that the
income (or savin¡¡s) generated by the delivered applicatiorr no longer re¡rresents a good
return on the increased investment.

Risks have been categorized in other ways. Kalle Lyytinen and his
See K. Lyytinen, colleagues, for instance, have proposed a sociotechnical modelof risk,

L. Mathiassen and a diagrammatic representation of which appears in Figure 2.2.
J'Ropponen{1996) The box labelled 'Actors' refers to all the people involved in the

;uÏTf#:rjj:r. clevelopment of the application in question. A rypical risk in this area is- 
i;;;;;í;" ' that high staff turnover leads to expertise of value to the project being lost.

lnformation ln Figure 7.2, fhe box labelled ,Technolo¿4y' encompasses both the
Technotogy,lll4l. technology used to implement the applicatiorr and that embedded in

the deliverecl products. Risks here could relate to the appropriateness of
the technologies and to possible faults within them, especially if they are novel.

'Structure'describes the management structures and systems, including those affectin¡;
plannirrg ¿rtrd control. For example, the implementation miglrt need user particip¿rtion in
some taslcs, but tlre responsibility for managing the users'contril¡utiorr might not be clearly
allocated.

Actors

Structure Technology

Tasks

FIGUBE 7.2 The Lyytinen-Mathiassen-Ropponen risk framework

I
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'Tasks' relates to the work planned. For instance, the complexity of the worl< might lead

to clelays because of the additional time required integrate the large number of

components.
lrr Figure 7.2 all boxes are interlinked. Risks often arise from the relationships between

factors - for example between technology and people. lf a development technology is

novel then the developers might not be experienced in its use and delay results. The

novelty of the new technology is really a characteristic of the developers: once they are

used to the technolo¡;y, it is no longer'novel'.

7.4 Aframework for dealing with risk

Planning for risl< includes these steps:

(¡) risl< identification;

(ii) risl< analysis and prioritization;

(iii) risl< planning;

(iv) risl< monitoring.

Sreps (i)to (iii)above will probably be repeated. When risks that could prevent a project

success are identified, plans can be made to reduce or renlove their threat. The plans are

thert reassessed to ensure thatthe origirral risl<s are reduced suf{iciently atrd no new risl<s

inadvertently introcluced. Take the risk that staff inexperience with a new technology coulcl

lead to delays in software development, To reduce this risk, corrsultants expert in the new

technolog,y might be recruited. However, the use of consultatrts might introduce the new

risl< that l<nowleclge about the new technology is not transferred to the permanent staff,

mal<irrg sutrsequent software maintenance problematic. Having identifiecl this new risl<,

further risk reduction activities can be planned.

7.5 Bisk identification

The two main approaches to the identification of risks are the use of checklisrs and

brainstorming,.
Checl<lists are simply lists of the risl<s tlrat have been forrnd to occur regularly in

software development projects. A specialized list of software developnretrt risks by Barry

fn the cases of the Brightmouth payroll impìementation project ancl the IOE annual

Imai¡tenance contracts clevelopment project, identify one risk for each of the four
categories in Figure 7.2.

EXERCISE 7.2
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Boehm appears in Table 7 .1 in a modified version. ldeally a group of
representative project stakeholders examines a checklist identifying risks

applicable to their project. Often the checklist suggests potential
countermeasures for each risk.

Project management methodologies, such PRINCE2, often recommend
that on completion of a project a review identifies any problems during
the project and the steps that were (or should have been) taken to resolve
or avoid them. These problems could in some cases be added to an

organizational risk checklist for use with new projects.

Brainstorming

ldeally, representatives of the main stakeholders should be brought
togetheronce some kind of preliminary plan has been drafted. Theythen identify, using
their individual knowledge of different parts of the project, the problems that might occur,
This collaborative approach may generate a sense of ownership in the project.

Staffing w¡th top talenq iob matching; teambuilding;
training and career developmenX early scheduling of
key personnel

Multiple est¡mat¡on techniques; design to cosç
¡ncremental developmenq recording and analysis of
past pro¡ects; standardization of methods

lmproved software evaluation; formal specification
methods; user surveys; prototyping; early user manuals

Prototyping; task analysis; user involvement

Requirements scrubbing; prototyp¡n g; cost-benefit
analysis; design to cost

Str¡ngent change control procedures; high change
threshold; incremental development (deferring changesl

Benchmarking; inspections; formal specifications;
contra ctua I a greements; qu ality assurance proc edures
and certification

0uality assurance procedures; competitive design or
prototyp¡ng; contra ct incent¡ves

Simulation; benchmarking; prototyp¡ng; tuning; technical
analysis

Technical analysis; cost-benefit analysis; prototyping;

Personnel shortfalls

Risk reduction techniquesRisk

Late changes to
requirements

Shortf alls in externally
supplied components

Developing the wrong
software functions

Developing the wrong
user interface

Gold plating

Unrealistic time and

cost estimates

Shortfalls in externally
performed tasks

Beal-time performance

shortfalls

Development technically
staff training and developmenttoo difficult

TABTE 7.1 Software project risks and strateg¡es for risk recluction
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'Brainstormíng' is

also mentioned in
Chapter 13 in

connection with
quality circles.

Brainstorming might be usecl with Brigette's Brightmouth payroll

implementation project as she realizes that there are aspects of college

administration of which she is unaware. She therefore suggests to the main

stal<eholders in the project, who irrclude staff from the finance office and

the personnel office, tlrat they meet and discuss where the risl<s facing the

project lie.

7.6 Risk assessment

I commorr problem with risk identification is that a list of risks is potentially endless.

/-\n way is needed of distinguishing the damaging and likely risks. I his can be done

by estimating the risk exposure for each risk using the fornrula:

risk exposure = (potential damage) x (probability of occurrence)

Using the most rigorous - br-lt not necessarily the nrost practical - approach, the

potential damage woulcl be assessed as a money value. Say a project depended on a clata

centre vulnerable to fire. lt might be estimated that if a fire occurred a new computer

configuration could be established for f500,000. lt rnight also be estimated that where

the computer is located there is a 1 in 1000 chance of a fire actually happening, that is a

probability of 0.001 .

The risk exposure in this case would be:

f500,000x0.001 =f500

A crude way of understanding this value is as the minimum sum an insr.¡rance compatly

would require as a premium. lf 1000 companies, all in the same position, e;rch contributed

f500 to a fund then, when the 1 in 1000 chance of the fire actually occurred, there would
be enough money to cover the cost of recovery.

The calculation ol risk exposure above assumes that the amount of darnage sustained

will always be the same. However, it is usually the case that there could be varying

amoLtnts of clamage. For example, as software development proceeds, more software is

createcl, and more time would be needed to re-create it if it were lost.

With some risl<s, there coulci be not only damage brrt also gains. The testing of a

software component is scheduled to tal<e six days, but is actually done in three days.

A team leader might therefore feel justified in producing a probability chart lil<e the one

in Figure 7.3. This shows the probability of a tasl< being completed in four clays (5%), then

Wi:ï:îiiitions 
would have to exist for the risk pooling arrangernent clescribed above

EXERCISE 7.3
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FIGURE 7.3 Probability chart

five days (10%) and so on. The accumulated probability for the seventh day (65%) means
that there is a 650/o chance that the task will be finished on or before the seventh day.

Clients would almost certainly insist we pick one of the days as the target. This target
could be 'aggressive', for instance only five days in the above scenario, but with an B5o/"

chance of failure according to the chart. A safer estimate would be eight days which
would have a probability of failure of only 15%. We will return to this point later on
in this chapter.

ln Figure 7.3 the 'loss' is effectively being measured in days rather than money. ln this
context, days, or some other unit of personal effort, is often used as a surrogatefor a

financial loss.

Most managers resist very precise estimates of loss or of the probability of something
occurring, as such figures are usually guesses. Barry Boehm has suggested that, because of
this, both the risk losses and the probabilities be assessed using relative scales in the range
0 to 10. The two figures could then be multiplied together to get a notional risk exposure.
fable 7.2 provides an example, based on Amanda's IOE group accounts project, of where
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this has been done. This valr¡e could be used to prioritize the importance of risks, although

more sophisticated risk calculations are rrot possibrle.

Boehm suggests that planners focus attention on tlre 10 risks with the highest risk

exposure scores. For smaller projects - including the final-year projects of computing

students * the focus could be on a smaller number of risks.

Even using indicative numbers in the range 0 to 10, rather than precise

See p. Goodwin and money values and probabilities, is not completely satisfactory. The values
- 

G. W;;ñitôili 
- 

are likely to be subjective, and different analysts might pick different

Decisiln Anatysis numbers. Another approach is to use qualitative descriptions of the

for Managemtent possible impact and the likelihood of each risl< - see Tables 7 .3 and 7 .4

Judgement,Wiley, for examples. Consistency between assessors is facilitated by associating
forfurther each qualitative description with a range of values.

discussionorthis 

,",J1:î?f ';i,li""iîï,x1,iï'åil"11î;,:::::[",ï.ïï'î:ffiiJJ
of risl<s on project duration or on the quality of the project deliverables.

To some extent, the project manager, in conjunction with the project sponsor, can

choose whether the damage inflicted by a risl< affects cost, duration or tlre quality of
deliverables. ln Amanda's list of risks in Table 7.2, R5 refers to the coding of modules

taking longer than planned. This would have an impact on both the duration of the

project and tlre costs/ as more staff time would be needecl. A response might be

adding software developers and splitting the remaining development work between

them. This will increase costs, but could save the planned completion date. Another

option is to save both duration and staff costs by reducing software testing before the

Hish

Significant

Moderate

Low

Greater than 50% chance of happening

30-50% chance of happening

10-29% chance of hapPening

Less than 10% chance of happening

Probability level Range

TABTE 7.3 Oualitative descr¡ptors of risk probability and assoc¡ated range values

Hish

Significant

Moderate

Low

More than 30% above budgeted expenditure

20 to 290/o above budgeted expenditure

10 to 19% above budgeted expenditure

Within 10% of budgeted expenditure.

Rangelmpact level

TABTE 7.4 0ualitative descriptors of impact on cost and assoc¡ated range values
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FIGURE 7.4 A probability impact matrix

software is released. This is likely to be at the price of decreased quality in the project
deliverable.

Where the potential damage and likelihood of a risk are defined by qualitative
descriptors, the risk exposure cannot be calculated by multiplying the two factors together.
ln this case, the risk exposure is indicated by the pos¡tion of the risk in a matrix - see

Figure 7.4. These matrices have variously been called probability impact grids or summary
risk profiles.

ln Figure 7.4 some of the cells in the top right of the matrix have been zoned off by a
tolerance /ine. Risks that appear within this zone have a degree of seriousness that calls for
particular attention.

Chapter 5 stressed the need for frequent reassessment of effort and
duration estimates during a project. This applies to risk exposure as well,
as some risks apply only at certain stages. A risk might be that key users

are unavailable when needed to supply details of their requirements. As

requirements are gathered, so this risk will diminish until it is no longer
significant. ln general, the element of uncertainty will lessen as a project

progresses and more is learnt by the developers about user requirements and any new
technology. This would be reflected in lower risk probabilities. On the other hand, the
potential damage will tend to increase as the amount invested in the project grows. lf you
type a substantial report using a word processor and neglect to take back-ups, as each day
adds more text to the report, it also adds to the number of days needed to re-key the report
in the event of file loss.



172 Chapter 7 Fisk management

7.7 Risk planning

H aving identified the major risks and allocated priorities, the task is to decide how to

deal with them. The choices discussed will be:

r risk acceptance;

r risk avoidance;

r risk reduction and mitigation;

r risk transfer.

Risk acceptance

This is the do-nothing option. We will already, in the risk prìoritization process, have

decided to ignore sonre risks in order to concentrate on the more likely or damaging.

We could decide that the damage inflicted by some risks worrld be less than the costs of
action that might reduce the probability of a risk happenin¡¡.

Risk avoidance

Some activities may be so prone to accident that ¡t is best to avoid them altogether. lf you

are worried about sharks then don't go into the water. For example, given all the problems

with developing software solurtions from scratch, marlagers might decicle to retain existing

clerical methods, or to buy arl off-the-shelf solution.

Risk reduction

Here we decide to go ahead with a course of ¿lction despite the risks, but take precautiotrs

that reduce the probability of the risk.
This chapter starteci with a scenario where two of the staff scheduled

It must be to worl< on Amanda's development project at IOE cleparted for other jobs.
appreciatedthat lf this has been identifieclas a risl<, steps nright have beerr taken to reduce

ti:l1tl t:,!||'tl:" possible cJepartures of staff. For instance, the clevelopers nright have been
actton rs ltl(elv to
#il:ilffiå. promisecl generous bonr.¡ses to be paid on successful completiorr of the

This is discussed in Project'
the nextsecti'n. Recall that Brigette had a problem at Brightmouth College: after the

purchase of the payroll package, a requirement for the payroll database

to be accessed by another applicatiorr was identified. Unfortunately, the application that

had been bought did not allow such access. Arr alternative scenario might lrave beerr

rhat Brigette iclentified this as a possible risk early on in the project. She might have

come across Richard Farirley's four COTS (commercial off-the-shelf ) software acquisition

risks * see Table 7.5 - where one risk is difficulty in integratin¡4 the data formats and

communication protocols of different applications. Brigette might have specified that the

selectecj packa¡¡e must use a widely accepted clata managemertt system like Oracle that

allows easier integration.
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Risk mitigation can sometimes be distinguished from risk reduction. Risk reduction
attempts to reduce the likelihood of the risk occurring. R/sk mitigation is action taken to
ensure that the impact of the risk is lessened when it occurs. For example, taking regular
back-ups of data storage would reduce the impact of data corruption but not its likelihood
Mitigation is closely associated with contingency planning which is discussed presently.

Risk transfer

ln this case the risk is transferred to another person or organization.
With software projects, an example of this would be where a software
development task is outsourced to an outside agency for a fixed fee. You
might expect the supplier to quote a higher figure to cover the risk that
the project takes longer than the 'average'expected time. On the other

hand, a well-established external organization might have productivity advantages as its
developers are experienced in the type of development to be carried out. The need to
compete with other software development specialists would also tend to drive prices
down,

Contingency

Risk reduction activities would appear to have only a small impact on reducing the
probability of some risks, for example staff absence through illness. While some employers
encourage their employees to adopt a healthy lifestyle, it remains likely that some project
team members will at some point be brought down by minor illnesses such as flu. These
l<inds of risk need a contingency plan. This is a planned action to be carried out if the
particular risk materializes. lf a team member involved in urgent work were ill then the
project manager might draft in another member of staff to cover that work.

D¡fficult¡es ¡n ¡ntegrâting ths data formats and

communication protocols of different applications.

When the supplier upgrades the package, the package

might no longer meetthe users'precise requirements.
Sticking with ths old version could mean losing the
supplier's support for the package.

lf you want to enhance the system, you might not be able
to do so as you do not have accsss to the source code.

The supplier of the spplication might go out of business or
be bought out by e rival supplier.

No source code

Upgrading

lntegration

Supplier failures
or buyouts

IABtE 7.5 Fairlcy's foL¡r conrnrcrcial ofl-thc-slrolf (C0TS) software acquisition risks



1'r4 Chapter 7 Risk management

The preventative measures that were discussed under the 'Risk reduction' heading

above will usually incur some cost regardless of the risk materializing or not. The cost of

a contingency measure will only be incurred if the risk actually materializes. However,

there may be some things that have to be done in order for the contingency action to

be feasible. An obvious example is that back-ups of a database have to be taken if the

contingency action when the database is corrupted is to restore it from back-ups. There

would be a cost associated with taking the backups.

Deciding on the risk actions

Five generic responses to a risk have been discussed above. For each actual risk,

however, specific actions have to be planned. ln many cases experts have produced

lists recommending practical steps to cope with the likelihood of particular risks; see,

for example, Boehm's 'top ten' software engineering risks in fable 7."1 .

Whatever the countermeasures that are considered, they must be cost-effective. On

those occasions where a risk exposure value can be calculated as a financial value usíng

the (value of damage) x (probability of occurrence) formula - recall Section 7 .6 - Íhe

cost-effectiveness of a risk reduction action can be assessed by calculating the rrsk

reductian leverage (RRL).

risk reduction leverage = (R5øuro,"- RË,x)l@ost of risk reduction)

R1b"to,"is the risk exposure/ as explained in Section 7.6,before risk reduction actions

have been taken. RF,¡,u,is the risk exposure after taking the risk reduction action. An RRL

above 1 .00 indicates that the reduction in risk exposure achieved by a measure is greater

than its cost. To take a rather unrealistic example, it might cost f200,000 to replace a

hardware configuration used to develop a software application. There is a 1% chance of a

fire (because of the particular location of the installation, say). The risk exposure would be

1o/o ol f200,000, that is f.2,OOO.lnstalling fire alarms at a cost of f500 would reduce the

chance of fire to 0.5%. The new risk exposure would be f 1,000, a reduction of f 1,000 on

the previous exposure. The RRL would be (2000 - 1000)/500, that is 2'0, and the action

would therefore be deemed worthwhile.
Earlier in this chapter/ we likened risk exposure to the amount you might pay to an

insurance company to cover a risk. To continue the analogy, an insurance company in the

above example might be willing to reduce the premium you pay to have cover against fire

from f2,000 to f 1,000 if you installed fire alarms. As the fire alarms would cost you only

f500 and save f 1,000, the cost would clearly be worthwhile.

Jn the case above where staff could be absent through illness, what preconditions could

Ifacilitate contingency actions such as getting other team members to cover on urgent

tasks? What factors would you consider in deciding whether these preparatory measures

would be worthwhile?

EXERCISE 7.4



7.8 Risk management 175

Creating and ma¡ntaining the risk register

When the project planners have picked out and examined what appear to be the most
threatening risks to the project, they need to record their findings in a rsk register.The
typical content of such a register is shown in Figure 7.5. AÍter work starts on the project
more risks will emerge and be added to the register. At regular intervals, probably as part

of the project control life cycle described in Chapter 9, the risk register should be reviewed
and amended. Many risks threaten just one or two activities, and when the project staff

outcome/commentActorlncident/actionDate

lncident/action history

Post-mitigation

Pre-mitigation

QualitvDurationCost
Probability

lmpact

Probabi lity/impact values

Recommended risk mitigation

lmpact description

Risk description

StatusDate raisedOwner

Risk titleRisk id

RISK RECORD

FIGUBE 7.5 Risk reg¡ster page
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have completed these the risk can then be 'closed'as no longer relevant. ln any case, as

noted earlier, the probability and impact of a risl< are lil<ely to change during the course of
the project.

7.9 Evaluating risks to the schedule

I n Sectiorr 7.6we showed a probability chart- Figure 7.3. This illustrated the point that

la forecast of the time needed to do a job is most realistically presented as a graph of
likelihoocl of a range of figures, with the most likely duration as the peak and the chances

of the ¡ob taking longer or shorter showrr as curves sloping down on either side of the

peak. Thus we can show that a job rnight take five days but that there is a small chance it

might need four or six days, and a smaller chance of three or seven days and so on. lf a
task in a project takes longer than planned, we might hope that some other tasl< might take

less and thus cornpensate for this delay. ln the following sections we will examitre PERI, a

techrrique which takes account of the uncertainties in the durrations of activities within a

project. We will also touch upon Monte Carlo simulation, which is a more powerful and

flexible tool that tackles the same problern.
A drawbacl< to the application of methods lil<e PERT is that in practice there is a

tendency for developers to worl< to the schedule even if a task could be completed more
quickly. Even if tasks are completed earlier than planned, project managers are not always

quick to exploit the opportunities to start subsequent activities earlier tharr scheduled.

Critical chain management will be explored as a way of tackling this problem.

7.10 Applying the PEßT technique

Using PERT to evaluate the effects of uncertainty

PERT was developed to take account of the uncertainty surrounding

estimates of task durations. lt was developed in an envirotrment of
expensive, high-risk and state-of-the-art projects - rrot that dissimilar to

many of today's large software projects.

The method is very similar to the CPM techniqr"re (indeed many
prirctitioners use the terms PERT and CPM interchangeably) but, instead of
using a single estimate for the duration of each task, PERT requires three

estimates.

t Most likely time: the time we would expect the tasl< to take urrder

normal circumstances. We shall identify this by the letter m.

t Optimistic time: the shortest time in which we could expect to complete

the activity, barring outright miracles. We shall use the letter a for thls.

Pessimistic tinre: the worst possible time, allowing for all reasonable eventualities but

excludin¡; 'acts of Cod and warfare' (as they say in most insurance exclusion clauses)

We shall call this b.

PERT {Program
Evaluation and

Review Technique)
was published in the
same year as CPM.

Developed for the
Fleet Ballistic

Missiles Program, it
is said to have saved

considerable time ín
development ofthe

Polaris missile.
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PERT then combines these three estimates to form a single expected duration, f", using
the formula

- a+4m+b,"=-- 
6

tfiable 7.6 provides additional activity duration estimates for the network shown in
I Fig,rt" 6.29. There are new estimates for a and b and the original activity duration

estimates have been used as the most likely times, m. Calculate the expected duration, ú",

for each activity.

A

B

c

D

E

F

G

H

I
5

3

5

4

l5

4

2.5

3

2

Pessimistic (ál0ptimistic (al

2

2

1

3.5

Act¡v¡ty

6

4

3

4

3

r0

5

3

2

Activity durations (weeks)

Most likely(m)

TABLE 7.6 PERT activity time estimates

EXERCISE 7.5

Using expected durations

The expected durations are used to carry out a forward pass through a network/ using the
same method as the CPM technique. ln this case, however, the calculated event dates are
not the earliest possible dates but the dates by which we expect to achieve those events.

fl efore reading further, use your calculated expected activity durations to carry out
I)a forward pass through the network (Figure 6.29) and verifii that the project duration
is 13.5 weeks. What does an expected duration of r¡.S weeks mean in terms of the
completion date for the project?

EXERCISE 7.6
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FIGUBE 7.6 The PERT network after the forward pass

The PERT network illustrated in Figure 7.6 indicates that we expect the project to take

13.5 weeks. ln Figure 7.6 we have used an activity-on-arrow network as this form of
presentation makes it easier to separate visually the estimated activity data (expected

durations and, later, their standard deviations) from the calculated data (expected

completion dates and target completion dates). The method can,

of course, be equally well supported by activity-on-node diagrams.

Unlike the CPM approach, the PERT method does not indicate the

earliest date by which we could complete the project but the expected
(or most likely) date. An advantage of this approach is that it places

an emphasis on the uncertainty of the real world. Rather than being

tempted to say 'the completion date for the proiect rs . . .'we are led

to say 'we expect to complete the proiect by . . !'
It also focuses attention on the uncertainty of the estimation of

activity durations. Requesting three estimates for each activity
emphasizes the fact that we are not certain what will happen - we are

forced to take into account the fact that estimates are approximate.

Activity standard deviations

A quantitative measure of the degree of uncertainty of an activity duration estimate may

be obtained by calculating the standard deviation s of an activity time, using the formula

b- a)--
6

The activity standard deviation is proportional to the difference

between the optimistic and pessimistic estimates, and can be used as a

ranking measure of the degree of uncertainty or risk for each activity.

The activity expected durations and standard deviations for our sample

project are shown in Table 7 .7 .

I0.s

5

0 94

E

t = 2.83F

t = 10.5

13.5

1 43 6
B D

t=4.

î,.17

2

A
t = 6.17

c
= 2.83

H

= 2.08

f = 3.00
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The likelihood of meet¡ng targets

The main advantage of the PERT technique is that it provides a method for estimating the
probability of meeting or missing target dates. There might be only a single target date -
the project completion - but we might wish to set additional intermediate targets.

Suppose that we must complete the project within 15 weeks at the outside. We expect
it will take 13.5 weeks but it could take more or, perhaps, less. ln addition, suppose that
activity C must be completed by week 10, as it is to be carried out by a member of staff
who is scheduled to be working on another project, and that event 5 represents the
delivery of intermediate products to the customer, which must take place by week 10.

These three target dates are shown on the PERT network in Figure 7.7.

The PERT technique uses the following three-step method for calculating the
probability of meeting or missing a target date:

A

B

c

D

E

F

G

H

I
5

3

5

4

15

4

2.5

6.17

4.00

2.83

4.08

2.83

10.50

3.00

2.08

0.50

0.33

0.17

0.25

0.50

1.17

0.33

0.08

I

I

Activity durations (weeksl

2

2

43.5

3

4

6

{û}{al

Pessimistic0ptimistic

Act¡v¡ty

3

r0

3

2

5

3

2

Expected
( f"l

Most likely
(m)

Standard
deviation {s)

TABLE 7,7 Expected linres and standard deviations
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c
t = 2.83

= 0.17

H
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s = 0.33

1.1710.5

105

l.s3I0.3345=

E

f = 2.83
s = 0.50

00 1.22r 3.5

156't0431

B

f = 4.00 f - 4.08
D

0.sq6.17
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FIGURE 7.7 The PERT network with three target dates and calculated event standard deviations
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r calculate the standard deviation of each project evenç

r calculate the z value for each event that has a target date;

¡ convert z values to a probabilities.

Calculating the standard deviation of each proiect event

Standard deviations for the project events can be calculated by carrying

out a forward pass using the activity standard deviations in a manner

similar to that used with expected durations. There is, however, one small

difference - to add two standard deviations we must add their squares and

then find the square root of the sum. Exercise 7.7 illustrates the technique.

One practical outcome of this is that the contingency time to be allocated

to a sequence of activities as a whole would be less than the sum of the

contingency allowances for each of the component activities. This has

implications that can be exploited in critical chain project management, which are

discussed in the next section.

Galculating the z values

The z value is calculated for each node that has a target date. lt is equivalent to the

number of standard deviations between the node's expected and target dates. lt is

calculated using the formula

,- T-t"
s

where te is the expected date and f the target date.

The standard deviation for event 3 depends solely on that of activity B. The standard

deviation for event 3 is therefore 0.33.
For event 5 there are two possible paths, B + E or F. The total standard deviation for

path B + E is {(O.ga2 + 0.502) = 0.6 and that for path F is 1..I7; the standard deviation for
event 5 is therefore the greater of the two, 1.1.7.

Verify that the standard deviations for each of the other events in the proiect are as

shown in Figure 7.7.

EXERCISE 7,7

The z value for event 4 is (10 - 9.00)/0.53 = 1.8867.

Calculate the z values for the other events with target dates in the network shown in
Figure 7.7.

EXEIìCISE 7.fI
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Converting z values to probabilities

A z value may be converted to the probability of not nreeting the tar¡;et date by using the
graph in Figure 7.B.

The advantages of PERT

We lrave seen that by requesting rnulti-valuecl activity duration estimates and calculating
expected dates, PER1' focuses attention on the uncertainty of forecastin¡¡. We can use the
techrrique to calculate the standarcl deviation for each tasl< and use this to ranl< them
according to their c.legree of risl<. Using this ranl<ing, we can see, for example, that activity
F is the one regarcling which we have greatest uncertairrty, whereas activity C sholrld, in
prirrciple, give us relatively little cause for concern.
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Th" z valrLe I'or the project completion (event 6) is 1.23. Using Figule 7.8 we can see that
I this eqtrates to a probability of approximately ll%, that is, there is an 11% risk of not

meeting the target date of the end of week L5.

Fincl the probabilities of rrot achieving events + or 5 by their target clates ol the end of
week 10.

What is the likeìihood of cornpleting the project by week r+?

txtRctsE 7.9
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lf we use the expected times and standard deviations for forward passes through the

network we can, for any event or activity completion, estimate the probability of meetirrg

any set target. ln particular, by setting target dates along the critical path, we can focus on

those activities posing the greatest risk to the project's schedule.

7.11 Monte Garlo simulation

I s an alternative to the PERT technique, and to provide a greater degree of flexibility
f"\¡n specifying lil<ely activity durations, we can use Monte Carlo simulation techniques

to evaluate the risks of not achieving deadlines. The basis of this technique involves

calculating activity completion times for a project network a large number of times, each

time selecting estimated activity times randomly from a set of estimates for each activity.

The results can then be tabulated, summarized or displayed as a graph such as that shown

in Figure 7.9.

n Activity start date
n Activity end date

o N cO (lì O r N dl $ n \O F- oO Ot O r N !n :t !n \o
ñ L; ùã ñ \o iÕ io \o \o \o \Õ \o \o \o l'- l'- F- Þ- l'. l'' t'- t-0OOrOÞ-NNOO

Week number

FIGUBE 7.9 Risk profile for an activity generated us¡ng Monte Carlo simulation

Activity cluration estimates can be specified in a variety of forms, depending upon the

information available. lf, for example, we have historic data available about the durations

of similar activities, we might be able to specify durations as a probability distribution.

With less information available we should, at least, be able to provide three time estimates

as used by PERT.

The calculation required for this is clearly extensive as we may have to carry out

the forward pass through the network many hundreds of times before obtaining a

representative selectiorr of possible completion times. Fortunately, there are a number of

packages available for carrying out Monte Carlo simulation. Some will exchange data

with project-schedulirrg ;rpplicatiorrs and some interface to standard spreadsheet software.

c
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OJJ
5
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The majority of these pacl<ages will apply Monte Carlo risl< analysis to cost and resource

as well as duration estimates.

7.12 G¡itical chain concepts

-f-his chapter has stressed the idea that the forecast for the duration of an activity cannot
I in realliy be a single number, but must be a range of durations that can be displayed

on a graph sr.¡ch as Figure 7.3. However, we would want to picl< one value in that range

which would bre the target.

The duration chosen as the target might be the one that seems to be the most likely.
lmagine someone who cycles to worl< each clay. lt may be that on average it takes them

about 45 minr-rtes to complete the journey, but on some days it could be more and on

others it coulcl be less.-fhese journey times could be plotted on a graph lil<e the one in
Figure 7.3. lf the cyclist had a very important meeting at work, it is likely that they would
give themselves more time - say an extra 

.l 
5 minutes - than the average 45 minutes to

make sure that they arrived in time. ln the cliscussion above on the PERT risk techr-rique the

most likely duration was the micldle value and the pessimistic estimate was the equivalent
of the 45 * 15 = 60 nrinutes.

Of course, there will be some days when the cyclist will beat the average of 45

mirrutes. When a project is actually being executed, the project manager will be forced
to focus on the activities where the actual durations exceed the target. Activ¡ties which
are actually completed before tlre target date are lilcely to be overlooked. l-hese early
completions, properly handled, could put some time in hand that might still allow the
project to meet its target completion date if the later activities are delayed.

Figure 7.10 shows the findings of Michiel van Cenuchten, a researcher who analysed

the reasons for delays in the completion of software development tasks. This bar chart
shows that about 30"/, ol activities were finished on time, while 9% were a weel< early
and 17o/o were a week late. The big jLrmp of 21 percentage points between being a week

Michielvan
Genuchten (l99ll
T\1hy is software

late? An empirical
study of reasons for

delay in software
development', /EEF

Transactions in
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Engíneering
t7(6) 582-90.
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FIGURE 7.10 Percentage of activities early or late {after van Genuchten, 1991}
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early and being on time is compatible with the 'Parkinson's Law' principle hhaf 'work
expands to fill the time available'. This tendency should not be blamed on inherent
laziness. van Cenuchten found that the most common reason for delay was the time that
had to be spent on non-project work. lt seems that developers used spare time provided by

generous est¡mates to get on with other urgent work.
One approach which attempts to solve some of these problems is the

application of the critical chain concept originally developed by Eliyahu

Coldratt. ln order to demonstrate the principles of this approach, the

example shown in Figure 7 .7 will be reworked as a Cantt chart. Figure 7.11

shows what the Gantt chart for this project might look like if a 'traditional
approach'were adopted, but we have already adopted the most likely
durations.

The general steps in the Critical Chain approach are explained in the
following sections.

Week Week Week Week Week Week Week Week Week Week Week Week Week
15

Week
16

Week
171 2 3 4 5 6 7 I 9 10 11 12 13 14

A. Hardware selection

C. lnstall
hardware

B. Software
configuration l

t

D. Data migration

H. Install
and test

E. Draft office
procedures

G. User training

t
F. Recruit staff

FIGURE 7.11 Gantt chart - 'traditional' planning approach
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Deriving'most likely' activity durations

The target date generated by critical chain planning is one where it is estimated that
there is a 5O"l' chance of success - this approximates to the expected time identified in the
PERT risk method. ln some explanations of criticalchain project planning it is suggested
that the most lil<ely activity duration can be identified by halving the estimates provided.
This is based on the assumption that the estimates given to the planner will be 'safe'ones
based on a 95o/" probability of them being achieved. lf you look at Figure 7 .3, the 95o/o
estimate would be 9 days and half of that (4.5 days) would not be a reasonable target as it
would have a probability of only 1O% of success. lt also assumes that a probability profile
has a bell-shaped normal distribution (like the example in Figure 7.3).If you look at the
distrilrution which resr"¡ltecl from van Genuchten's research - see Figure 7.1o - you can
see that it is certainly not bell-shaped. Other critical chain experts suggest deducting 33%
from the safe estimate to get the target estimate - which seems less unreasonable.

However, what appear to be arbitrary managerial reductions in the estimates may not
be a good way to motivate developers, especially if these staff supplied the estimates in
the first place. A better approach would be to ask developers to supply two estimates. One
of these woulcl be a 'most likely'estimate and the other woulcj include a safety margin
or comfort zone. From now on we are going to assume that this is what has happerred.
ln fact we will use the figures already presented in Table 7.6 in this new role (Table 7.8).

Using latest start dates for activities

Working backwards from the target completion date, each activity is scheduled to start as
late as possible. Among other things, this should reduce the chance of staff being pulled
off the project on to other work. lt is also argued - with some justification according to van
Cenuchten's research above - that most developers would tend to start work on the task
at the latest start time anyway. However, it does make every activity'critical'. lf one is late
the whole project is late. That is why the next steps are needed.
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TABLE 7.8 Most likely and comfortzone estimates (days)
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lnserting pro¡ect and feeder butfers

To cope with activity overruns, a project buffer is inserted at the end of the project before

the target completion date. One way of calculating this buffer is as the equivalent of 5O%

of the sum of lengths of the 'comfort zones'that have been removed from the critical

chain.fhe critical chain is the longest chain of activities in the project, taking account of

both task and resourcedependencies. This is differentfrom the critical pathas the latter

only takes account of task dependencies. A resource dependency is where one activity has

to wait for a resource (usually a person in software development) which is being used by

another activity to become available. lf arr activity on this critical chain is late it will push

the project completion date further into the project buffer. l-hat the buffer should be 50%

of the total comfort zones for critical chain activities is based on the grounds that if the

estimate for an activity was calculated as having a 5Oo/o chance of being correct, the

buffer would only need to be called upon by the 50% of cases where the estimate was

not correct.
An alternative proposal is to sum the squares of the comfort zones and then take

the square root of the total. This is based on the idea that each comfort zone is the

equivalent to the standard deviation of the activity - go back and look at the section

headed Calculating, the standard deviation of each proiect event in Section 7.10. This

method of calculation still produces a figure which is less than simply summing all the

comfort zones. This is justified orr the grounds that the contingency time needed for a

group of activities is less than the sum of the individual corrtingency allowances as the

success of some activities will compensate for the shortfalls in others'

Buffers are also inserted into the project schedule where a subsidiary chain of activities

feeds into the critical chain. These feeding buffers could once again be set at 50% of the

length of the 'comfort zone' removed from the subsidiary or feeding chain.

A wofted example

Figure 7.12 shows the results of this process. The critical chain in this example happens

to be the same as the critical path, that is activities F and C which have comfort zones of

5 weeks ancl 1 weel< respectively, making a total of 6 weeks. The project buffer is therefore

3 weeks.
Subsidiary chains feed into the critical chain where act¡vity H links into the project

buffer and where activity E links into G which is part of the criticalchain. Feeding buffers

are inserted at these points. For the first buffer the duration would be 5oo/o of the saved

comfort zones of A, C and H, that is (2 + 0 + O.5)12 = 1 .25 weeks. lt could be argued

that B, D and H could form a feeder chain which also has a combined comfort zone of
(1 + 1 + 0.5)12= 1.25 weeks. ln the situations where there are parallel alternative paths on

a feeder chain, the practice is to base the feeding buffer on whichever comfort zone total is

greater. This because if one or other or both parallel paths were late they could still use the

same buffer. (lmagine that in the example above there are two cyclists who live 45 minutes

away from work and they both have the same important meeting * they might each add a

15-minute comfort zone to the ride on that day but that 15 minutes could effectively be

the same I5 minutes between 7.45 and 8.00 am in the morning). lt could be argrred that
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FIGUßE 7.12 Gantt chart - critical chain planning approach

the feeding buffer and the final project buffer could also be merged, but explanations of
crit¡cal chain planning, such as that of Larry Leach (see above), mal<e clear that this is

not to be done. This could be because a delay penetrat¡ng the feeding buffer time does
not affect the completion date of the project, while penetrating the project buffer does.

ln the second place, where a feeder chain of activities joins the critical chain, the
feeder buffer would be 50% of the comfort zones of activities B and E, that is 1 week.
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Proiect execut¡on

When the project is executed, the followin¡4 principles are followed:

r No chairr of tasks shou lcJ be started earlier than schedu leci, but once it has been sta rted

it should be finished as soon as possible - this invokes tlre relay ritce principle, where

developers shoulci be reacly to start their tasks as soon as the previous, cJependent, tasl<s

are completecl.

r Buffers are clivided into tlrree zones; fireen, amber and recl, each of an even (33%) size:

. green, where no action is requirecl if the project completion clate creeps into this

zone;
o amber, where an actiotr plan is formulatecl if the project completion

clates moves intcl this zone;
c recl, where the actiorr plan above is executed if the project penetrates

this zone.

Critical chairr planninfì concepts h¿rve the support of a dedicated group

of enthusi¿rsts. However, the full applicatiorr of the model has attr¿lcted

controversy on various grounds. Oltr personal view is that the ideas of:

r requirin¡; two estimates: the most likely duratiorr/effort ancl the safety

estimate which inclr-rcles additional time to cleal with problems that

could arise with the tasl<, ancJ

r placing the corrtingency tinte, based on the 'comfort zone'which is the

difference between the most likely and safety estinrates, in common
lluffers rather than associating it with inclividual activities

¿lre sound ones that could usefully be absorbed into software project

miìnagement practice.

7.13 Gonclusion

I n this chapter, we have seen how to identify ancl manage the risl<s that m¡ght affect the

lsuccess of a project. Risk management is concerrred with assessirrg and prioritizirrg, risks

ar-rd drawirrg up plarrs for aclclressing those risks before they become problems,

This chapter lras also described techniques for estimating tlre effect of risk on the

project's activity networl< and schedule.
Marry of the risl<s affecting software projects can be recluced by allocating more

experiencecl staff to those activities that are affected. ln the next chapter we consicler

the allocation of staff to activities in more detail.

7.14 Further exercises

1 Fiona is a final-year compr:ting under¡;radr-rate stuclent who in her third year undertook

a placement with the ICT departr"nent of an insr-rrance company ¿ìs a sLrpport arralyst
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and then a network manager. The placement year was very busy and rewarding as the
company saw ICT as providing business advantage in a what was a very dynamic and
aggressively competitive sector. The project that Fiona proposes to do in her final year
will use the insurance company as a client. The proposed project involves gathering
requirements for an application that records details of change requests for operational
systems made by users and then tracks the subrsequent progress of the change. Having
gathered the requirements she is to design the application, then build and implement it.
ldentify possible risks in the proposed project of which Fiona should take account.

2 Mo is a systems analyst who is gathering requirements for an application which will
record details of the training undertal<en by fire-fighters in the client fire brigade,
Details of the training units successfully completed by fire-fighters are to be input to
the application by trainers who are themselves senior and active fire-fighters. Mo needs
to interview a trainer to obtain his/her requirements. Because of the senior fire-fighters'
other duties the interview has to be arranged two weeks in advance. There is then a

20% chance of the fire-fighter being unable to attend the interview because of an
emergency call-out. Each week that the project is delayed costs the fire brigade
approximately f 1,000.

(a) Provide an estimate of the risk exposure (as a financial value) for the risk that the
senior fire-fighter might not be able to attend at the times needed.

(b) Su¡¡gest possible risk mitigation actions.

3 ln Exercise 7.2 you were asked to identify risks under the four headings of Actors,
Technology, Structure and Tasks for the IOE annual maintenance contracts and the
Brightmouth College payroll scenarios. Now identify risks for each scenario that
relate to pairs of domains, for example Actors-Technology, Actors-Tasks and so on.

4 The Wet Holiday Company specializes in the provision of holidays which involve
water sports of various types. There are three major divisions with the following lines
of business:

r boat holidays on canals;
r villa holidays in various parts of the Mediterranean which involve sailing in some

way;
r canoeing holidays in France.

Wet Holiday feel that they are particularly appealing to a young active market and
that having the facility for customers to book via the web is essential. They call in
ICT consultants to advise them on their lT strategy. The consultants advise them that
before they can have a web presence, they need to have a conventional |CT-based
booking system to support their telesales operation first. Because of the specialized
nature of their business, an off-the-shelf application would not be suitable and they
would need to have a specially written software application, based on a client-server
architecture. The top priority needs to be given to a system to support villa holiday
bookings because this has the largest number of customers and generates the most
revenue.

Wet Holiday have some in-house lT development staff, but these are inexperienced
in client-server technology. To meet this shortfall, contractors are employed,
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It turns out that development takes much longer than planned. Much of this delay

occurs at acceptance testing when the users find many errors and performance

shortcomings, which require extensive rework. Part of the problem relates to gett¡ng

the best performance out of the new architecture; this has a particular impact on

response times which are initially unacceptable to staff who are dealing with customers

over the phone. The contractors are not closely monitored and some of the code that

they produce is found to have many careless mistakes and to be poorly structured

and documented. This makes it difficult to make changes to the software after the

contractors have left on the expiry of their contracts.

The villa booking system can only be implemented at the beginning of a holiday

season and the deadline for the beginning of the 2002 to 2003 season is missed,

leading to a 12-month delay in the implementat¡on. The delay in implementation

seems to encourage the users to ask for further modifications to the original

requirements, which adds even more to development costs'

The delays in implementing this application mean that the other scheduled lT

development, for other lines of business, have to be put back. Managers of customer-

facing business functions at Wet Holiday are suggesting that the whole lT function

should be completely outsourced.

(a) ldentify the problems that were faced by Wet Holiday, and describe actions that

could have been taken to avoid or reduce them'
(b) Use your findings in (a) to create a risk checklist for future projects.

5 Below are details of a project. All times are in days.

Activity Depends on 0pt¡m¡stic t¡me Most likely Pessim¡stic

A

B

C

D

E

A

B

I
10

5

I
3

10

l5

7

10

6

12

20

I
12

ID,C

Using the activity times above:

¡ Calculate the expected duration and standard deviation for each activity.

r ldentify the critical path.

r Draw up an activity diagram applying critical chain principles for this project

o Locate the places where buffers will need to be located.

o Assess the size of the buffers.
o Start all activities as late as possible.
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6 Below are details of a project. All times are in days

(a) Using (i) the most likely and then (ii) the safety estimates:
o Calculate the earliest and latest start and end days and float for each activity.
o ldentify the critical path.

(b) Draw up an activity diagram applying critical chain principles for this project;
r Locate the places where buffers will need to be located.
o Assess the size of the buffers.
o Start all activities as late as possible.

7 ln this chapter the application of risk management to software development projects
has been strongly advocated. ln practice, however, managers are often reluctant to
apply the techniques. What do you think might be the reasons for this?

Activity Depends on Most likely Plus safety

A

B

c

D

E

F

G

H

A

B

A

A

E

D

C,F.G

t0

5

r5

3

I
20

0

10

14

1

2t

5

12

22

I
14
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CHAPTER

Resource
allocation

When you have completed this chapter
you will be able to:

* ídentify the resources required for a
project;

& make the demand fór resources
more even throughout the life of a
project;

s produce a work plan and resource
schedule.

No 0atrcrtvEs

I n Chapter 6, we saw how to use activity network analysis techniques to plan when

I activities should take place. This was calculated as a time span during which an

activity should take place - bounded by the earliest start and latest finish dates.

ln Chapter 7 we used the PERT technique to forecast a range of expected dates by

which activities would be completed. ln both cases these plans took no account of
the availability of resources.

ln this chapter we shall see how to match the activity plan to available resources and,

where necessary, assess the efficacy of changing the plan to fit the resources. Figure 8.1

shows where resource allocation is applied in Step Wise.

ln general, the allocation of resources to act¡vities will lead us to review and modify
the ideal activity plan. lt may cause us to revise stage or project completion dates. ln any

event, it is likely to lead to a narrowing of the time spans within which activities may

be scheduled.

192
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9. Execute plan B. Review/publicize plan

7. Allocate resources10. Lowerlevel
planning

6. ldentify activity
risks

5. Estimate effort
for each activity

Review

Lowerlevel
detail

4. ldentify the products
and activities

3. Analyse project
characteristics

2. ldentifu project
infrastructure

1. ldentiñ7 project
scope and objectives

0. Select project

For each
activ¡ty

FIGURE 8.1 Resource allocation is carried out as Step 7

The final result of resource allocation will normally be a number of
schedules, including;

t an activity schedule indicating the planned start and completion dates
for each activity;

t a resource schedule showing the dates on which each resource will be
required and the level of that requirement;

t a cost schedule showing the planned cumulative expenditure incurred
by the use of resources over time.
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8.2 The nature of resources

I resourceisanyitemorpersonrequiredfortheexecutionoftheproject.Thiscovers
f\.any things - from paper clips to key personnel - and it is unlil<ely that we would

wish to itemize every resource required, let alone draw up a schedule for their use.

Stationery and other standard office supplies/ for example, need not normally be the

concern of the project manager - ensuring an adequate supply is the role of the office

manager. The project manager must concentrate on those resources which, without
planning, might not be available when required.

Some resources, such as a project manager/ will be required for the duration of the

project whereas others, such as a specific software developer, might be required for a

single activity. l-he former, while vital to the success of the project, does not require the

same level of scheduling as the latter. As we saw irr Chapter 2, a projecl manager may

not have unrestricted control over a developer who may be needed to work on a range of
projects. The manager may have to request the use of a developer who belongs to a pool

of resources controlled at programme level.

ln general, resources will fall into one of seven categories.

t Labour The main items in this category will l¡e members of the development project

team such as the project manager, systems analysts and software developers. Equally

important will be the quality assurance teanr and other support staff and any employees

of the client organization who might be required to undertake or participate in specific

activities.

t Equipmenf Obvious iterns will include workstations and other computing arrd office

equipment. We must not forget that staff also need basic equipment such as desks ancl

c lra i rs.

s Materials Materials are items that are consumecl, rather than equipment that is used.

They are of little consequence in most software projects but can be important for some

- software that is to be widely distributed might, for example, require supplies of disks

to be specially obtained.

r Space For projects that are undertaken with existing staff, space is normally reaclily

available. lf any additional staff (recruited or contracted) should be needed then office

space will need to be found.

t Services Some ¡:rojects will require procurement of specialist services - development

of a wide area distributed system, for example, requires scheduling of
teleco m mu n ications services.

t Time Time is the resource that is being offset against the other primary resources

- project timescales can sometimes be reduced by increasing other resources

and will alnrost certainly be extenclecl if they are unexpecterlly

The cost of money reduced'
as a resource is a t Money Money is a secondary resource * it is used to buy other
factortakeninto resources and will be consumed as other resources are used. lt is

'iåi*liÏ:t similar to other resources irr that it is available at a cost - in this

case rnterest cnar8es.



8.3 lrlentifyinq resource requirements 195

8.3 ldentifying resource requ¡rements

J-h" f¡rst step in producin¡; a resource allocation plan is to list the resources that will
I be required along with the expected level of dem¡rnd. This will normally be clone

by corrsidering, each activity in turn ancl identifying the resources requirecl. lt is likely,

however, that there will also be resources required that are not activity specific but are

part of the project's infrastructr-¡re (such as the project manager) or required to support

other resources (office space, for example, might be required to house colrtract software

clevelopers).

I manda has produced a precedence network for the IOE project (Figure 8.2) and used

f\.this as a basis for a resource requirements list, part of which is shown in Table 8.1.

Notice that, at this stage, she has not allocated inclividuals to tasks but has decided on the

type of staff that will be required. The activity durations asslrme that they will be carried

orrt by 'stanclard' analysts or software developers.

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6

988-lil 73I69591044

loElPl2 specify
module A

loE/P/7 dcs¡gn
module A

loE/P/1 1 code/
test module A

39 5 59 61 0 68 68 0 98

34
15

days
49 bt 6

67 67
28

days
95

loE/P/3 spec¡fy
module B

loEi P/8 design
module B

loE/PI'12 codel
test module B

6
0

34
34 59

2
6'l 98 104

days 44 10 59
days 64 70 70 3 98 days

loE/P/'l specify
overall design

25

loË/P/6 check
specif¡cations

4 15

loE/P/l 5 system
¡ntegration

34
days

59 61
days

65 65 days
80

0 0 34 0 61 98 0 't04

loE/Pl4 specify
module C

loE/P/9 des¡gn
module C

loqlPll3 codel
test module c

34 0 s9 79 83 83 '18 98

34
15

days
49 61

4
65 65

25
days

90
days

loE/P/5 spec¡ñ/
module D

loE/P/1 0 design
module D

loElPl'14 codel
test module D

98
30

days
68 68

7
days

6154
20

days
34

Þ

CASE STUDY EXAMPLES o

Lãteit
finish

Floât
[àtest
slail

Activity lakl, åct¡v¡ty
derriptaon

finìshstaft

FIGURE 8.2 Amanda's l0E precedence neû/vork
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l_laving produced the resource requirements list, the next stage is to
I I map this on to the activity plan to assess the distribution of resources
required over the duration of the project. This is best done by represent¡ng
the activity plan as a bar chart and using this to produce a resource
histogram for each resource.

Figure 8.3 illustrates Amanda's activ¡ty plan as a bar chart and a
resource histogram for analysVdesigners. Each activity has been scheduled
to start at its earliest start date - a sensible in¡tial strategy, since we would,
other things being equal, wish to save any float to allow for contingencies.
Earliest start date scheduling, as is the case with Amanda's project, frequently
creates resource histograms that start with a peak and then tail off.

tlGURE8.3 PartofAmanda'sbarchartandresourcehistogramforanalyst/designers
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Changing the level of resources on a project over time, particularly personnel,

generally adds to the cost of a project. Recruiting staff has costs and, even where staff

are transferred internally, time will be needed for familiarization with the new project

environment.
The resource histogram in Figure 8.3 poses particular problems in that it calls for two

analyst/designers to be idle for twelve days, one for seven days and one for two days

between the specification and design stage. lt is unlikely that IOE would have another

project requiring their skills for exactly those periods of time. This raises the question

whether this idle time should be charged to Amanda's project. The ideal resource

histogram will be smooth with, perhaps, an initial build-up ancl a staged run-down.

An additional problem with arr uneven resource histogram is that it is more likely to

call for levels of resource beyond those available. Figure 8.4 illustrates how, by adjusting

the start clate of some activities and splitting others, a resource histogram can, subject to

constraints such as precedence requirements, be smoothed to contain resource demand at

available levels. The different letters represent staff worl<ing on a series of module testing

tasks, that is, one person working on task A, two on tasks B and C etc.

FIGUßE 8.4 A resource histqgram showing demand for staff before and after smoothing

ln Figure 8.4, the original histogram was created by scheduling the activities at their

earliest start dates. The resource histogram shows the typical peaked shape caused bry

earliest start date scheduling and calls for a total of nine staff where only five are available

for the project.
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By delaying the start of some of the activities, it has been possible to smooth the
histogram and reduce the maximum level of demand for the resource. Notice that some
activities, such as C and D, have been split. Where non-critical activities can be split they
can provide a useful way of filling troughs in the demand for a resource, but in software
projects it is difficult to split tasks without increasing the time they take.

Some of the activities call for more than one unit of the resource at a time - activity F,

for example, requires two programmers, each working for two weeks. lt might be possible
to reschedule this activity to use one programmer over four weeks, although that has not
been considered in this case.

Some project planning software tools will carry out resource smoothing automatically/
although they are unlikely to take into account all the factors that could be used by a
project manager. The majority of project planning software tools will produce resource
histograms based on earliest activity start dates.

ln practice, resources have to be allocated to a project on an activity-by-activity basis
and finding the'best'allocation can be time consuming and difficult. As soon as a member
of the project team is allocated to an activity, that activity acquires a scheduled start and
finish date and the team member becomes unavailable for other activities for that period.
Thus, allocating a resource to one activity limits the flexibility for resource allocation and
scheduling of other activities.

It is therefore helpful to prioritize activities so that resources can be
allocated to competing activ¡ties in some rational order. The priority must
almost always be to allocate resources to critical path activities and then
to those activities that are most likely to affect others. ln that way, lower-
priority activities are made to fit around the more critical, already
scheduled actívities.

Of the various ways of prioritizing activities, two are described below.

t Total float priority Activities are ordered according to their total float,
those with the smallest total float having the highest priority. ln the

simplest application of this method, activities are allocated resources in ascending
order of total float. However, as scheduling proceeds, activities will be delayed (if
resources are not available at their earliest start dates) and total floats will be reduced
It is therefore desirable to recalculate floats (and hence reorder the list) each time an
activity is delayed.

tr

I manda has already decided to use only three analyst/designers on the project in order
I \to reduce costs. Her current resource histogram, however, calls for four during both
stage 2 and stage 4. Suggest what she might do to smooth the histogram and reduce the
number of analyst/designers required to three,

EXERCISE {ì.1
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I manda considers whether, with only three analyst/designers, the specification of
,( \module D (see Figure 8.3) witl have to be deferred until after the specification
of module B. This will add five days to the overall project duration (making 109 in total).
She had hoped to have the project completed within 100 days and this is a further
disappointment, She therefore decides to have another look at her activity plan.

You will remember that early on she decided that she should check all of the
specifications together (activity IoE/P/6) before allowing design to start. It is now apparent
that this is causing a significant bottleneck and delaying module D will only exacerbate
the problem. She therefore decides on a compromise - she will check the specifications
for modules A, B and D together but will then go ahead with their design without waiting
for the module C specification. This will be checked against the others when it is
complete.

She redraws her precedence network to reflect this, inserting the new activity of
checking the module C specification against the others (activity IoE/P/6a). This is showrr
in Figure 8.5. Draw a new resource histogram to reflect this change.

FIGUBE 8.5 Amanda's revised precedence network
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t Ordered list priority With this method, activities that can proceed at
the same time are ordered according to a set of simple criteria. An
example of this is Burman's priority list, which talces into account
activity duration as well as total float:

1 shortest critical activity;

2 critical activities;

3 shortest non-critical activity;

4 non-critical activity with least float;

5 non-criticalactivities.

Unfortunately, resource smoothing, or even containment of resource demarrd to
available levels, is rrot always possible within planned timescales - deferring activities
to smooth out resource peaks ofterr puts back project completion. Where that is the case,
we need to consicler ways of increasing the available resource levels or altering worl<ing
methods.

8.5 Greating critical paths

Qcheduling resources can create new critical paths. Delayin¡i the start of an activity
..Jbecause of lacl< of resources will cause that activity to become critical if this uses r-rp

its float. Furthermore, a delay in completing one activity can cJelay the availability of a

resoL¡rce required for a later activity. lf the later one is already critical then the earlier one
might now have been made critical by linking their resources.

Anranda's revised schedule, which still calls for four analysftlesigners but orrly for
a single day, is illustrated in the solution to Exercise 8.2 (checl< it in the back of the
bool< if you have not done so alreaciy). Notice that in rescheduling some of the ¿rctivities
she has introde¡ced additional critical activities. Delaying the specification of module C
has used up all of its float - and that of the subsequent activities along that path!
Amanda now h¿rs two critical paths - the one shown on the prececJence networl< and
the new one.

ln a large project, resor:rce-linl<ed criticalities can bre quite complex - a hint of the
potential problems rnay be appreciated by looking at the next exercise.

Þ

I rnanda decides to delay the specification of module C] for a firrther day to ensure that
I \only three analyst/designers will be required. The relevant part of her revised bar
chart and resolrrce histogram are shown in Figure 8.6.

Which activities will now be critical?

EXERCISE 8.3
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module

Specify module C
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76543 14131211109I 171615

3 987654 16151413121110 17

FIGUBE 8.6 Amanda's project scheduled to require three analyst/designers

The discussion so far has concentrated on trying to complete the project by the earliest

I completion date with the minimum number of staff. We have seen that doing this

places constraints on when activit¡es can be carried out and increases the risk of not

meeting target dates.

Alternatively, Amanda could have considered using additional staff or lengthening the

overall duration of the project. The additional costs of employing extra staff would need to
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be compared to the costs of delayed delivery and the increased risl< of not meeting the
scheduled date. The relationship between these factors is discussed later in this chapter

8.7 Being specific

I llocating resources ancl snloothing resource histograms is relatively straightforward
f\where all resources of a g,iven type car'ì be considered more or less equivalent. Wherr
allocating labourers to activities in a large buildirrg project we need not distingLrish among
individuals - there are lil<ely to be many labourers and they may be treated as equals so far

as sl<ills and productivity are concerned.
This is seldom the case with software projects. We saw in Chapter 5 that, because

of the nature of software development, skill and experience play a significant part in
determining the time taken and, potentially, the quality of the final procluct. With the
exception of extremely large projects, it makes sense to allocate individual members of
staff to activities as early as possible, as this can lead us to revise our estimate of their
duration.

ln allocating individuals to tasks, a number of factors need to be taken into accourrt.

: Availability We need to l<now whether a particular individual will be available when
required. Reference to the departmental worl< plan determines this but the wise project
manager will always investigate the risl<s that might be involved - earlier projects

might, for example, overrun and affect the availability of arr individual.

t Criticality Allocation of more experienced personnel to activities on the critical path

often helps in shortening project durations or at least reduces the risl< of overrun.

Reappraisal of the r Ri.çk We saw how to undertake activity risk assessment in the previous

crit¡cal path and chapter. ldentifying those activities posing the greatest risk, arrd

PERT or Monte Carlo l<r-rowir"r¡3 the factors influencing them, helps to allocate staff. Allocating
risk analysis might the most experienced staff to the highest-risl< activities is likely to
need to be carried have the greatest effect in reducing, overall project uncertainties.
out in parallel with More experiencecl staff are, however, ursually more expensive.

staff allocation. t Training lt will benefit tlre organization if positive steps are taken to
allocate junior staff to appropriate non-critical activities where there will be sufficient
slack for thenr to train and clevelop skills. There can even be direct benefits to the
particular project since some costs may be allocated to the tr¿linin¡4 budget.

t Team buildin¿4 The selection of individu¿rls must also tal<e account of the final shape

of the project team and the way they will worl< together. I'his and additiorral aspects

of team management are cliscussed in Chapter 12.

Þ

I rnanda has decicled that, where possible, whoever writes the specification for a

I \moclule should also produce the clesign, as she beiieves this will implove the
commitment ancl notivation of the three analyst/clesigners, Belincla, Tom ancl Daisy.

EXERCISE 8.4
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She has decided that she will use Tom, a trainee analyst/clesigner, fbr the specification

and design of modtrìe D as both of these activities have a large float cornpared to their
activity span (o/zt and 9/13 of their span respectively). Since the

'Sp.an'inthisconfext specification ancì design of module C are on the critical path, she

.!slneneltod{1.t:^ decides to allocate both of these tasks to Belincla, a particularly
between the earliest
*on"¡f,;;*ilü;' experieuced and capable member of stafÏ.

anditslatestfinish. Having made these decisiolrs, she has alurost no flexibility in
how she assigns the other specification and design activities. Work

o¿t from the activity bar chart proclucecl as part of the solution to Exercise 8.2 (shown in
Figure 8.6) whom she assigns to which of the rernaining specification and design

activities.

8.8 Publishing the resource schedule

I n allocating and schedulin¡; resources we have used the activity plan (a precedence

I network in the case of the examples in this chapter), activity bar charts and resource

histo¡;rams. Although good as planning tools, they are not the best way of publishing and

communicating prolect schecJules. For this we need some form of work plan. Work plans

are commonly publishecl as either lists or charts such as that illr.¡strated in Figure B.7.ln
this case Amanda has chosen not to include activity floats (which coLrld be indicated

by shaded bars) as she fears that one or two members of the team might work with less

urgency if they are aware that their activities are not critical'
Notice that, somewhat unusually, it is assumed that there are no public holidays or

other non-productive periods during the 100 days of the project and that none of the

team has holidays for the periods they are shown as working.
Amanda has also made no explicit allowance for staff takin¡¡ sicl< leave'

Amanda now transfers some of the information from the worl< schedule to her

precedence network. ln particLrlar, she amencls the earliest start dates for activities arrd

any other constraints (such as revised latest finish dates where resources need to be

made available) that have been introduced. A copy of her revised precederrce network

is shown in Figure B.B - notice that she has highlighted all critical activities and paths,

8.9 Gost schedules

It is now time to produce a detailed cost schedule showing weekly or monthly costs

I over the life of the project. This will provide a more detailed and accurate estimate of
costs and will serve as a plan against which project pro[4ress can be monitored.

Calculating cost is strai¡4htforwarcl where the organization has standard cost figures for

staff and other resources. Where this is not the case, therr the project manager will have to

calculate the costs.



Planned time (week numbers) -->
Belinda

Specifo module B

Specify module C
Design module C

System ¡ntegration

Tom
Speciñ¡ module D
Desígn module D
Design module B

Daisy
Speciû module A
Design module A

loElPlT

Gavin
Code and test module A

Purdy
Code and test module B

Justin
Code and test module C

Spencer

Code and test module D

Amanda
Specifli overall system

Check specifìcations
Check module C spec

llllItReview meetinç

FIGURE 8.7 Amanda's work schedule
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FIGUßE 8.8 Amanda's revised precedence network showing scheduled start and completion dates

ln general, costs are categorized as follows.

t Staff costs These will include staff salaries as well as the other direct costs of
employment such as the employer's contribution to social security funds, pension

scheme contributions, holiday pay and sickness benefit. These are commonly charged

to projects at hourly rates based on weekly work records completed by staff. Note that

contract staff are usually charged by the week or month - even when they are idle.

t Overheads Overheads represent expenditure that an organization incurs, which cannot

be directly related to individual projects or jobs, including space rental, interest charges

and the costs of service departments (such as human resources). Overhead costs can

be recovered by making a fixed charge on development departments (in which case

they usually appear as a weekly or monthly charge for a project), or by an additional
percentage charge on direct staff employment costs. These additional charges or

on-costs can easily equal or exceed the direct employment costs.

t lJsage charges ln some organizations, projects are charged directly for use of resources

such as computer time (rather than their cost being recovered as an overhead). This will
normally be on an 'as used'basis.



I manda finds that IOE recovers some over]reacls as on-costs on direct staff costs,
,( \although others are recovered by charging a fixed €200 per clay against projects. Staff
costs (including overheacls) are as shown in Table 8,2. Amanda has been working as

project leader on the project for its cluration. She also estimates that, in total, she will have
spent an additional 10 clays planrring the project and carrying out the post-project review.

Calculate the total cost for Arnanda's project on this basis. How is the expenditure
spread over the lif-e of the project?

Amanda

Belinda

Tom

Daisy

Gavin

Purdy

J ustin

Spencer

300

250

175

225

150

r50

150

150

Daily cost (f)Staff member

EXERCISE 8.5
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Figure 8.9 shows the weekly costs over the 20 weeks that Amancla expects the project
to tal<e. This is a typical cost profile - building up slowly to a peak and then tailing off
quite rapidly at the errd of the project. Figure 8.10 illustrates the cumulative cost of the
project and ¡t ¡s generally this that would be used for cost control purposes.

8.10 The scheduling sequence

f oing from an icleal activity plan to ¿r cost schedule can be represented as a sequence
LJ of steps, rather lil<e the classic waterfall life-cycle nrodel. ln tlre ideal world, we
would start with the activity plan ancl use this as the basis for or-¡r risl< assessment. The
activity plarr and risk assessment woulcl provide the basis for our resource allocation and
schedule frorn which we would produce cost schedr-rles.

ln practice, as we have seerr by looking at Anranda's project, sr-rccessful resource
allocation often rrecessitates revisions to the activity plan, which, in turn, will affect our
risk assessment. Sirnilarly, the cost schedule might indicate the neecl or desirability to
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FIGURE 8.10 Cumulative proiect costs forthe lOE project

reallocate resources or revise activity plans - particularly where that schedule indicates

a higher overall project cost than originally anticipated'
The interplay between the plans and schedules is complex * any change to any one

will affect each of the others. Some factors can be directly compared in terms of money -
the cost of hiring additional staff can be balanced against the costs of delaying the project's

end date. Some factors, however, are difficult to express in money terms (the cost of an

increased risk, for example) and will include an element of subjectivity.

While good project planning software will assist greatly in demonstrating the

consequences of change and keeping the planning synchronized, successful project

scheduling is largely dependent upon the skill and experience of the project manager

in juggling the many factors involved (Figure 8.11)'
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tlGURES.ll Successful projectscheduling is nota simple sequence

I n this chapter we have discussed the problems of allocating resources to project activities
I and the conversion of an activ¡ty plan to a work schedule. ln particular, we have seen the
importance of the following:

r identifying all the resources needed;

r arranging activiÇ starts to minimize variations in resource levels over the duration of
the project;

r allocating resources to competíng activítíes in a ratíonal order of priority;

r taking care in allocating the right staff to critical activities.

1 Burman's priority ordering for allocating resources to activities takes into
account the activity duration as well as its total float. Why do you think this is

advantageous?

2 lf you have access to project planning software, use it to produce an activíty
plan for Amanda's project and include the staff resource requirements for each
activity.

Explore the facilities of your software and answer the following questions.

o Can you set up resource types and ask the application to allocate individuals
to tasks?
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r Will your software allow you to specify productivity factors for individual
members of staff so that the duration of an activity depends upon who is carrying

it out?

o Will your software carry out resource smoothing or provide a minimum cost

solution?
o Can you replicate Amanda's work schedule (see Figure 8.7) - or produce a

better one?

3 On a large project it is often the responsibility of a team leader to allocate tasks

to individuals. Why might it be unsatisfactory to leave such allocations entirely to

the discretion of the team leader?

4 ln scheduling her project, Amanda ignored the risl<s of absence due to staff sicl<ness.

What might she have done to estimate the lil<elihood of this occurring and how might

she have taken account of the risl< when scheduling the project?

5 (a) Draw up an activity network and calculate the earliest finish for the following
project:

Activity Duration Depends on Resource lype

A

B

C

D

E

F

G

H

3 days

I day

2 days

4 days

3 days

3 days

6 days

3 days

A

A

A

B

c

D

E,F,G

SA

SD

SD

SD

SC

SC

sc

SA

sA = systems anslyst s0 = systems designer; sc = software coder

(b) Produce a table showing the number of specialists of each type needed on each

day of the project if every activity was started as soon as possible. How many of

each type of resource will need to be recruited for the project as a whole if the

earliest finish date is to be preserved?

(c) What impact would there be on the project if there were only two systems

designers?
(cl) What impact would there be on the project if there was only one systems designer,

but you had three software coders?

(e) Assuming that the systems designers were employed for the duration of the project,

what would be the percentage utilization of the systems designers in the case of
both (c) and (d) above?
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6 (a) Draw up an activity network for the activities below, identifying the critical path.

(b) Draw up a resource table showing the number of each type of resource needed on
each day of the project and assuming that there is only one systems designer.

(c) ldentify the best way of revising the plan to remove resource clashes.



CHAPTER

Monitori ng
and control

When you have completed this chapter
you will be able to:

* monitor the progress of projects;

¡t assess the risk of slippage;

¡¡ visualize and assess the state of a
projecU

¡r revise targets to correct or
counteract drift;

s control changes to a project's
requirements.

.N 0atrcrtvls

nce work schedules have been published and the project is started, attention

must be focused on progress. This requires monitoring of what is happening,

comparison of actual achievement agaìnst the schedule and, where necessary/ revision

of plans and schedules to bring the project as far as possible back on target.

ln earlier chapters we have stressed the importance of producing plans that can

be monitored * for example, ensuring that activities have clearly defined and visible

completion points. We will discuss how information about project progress is gathered

and what actions must be taken to ensure that a project meets its targets.

The final part of this chapter discusses how we can deal with changes that are imposed

from outside - in particular, changes in requirements.

2t2
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f xercising control over a project and ensuring that targets are met is a matter of
Lregular monitoring - finding out what is happening and comparing it with targets.
There may be a mismatch between the planned outcomes and the actual ones.
Replanning may then be needed to bring the project back on target. Alternatively, the
targetcouldhavetoberevised.Figureg.l illustratesamodeloftheprojectcontrolcycle
and shows how, oncethe initial projectplan has been published, projectcontrol isa
continual process of monitoring progress against that plan and, where necessary/ revising
the plan to tal<e account of deviations. lt also illustrates the important steps that must be

Start

Publish
initial plan

Gather project
information

Compare progress
vs. targets

Publish
revised plan

Take
remedial action

Satisfactory
?

Project
completed

?

End project

Review project

Document
conclusions

FIGURE Lf The project control cycle
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taken after completion of the project so that the experience gained in any one project

can feed into the planning stages of future projects, thus allowing us to learn from past

mistakes.
ln practice we are normally concerned with four types of shortfall -

delays in meeting target dates, shortfalls in quality, inadequate

functionality, and costs going over target. ln this chapter we are

mainly concerned with the first and last of these.

Responsibility

The overall responsibility for ensuring satisfactory progress on a project is often the role

of the project steeríng committee, proiect management board or, in PRINCE2, Proiect

Board. Day{o-day responsibility will rest with the project manager and, in all but the

smallest of projects, aspects of this can be delegated to team leaders'

Figu re 9.2 illustrates the typical reporting structure found with medium and large

projects. With small projects (employing around half a dozen or fewer staff) individual

team members usually report directly to the project manager, but in most

cases team leaders will collate reports on their section's progress and

forward summaries to the project manager. These, in turn, wilf be

incorporated into project-level reports for the steering committee and,

via them or directly, progress reports for the client.

FIGURE 9.2 Proisct report¡ng structures

Reporting may be oral or written, formal or informal, and regular

or ad hoc - see Table 9,1. lnformal communication is necessary and

important, but any such informal reporting of project progress must be

complemented by formal reporting procedures - and it is those we are

concerned with in this chaPter.

Steering committee *-|Cl¡ent
.a

1
Project manager

Team leader Team leader Team leader Team leader

mh
Analysis/design Programming

sect¡on
Quality control User docu mentation

section section section
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standard described
in Appendix A has its

own terminology.
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Assessing progress

Some information used to assess project progress will be collected routinely, while other
information will be triggered by specific events. Wherever possible, this information
should be objective and tangible - whether or not a particular report has been delivered,
for example. Sometimes, however, assessment will have to depend on estimates of the
proportion of the current activity that has been completed.

Setting checkpoints

It is essential to set a series of checkpoints in the initial activity plan

Checkpoints may be:

r regular (monthly, lor example);

r tied to specific events such as the production of a report or other
deliverable.

Taking snapshots

The frequency of progress reports will depend upon the size and degree of risk of the
project. Team leaclers, for example, may want to assess progress daily (particularly when
employing inexperienced staff) whereas project managers may fincl weekly or monthly

reporting appropriate. ln general, the higher the level, the less frequent
and less detailed the reporting needs to be.

^Recall 
tll in. 

At the level of indiviclual Jevelopers, however, strong arguments
Chaoter 4. Beck

,r.lrrn.nOri' exist for the formal weel<ly collection of information. This ensures that

weekfywork information is provided while memories are still relatively fresh and

cycles in an XP provides a lnechanism for individuals to review and reflect upon their
environment. progress. lf reporting is to be weekly then it makes sense to lrave basic

units of work that last about a weel<.

Major, or projecGlevel, progress reviews will generally tal<e place at particrllar poir-rts

during the life of a project - commonly l<nown as review points or control poinfs. PRINCE2,

0ralformal regular Weekly or monthly progress meetings

Oral formal ad hoc End-otstage review meetings

Job sheets, progress reports

Exception reports, change reports

Canteen discussion, social
¡nteract¡on

While reports may be oral, formal
written minutes should be kept

While largely oral, likely to receive
and generate wr¡tten reports

Normally weekly using forms

Report type Examples Comment

0ften provides early warning; must
be backed up by formal reporting

Written formal regular

Written formal ad hoc

0ral informal ad hoc
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for example, designates a series of checkpoints where the status of work in a project or for

a team is reviewed. At the end of each project Stage, PRINCE2 provicles for an End Stage

Assessment where an assessment of the project and consideration of its future are undertal<en

9.3 Gollecting the data

Â r a rule, managers will try to breal< dowrr long activities into more controllable tasks

/-\of one or two weeks'duration. However, it will still be trecessary to gather information

about partially completed activities and, in particular, forecasts of how mr-rch worl< is left to

be conrpleted. lt can be difficult to make such forecasts accurately.

Where there is a series of products, partial completion of activities is easier to estimate.

Counting the number of record specifications or screen layouts produced, for example,

can provide a reasonable measure of progress.

ln some cases, intermediate products can be used as in-activity milestones. The first

successful compilation of a program, for example, might be considered a milestone even

tlrough it ¡s not a final product.

Partial complet¡on report¡ng

Many organizations use standarcl accottnting systems with weekly

timesheets to charge staff time to individualjobs.l-he staff time booked to a

project indicates the work carried or-¡t ancJ the charges to the project. lt does

not, however, tell the project manager what has been procluced or whether

tasks are on schedule.
It is therefore common to adapt or enhance existing accounting

data collection systems to meet the needs of project control. Weekly

timesheets, for example, are frequerttly adaptecl by breakirrg jobs down to
activity level and requiring information about work done in addition to

time spent. Figure 9.3 shows atr example of a report form, in this

case requesting information about lil<ely slippage of completion dates

as well as estimates of completeness. Other reportirrg templates are

possible. For example, rather than ask for estimates of percentage

complete, some managers would prefer to asl< for the numl:er of hours

already worked on the tasl< and an estimate of the number of hours needed

to finish the tasl( off.

Weekly timesheets
are a valuable

source of
information about
resources used.

They are often used
to provide

ínformation about
what has been

achieved. HoweveÇ

requesting partial

completion
estímates where
they cannot be

obtained from
objective measures
encourages the 99%

/\ sollware developer working on Amanda's project has written the fir'st 250 lines of a
.fl,¡u'no program that is estimated to require 500 lines of code. Explain why it would be

unreasonable to assume that the programming task is 50% complete.

How might you make a leasonable estimate of how near completion it might be?

EXERCISE 9.1



Time Sheet
John Smith Week ending 30/3/07

Rechargeable hours

32Total recharged hours

Non-rechargeable hours

ITotal non-rechargeable hours

4/4/076/4/079020Documenl foke-ons77lP34

24/4/0724/4/O730t2Code mod A3A?43P2t

Estimâted
completion

Scheduled
completion

th
complete

Hours this
week

Description
Activity

code
Project

Authorized by RB8Doy ín lieuZ.99

Comment and authorization
Hours this

week
DescriptionCode
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FIGURE 9.3 A weekly timesheet and progress review form

Red/amher/green (RAGI reporting

One popular way of overcoming the objections to partial completion
report¡ng is to avoid asking for estimated completion dates, but to ask
instead for the team members'estimates of the likelihood of meeting the
planned target date.

One way of doing this is the traffic-light method. This consists of the
following steps:

r identify the key (first level) elements for assessment in a piece of work;

r break these key elements into constituent elements (second level);

r assess each of the second-level elements on the scale green for 'on
target', amber Íor 'not on target but recoverable' , and red for 'not on
target and recoverable only with difficulty';

r review all the second-level assessments to arrive at first-level
assessments;

''_1J ri1;1r r.' ',i.iii 'j,1¡i

.ri il ,i t Ìr,r.¡ ,,'l
:': .¡. :N ii' r;'1 i ', 't",

. ir.i';,ji " :r,¡, .ì I 
'1

i i i r¡'

' !:rl,t:.!i ir 1 i

ii l-i'¡'r¡
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M. Coleman and ¡ review first- and second-level assessments to produce an overall

P, Absolon (1994) assessment'

Bisk Managenentfor For example, Amanda decides to use a version of the traffic-light
SoftuvareProje.cts, methoclfor reviewing activities on the IOE project. She breaks each activity

McGraw-Hill' 
into a number of component parts (deciding, in this case, that a further

breakdown is unnecessary) and gets the team members to complete a

retulr at the end of each weel<. Figure 9.4 illustrates Justin's completed assessment at the

end of week 1 6.

Traffic-light assessment highlights only risk of non-achievenrenu it is not an attempt to

est¡mate worl< done or to quantify expected delays.

Following completion of assessment forms for all activities, the project manager

uses tlrese as a basis for evaluating the overall status ol the project. Any critical activity

classified as amber or red will require further consideration and often leads to a revision of

the prolect schedule. Non-critical activities are likely to be considered as a problem if they

are classified as red, especially if all their float is likely to be consumed.

Activity Assessment Sheet
Note that this form

refers only to
uncompleted

activities. Justin
would still need to

report act¡vity
completions and the

time spent on
activíties.

Staff Jusf in

Activity: Code and test module C

Component Comments

FIGUßE 9.4 A traffic-light assessnlent of loElPll3

9.4 Visualizing progress

| | aving collected clata about project progress, a manager needs some way of presenting

l-l that àata to greatest effect. ln this section, we lool< at some methods of presenting a

picture of the project and its future. Some of these methods (such as Cantt charts) provide

Ref: loEi P/1 3

RAGGProgram documentation

AGGGTest data runs

RGG6Compilation

A6aGHousekeeping procedures

AR66File update Procedures

GAAGScreen handling procedures

RAAGActivity summary

181716151413Week number
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a stat¡c pictLrre, a s¡ngle snapshot/ whereas others (surclr as timeline charts) try to show how
the project has progressed and changed through time.

The Gantt chart

.. One of the sirnplest and oldest techniques for tracking project progress is
Henry Uantt .:

.AOi_ìöígJ;ìr., the Cantt chart. This is essentially an activity bar chart indicating scheduled

industrial engineer activity dates and durations, frequently augmented with activity floats.

interested in Reported progress is recordecl on tlre chart (normally by shaclirrg activity
the efficient bars) ancl a 'today cursor' provicles an immediate visual indicatiorr of which

organization of work. activities are ahead or behind schedule. Figr_rre 9.5 shows part of Amanda's
Gantt chart as at the end of Tuesday of weel< 17 . 'Code and test module D'

has been completecl aheacl of schedule and 'Code and test module A'appears also to be
aheacl of scheclule. The coding and testing of the otlrer two modr¡les are behirrd scheclule.

Planned time (week numbers) --->
oo
F-

Gavin
Code and test module A

Purdy
Code and test module B

Justin
Code and test module C

ncer
Code and test module D

Amanda
Specify overall system

Check specifications
Check module C spec

ilil1Review meetings

FIGURE 9.5 Part of Amanda's Gantt chart with the 'today cursor' in week 17

The slip chart

A slip chart (Figure 9.6) is a very similar alternative favoured by some project m¿ìnagerrs

who believe it provicles a more stril<ing visr,ral irrcJication of those activities that ¿ìre not

¡rrogressing to scheclule'- the more tlre slip line benrJs, the ¡;reater the variation from the
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FIGURÊ 9.6 The slip chart emphasizes the relative position of each activity

plan. Additional slip lines are added at intervals and, as they build up, the project manager

will gain an idea as to whether the project is improving (subsequent slip lines bend less)or

not. A very jagged slip line indicates a need for rescheduling'

The timeline

One disadvantage of the charts described so far is that they do not show clearly the

slippage of the project completion date through the life of the project. Analysing and

understanding trends in the project so far allows us to predict the future progress of the

project, For example, if a project is behind schedule because so far productivity has not

been as high as assumed at the planning stage, it is likely that the scheduled completion
date will be pushed bacl< even further unless action is taken to compensate for or improve
productivity.

The timeline chart is a method of recording and displaying the way in which targets

have changed throughout the duration of the project.
Figure 9.7 shows a timeline chart for Brigette's project at the end of the sixth week.

Planned time is plotted along the horizontal axis and elapsed time down the vertical axis,

The lines meandering down the chart represent scheduled activity completion dates -
at the start of the project 'analyse existing system' is scheduled to be completed by the

Tuesday of week 3, 'obtain user requirements' by Thursday of week 5, 'issue tender', the

final activity, by Tuesday of week 9, and so on.
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Brigette's timeline
chart contains only

the critícal activities
for her projecq

o ind¡cates actual
completion of an

act¡v¡ty.

Forthe sake of
clarity, the number
of activities on a

timeline chart must
be limited. Using
colour helps to

distinguish activ¡ties,
particularly where

lines cross,
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FIGURE 9.7 Brigette's timeline chart atthe end of week six

At the encJ of the first week Brigette reviews these target dates and leaves them as they
are - lines are therefore drawn vertically downwards from the target dates to the end of
weel< 1 on the actual time axis.

At the end of week 2, Brigette clecides that'obtain user requirements'will not be
completed until Tuesday of week 6 - she therefore extends that activity line diagonally
to reflect this. The other activity completion targets are also delayed corresponclin¡;ly.

By the Tuesday of week 3, 'arralyse existing system' is conrpleted and Brigette puts a

blob on the diag,onal timeline to indicate that this has happened. At the end of week 3 she
decides to keep to the existing targets.

At the end of week 4 she adds another three days to 'draft tender'and 'issue tender'.
Note that, by the end of week 6, two activities have been completed ancJ three are still

r-rnfinishecl. Up to this point she has revised tar¡4et dates on three occasions and the project
as a wlrole is n-rnrring seven days late.
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The timeline chart is useful both during the execution of a project and as part of

the post-implementation review. Analysis of the timeline chart, and the reasons for the

changes, can indicate failures in the estimation process or other errors that might, with

that l<rrowledge, be avoided in future.

9.5 Gost mon¡tor¡ng

l-xpenditure monitorin¡; is an important component of project control, not
P:i:'^t-:.:^:t:ffI E onty in itself, bur also bec¿ruse it provides an irrdication of the effort that
be mon¡tored by

;;ffiü;' has gone into (or at least been charged to) a project. A project might be

accounti;g syrte*, on time but only because trore money has been spent on activities than

Bythemsel-ves, they originally budgetecl. A cumulative expenditure chart such as that shown
providelittle in Figure 9.8 provides a simple method of comparing actual ancl planned

informationabout expenditr-rre. By itself it is not particularly meaningful - Figure 9.8 could,
projectstatus. for example, illustrate a project that is runnirrg late or one that is on tirne

but has shown substantial costs savings. We need to take account of the

current status of the project activities before attenrpting to interpret the meaning of

recorcled expend iture.

Planned cost

Actual cost

(¡

o
U
a
{:(ú

=E
3

þ y the end of week B Brigette has cornpleted planning the office layout but finds that

J-l draftlng the tender is going to take one week longer that originally anticipated.

What will Brigette's timeline chart ìook like at the end of week B?

Il the rest of the project goes according to plan, what will BrÍgette's tirrleline chart look

like when the project is completed?

EXTRCISE 9.2

FIGURE 9.8 Tracking cumulative expenditure

Time (weeks)
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Cost charts become much more useful if we add projected future costs

calculated by adding the estimated costs of uncompleted work to the
costs already incurred. Where a computer-based planning tool is used,
revision of cost schedules is generally provided automatically once
actual expenditure has been recorded. Figure 9.9 illustrates the additional
information available once the revised cost schedule is included - in this
case it is apparent that the project is behind schedule and over budget.

F|GURE9.9 Thecumulativeexpenditurechartcanalsoshowrevisedestimatesof costandcompletiondate

f arned value analysis has gained in popularity in recent years and may
L be seen as a refinement of the cost monitoring discussed in the previous
section. lt originated in the USI(s Department of Defense (DOD) as a part
of a set of measures to control projects being carried out by contractors
for the DOD. Earned value analysis is based on assigning a 'value'to each
task or work package (as identified in the WBS) based on the original
expenditure forecasts. One way of looking at this is as the equivalent of
the price that might be agreed by a contractor to do the unit of work. The
assigned value is the original budgeted cost for the item and is known as

the planned value (PY) or budgeted cost of work scheduled (BCWS). A task
that has not started is assigned an earned value of zero and when it has

been completed, it, and hence the project, is credited with the original
planned value of the task. The total value credited to a project at any point is known
as the earned value (EY) or budgeted cost of work performed (BCWP) and this can be
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represented as a money value, an amount of staff time or as a percentage of the PV.

EV is thus analogous to the agreed price to be paid to the contractor once the work is

completed.
Where tasks have been started but are not yet complete/ some cons¡stent method of

assigning an earned value must be applied. Common methods in software projects are:

t the 0/100 technique; where a task is assigned a value of zero until such time that it is
completed when it is given a value of 1000/" of the budgeted value;

s the 50/50 technique; where a task is assigned a value of 50% of its value as soon as

it is started and then given a value of 100% once it is complete - this matches some

contractual arrangements where a contractor is given half the agreed price when

starting the work, perhaps to help pay for raw materials, and the remainder on

successfu I completion;

t the 75/25 technique; where the task is assigned 75o/o on starting and 25o/o on

completion * this is often used when a large item of equipment is being bought:

75o/o is paid when the equipment is actually delivered and the remainder when

installation and testing has been sat¡sfactorily completed;

t the milestone technique: where a task is given a value based on the achievement of
milestones that have been assigned values as part of the original budget plan;

t percentage complete; in some cases there may be a way of objectively measuring

the amount of work completed - for example, as part of the implementation of an

information system, a number of data records have to be manually typed into a

database and the actual number so far completed can be objectively counted.

Of these, we prefer the 0/100 technique for software development' The 50/50
technique can give a false sense of security by over-valuing the reporting of activity starts

The milestone technique might be appropriate for activities with a long duration estimate

but, in such cases, it is better to break that activity into a number of smaller ones.

The baseline budget

The first stage in setting up an earned value analysis is to create the baseline budget.fhe
baseline budget is based on the project plan and shows the forecast growth in earned

value through time. Earned value may be measured in monetary values but, in the case of
staff-intensive projects such as software development, it is common to measure earned

value in person-hours or workdays. Amanda's baseline budget, based on the schedule

shown in Figure 8.7, is shown in Table 9.2 and diagrammatically in Figure 9.10. Notice

that she has based her baseline budget on workdays and is using the 0/100 technique for
crediting earned value to the project.

Amanda's proiect is not expected to be credited with any earned value until day 34,
when the activity 'specify overall system' is to be completed. This activity was forecast to
consume 34 person-days and it will therefore be credited with 34 person-days of earned

value when ít has been completed. The other steps in the baseline budget chart coincide
with the scheduled completion dates of other activities.
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Specify overall system

Specify module B

Specify module D

Specify module A

Check specifications

Design module D

Desiqn module A

Design module B

Specify module C

Check module C spec

Design module C

Code and test module D

Code and test module A

Code and test module B

Code and test module C

System integration
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34
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97.47

27.00

14.35
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earned value
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workdays

Scheduled
completion

Budgeted
workdays
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TABLE 9.2 Amanda's baseline budget calculation
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FIGURE S.10 Amanda's baseline budget
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Monitoring earned value

Having created the baseline budget, the next task is to monitor earned value as the

project progresses. This is done by monitoring the completion of tasks (or activity starts

and milestone achievements in the case of the other crediting techniques).

As well as recording EV the actual cost of each task can be collected as actualcost (AC).

This is also known as the actual cost of work performed (ACWP). This is shown in Figure 9.12,

which, in this case, records the values as percentages of the total budgeted cost.

Figure 9.12 also illustrates the following performance statistics, which can be shown

directly or derived from the earned value chart.

Schedule variance (SVl

The schedule variance is measured in cost terms as EV - PV and indicates the degree

to which the value of completed work differs from that planned. Say, for example, that

fiigure 9.L1 shows Amanda's earned value analysis at the start of week 12 of the project'

I' Note that here both PV and EV are measured in'work-days'and that the 0/100 rule is

being applied. The earned value (EV) is clearly lagging behind the baseline budget,

indicating that the project is behind schedule.
By studying Figure 9.12, can you tell exactly what has gone wrong with her project and

what the consequences might be?

2s0 Total estimated project budget

200

(ú

YI
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=

150 Baseline budget (PV)
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0
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F|GUBE9.ll Amanda's earned value analysis atweek l2
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FIGURE 9.12 An earned value track¡ng chart

work with a PV of f40,000 should have been completed by now. ln fact, some of that
work has not been done so that the EV is only f35,000. The SV would therefore be
f35,000 - f4O,OOO, that is -f5,000. A negative SV means the project is behind schedule.

Time variance (TVl

Figure 9.12 also indicates the fime variance (TV). This is the difference between the time
when the achievement of the current earned value was planned to occur and the time
now. ln this case, the current EV should have been achieved in the early part of nronth 9
and as the time now is the end of month 11, the TV is about -l .25 months.

Cost variance (CV)

This is calculated as EV - AC and indicates the difference between the earned value or
budgeted cost and the actual cost of completed work. Say that when the SV above was
calculated as -f5,000, f 55,000 had actually been spent to get the EV. The CV in this
case would have been f35,000 - f 55,000 or -f20,000. lt can also be an indicator of
the accuracy of the original cost estimates. A negative CV means that the project is
over cost.

Performance rat¡os

TWo ratios are commonly tracked: the cost performance index (CPl =EV/AC) and the
schedule performance index (SPl = EVIPV). Using the examples above, CPI would be
f35,000Æ55,000, that is, 0.64, and SPI would be f 35,000Æ40,000, that is, 0.88. The two
ratios can be thought of as a 'value-for-money' indices. A value greater than one indicates
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that work is being completed better than planned, whereas a value of less than one means

that work is costing more than and/or proceeding more slowly than planned'

CPI can be used to produce a revised cost estimate for the project (or estimate at

completion - EAC). EAC is calculated as BAC/CPI where BAC (budget at completion) is the

current projected budget for the project. lf the BAC was f 100,000 then a revised estimate

at completion (EAC) would be f 100,000/0 .64 or f"l56,250. Similarly, the current SPI can

be used to project the possible duration of the project given the current rate of progress.

Say the planned total cluration for the project is 23 months - in earned value terminology

this is the schedule at completian (SAC). A time estimate at completion (TEAC) can be

calculated as SAC/SPI. ln this case it would be 23/O.BB, that is, 26.14 months. This is

only an approximate guide: where there are several parallel chains of activities being

carried out concurrently - as we saw in Chapter 6 - the project duration will clepend

on the degree to which the activities that have been delayed are on the critical path.

ln the same way that the expenditure analysis in Figure 9.B was augmented to show

revised expenditure forecasts, we can augment the simple earned value tracking chart

with forecasts as illustrated in Figure 9.13.

FIGURE 9.13 An earned value chart with revised forecasts

Earned value analysis has not yet gained universal acceptance for use with
software development projects, perhaps largely because of the attitude that, whereas a

haltbuilt house has a value reflected by the labour and materials that have been used,

a half,completed software project has virtually no value at all. This is to misunderstand the

purpose of earned value analysis, which, as we have seen, is a method for tracking what
has been achieved on a project - measured in terms of the budgeted costs of completed

tasks or products.
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9.7 Prioritizing monitoring

Qo far we have ¿lssumed that all aspects of a project will receive equal treatment in terms
r-lof the degree of monitoring applied. We must not forget, however, that monitoring takes
time and uses resources that might sometimes be put to better use!

ln this section we list the priorities we might apply in clecicling levels of monitoring.

t Critical path activities Any delay in an activity on the crit¡cal path will cause a delay in
the completion date for the project. Critical path activities are therefore likely to have a

very high priority for close monitoring.

: Activities wìth nc¡ free float A delay in any activity with no free float
Free float is the

amount of time an will delay at least some subsequent activities even though, if the delay

act¡v¡ty may be is less than the total float, it might not delay the project completion

delayed wirhout date. These subsequent delays can have serious effects on our resource

affåcting any schedule as a delay in a subsequerrt activity could rnean that the

subsequent activity. resources for that activity will become unavailable before that activity
is completed because they are committed elsewhere.

t Activities with less than a specified float If any activity has very little float it might use
up this float before the regular activity monitoring brirrgs the problem to the project
manager's attention. lt is common pract¡ce to morritor closely those activities with less

than, say, one week free float.

High-risk activit¡es A set of high-risk activities should have been
identified as part of the initial risk profiling exercise. lf we are using
the PERT three-estimate approach we will designate as high risk those
activities that have a high estimated duration variance. These activities
will be given close attention because they are most likely to overrun or
overspend.

a Activilies usirt¿¡ critical resources Activities can be critical because they are very
expensive (as in the case of specialized contract programmers). Staff or other resources
might be available only for a limited period, especially if they are controlled outside
the project team. ln any event, an activity that demands a critical resource requires a

high level of monitciring,.

9.8 Getting the pro¡ect back to target

PERT and the
significance of

activity duration
variance was
described in

Chapter 7.

A contingency plan

should, of course,

already exist as a

result of the rísk

analysis methods

described in
Chapter 7.

¿\ lmost arry project will, at one tinre or another, be subject to delays
/ \and urrexpected events. One of the tasl<s of the project manager is to
recognize when this is happening (or, if possible, about to happen) and,
with the mirrimum delay and disruptiorr to the project team, attempt to
mitigate the effects of the problem. ln most cases, the project manager/ at
least initially, tries to ensure that the scheduled project end date remains
unaffected. This can be done by shortenirrg remaining activity durations or
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shortening the overall duration of the remaining project in the ways described in the next

section.
It should be remembered, however, that this might not always be'the

The schedule is not most appropriate response to clisruptions to a plarr. There is little point in
sacrosanct-¡tis a spencJing considerable sums in overtime payments in order to speed up a

llfl^li:l::1,1!| project iÍ the customer is not overly concernecl with the delivery date ancl
adhered to so long :,jjnïä"ril;i there is no other valuable work for the team members once this project is

cost-effective. comPletecl.
There are two main strategies to consider when drawing up plans to

bring a project back on target - shortening the critical path or altering the activity

precedence requ i rements.

Shorten the critical path

The overall duration of a project is determined by the current critical path, so speeding

up non-critical path activities will not bring forward a project completion c1ate. However,

there are several ways in which this might be done.

-, r Adding resoLtrces - especially staff Exhorting staff to 'worl< harder' might

1l^t:^ti:l1t^-l|' hnu" somá effecr, alrhough frequently a more positive form of action is
¡nere ts a generar

,rjrttuit¡rr',*rìf* required, such as increasing the resources available for some critical

.ã" ¡rl¡rn.rrã¡v activity. Fact-finding, for example, míght be speeded up by allocating an

buying more (or additional analyst to interviewing users. lt is unlil<ely, however, that the

more expensive) coding of a small module would be shorterred by allocatin¡; an additional
resources; programmer - indeed, it might be counterproductive because of the

sometimesthis additional tir¡e needed for organizing ancl allocating tasl<s ancl
istrue' communicatirrg. While adcling nrore .staff may be able to speed up

progress, this would be at an additional cost. ln EV terms, negative

schedule variance (SV) may be reducecl, but at the price of increasing a negative cost

variance (CV).

t lncrease use of current resources fìesource levels can be increasecl by making them

available for longer. Thlrs, staff might be asked to worl< overtime for the duration of an

activity and computing resor-rrces might be made available at times (such as evenings

and weekends) when they might otherwise be inaccessible.

¿ 1leallc¡catc: staff to critical activities The project nliìrìager might consicler allocating

more efficie¡t staff to activities on the critical path or swapping resources between

critical ancl non-critical activities. Wherr a project is actually executed, the critical path

may change as the actr,ral durations of activities will vary from the original estimates

and staff allocations may be adjLrsted to reflect this.

r Redr¡ce scope The amount of worl< to be dorre coulc{ be reducecJ by reducing the

scope of the fr-rnctionality to be delivered. -l-he client may prefer to have a subset of the

promisecl features on tinre * especially if they are the most useful ones - rather than

have tlre cJelivery of the whole application delayed.

t Reduce quality Some quality-related activities such as system testirrg could be

curta¡led. This woLrld probably lead to more corrective work having to be done to the

'live'system once it has been implemented.
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By such means we can attempt to shorten the timescale for critical activities until
such time as either we have brought the project back to schedule or further efforts prove
unproductive or not cost-effective. Remember, however, that shortening a critical path

often causes some other path, or paths, to become critical (see Section 6.14).

Reconsider the precedence requ¡rements

lf attempting to shorten critical activities proves insufficient, the next step is to consider
the constraints by which some activities have to be deferred pending completion of others.
The original project network would most probably have been drawn up assuming 'ideal'
conditions and 'normal'working practices. lt might be that, to avoid the project delivering
late, it is now worth questioning whether as yet unstarted activities really do have to await
the completion of others, lt might, in a particular organization, be 'normal'to complete
system test¡ng before commencing user training. ln order to avoid late completion of a
project it might, however, be considered acceptable to alter 'normal' practice and start
training earlier.

One way to overcome precedence constraints is to subdivide an activity into a
component that can start immediately and one that is still constrained as before. For

example, a user handbook can be drawn up in a draft form from the system specification
and then be revised later to take account of subsequent changes.

lf we do decide to alter the precedence requirements in such a way, it is clearly
important to be aware that quality might be compromised and to make a considered
decision to compromise quality where needed. lt is equally important to assess the
degree to which changes in work practices increase risk. lt is possible, for example, to
start coding a module before its design has been completed. lt would normally, however,
be considered foolhardy to do so since, as well as compromising quality, it would increase
the risk of having to redo some of the coding once the final design had been completed
and thus delay the project even further,

Maintaining the business case

ln making decisions about the management of the project, the main concern of the project
sponsor, that is, the stakeholder who is putting up the money for the project, is whether the
business case for the project has been preserved. You may recall from Chapter 2 that the
value of the benefits of a project must be greater than its cost for the project to be viable.
lf costs increase, then this reduces the value of the benefits at the end of the project. lf the
project is delayed or the amount of functionality in the deliverables is curtailed, it means
that the benefits that the project will generate will be reduced. At some point the costs may
exceed the benefits and the project then loses its viability. A decision could then be made
to cancel the project.

Exception planning

The project manager will normally be allowed to change the detail of a plan as long as the
agreed project outcomes are produced on time and within budget.
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ln some cases, an operational chan¡;e may affect other stakeholders. One such case would
be where the timing of acceptance testin¡; by users had to be changed. ln such a case the
project manager would need to gain the acceptance of these stakeholders for the change.

Some changes to the plan might have an impact on the delivery date, project scope

or costs. These in turn could affect the business case for the project. Here the project

manager would need to gain the approval of the business sponsors of the project. We saw

above that the interests of the sponsors could be represented through a group variously
known as a Project Board (in PRINCE2), project management board or steering committee.

One approach, adopted by PRINCE2, is to require the project manager to write an

exceptiotr report that explains the reasons for the deviatiorr from the existing plan. fhe
consequences of the deviatiorr should be detailed, and if possible a number of options
for dealing with the problem. The probable impact of each option on the business case is

projected, and a recommendation on a course of action is presented. The Project Board,

or equivalent, having considered the report and having approved one of the options, may

then task the project manager with producing a more detailed exception p/an. lf this is

then approvecl it replaces the existing plan.

9.9 Ghange control

C o f¿r in this chapter, we have assumed that the nature of the deliverables has not

)changed. n project leader lilce Amanda or Brigette might find, however, that

requirements are modified because of changing circumstances or because the users get

a clearer idea of what is really neecled. The payroll system that Brigette is implementing

mig,ht, for instance, need to be adjusted if the staffing structure at the college is reorganized.

Other, internal, changes will crop up. Amanda might find that there are inconsistencies

in the program specifications that become apparent only when the programs are coded,

and these would result in amendments to those specifications.
When a document such as the user requirements is being developed there may be

many different versions of the document as it undergoes cycles of development and

review. Any change control process at this point would be very informal and flexible.
At some point what is assumed to be the final version will be created. This is baselined,

effectively frozert. Baselined products are the for,¡ndation for the development of further
products - for iltstance interface design documents may be developed from baselirred t¡ser

requirements. Thus any changes to the baselined docunrent could have knocf<-on effects

on other parts of the project. The Product Flow Diagrams (explained in Chapter 3) indicate
relationships between the products of a project where this is the case. For this reason

subsequent changes to baselined documents need to be stringently controlled.

change in a program specification will normally be carried through into changes to

the prograrn design and then changed code. What other products rnight need to beA
modifiecl?

EXERCISE 9.4
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Change eontrol procedures

A simple change control procedure for operational systems might have the following steps:

1 One or more users m ight perceive a need for a mod ification to a system and ask for a
change request to be passed to the development staff.

2 The user management would consider the change request and, if they approve it,
pass it to the development management. lt important that there is a single authorized
channel for requests for change (RFCs) between the client community and the
management of the developers. There would be some filtering within the client
community to ensure that the proposed change does genuinely provide a benefit
before the RFC is generated.

3 There would be one person within the development area who would receive and
process RFCs. They would delegate a member of staff to look at the request and to
report on the practicality and cost of carrying out the change. The developer would,
as part of this, assess the products that would be affected by the change.

4 The development representative would report back to the user management on the
findings and the user management would decide whether, in view of the cost quoted,
they wish to go ahead.

5 There would be some individual or group who represented the major stakeholders,
both users and developers and also the project sponsor, who would have the authority
to prioritize the RFCs for action. Ultimately this should be the Project Board or
equivalent. However, the large proportion of RFCs would be relatively small in scope.
This could cause a bureaucratic bottleneck if all these changes had to considered at
the highest level. A smaller group of active stakeholder representatives might therefore
be delegated the responsibility for considering and approving changes up to a certain
level of expenditure. This group would adopt the role of a change control board,
although they might not actually be called that. A further step is to give the project
managers allowances that would allow them,accept minor changes (as long as they
are documented with an RFC etc.) as long as they do not exceed planned cost and
delivery targets. There is thus a general principle that the larger the amendment the
higher in the control hierarchy it would have to be reported. However, this is not
simply a matter of size. A very large number of seemingly small changes could have
a serious accumulative effect on project progress which may call for the attention of
higher management. A very large set of changes might trigger the project manager to
produce an exception report - see above.

6 Once an RFC has been approved for action, one or more developers are authorized to
take copies of the master products that are to be modified. This would need to be done
through the configuration librarian - see below.

7 fhe copies are modified. ln the case of software components this would involve
modifying the code and recompiling and testing it.

B When the development of new versions of the product has been completed the user
management will be notified and copies of the software will be released for user
acceptance testing.
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9 When the user is satisf¡ed that the products are adequate they will authorize their

operational release. The master copies of configuration items will be replaced'

Ghanges in scope of a system

A common occurrence with lS development projects is for the size of the

system gradually to increase. One cause of this is changes to requirements

that are requested by users.

The scope of a project needs to be carefully monitored and controlled. One way is to

re-estimate the system size in terms of SLOC or function points at key milestones.

Gonfiguration librarian's role

Control of changes and documentation ought to be the responsibility of someone who

may variously be named the configuration f ibrarian, the configuration manager or the

project librarian. Among this person's duties would be:

¡ the identification of all items that are subject to change control;

r the establishment and maintenance of a central repository of the master

copies of all project documentation and software products;

r the setting up and running of a formal set of procedures to deal with

changes;

r the maintenance of records of who has access to which library items

and the status of each library item (e.8. whether under development/

under test or released).

It will be recalled that it was suggested that the setting up of change control
procedures might be one of the first things the Br¡gette would want to do at

B rightmor,rth Col lege.

f-t-lhe above steps relate to changes to operational systems. How could they be modified

I to deal with systems under development?

EXERCISE 9.1¡

Think of other reasons why there is a tendency for scope creep

EXERCISE 9.6
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I n this chapter we have discussed the requirements for the continual monitoring of
I projects and the need for making progress visible. Among the important points to
emerge were:

r planning is pointless unless the execution of the plan is monitored;

r activities that are too long need to be subdivided to make them more controllable;

r ideally, progress should be measured through the delivery of project products;

r progress needs to be shown in a visually striking way, such as through bar charts,

in order to communicate information effectively;

r costs need to be monitored as well as elapsed time;

r delayed projects can often be brought back on track by shortening activ¡ty times on

the critical path or by relaxing some of the precedence constraints.

1 Take a look at Amanda's project schedule shown in Figure 8.7. ldentify those activities
scheduled to last more than three weeks and describe how she might monitor progress

on each of them on a fortnightly or weekly basis.

2 Amanda's Cantt chart at the end of week 1 7 (Figure 9.5) indicates that two activities are

running late. What effect might this have on the rest of the project? How might Amanda
mitigate the effects of this delay?

3 Table 9.2 illustrates Amanda's earned value calculations based on work-days. Revise

the table using monetary values based on the cost figures that you used in Exercise 8.5.

Think carefully about how to handle the costs of Amanda as project manager and the

recovered overheads and justify your decisions about how you treat them.

4 lf you have access to project planning software, investigate the extent to which it offers

support for earned value analysis. lf it does not do so directly, investigate ways in

which it would help you to generate a baseline budget (PV) and tracl< the earned

value (EV).

5 Describe a set of change control procedures that would be appropriate for Brigette to

implement at Brightmouth College.
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CHAPTER

Managing
contracts

When you have completed this chapter
you will be able to:

{ distinguish between the different
types of contracÇ

..¡ outline the contents of a contract for
goods and services;

$ plan the evaluation of a proposal or
producU

tt administer a contract from its
signing until the final acceptance
of project completion.

.þ 0uecrtvEs

t n the Brightmouth College scenario, the college management have decided to obtain

I their software externally. Civen their limited capability for developing new and reliable

software, this seems sensible. At lOE, Amanda has a team of software developers

employed by lOE. However, the demand for development effort fluctuates as projects

come and go. The IOE management might therefore decide that it is

more cost-effective to employ outside software developers for new

development while a reduced group of in-house software development

staff maintain and support existing systems.

The buying of goods and services, rather than 'doing it yourself', is

attractive when is money is available but other, less flexible, types of
resource/ especially staff time, are in short supply. However, there are

risks arising from the considerable staff time and attention still needed

236
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Martinez, Decision
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It was, for example,
reported that two

consortia led by Sema
and EDS. respectively,

had spent f4 million over
2 years bidding for a UK

government project
to renewthe ICT

infrastructure ín the
prison service - the final

job was estimated as
being worth t350 million

lConputing,lS August,
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to manage a contractecl-out project successfully. lt is essential that
customer organizations such as Bri¡;htmouth Colle¡;e and IOE find time
to clarify their exact requirements at the beginnirrg, arrd to ensure that
the goods ancl services delivered are satisfactory.

Potential sr-rppliers are likely to be more accommodating before
¿ìny contract is si¡¡ned than afterwards - especially if the contract is for
a fixed price. Thus, as much forethought and plannin¡¡ is rreecled with
an acqr-risition ¡rroject as with interrral <levelopnrent.

ln the remaincler of this chapter, the different types of contract that
can be used will be explored. This is followecìby the general steps ro
be followecl wlren placing, a contract. The issues to be consiclered when
draftirrg ¿ì contract are then examinecl. We conclucJe by cJescribing some
of the things done while tlre corrtract is execr¡tecl.

The bargaining position of the customer will stron¡;er if the¡r business
is ¡3oirr¡; to be valuable. lf you are buying a cut-price computer game, you
are unlikely to be able to negotiate variations on the supplier's standard
contract of sale. (ln fact, because of the inequality of the parties, such
sales are subject to special consurrìer protection laws.) Poterrtial suppliers
will carefully assess the time and money to be spent responding to a
customer's requests as there is no g,uararrtee of the final contract.

David Bainbridge (2007)

lntroduction to
Conputer Law,

Longman,6th edítion,
is highly recommended

as a guide to the legal
aspects of lT contracts.

10.2 Types of contract

-l-h" external resources required could be irr the form of services, for example staff on
I short-term contracts carrying out some project tasks. At Brightmouth College, Brigette

coulci use temporary staff to input employee details needecJ for the new payroll system.
IOE mi¡;ht carry out applicatiorr-building in-house but augment the permanent staff with
contract developers. The contractor might not only supply the new system but also operate
it on the customer's behalf. For example, Brightmor-rth College nright abandon buying a

¡;acka¡;e and instead get a payroll services agency to carry out the payroll work.
Orr the other lrand, a contract for a completed software package could be placed. This

coulcJ be:

t a bespoke system created specifically for one customer;
t an off-the-shel/package bought'as is'-this is sonretimes referred to as shrink-wrapped

software;

t customizec! off-the-shelf (COTS) software * wlrere a core system is

modified to meet the needs of the client.

Where equipment is purchased, in English law, this is normally a

contract for the supply of goods. With the sLrpply of software this may
be regarded as sup¡tlying a service (i.e. to write the software) or the
granting ol a licence (i.e. permission) to r-lse the software which remains
in the ownership of the supplier. These distinctions will have legal
implications.

Ð
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Another way of classifying contracts is by the way that the payment to

suppliers is calculated. We will lool< at:

r fixed price contracts;

r time arrd materials cot-ìtracts;

r fixed price per delivered unit contracts.

Fixed pr¡ce contracts

ln this situation a price is fixed when the contract is sigrrecl. The customer

knows that, if there are no changes in the contract terms, this is the price

they pay on completion. For this to be effective, the customer's requirement has to be

fixed at the outset. ln other words, when the contract is to construct a software system, the

detailed requirements analysis must already have been carried out. Once the development

is under way the customer cannot change their requirements without reneSotiating the

price of the contract.
The advantages of this method are:

t Known customer expenditure As long as the requirements are precise and not

changed, the customer has a known cost.

t Sttpplier ntotivation The supplier has a motivation to worl< in a cost-effective manner.

The disadvantages include:

t Higher prices to allow for contingency The supplier absorbs the risk for

any errors in the estimates. To redr-¡ce the impact of this risk, the supplier

will add a margin to the price quoted.

t Difficutties in ntodifying requirements The need to change the scope of

the requirements may become apparent during development - this may

cause friction between the supplier and customer'

t lJpward pressure on the cost of changes When cornpeting against

other potential suppliers, the supplierwilltry to quote as low a price

as possible. Once tlre contract is signed, if further requirements are put

forwarcl, the supplier is itr a strong position todemand a high price for

these changes.

Threat to system quality'Ihe rreed to meet a fixed price could mean that the quality of

the software suffers.

The section on ways
of assessing

supplier payments

draws heavily on

materíal from Paul
Radford and Robyn

Lawrie of
Charismatek

Soltware Metrics,
Melbourne,
Australia.

The cost could still
be lower than in-

house development
because the supplier

may be able to
exploit economies of

scale and also

expertise acguired
doing similar jobs

in the past.

f A fhich of the three system options (i.e. bespoke, ofï-the-shelf or COTS) might Amanda

VV 
"onrider 

with regÀrd to tlie IOE maintenance group accounts system? What factors

would she need to take into account?

TXERCISE 10.1
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Time and materials contracts

With this type of contract/ the customer is charged at a fixed rate per unit of effort, for
example per staff-hour. The supplier may provide an initial estimate of the cost based on
their current understanding of the customer's requirements, but this is not the basis for
the final payment. The supplier usually invoices the customer for work done at regular
intervals, say each month.

l-he advantages of this approach are:

t Ease of changing requirenents Where a project has a research orientation and the
direction of the project may change as options are explored, then this may be an
appropriate method of payment.

t Lack of price pressure The lacl< of price pressure may promote better qLrality
deliverables.

The disadvantages of this approach are:

t Customer liability The customer absorbs the risl<s associated with poorly defined or
changi ng req u irenrents.

t Lack of incentives for supplier The supplier has no incentive to work in a cost-effective
manner or to control the scope of the deliverables.

Because the supplier appears to be given a blanl< cheque, this approach does not find
favour with customers. However, the employment of contract development staff may in
effect involve this type of contract.

Fixed pr¡ce per unit delivered contracts

This is often associated with fr.rnction point (FP) counting. The size of
the system to be delivered is calculated or estimated at the outset of the
project. The size could be estimated in lines of code, but FPs can be more
easily derived from requirements documents. A price per unit is also
quoted. The final price is then the unit price murltiplied by the number
of units. Table '10.1 shows a typical schedule of prices.

Function point

counting was
discussed in

Chapter 5.

Thís table comes
from David Garmus

and David Herron
,1996l, Measuring

the software
process, Prentice

Hall.

up to 2,000

2.001-2,500

2,501-3,000

3,00r-3,500

3,501-4,û00

$242

$255

$265

$274

$284

$725

$764

$793

$820

$850

$967

$r,019

$1,058

$1,094

$r,r34

Total cost
per FP

lmplementation
cost per FP

Function design
cost per FP

Function
point count

TABLE 10,1 A schedule of charges per function point
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0uesï0n was ñut

lä.irääLiål ¡i'ã. 2600 FPs. The overall charse woulcl be 2000 x 5967, plus 500 x $.1,019,

USA.Thesefigures plus 100 x $1,058'
are now several We have already notecl that the scope of the application can grow

years old. durin¡; development. lt would be unrealistic for a contractor to be askecl

to quote a single price for all the stages of a development project: how

can they estinrate the construction effort needed when the requirements are l-ìot yet

established? One approach would be to negotiate a series of cotrtracts, each covering a

different stage of system development.
Alternatively, the software supplier might first carry out the system design. A charge

could therr be made for design work based on the figures in the 'Function design cost per

FP'column. This, if the designed system was counted at 1000 FPs, woulcl be 1000 x$242
i.e. 9242,OO0. lf the design was then implerrrented, and the actual software delivered,

then the aclclitional 1000 x $725 woulcl be charged i.e. $725,000. lf the scope of the

system grows because the users find new requirements, these new requirements would be

charged at the combined rate for design and implementation, e.g. if new requirements

amounting to 100 extra FPs were found, then the charge for this extra work woulcl be

5902 x '100 i.e. $96,700.

The advantages of tlris approach are:

t Custonter understanding Tlre customer call see how the price is calculated and how it

will vary with changed requirements.

s Comparability Pricing schedules can be compared.

t Emergin¡4 functionality The supplier does not bear the risk of increasing fr-rrrctionality.

t Strpplier efficiency The supplier still has atr incentive to deliver the required

functionality in a cost-effective manner (unlil<e w¡th time and materials contracts).

t Life-cycle range The requirements do not have to be definitively specified at the outset.
-fhus the development contract can cover both the analysis and design stages of the

project.

The disadvantages of this approach are:

t Difficutties with software size measuremenf Lines of code can easily be inflated by

adopting a verbose coding style. With FPs, there may be disagreements about what

the FP count should really tre: in some cases, FP counting, rules may be seert as unfairly

favouring either the supplier or customer. Users, in particular, will almost certainly not

/\ systern to be designeci and implernented is counted as cornprising 3200 FPs. What

f\would be the total charge according to the schedule in Table 10.1?

EXERCISE 10.2



ïhe impact of late
changes will be

further discussed
in Chapter 13 on
software quality.

This table comes
from the draft
Acquisition of

Customised
Software Policy

document, published

by the Department of
State Development.

Victoria, 1996.
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be familiar with the concept of FPs ancJ special training may be needed for them. The
solution to these problems may be to employ an irrdependent FP counter.

t Changing requirements Some requested changes may affect existing
code drastically but not increase the overall FP count. A charrge made
late in the development cycle will usually require more effort to
implement than one made earlier.

To reduce the last difficulty, one suggestion fronr Australia has been to
vary the charge depending on the point at which they have been requested

- see Table I 0.2.

00%

30%

25o/o

1

Additional FPs

Changed FPs

DEIEtEd FPS

't000/o

150%

50%

Post-acceptance
testing handover

Pre-acceptance
testing handover

TABTE 10,2 Examples of additional charges for changed functionality

I contract stiplrlates t]rat a cornputer application is to be designed, corrstructed and
,( \deliverecl at a cost of $600 per FP. After acceptance testing, the custorner asks fbr
changes to sorne of the fìrnctions in the system amounting to 500 FPs ancl some new
functions which amount to 200 additional FPs. Using thble 10.2, calculate tlie additional
charge.

EXERCISE 10.3

There are other options and permutations of options for payments. t he implementat¡on
of a specification could be at a fixecl price, with any additions or chan¡1es to the
requirements to be charged per FP. Where the contractor has buy in equipment, the price
of which nray fluctuate, it is possible to negotiate a contract where the firral price contains
a fixecl portion for labour plus an arìrount that depends on the actual cost of purchased
components.

ft is easy to see why passing on lluctuations in equipment costs may be advautageous to
Ithe contractor. I-Iowever, is there any aclvantage to the customer in such an arrangernent?

EXERCTSE 10.4
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Another way of categorizing contracts, at least initially, is according to the approach that is

used in contractor selection, namely

¡ open

¡ restr¡cted

r negotiated

Open tendering process

ln this case, any supplier can bid to supply the goods and services.

All bids compliant with the original conditions in the invitation to

tender must be considered and evaluated in the same way. W¡th a

major project this evaluation process can be time consuming and

expensive.
There has been a global movement towards removing barríers to

businesses in one country supplying goods and services in another. Examples of this are

efforts by the World Trade Organization (WTO) and the European Union to ensure that

public bodies do not unfairly favour local businesses. Among the agreements overseen

by the WTO is one on government procurement which lays down rules on tendering

processes. Where the client is a public body, an open tendering process may be

compulsory.

Restricted tendering process

ln this case, there are bids only from suppliers who have been invited by the

customer. Unlike the open tendering process, the customer may at any point reduce

the number of potential suppliers being considered. This is usually the best approach

to adopt.

Negotiated procedure

There may, however, be some good reasons why the restricted tendering process

may not be the most suitable in some particular sets of circumstances. Say, for

example, that there is a fire that destroys some ICT equipment. The key concern here

may be to get replacement equipment up and running as quickly as possible and

there may simply not be the time to embark on a lengthy tendering process. Another

situatìon might be where a new software application had been successfully built by

an outside supplier, but some extensions are required to the system' As the origínal

supplier has staff familiar with the existing system, it might be inconvenient to

approach other potential suppliers via a full tendering process. ln these cases/ an

approach to a single supplier may be justified. However, approaching a single supplier

could expose the customer to charges of favouritism and should only be done with

a clear justification.
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Requirements analysis

Before potential suppliers can be approached, you need to have a clear
set of requirements. lt is easy for this step to be skimped where the user
management have day-to-day pressures and little time to think about future
developments. ln this situation, an external consultant could draw up a
requirements document. Even here, users and their managers need to look
carefully at the result¡ng requirements document to ensure that it accurately
reflects their needs. As David Bainbridge has pointed out: 'the lack of,
or defects in, the specification are probably the heart of most disputes
resulting from the acquisition of computer equipment and software'.

The requirements document might typically have sections with the headings shown in
Table 10.3.

The requirements define carefully the functions of the new application
and all the necessary inputs and outputs for these functions. They also state
any standards that apply, and the existing systems with which the new
system should be compatible. There will also need to be operational and
quality requirements, concerning such matters as the required response
times, reliability, usability and maintainability of the new system.

ln general, the requirements document should state needs as accurately as possible
and avoid technical specifications of possible solutions. The onus should be placed on the
potential suppliers to identify the technical solutions judged to meet the customer's needs
as they should be technical experts with access to the most up-to-date information about
current technology.

Each requirement needs to be identified as being either mandatory or desirable.

t Mandatory lf a proposal does not meet this requirement then the proposal is to be
immediately rejected.

I lntroduction

2 A description of any existing systems and the current environment

3 The custome/s future strategy or plans

4 System requírements

- mandatory

- desirable

5 Deadlines

6 Additional information required from potential suppliers

TABTE 10.3 Mairr sections in a requircrnents docurncnt
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t Desir¿ble A proposal may be deficient in this respect, but other features of the proposal

could compensate for this.

For exanrple, itr the case of the Bri¡¡htmoutlr College payroll package

acquisition project, Brigette might iclentify a mandatory requirement that

any new system carry out all the processes carried out by the old system.

However, a clesirable feature might be that the new pilyroll packa¡4e should

be able to produce staff costing details in a format accessible to the

col leg,e's accounting computer system.

The requiremerrts docr-¡ment issued to potential suppliers woulc1 also

contaìn reqL¡ests for infornlation needecl to judge the standing of the

org,anization itself. 'Ihis could inclucie financial reports/ references from

past customers ancl tlre CVs of key development staff.

Evaluation plan

l-laving drawn up a list of requirenrents, we now neecl a plan of how the proposals are

to be evaluated. The situ¿rtion will be different if the contract is for a system that is to

be specially written rather tlran an off-the-shelf package. ln the latter case, it is the

application itself that is being evalr-rated while in the former situation it is a proposal

lror an applicatiorr.
Ways of checking that the manclatory requirements are n-ìet need to be identifiecl. The

next consideration is lrow the desirable requirements catr be evaluatecl. The problem lrere

is weighin¡; the value of one quality against another. 
-Ihe 

ISO 9126 standard, which is

discussed in Chapter 13 on software quality, can assist in deciclirrg whether one systetn has

more of some quality than another, but if there is a difference in price betweetr the two,
we need to estimate if the irrcrease in quality is worth the additional price. Hence'value
for money' is often the key criterion. For example, a financial valr¡e could be placecl on a
link between the payroll and accourrting applications, lf we were to cost clerical effort at

f 20 an hour and knew that four hours of clerical effort a month went into inputtin¡¡ staffirrg

costs into the accounting compLrter system, we coulcJ conclude th¿lt over a four-year period

(f20 an hour x 4 hours a month x 4B morrths), or L3,B4O, wor-¡lci be saved. lf system A has

this feature ancl costs only f 1,000 more than systenr B wlrich does not, this would give

system A an advantage.
The costs to be takerr into account ¿rre tlrose for the whole of the lifetinre of the

¡troposed system/ not just the costs of acquirirrg tlre systenr. Also, where the relationship

with the supplier is likely to be ongoing, the supplier organization needs to be assessed

as well as its products.

þ

1-lru desirable f'eature sought in the Brigtrtrnouth tìollege payroll is the ability to raise

\JstalT ar.rtomatically to the next point in their salary scale at the beginning ol each

payroll year. At pt'esent, the new scale points are entelecl clerically ancl then checked. This

EXTRCISE 10.5
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takes about 20 hours of staff effort eacli year, which costs f20 an hour. System X has this
f'eature, but system Y does not. Systenl X also has a feature which can automatically
produce bar charts showing payroll expencliture per department. Such a report currently
is producecl twice a year by hand and on each occasion takes about L2 hours' effort, With
system Y, changes to department names can be carriecl out without any coding effort
whereas in the case of system X, the supplier would charge a minimtrm of €300 to clo this.
The college ar.rthorities estimate there is a 50%r chance that this cor.rlcl occur drrring the
expectecl four-year lif'etime of the system. System X costs f 500 more than system Y, Given
this infbrmation, which system appears to give better value fbr money?

Invitation to tender

Havin¡; produced the requirements and the evaluation plan, it is now possible to issue
the invitatiorr to tencler to prospective suppliers. Essentially, this will be the requirement
document with a supporting letter containing information about how responses to the
invitation are to be lodged. A deadline will be specified and it is hoped that by then a

number of proposals with price quotations will have been received.
ln English law, for a contract to exist there must be an offer on one side

ln English law,with which is accepted by the other. The invitation to tender is not an offer itself,

certain exceptions, but an invitation for prospective suppliers to make an offer.
a contractdoes not Certain problems might now emerge. 1'he requirements specified

have to be in writing. c6uld be satisfied in a various ways. Tþe customer rrot only needs to
cle.arlyitisdesirable know a potential supplier's price but also how they intend to satisfy the

thatitshould be' requirements - this will be particularly important where the corrtract is to
build a conrpletely new system.

ln relatively straightforward cases, it would be enou¡¡h to have post-tender clarificatiorr
and negotiation to resolve issues irr the supplier's proposal, With more complex projects
il more sophisticated approach may be needed. One way of gettin¡¡ the detail of the
suppliers'proposals elaborated is to have a two-stage tenclering process.

ln the first stage, technical proposals are requested from potent¡al suppliers who clo not
necessarily quote any prices. Some of these proposals can be dismissed as not meeting
mandatory requiremerrts. The remaining ones could be discL.rssecJ with representatives of
the suppliers in order to clarify and validate the technical proposals. The suppliers might
be asked to demonstrate certain aspects of their proposals. Where shortcomings in the
proposal are detected, the supplier could be ¡¡iven the opportunity to remedy these.

These discussions coulcl result in a Memorandum of A¡¡reement (MoA)
This approach has with each prospective supplier. This is an acceptance by the customer that

been recommended the proposed solution (which mi¡4ht have been modified during discussions)
for government ICT offered by the supplier satisfactorily meets the customer's requirement.

contracts in the
united Kin gdom * Jï,1;i J :i i;åJii:il fiîiff "",i:iil' îå1,liliJ li:",ilf :î:, ",

would be concerned with the financial terms of a potential contract.
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lf a design has to be produced as part of the proposal made by a supplier in response to

an invitation to tender then the supplier would have to do a considerable amount of work

with only a limited prospect of being paid for it. One way of reducing this burden is for the

customer to choose a small number of likely candidates who will be paid a fee to produce

design proposals. These can then be compared and the final contract for construction

awarded to the most attractive proposal.

Evaluation of proposals

We have already mentioned the need to produce an evaluation plan describing howeach

proposal will be checked against the selection criteria. This reduces risks of requirements

being missed and ensures thatall proposals aretreated consistently. ltwould be unfair

to favour a proposal because of the presence of a feature not requested in the original

requirement.
We noted earlier that an application could be bespoke, off-the-shelf, or customized.

tn the case of off-the-shelf packages the software itself could be evaluated and it might

be possible to combine some of the evaluation with acceptance testing. With bespoke

development it would be a proposal that is evaluated, while COTS may involve elements

of both. Thus different approaches would be needed.

The process of evaluation may include:

r scrutiny of the proposal documents;

: interviewing suppliers' representatives;

r demonstrations;

¡ site visits;

r practical tests.

The proposal documents provided by the suppliers can be scrutinized to see if they

contain features satisfying all the original requirements. Clarification might be sought over

certain points. Factual statements made by a supplier have a legal commitment if they

influence the customer to offer the contract to that supplier. lt is therefore important to get

a written, agreed, record of these clarifications. The customer might take the initiative here

by taking minutes of meetings and then writing afterwards to the suppliers to get them

to confirm their accuracy. A supplier could, in the final contract document, attempt to

exclude any commitment to any representations made in pre-contract negotiations - the

terms of the contract need to be scrutinized for this.

Where there is an existing product there could be a demonstration. A danger is that

clemonstrations can be controlled by the supplier and as a passive observer it may be

difficult to maintain full attention for more than, say, half an hour. Because of this, the

customer organization should have their own schedule of what needs to be demonstrated,

ensuring that all the important features are seen in operation.

With ofÊthe-shelf software, the customer could actually try out the package' For

example, a demonstration version could be made available which closes itself down after

30 days. Once again a test plan is needed to ensure that all the important features are

evaluatecl in a complete and consistent manner. Once a package is identified as the nrost
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likely candidate, it needs to be examined for any previor"rsly unforeseen factors that m¡ght
irrvalidate this choice.

A frequent problem is that while an existing application worl<s well on one platform
with a certain level of transactions, it does not work satisfactorily with the customer's lCl-
configuration or level of throughput. Demorrstrations might not reveal this problem. Visits
to operational sites already using the system could be more informative. ln the last resort a

special volulne test could be conducted.

Wheresubstantial Adecisiorr is made to award the contractto a supplier. One reason for

;;;f ,;;;;; a structured and, as far as possible, objective approach to evaluation is to

involved, legal demonstrate that the decision has beerr made impartially. ln most large

advíce ontheterms organizations, placing a contract involves the participation of a second
of the contractis party within the organization, such as a contracts departmerrt, who can

essential. check that the correct procedures have been carried or-rt. Also, the final
legal format of a contract will almost certainly require some legal expertise

Not only should the successful candiclate be notified but the unsuccessful candidates
should also be told of the decision. This might not be simply a matter of courtesy: under
WTO or EU rules, there is a legal requirement to do this in certain circumstances. lt makes

clealing with unsuccessful bidders easier if they can be giverr clear and objective reasons
why their proposals did not firrd favour.

10.4 Typical terms of a contract

ln a textbool< such as tlris, it is not possible to describe the all necessary content of
I contracts for ICT goods or services. lt is possible, however, to outline sonre of the major
areas of concern.

Definitions

The terminology used in the contract document may need to be defined, e.g. who is
meant by the worcJs 'client'and 'supplier'.

I{ow woulcl you evaluate the following aspects of a proposal?

(i) 'fhe usability of an existing software application.
(ii) The usability of a software application which is yet to be desigrred and constmctecl,

(iii) The maintenance costs of hardware to be suppliecl.

(iv) The tirne taken to respond to requests for software support.

(v) Training.

EXTRCISE 10.6
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Form of agreement

For example, is it a contact of sale, a lease, or a licence? Also, can the subject of the

contract, such as a licence to use a software package, be transferred to another party?

Goods and services to be suppl¡ed

Eqtripment and software to be supplied This should include an actual list of the

individual pieces of equipment to be delivered, complete with the specific model

numbers.

Services to be provided This would cover such things as:

r training;

¡ documentation;

r installation;

r conversion of existing files;

r maintenance agreements;

r transitional insurance arrangements.

0wnership of the software

Who has ownership of the software? There may be two key issues here: first, whether the

customer can sell the software to others and, second, whether the supplier can sell the

software to others. Where an off-the-shelf package is concerned, the supplier often simply
grants a licence for the customer to use the software. Where the software is written for a

specific customer then that customer may want exclusive use of the software - they might

object to software which they hoped would provide a competitive edge being sold to

rivals. They could ensure this by acquiring the copyright to the software outright or by

specifying in a contract that they should have exclusive use of the software. Where a

core system has been customized by a supplier then there is less scope for the customer

to insist on exclusive use.

Where software is written by an employee as part of their normal job, it

Any assignment of is assumed that the copyright belongs to the employer. Where the customer

copyríghtwould organization has contracted an external supplier to write software for them,
need to be in writing. the contract needs to mal<e clear who is going to retain the copyright - it

cannot, in this case, be automatically assumed that it is the customer. The

customer may decide to take responsibility for maintenance and development once the

software is delivered and would need the source code. In other cases, where the customer

does not have an adequate in-house maintenance function, the supplier may retain the

source code, and the customer may have to approach the supplier for any further changes.

There are cJangers with this, for example that the supplier could go out of business. An

escrow agreement can be included in the contract so that up-to-date copies of the source

code are deposited with a third party. ln the United Kingdom, the NCC Croup provides an

escrow servíce.
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Environment

Where physical equipment is to be installed, the demarcation line between the
supplier's and customer's responsibílities with regard to such matters as accommodation
and electrical supply needs to be specified. Where software is being supplied, the
compatibility of the software with the existing hardware and operating system platforms
would need to be confirmed.

Gustomer commitments

Even when work is carried out by external contractors, a development project still needs
the participation of the customer. The customer may have to provide accommodation for
the suppliers and perhaps other facilities such as telephone lines.

Acceptance procedures

Cood practice is to accept a delivered system only after user acceptance
tests. Part of the contract would specify such details as the time that the
customer will have to conduct the tests, deliverables upon which the
acceptance tests depend and the procedure for signing off the testing as

completed.

Standards

This covers the standards with which the goods and services should
comply. For example, a customer could require the supplier to conform
to the ISO 12207 standard relating to the software life cycle and its
documentation (or, more likely, a customized sub-set of the standard).

Within the European Union, government customers with contracts for projects above a
certain threshold value must, by law, ensure that the work conforms to certain standards

Project and quality management

The arrangements for the management of the project must be agreed. These include the
frequency and nature of progress meetings and the progress information to be supplied
to the customer. The contract could require that appropriate ISO 9001 standards are
followed.

lïmetable

This provides a schedule of when the key parts of the project should be completed. This
timetable will commit both the supplier and the customer. For example, the supplier may
only be able to install the software on the agreed date if the customer makes the hardware
platform available at that time.
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Price and payment method

Obviously the price is very important. What also needs to be agreed is when the

payments are to be made. The supplier's desire to be able to meet costs as they are

incurred needs to be balanced by the customer/s requirement to ensure that goods

and services ¿rre satisfactory before partirrg with their money.

M iscel laneous legal requ¡rements

This is the legal small print. A contract may require clauses which deal with such matters

as the cJefinition of terms used in the contract, the legal jurisdiction that will apply to the

contract, what conclitions would apply to the subcontracting of the work, liability for

damage to third parties, and liquiclated damages . Liquidatecl damages are estimates of the

financial losses that the customer would suffer if the supplier were to fall short of their

obligations. It is worth noting that r-rnder English law, the penalties laid down in penalty

clauses must rellect the actual losses the customer would suffer and cannot be unrealistic

and merely punitive. Even this limitation may not be enough in some cases as far as the

supplier is concerned. As computer systems assunre increasingly critical roles and in

safety-critical applications can even be life-threatening in the case of malfunction,

consequential damage could be astronomical. Suppliers will try to limit this liability. The

courts (in England ancl Wales) have tended to lool< critically at such attempts at limiting

liability, so that sr-rppliers may, ir-t the case of major contracts, tal<e out insurance to cover

such liabilities.
lf there is a dispute, resorting to litigation, while being lucrative for the lawyers involved,

is lilcely to be tirne-consuming and expensive. An alternative is to agree that disputes be

settled by arbitration. This requires disputes to be relerred to an expert third party whose

clecision on tþe facts of the case ìs birrding. Even this procedure might not be quick and

inexpensive and another option is alternative dispute resolution where a mediator acts

in an advisory capacity only and attempts to brol<er an ¿ìgreement between the two sides.

10.5 Gontract management

t /t /e have alreaclv noted that forms of comnrunication between the

'|[:,:ïil:Ai VV srpptier ancJ .rr,orn", durins the project could be specified in the

about howdecísion contract. lt would probably suit all concernecl if the contractor is left to get

points may be on with the work. However, at certain decìsion poittts (or milestones) the
planned. customer might wish to examine worl< already done and mal<e clecisions

about the furture clirection of the project. 'l-he project could require

representatives of the supplier altd customer to interact at key points in the clevelopment

cycle - for example, users may need to provide information to assist interface desig,n.

One way of iderrtifying the decision points is to divide a large project

into increments. For each increment there could l¡e an interface design
chapter4d.iscu.sses phase, and the customer mi¡;ht rreed to approve the designs before the
incremental delivery' ìncrement is built. There could also be decisiorr points bãtween increments
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For each decision point, the del iverables from the suppliers, the decisions to be made
by the customer and the possible outcomes need to be defined. These decision points
have added significance if they are the basis for paymerìt to the contractor. The customer
also has responsibilities at these decision points * for example, the contractor should rrot

be delayed unnecessarily awaiting cLrstomer approval of interim deliverables.
There will be concerrrs about the quality of contractecJ worl<. The ISO 12207 standard

envisages the possibility of there being agents, independent of both the supplier ancl

customer, who will carry out verification, validation and quality assurance. lt also allows
for joint reviews of project processes and products to be agreecl when the contract is

negotiated.
We saw earlier that changes to requirements will vary the contract terms. Oral

evidence is not normally admissible to contradict, add to, or vary the terms of a written
contract, so that agreed changes need to be cJocumented. A change control procedure
must record requests for changes, the supplier's agreement to them and the cost for
additional worl<.

The supplier might rrot meet a legal obligation. This mrght not be their fault, if, for
example, the customer causes the delay by lateness in giving the necessary approvals for
intermediate products. lf no action is taken when the default occurs, this might imply that
the customer in fact condones the failure arrd could leacl to the loss of legal rights. the
customer should protect their legal rights by officially notifying the supplier that the failure
has been recogrrized. lt will be recallecl that uncler Errglish law any claim for liqLridated
damages should be based on actual losses, so the customer neecJs to keep an accurate
record of the actual losses incurred as a result of the default.

10.6 Acceptance

\ 7\ /hen the work has been completed, the customer needs to arrange accept¿ìnce
V V testing.-f-hr: contract may linrit l"row long acceptance testing can take, so the

customer must be organized to carry out this testing before the tinre limit for requestirrg
correctior.ls exp i res.

We have already noted that sorne software suppliers are rather cursory with their
pre-acceptance testing. lt seems that they would rather the users spent their time on testing
than them. Tlris imposition can be reduced by asl<in¡; to approve the supplier's internal
test plans. An associated pitfall is that once tlre main development worl< is completed, the
supplier not ullnaturally warrts to reallocate their most productive staff to other projects.
-fhe customer could fincl that all their problem reports are being dealt with by relatively
jurrior members of the sr-rpplier's staff, who may not be familiarwitlr all aspects of the
delivered system.

Part or all of the payment to the supplier should depend on this acceptance testing.
Sometimes part of the final payment is retainecl for a period of operational running and
is paid if the levels of performance are as contracted for. l-here may also be a period of
warranty during which the slrpplier shoulcl fix arry errors found for no charge. The sr-rpplier
might suggest a very short warranty period of, s;ry, 30 days. lt may be in the customer's
interests to negotiate a more realistic period of, say, at least 120 days.
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Some of the key points in this chapter have been:

r the successful contracting out of work requires considerable amounts of management

time;

¡ it is easier to gain concessions from a supplier before a contract is signed rather than

afterwards;

I alternative proposals need to be evaluated as far as possible by comparing costs over

the whole lifetime of the system rather than just the acquisition costs;

r a contract will place obligations on the customer as well as the supplier;

r contract negotiation should include reaching agreement on the management of the

supplier-<ustomer relationship during the execution of the project.

1 At lOE, the management are considering 'outsourcing'the maintenance accounting

system, i.e. getting an outside specialist organization to take over the operation,

maintenance and support activities associated with the system, Write a short

memorandum to management outlining the advantages and disadvantages of

such a reorganization.

2 Further exercise 4 at the end of Chapter 1 concerned a software house that

needed a training course developed to introduce new users to an order processing

application that they had developed. Assume that you are an independent training

consultant who has been approached by the software house to develop the training
package. You have agreed in principle and now a contract is being negotiated for

the work.

(a) List the points that you would want clarified and included in the contract.
(b) Having produced the list of points requiring clarification, examine it from the point

of view of the software house. Are there any additional points that they would want

clarified?

3 ln each of the following cases, discuss whether the type of application package to be

adopted would be most likely to be bespoke, off-the-shelf or COTS.

(a) A college requires a student fees application. lt is suggested that the processes

required in the application are similar to those of any billing system, with some

requirements that are peculíar to the administration of higher education.
(b) A computer-based application is needed at IOE to hold personnel details of staff

employed.
(c) A system is required by a national government that calculates, records and notifies

individual taxpayers about income tax charges.
(d) An expert system for use in a hospital to diagnose the causes of eye complaints.



10.8 Further exerc¡ses 253

4 The schedule of charges perfunction point shown in Table 10..l has higher rates
for larger systems. Cive arguments explaining why this might be justified and also
arguments against.

5 Table 10.2 has a charge of 25o/o and 50% of the normal rate for deleting transactions
from an application. This may seem to be rather high for simply removing code.
What work would be involved in deleting functionality that could justify this cost?

6 Assume that IOE has decided on a COTS solution that will replace the whole of the
existing maintenance accounting system rather than simply plugging in additional
modules to deal with annual contracts. Write a memorandum that Amanda could send
to IOE/s legal department outlining the important provisions that a contract to supply
this system should have.
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software
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environments

When you have completed this chapter
you will be able to:

* identify some of the factors that
influence people's behaviour in a
project environment;

.E select and induct new staff into a

project;
.:. increase staff motivation;

* take steps to reduce unnecessary
stress and threats to health and
safety.

.þ 0atecnvEs

11.1 lntroduction

\ /\ /e are going to examine some of the problems that Amanda and Brigette could meet

V V when dealing with members of their teams. Where possíble, we want to base any

advice on the findings of writers on organizational behaviour (OB). We will pay special

attention where the sources refer to software development environments. Some of these

human considerations affect staff as individuals. These will be the subject of this chapter'

Others arise from the need for people involved irr ICT system development and

implementation to work in cooperation with others. These team and organizational issues

are the topics of the following chapter. A group is, of course, made up of individuals so

despite this division of concerns, the two chapters will have some overlaps.

l-here will be four main concerns in the current chapter: staff selection, staff development,

staff motivation and the continued well-being of staff during the course of a project.

The issues raised in this chapter have impacts at all stages of project planning and

execution but in particular at the following points (see also Figure 11 .1).

254
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8. Review/publicize plan9. Execute plan

7. Allocate resources10. Lower-level
planning

6. ldentify activity
ris ks

5. Estimate effort
for each activity

Review

Lower-level
detail

4. ldentify the products
and activities

3. Analyse project
characteristics

2. ldentify project
¡nfrastructure

1. ldentify project
scope and objectives

0. Select project

For each
activity

I

I

F|GUBEll.l SomeplacesintheStepWiseframeworkwherestaffingconcernsare¡mp0rtant

r Some objectives can address health and safety during the project (Step 1).

r Although project leaders might have little control over organizational structure, they
need to be aware of ¡ts ¡mplications (Step 2).

r The scope and nature of activities can be set in a way that will enhance staff motivation
(Step 4).

r Many risks to project success relate to staffing (Step 6).

r The qualities of individual members of staff should be taken into account when
allocating staff to activit¡es (Step 7).
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11.2 Understanding behaviour

f)eople with practical experience of projects invariably identify the handling of people

I- ut nn important aspect of project management. People lil<e Amanda and Brigette would

wal'ìt to l<now whether the effective ancl sensitive management of staff conres only from

experience or whether expert advice can help. Such advice may be more convincirrg if
it is based on evidence that has been gathered through some kind of research.

This research into ind¡vidLral and group behaviour in software ancl lC-f development

environments needs to adopt social science research methods. 'l-his type of research

requires a clifferent mindset to that usually needed by software developers. Although the

development of systems is usually based on user requirements that can be irrterpreted in

more than one way, the encl resr-rlt is a system that worl<s ín a perfectly consistent way.

The developers who produce such systems will inevitably have a tendency to see things

in ternrs of deterministic systems where once a sequence of irrputs is known, the outputs

can be forecast with some certainty.
Sucþ systems are perceived as being governed by mechtrnistic laws, just as there are in

the physical sciences such as chemistry. This mindset tencls to favour experimentation as

the means of establishing the relationships between inputs and outputs and is sometimes

referred to as a posit¡vist approach. Attempts have been macle to extend this model to

social systems. However, because social systems, including business or¡4anizatiotrs, are

so complex, it is not possible to predict their outcomes with any certainty. What can be

clone is to detect statistical relationships within such systems that can be expressed as

gerreralized models or theories.
The disciplin e ol org,anizational behaviour has evolved theories that try to explair-r

people's belraviour. These theories are often structured as'lf A is the situation then B is

likely to result' . Attempts are nrade to observe behaviour where variables for A and B are

measured ¿lnd a statistical relationship between the two variables sought. Unlike physical

scierrce it is rarely, if ever, that it can be said that B must always follow A.

A1 interpretivl.stschool of thou¡;ht can be contrasted with the positivist one,

particularly in relation to the extension of the quantitative and experimental methods

from the physical sciences to people ancl organizations. lnterpretivists point out that

many concepts are not objective br-¡t are inter-subjective ones created by human being,s.

For example, later in this chapter we will examine whether there are particular personal

characteristics that are associated with successful software developers. Some studies have

found personal characteristics that seerr to be strongly associatecJ with 'softw¿tre etlg,ineers'

while other studies have found none. One question here woulcl be how 'software

engineer'is defined. WoL¡ld someone who custonrizes and installs off-the-shelf packaged

software count as a 'software engineer'? Would the description 'software engineer'cover
the role of the ICT business analyst? Furthernrore, how would you defirre 'successful'? ls

it someorre who can write lots of code very quickly? Or someone who knows wlrere to

fincl the right existing software to do a job? One way of resolvin¡; such questiotrs woulcl

be to look closely at specific ICT environments ¿rncl observe the cliffererrt types of role that

people undertake and the taslcs and sl<ills associated with such roles. The typical way of
rJoing this is an in-de¡rth study of a small rrumber (perhaps only one) of instances of a
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particular type of organizat¡on which produces a description of how thirrgs are done in
tlrat context.

The two viewpoints labeled positivist and interpretivist can both be valid and useful.
ln the types of research that underpín the material in the current chapter on individuals in
worl< environments the quantitative (or 'positivist') type predominates. ln the following
chapter on working in teams the research drawn upon tends to Lre more qualitative ancl
based on case studies in the interpretivist tradition.

ln the real world there will be a wide range of influences on a situation, many invisible
to the observer. lt is therefore difficult to decide which set of research findings is relevant.

A danger is that we end up with a set of maxims which are little better than

Work psvcholoov superstítions. However, by examining these issues people can at least

byJ.Árnold, beconre more sensitive and thoughtful about lhem.

C. L. Cooper and ln what follows we will be making references to workers in the OB
l.T. Robertson {2004) field such as Taylor, McGregor and Herzberg. Ratlrer than overwhelming

4th ed¡tion, Ff the reacler with references, we recommend the reader who is interested
Prentice Hall, ís a in exploring this topic further to look at some of the bool<s in the Further

noo9.s^:1t:1,1tlon Reading ,"ition at the back of the bool<. where we have given refererrceslneseloplcs' 
these tend to be for works relatecl specifically to an lCl- environment.

11.3 Organizational behaviour: a background

Frederick Winslow
Taylor, 1856-1915, is

regarded as the
father of'scientific

management'of
which 0B is a part.

-fh" roots of studies irr OB can be traced bacl< to work done in the late
I l gth and early 20th centuries by Frederick laylor. Taylor attempted to

analyse the most productive way of doirrg manual tasks. The workers were
then trained to do the worl< in this way.

Taylor had three basic objectives:

r to select the best people for the job;

¡ to instruct them in the best methods;

r to give incentives in the fornr of higher wages to the best worl<ers.

'Taylorism' is often represerrted as crude and mechanistic. However, a concern for
identifying best practice is valid. ln the more mundane world of software development,
the growth of both structured and agile methods is an example of an emphasis on best
practice. Both Amanda and Brigette will be concerned that tasks are carried out in the
proper way. More corrtentious is Taylor's emphasis on the exclusively financial basis of
staff motivatiorr, although Amanda and Brigette will find many colleagues who hold
Taylor's view on the importance of 'performance-relatecl pay'. Unfortunately, Amanda
and Brigette are likely to have very little control over the finarrcial rew¿rrds of their staff.

However, they should be encouraged by firrdings that motivation rests not
just on such rewards.

ïhe research that

.,-:,t,:I,l,1:., . "J'îiiJli.li??i;,?å"'ï:i:::ï':lîffi'"",Iil:il:åïiïåäfX.,Ïlnolngs was done at 
that rrot only did a group of workers for whom conditions were improved
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the Hawthorne increase their worl<-rates, but also a control group for whom conditions

Wffi;t;ffi;;n were r-rnchanged. Simply showing a concern for what workers did

gr.trìrìn CN.rsr, increased productivity. This illLrstrated how the state of mind of worl<ers

hencethe 
- influenced their productivity.

'Hawthorne Effect'. The cash-oriented, or instruntetrtaf view of work of some managers can

thus be contrasted with a nrore rounded vision of people in their place of

work. The two attitudes were labelled Theory X and Theory Y by Donald McCìregor.

Theory X holcls that:

r the iìverage human has an innate dislike of worl<;

¡ there is a need therefore for coercion, direction and control;

r people tend to avoid resporrsibility.

Thectry I on the other hand, holds that:

r work is as natural as rest or Play;

r external control and coercion are not the only ways of bringing about effort directed

towards an organizatiotr's ends;

r commitmerrt to objectives is a function of the rewards associated with
A'reward'doesnot theirachievement;

have to be a

financial reward - it r the average human can learn to accept and further seek responsibility;

could be something r the capacity to exercise imagination ancl other creative qualities is

like a sense of
achievement. widely distributed'

One way of jud¡;ing wlrether a manager espouses Theory X or 1-heory Y

is to observe how stalf react when the boss is absent: if there is no discernible change then

this is a Theory Y envirorrment; if everyone visibly relaxes, it is a Theory X environment,

McCregor's clistinction between the two theories also clraws attention to the way that

61xpectatior1s influence behaviour. lf a manag,er (or teacher) assumes that you are going to

worl< diligerrtly and create products of good quality then you are lil<ely to try to meet their

expectations.

11.4 Selecting the right person for the iob

B. W Boehm

considered the
qual¡ty of staff the

most important
influence on

productivity when
constructing the

C0C0M0 software
cost model
(Chapter 5).

Jaylor stressecl the need for the riglrt persorr for the job. Many

I factors, such as the use of software tools and methodologies, affect

programming productivity. However, one of the biggest differences in

software development performance is between individu¿rls. As early as

1968 a comparison of experiencecl professional prog,rammers working on

the same programmin¡4 task found a ratio, in one case/ of 1:25 between

the shortest and lon¡1est time to code the program and, more significantly
perhaps, ol 1 :28 for the tirne taken to debug it. Amanda and Brigette would

therefore lte rightly concerned to get the best possible people workirrg for

them.
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p. M. Cheney{19g4} What sort of characteristics should they be lool<ing for? ls an

,Lft"r",liiåru¡ãräf experienced programmer better than a new graduate with a first-class

characteristics, mathematics degree? lt is dangerous to generalize but, looking at
grqanizatignal behavioural characteristics, the American researcher Cheney found that

factors and task the most important influence on programmer productivity seemed to be
characteristics on experience. This is not surprising as the impact of experience is the most

computer important factor in software productivity in Boehm's COCOMO models -
?t09.t1.*ttl. , see Chapter 5. Cheney found that mathematical aptitude had quite a weal<

Droducttvttv and t0b"'":::;;:'lj-':;'"" influence in comparison.
saUsTacÍ0n

lnformation and Amanda and Brigette will warrt staff who can commurricate well with

Management,T. each other and with users. Unfortunately, the American researchers Couger
and Zawacki foL¡nd that information systems (lS) professionals seemed to

J. D. Couger and R. have much weaker 'social needs' than people in other professions. They

A. Zawacki(1978) quote Ceralcl Weinberg: 'lf asked, most programmers probably say they
What motivates DP prefer to work alone where they wouldn't be disturbed by other people.'

Professionals?' We see many who are attracted to writirrg software, ancl are good at it,
Datanatí0n,Z4' but do not mal<e good managers later in their careers.

Later surveys, however, have notfound significarrt differences between
lS and other staff. An explanation of this could be that lS has become broader and less

purely technical in recent years.

The recruitment process

It must be stressed that often project leaders have little choice about the people who
will make up their team - they have to make do with the 'materials that are to hand'.
Recruitment is often an organizational responsibility: the person recruited might, over
a period of time, work in many different parts of the org;rnization.

Meredith Belbin usefully distinguishes between eligible and suitable

.R' 
Meredith Belbin canclidates. Eli¡aible candidates have a curriculum vitae (CV) which

(19961 leam Boles at ,"i;;i;,ä.|;';:;ä;;,' shows, for example, the 'right' number of years in some previous post
""d;i;il: ' and the 'right'paper qualifications. Suitable candiclates can actually

Heinemann. clo the job well. A mistal<e is to select an eligible cancJidate who is not
in fact suitable. Suitable carrdidates who are not officially eligible can,

on the other hand, be ideal canclidates as once in post they are more lil<ely to remain
loyal. Belbin suggests we should try to assess actual sl<ills rather than past experience
and provide training to mal<e goocl minor ¡;aps in expertise. lt seems to us to show
that policies that avoid discrimination on the grounds of race, gender, age or
irrelevant disabilities can be not just socially responsibrle but also a shrewcJ

recruitment policy.
A general approach might be the followin¡;.

t Create a job specification Advice is often needecl as there could be legal

implications in an official document. However, formally or informally, the
requirements of the job, inclucling the types of task to be carried out, should be

documented and agreed.
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r Cre¿lte a job holcler profile The jol: specification is used to construct a profile of the
person needed to carry or-rt the job, The qualities, qualifications, eclucation and

experierrce recluired would be listed.

t Obtain applicants Typically, an advertisement would be placed, either within
the organization or outsicle in the trade or local press. The job holder profile
would be examined carefully to identify the medium nrost likely to reach the
largest number of poterrtial applicants ¿lt least cost. For example, if a specialist is

rreeded it would nr¿rl<e sense to advertise in the relevant specialist journal. The

other princi¡tle is to ¡4ive enough information in the aclvertisement to ¿lllow an

element of self-elinrirration. By giving the salary, location, job scope and any

essential qualifications, the applicants will be limited to the more realistic
candidates.

Astandardform t Exantine CVs These should be reaclcarefully ancl comparecl to the job

which lists each holder profile * nothing is more annoying for all concerned than when

selection cr¡terion people have CVs which indicate clearly that they are not eligible for the

andthe degreeto job and yet are called for interview.
which the candidate"äiir'li#üï" . lnterviews etc. Selection techniques include aptitude tests,

used t0 ensure a personality tests ancl the examination of samples of previous work.

consistentand fair Any methocl must test specific qualities detailed in the job holder

approach. profile. lnterviews are the most commorrly used methocl. lt is better

if there is more than one interview sessiotr with an applicant and

within e¿rch sessiorr there should not be more than two interviewers
as a greater rrumber reduces the possibility of follow-up questions and discussion.

Some formal scoring system for the qualities beirr¡; judged should be devised and

interviewers should then individually decide scores which are then compared,
Arr interview might be of a technical nature where the practical expertise of the

candidate is assessed, or of a more general nature. ln the latter case, a major
part of the interview cor"¡ld be evaluating and confirrning statements in the CV -
for example, time gaps irr the education and employment history would be

investigated, and the precise nature of previous jobs would need to be

explored.

: Other prctcedures References will need to be taken up where necessary, and a meclical

examination might be needed.

I new analyst/programnìer is to be recnritecl to work in Amanda's team at IOE. The
I \intention is to recruit soüìeone who already has sorne experience. Make a list of the
types of activities that the analyst/prograrnrner should be capable of carrying out that can

be used as the basis fbr a job specification.

EXERCISE 11.1
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11.5 lnstruction in the best methods

Decisionswill Jhis is the second colrcern that we have taken from Taylor. When new

need to be made I members of the team are recruitecl, the team leader will need to plan

aboutwhether¿ their induction into the team very carefully. Where a project is already well
newcomer can more under way, this might not be easy. However, the effort should be made - it
effectively pick up should pay off as the new recruit will become a fully effective member of
technical expertise the team more qr.ricl<ly.

on the job oron The team leader slroulcl be aw¿lre of the neecl to assess continuallytutT:l::i':its 
the trainin¡; needs of their ream menrbers. Just as you formulate a user

courses.
requirement before considering iì new system, and a job holder profile

before recruiting a member of staff, so a training neecls profile ou¡¡ht to be drawn up for
each staff nrember when considering specific courses. Some training nright be provided
by commercial training companies. Where money is tight, alternative sources of training
should be considered but training should not be abancJoned. lt could just be a team
member finding out about a new software tool and therr demonstrating it to colleagues.
Of course, the nice thing about external courses is talking to colleagues from other
organizations - but attending meetings of your local branch of a computer-related
professional association, such as the British Computer Society (BCS) in the United
Kingdom, can serve the same purpose.

The methods learnt need, of course, to be actually applied. Reviews and inspections
help to ensure tlris.

ln the rrext chapter we will return to this topic from the poirrt of view of integratin¡3
outsicJers irrto a new group environment.

11.6 Motivat¡on

-l-hu thircl of Ttrylor's concerns was that of motivatirrg people to work. We are going to
I look at some morlels of motivation.

The Taylorist model
'laylor's viewpoint is reflected in the r,¡se of piece-rates in manufacturin¡;

Piece-rates are. l:: :î::'" indr-rstries and sales bonuses amongst sales forces. Piece-rates cart cause
wnere worKers are
pr¡i, t¡"ãlìrrl* difficulties if a new system will clrange worl< practices. lf new technolog,y

each itemthey improves productivity, adjustin¡4 piece-rates to reflect this will be ¿l sensitive
produce. Day-rates issLre. Usually, radical changes in work practices have to be preceded by
refertopaymentfor a movefrom piece-rates to day-rates. As will be seen later, the tendency

time worked. towards dispersed or 'virtual projects'where staff worl< on their own
pretnises at some distatrce from the sponsorin¡¡ org,anizatiorr's site has seen
a rnovernent away frorn payment basecl on time worked.

Even where work practices are stable and output can be easily related to reward,
people paid by tlre amount they produce will not automatically maximize their output in
order to nraximize their income. The amount of output will often by constrainecl by 'group
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^ norms/: informal, even unspoken, agreements among colleagues about the
bfouD norms are

discussed further amount lo lle prodtlceo'

undergroup Rewards based on piece-rates neecl to relate directly to work proclucecl.

orrìrlonäãlins. Where a computer application is being developed, it is difficult to isolate

and quarrtify worl< done by an individural, as system development and

quoted byWanda J. sLtpport is usually a team effort. As one member of staff in a study of
grlikowski in software support work said: 'This support department does well because

Groupware & we're a team, not because we're all indivicluals. I think it's the only way
Teamwork, edited by the support team can work sur:cessfully.'
Claudio U. Ciborra, ln this kind of environment, a reward system that makes excessive
Wileyad Sons, clistinctions between co-workers coulcl damage morale arrd productivity.

rvYo' 
Or¡;arrizations sometimes get around this problem by giving bonuses to

project team members at the end of a successful project, especially if staff have
,volunteered'considerable unpaid overtime to get the project completed.

Maslow's hierarchy of needs

The motivation of individuals varies. Money is a strong motivator when you are brol<e'

However, as the basic need for cash is satisfied, other motivators are lil<ely to emerge.

Abraham Maslow, an American psychologist, su¡4gestecl a hierarclry of needs. As a lower

level of neecjs is satisfied therr grardually a higher level of neecls emer¡;es. lf these are therl

satisfied then anotlrer level will emerge. Basic needs include food, shelter and personal

safety. The highest-level neecl, accorcling to Maslow, is the need for'self-actualizalion',
the feeling that you are completely fulfillin¡¡ your potential'

Irr practice, people are lil<ely to be motivated by different things at

However, salary different stages of their life. For example, saletry increases, while always
level can be welcome, probably have less impact on the more mature employee who

importantto.staff is alreacly relatively well paid than on a lowly paid trainee. older team-

-,'llit_iÌll9 ^ members nright place more value on qualities of the job, such as being
ret¡rement because

the am'unt of grven autonomy, which show respect for their judgement and sense of

Pension Paid can resPonsibilitY'

depend on it. Some individual differences in motivation relate simply to personality

(Jifferences. Some staff have 'growth neecls'- tlrey are interested in their

worl< ancl war'rt to develop their worl< roles - while others simply see the job as a way of
earning a living.

I soliware development clepartrnent want to improve productivity by encouraging the

f\ru,rr" oI existing soflware cornponents. It has been suggested that this coulcl be

encoulagecl through finarrcial rewards. 'Io what extent clo you think this could be clone?

EXERCISE 11.2



\fewspapers often report on the vast sums of money that are paid to the top executives
I \ of many companies. Does this mean that these people are at a low level in the Maslow
hierarchy of motivation? Do they really need all this money to be motivated? What do you
think the significance of these salaries really is?

EXERCISE 11.3
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Henberg's two-factor theory

Some things about a job can make you dissatisfied. lf the causes of this dissatisfaction are

removed, this does not necessarily make the job more exciting. Research into job
satisfaction by Herzberg and his associates found two sets of factors about a job;

t hygiene or maintenance factors, which can make you dissatisfied if they are not right,
for example the level of pay or the working conditions;

t motivators, which make you feel that the job is worthwhile, like a sense of
achievement or the challenge of the work itself.

Brigette, at Brightmouth College, might be in an environment where it is difficult to
compete with the high level of maintenance factors that can be provided by a large

organizatîon like lOE, but the smaller organization with its closer contact with the users

might be able to provide better motivators.

The expectancy theory of motivation

Amanda and Brigette need to be aware of how the day-to-day ups and downs of system

development affect motivation. A model of motivation developed by Vroom and his

colleagues illustrates this. lt identifies three influences on motivation:

t expectancy: the belief that working harder will lead to a better performance;

t instrumentality: the belief that better performance will be rewarded;

s perceived value: of the resulting reward.

Motivation will be high when all three factors are high. A zero level for any one of the
factors can remove motivation.

Jdentify three incidents or times when you felt particularly pleased or happy about
Isomething to do with your work or study. Identify three occasions when you were
particularly dissatisfied with your work or study. Compare your findings with those of
your colleagues and try to identify any patterns.

EXERCISE 11.4



264 Chapter l1 Managing people in software environments

lmagine try¡ng to get a software package supplied by a third party to work. You realize

that you will never get it to work because of a bug, and you give up. No matter how hard

you work you will not be able to succeed (zero expectancy).

You are working on a package for a user and, although you think you can get it to

work, you discover that the user has started employing an alternative package and no

longer needs this one. You will probably feel you are wasting your time and give up
(zero i nstrumental ity).

Civen that the users really do want the package, your reward might simply be the

warm feeling of helping your colleagues and their gratitude. lf in fact, when the users

employ the package, all they do is complain and hold you responsible for shortcomings,
then you might avoid gett¡ng involved if they later ask for help implementing a different
package (low perceived value of reward).

f¡ ,{ anagers should group together the elements of tasks to be carried out so that they
I Y lform meaningful and satisfying assignments. Oldham and Hackman suggest that

the satisfaction that a job gives is based on five factors, The first three factors make the
job'meaníngful'to the person who is doing it:

t skill variety: the number of different skills that the job holder has the opportunity to
exercise;

t task identity: the degree to which your work and its results are identifiable as belonging
to you;

r task significance: the degree to which your job has an influence on others.

The other two factors are:

r autonomy: the discretion you have about the way that you do the job;

t feedback; the information you get back about the results of your work.

Oldham and Hackman also noted that both the job holders' personal growth needs

and their working environment influenced their perception of the job. Some writers have

pointed out that if people are happy with their work for other reasons, they are likely to
rate it higher on the Oldham-Hackman dimensions anyway. Thus it might be that cause

and effect are reversed.
ln practical terms/ activities should be designed so that, where possible, staff follow

the progress of a particular product and feel personally associated with it.

Methods of improving motivation

To improve motivation the manager might therefore do the following.

¡ Set specific goals These goals need to be demanding and yet acceptable to staff.

lnvolving staff in the setting of goals helps to gain acceptance for them.



11.8 Stress 265

Sarah Beecham
et al. (2008)

'Motivation in

software
engineeríng'

lnformation and
software technology

50 860-78.

s Provide feedback Not only do goals have to be set but staff need regular feedback
about lrow lhey are prog,ressing,.

t Consider job design Jobs can be altered to make them more interesting and give staff
more feeling of resporrsibility.

Job enlargement Two measures are often used to enhance f ob design - job errlargement

ttãlt¡ tiñ.rtt.* and job enrichnrent'

are based onthe t Job enlargement-fhe person cloing tlre job carries out a wicler variety
work of F' Herzberg' of activities. lt is the opposite of increasing specialization. For example,

a software developer in a maintenance group might be given
responsibility for specifying minor amendments as well as carrying out the actual
code changes. Couger and Zawacki founcl that programmer/analysts had hi¡iher job
satisfaction than programmers.

t Job ertrichment The job holder carries out tasks that are normally done
at a managerial or supervisory level. With programmers in a

m¿rintenance team, they might be given authority to accept requests for
charrges tlrat involve less than five days'worl< without the need for their
manager's approval.

A comprehensive survey of research into the motivation of software
developers can be found in paper publisheci by Sarah Beecham and
colleagr-res in 2008.

11.8 Stress

ñ..^¡^r :- n^^¿L f)rojects are about overcoming obstacles and achieving objectives.
uuoleo rn ueatn F
uåiìlnii¡*àr¿ I Almost by clefinition, broth the project manager and team members

yourdon,ZnOe6ition, will be under pressure. An American project manager is quoted as saying,:

Prentice-Ha¡¡,2003. 'Once a project gets rolling, you should expect members to be putting, in
at least 60 hours a week. . . . The project leader must expect to pLtt in as

many hours as possible. . . .'

Kent Beck Some pressr-rre is actually healthy. Boredom can mal<e many jobs

.j;;;;r,, soul-destroying. Beyond a certairr level of pressure, however, the quality

maximum 4g-hour of work decreases and health can be affected. There is good evidence that
working week as an procJuctivity and the quality of output go down when more than about

eKreme 40 hor,¡rs a week are worked. As long ago as 1960 it was found in a US
programming study that people under 45 years of age who worl<ed more than 48 hours
practice - see a weel< had twice the risl< of death from coronary heart cJisease.

Chapter 4' Many software developers are expectecJ to worl< overtinre on projects
for no additional paynrent. In these cases, íì fall in procluctivity is more

than compensated for by the fact that the worl< is effectively free to the employer.
Clearly, it is sometimes necessary to put in extra effort to overcome some temporary

obstacle or to deal with an enrergency, lrut if overtime working, becomes a way of life
then there will be long,er-term problems.
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Cood project mallagement can recluce the rel iance on overtime by the more realistic

assessment of effort and elapsed time needed, based on careful recording ancl arlalysis of

the performance of previous projects. Cood plannirrg and control will also help to reduce

'unexpected' problems generatin¡¡ unnecessary crises.

Stress can be caused l:y role antbiguitywhen staff clo not have a clear idea of the

objectives that their worl< is supposed to be fulfilling,, what is expected of them by others

and the precise scope of their responsibilities. The project manager could clearly be at

faulr in these instances.
Role conflictcan also heighten stress. This is where the person is torn between the

clemands of two different roles. The parent of young chilclren might be torn between the

need to look after a sick child and the neecl to attend an itnportant meeting to win new

busi ness.

Some marragers claim to be successfulthrough the use of esserrtially bullying tactics

to push projects through. They need to create crises in order to justify tlre use of such

tactics. This, however, is the antithesis of professional project mauagement which aims

at a rational, orderly and careful approach to the creation of complex products.

11.9 Health and safety

I I ealth and safety issues are more prominent in construrction and other heavy

I I engineering projects than in ICT developnrent. Sometimes, however, the

irnplementation of office systems requires the creation of physical infrastructure which

can have inherent physical dangers. ICT infrastrr"rcture could, for example, be installed

in a buildirrg where construct¡on work is still going on.

ln this section we are not addressing, g,erreral concerns relating to the safety of ICT

equipment of which any organization using such equipment would need to be aware. Nor

are we discussirrg the safety of products created by the software development process. We

are focusing briefly on the health and safety issues that rel¿rte to the condtrct of a project.

Various pieces of legislation govenr safety policy and the details of these can be

consulted in the appropriate literature. ln the Unitecl Kin¡;dom, legislation requires

organizations employing more than five employees to have a written safety policy
docr-rrnent. A prolect manager should be aware of the contents of the document that

applies to the environnlent in which the project is to bre undertaken.

As far as the project manager is concerned, safety objectives, where

professiona! lssues appropriate, shoulcl be treated lil<e any other project objectives, sllch as
' '"'i;i;å;;;;"" rhe level of reliability of the completed applical¡on or the overall cost of

rni¡rãeinitsr¿ the project. The management of safety should therefore be embeddecl

editionl by M. F. Bott in the general management of the project.
etal.,Taylorand Responsibility for safety must be clearly clefined at all levels. Some
Francis.2001, ooints that will need to be considered inclucle:

explores these
issues in r top management must be committed to the safety policy;

srea'Ìerdep'Ìh 

: ;Ï:ïîilî:ïî:,ï;::::::ïffi'l:i;:iï:îil".l,o,uf",v;
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r those to whom responsibilities are delegated must unclerstand the responsibilities and
agree to them;

r deployment of a safety officer and the support of experts in particular technical areas;

r consultation on safety;

r an adequate buclgeting for safety costs.

Safety procedr-rres must be brought to the attention of employees and appropriate training
be given where rreeded.

This is a very cursory glimpse at some of the issues in this area. For a fuller treatment,
the specialized literature should be consulted.

11.10 Some ethical and professional concerns

I s we saw above, there is now a legal reqr-rirement to act to redr-rce the threats to the
/ìhealth and safety of employees at work. Yet even if there were no such law, there
would be very few who would not at least pay lip service to the moral obligation to
prevent foreseeable injury to those at work. This would be an ethical judgement. There
are bound to be cases where we would agree that people are, unethically, acting in a
way potentially harmful to others even though laws have not- yet- been passecl to
prohibit that precise behaviour.

Some ethical responsibilit¡es are shared by all members of the community, regardless
of their position - for example, to alert the emergency services when a serious motor
accident has taken place. Other ethical responsibilities affect particular organizations and
the people who belong to them. Further responsibilities relate to a person's professional

expertise, such as that of the software en¡lineer or l-f practitioner.
It might be thought that organizations have greater ethical

See Milton Friedman responsiþilities given their greater power to inflict cJamage than individuals,
(1970) 'The.social particular when they implement large development projects of varioustt":Tl-tl1'l'L-tt kin.1r. However, there is an argunrent - associated particularly with the

bustness rs to
h*;;;-jiñr, economist Milton Friedman - that those worl<ing for commercial

The NewyorkTimes organizations have a contract to safeguard and enhance the assets of the

Magazine stocl<holders of the company. These stockholclers are those who have
13September. invested money in the company and are legally its owners - they could
Available at include ordinary people who have invested their retirement savings in

wt¡¿t¡v'umich,edu/ the company. lt was argr-red that pursuing other goals that might benefit

*+ry+q the community as a wliole at the expense of the stockholders would bel'rledman'd0c 
dishonest behaviour by the company's employees.

fdentify sorne of the possible objections and criticisms that can be macle of the
Istockholder btrsiness ethics modei described above.

EXERCISE 11.5
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. Another argument for the reduced - or at least peculiar - ethical
A rather extreme
iö,ln|i;;i" responsibilities of commercial organizations is that they are competing

normäl ethical rules with other businesses. lf my business wins some aspect of this game/

do not apply in then nry conrpetitors must lose: investors nright lose money and employees

business can be their jobs. But, it is ar¡.¡,ued, that is the way the market works, and as a

found in Alfred Carr result consumers benefit from reduced prices. However, in the longer
(1968)'ls busine-ss term competition which destroys competitors leads to the clomination of
tluffing,ethical?' monopoliesancJ increased prices.
Harvard Business
Review4glll143_53. Most organìzations will, however, recognize that they do have

ethical resporrsibilities. This could be purely oL¡t of self-interest. You may,

as a potent¡al cr-rstomer, be wary of entrusting, your custom to organizations which are

transparently rnotivated by pure greecl. Organizatiotrs often express tlreir objectives

and aspirations * perhaps irr the form of a mission statement - and these tend to include

some objectives tlrat relatc. to m¿ìtters of the ¡;erreral public good such as concern for the

environment.
Despite removing levels of m¿ìt-ìagement (delayering) and creatirrg flatter reportitrg

structures, large orgarrizations will always have some sort of hierarchy. As we saw in

Chapter 1, the people at the top will specify a general str¿rtegy, hopefully consistent

with the aspirations of the mission statement. Managers at the next level willtake the

strategy and devise programmes of work to achieve the strategic goals in their areas of
responsibility. When doing this they are making clecisions within their designatecl areas of
responsibility. This process will be repeated at successively lower levels in the company
until we get to the people who actually implement the decisions.

Any rlecisiorr that is made will have to satisfy a nr:mber of

An excellent or¡¡anizational requirements which could appear to conflict. For exanrple,

detailedexploration a new lCTapplication may be needecl to meeta legal requirementwith a

onthese issues is fixed deadli¡e. A high-quality system wþere reliability and correctness can
Rosa LYnn, B.finkus be ¡luaranteed would require a large te¿rnr to develop it. This would be very

---Îj^1-..!lnll",^^ cosily and require tlre normal service to custon.ìers to be clegradecl. Some
tngmeenng Hntcs,-'"ä;;;id;;"-- kind of balance would need to be strucl< between the need for reliability in

Urù;;;i"Ë;*- the new system and the current quality of customer service. Whatever the

which uåesthe' final <iecision, there would some risl< about the final outcomes.

Challengerspace Amorrg, the clecisions involving risks will be those allocated to technical
shuttledisasteras experts suclr as engineers and ICT practitioners. Tlrese will have special

a case study. ethical responsibilities as they have knowledge ancJ expertise that others

may not fully understand but upon which they depend. l-hese experts are

likely to be entrusted with decisions about the deployment of new technologies.
ICT practitioners ¿ìre unlikely to be ex¡rert in all areas of ICT and its development, so

identifying a person's area of expertise is crucial. lt would clearly be unethical for an ICT

practitioner to pretend to be knowledgeable about some area where they are not. lt also

follows that if ¿rn ICT practitioner has expertise that would prevent a colleague from doin¡;

something harmful, it would be unethical for them to remain silent.

The decisions entrusted to these specialists would not only have to be technically
justifiable but be unbiased. Acceptirrg what anrounts to bribes is clearly an example of
unacceptable behaviour. However, recommerrding a particular technology becaurse it
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happens to be one that the practitioner is expert in and its adoption would enhance his or
her career might not immediately appear to be unethical to an individual.

As noted above, all decisions involve risks and true professionals would need to
identify and warn about these risks. We also saw above that organizational actions tend
to be implemented in a top-down manner, with the big clecisions about strategy being
decided first, and then the different elements of the overall plan bein¡¡ examined and more
detailed decisions being made. Sometimes these high-level decisions have technical flaws
ancl it would be the responsibility of the software engineer or ICT practitioner to point out
such deficiencies.

This responsibility for emerging technical risl<s is not ¿ì matter solely for the practitioner.
The organization must have a mechanism whereby such concerns can be communicated
to a responsible manager who is competent to evaluate the issue and to take necessary
actions. This mi¡¡ht include escalating the issue to a hi¡;her level of management.

Lon¡4-established professions, such as medicine, have ways of certifyin¡; the
competence of practitioners and enforcing ethical codes of conduct. ln the United
Kingdom, the British Computer Society (BCS) is a body which has produced
Codes of Conduct and Good Practice (www.bcs.orçy'uploadlpdf/conduct.pdf and
www.bcs.orgy'upload/pdf/cop.pdf)- as has the IEEE (www.ieee.org,/web/aboutus/ethics)

and ACM (www.acm.orlabout/se-cocle) in the United States - and various schemes
for certifyirrg the competence of clifferent ICT specialists. However, BCS membership
is still held by only a srnall minority of ICT practitioners so there is a long way to go in
establishing ICT as a true profession.

11.11 Conclusion

Some of the important points that have beerr m¿lde in this chapter are:

r people may be motivated by money, but they are rnotivated by other thirr¡¡s as well;

r both staff selection and the identification of training needs should be clorre in an
orderly, structured, way where requirements are clearly defined first;

r thoughtful job clesign can increase staff motivatiorr;

r undue pressure on staff can have short-term gains, krut is harmful to both productivity
ancl personal health in the longer term;

r project objectives should include, where appropriate, those relating health and safety

11.12 Further exerc¡ses

1 An organization has detected low job satisfaction in the following departments

r the system testirrg group;
o the computer applications help desk;
. computer batch input.

How could these jobs be redesigned to give more job satisfaction?
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2 ln Exercise 11.'1, a job specification was requested.
(a) Write a job holder profile of the sort of person who would be able to fulfil

the specification in terms of qualities, qualifications, previous education and

experience.
(b) For each element in the job holder profile that you have produced in (a) above,

describe ways of finding out whether an applicant has met the requirement.

3 Section 11.8 focuses on the responsibilities of management in relation to staff stress,

Evaluate an alternative view that individual staff members need themselves to be

responsible for reducing their own stress levels, perhaps through changes in personal

working practices.

4 )ob enlargement sounds like a good thing. Explore what the possible disadvantages of
job enlargement might be for both employers and staff'



CHAPTER

Working in
teams

When you have completed this chapter
you will be able to:

$ improve group working;

$ analyse the coordination needs of a
project;

$ select the best communícation
genres to support the coordination
needs of a project;

+ draw up a communication plan;

S evaluate the characteristics of the
various team slructures;

s use the most appropriate leadership
styles.

.þ 0øtrcrtvEs

\ Â /" associate software development w¡th advanced technologies yet it is a task
V V requiring intense human mental activity. Software-based systems can be huge - the

software to control a telephone switching system can contain five million lines of code -
so that this human effort has to be shared between individual software developers within
teams and between groups of developers. Amanda at IOE wants to get the best out of her
team, but also needs to coordinate the work of her group with other parts of lOE, including
the users. At Brightmouth College, Brigette does not have a big team to manage, but the
need to coordinate her efforts with those of other project stakeholders is probably greater.

271
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This chapter will look enhancing communication between individual developers within
teams and across teams. lt will also look at how the efforts of individuals and teams can

be coordinated through communication.
By 'teams'we usually mean groups of people who working together. Typically

the individuals work in the same office, that is, are co-located- although we will see

that this is not always so. However, the term 'project team' is sometimes used to refer

to a// the people working on a project. These people may sit in different work groups

at some distance from each other. These Sroups can also change over time' Thus

individual software developers are likely to transfer between teams as proiects start

and finish.
We will start by looking at the small group environment where the term 'team' is

perhaps most justified. We will look at how true teams come to be formed. We will see

how, apart from their technical roles, team members take on social roles that help team

effectiveness.
A team is created to carry out a joint assignment. We will see how some tasks

contributing to project objectives are best done by an individual. Other tasks, usually

those that involve judgement or decision-making, may be better done by groups.

We will look at how teams can be coordinated. An organization needs to control

the allocation of staff to work assignments. This is one form of coordination needed

between groups and individuals within a project and other types will be outlined.

Communication genres refer to methods of communication. This goes beyond

technologies used and includes the organizational conventions involved in the

communication. Communication genres can be selected and developed to deal with
particular need for project coordination. We will see how arrangements for

communication between project stakeholders can be documented in a communication
plan.

As well as coordination which reacts to day-to-day problems, but there needs to be

proactive central direction. This introduces issues related to leadership.

The collaborative nature of project work will have an influence on nearly all stages of
the Step Wise project planning framework (FiSure 12.1).

1 tdentify project scope and objectives. Here stakeholders in the project are identified

and communications channels are established.

2 tdentify project infrastructure. The organization structure within whích the project

team will exist is identified.

3 Analyse project characteristics. Decisions made about how the project is to be

executed - for example buying versus building software functionality - will affect the

team structure needed.

5 Estimate effort for each activity. lndividual and group experience will have a key

influence on developer productivity.

6 tdentify activity risks. Risks will include those that relate to staff such as continued

availability.

7 Allocate resources.

B Review/publicize plan. A communication plan could be produced at this point'
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8. Review/publicize plan9. Execute plan

7. Allocate resources
10. Lower-level

planning

6. ldentify act¡v¡ty
risks

Lowerjevel
detail

5. Estimate effort
for each act¡vity

Review

4. ldentirythe products
and activities

3. Analyse project
characteristics

2. ldentify project
infrastructure

1. ldentifu project
scope and objectives

0. Select project

For each
activity

I
I

FIGURE 12,î Some places in the Step Wise framework influenced by collaborative working

F
irst we look at how small work groups - where the description 'team' is perhaps most
apt - are formed. Simply throwing people together will not immediately enable them

to work together as a team. lt is suggested that teams go through five basic stages of
development:

t Forming The members of the group get to know each other and try to set up some
ground rules about behaviour.
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t Storming Conflicts arise as various members of the group try to exert

leadership and the group's methods of operation are being established.

t Norming Conflicts are largely settled and a feeling of group identity

emerSes.

t Pertorming The emphasis is now on the tasks at hand.

t Adjourning The group disbands.

Sometimes specific team-building exercises can be undertaken. Some organizations,

for example, send their management teams off on outdoor activities. Without going to

these lengths, Amanda and Brigette might devise some training activities which promote

team building.
Valuable research has examined the best mix of personalities in a

project team. Belbin studied teams working together on management

games. He in¡tially tr¡ed putting the most able people into one group.

Surprisingly, these élite teams tended to do very badly - they argued

a lot and as a result important tasks were often neglected.

Belbin came to the conclusion that teams needed a balance of different

types of people.

t The chair: nor necessarily brilliant leaders but they must be good at

running meetings, being calm, strong but tolerant.

t The p/ant: someone who is essentially very good at generating ideas and

potent¡al solutions to problems.

t The monitor-evaluator: good at evaluating ideas and potential solutions

and helping to select the best one.

t The shaper: rather a worrier, who helps to direct the team's attention to

the important issues.

t The team worker; sl<illed at creating a good working environment, for
example, by'jollying people along'.

t The resource investigator: adept at finding resources in terms of both

physical resources and information.

t The completer-finisher: concerned with completing tasks.

t The company worker: a good team player who is willing to undertake

less attractive tasl<s if they are needed for team success.

A person can have elements of more than one type. On the other hand, about 30"/" of
the people examined by Belbin could not be classified at all.

Problems can occur when there is an imbalance between the role types of people in

a group. For example, if there are two or more shapers within a Sroup and nobody who

takes a chair role to moderate conflicting views, there is likely to be a stormy atmosphere,

On the other hand, if a group mainly consists of plants and specialists with no shapers

or completer-finishers, the team is likely to have interesting discussions but may not

get around to actually implementing anything. When putting together a team Belbin

recommends selecting the essential technical specialists first. The group roles of these
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individuals carr then be assessed and any remaining team members can then be allocatecl
with an eye on making the group roles more balanced.

Group performance

Are groups more effective than individuals working alone? Civen thetf]:y.::l1ft 
prefererrce of many people attracted to software development for working

was qu01e0 Dy

Arì;i;È;;tirl; on their own, this is an important question. ln many projects, judgements
,Tecinologiesfor are needed about which taslcs are best carried out collectively and which
co-ordination in a are best clelegated to individuals. As one manager at IBM said: 'Some work
softwarefactory' yielcls better results if carried out as a team while some things are slowed
in Groupware & down if the work is not compartmentalized on an individual basis.'Part of

T:1Yy2tr' edited by the answer lies in the type of tasl< being uncjertal<en.
C. U. Ciborra, Wiley , . . ,

& sons, lbgo. 
r ;r,J"ï_:areEorrzrnr{ 

sroup tasKs rs rnto:

r compensatory tasl<s;

r disjunctive tasks;

r conjunctive tasl<s,

Additive fasks mean that the efforts of each partici¡:ant are added to get the final result,
e.g. a gang clearing snow. The people involved are interchangeable.

With compensatory tasks the judgements of individual group members

Code reviews could are pooled so that the errors of some are compensatecl for by the inputs

be seen as an from others. For example, individual members of a group are asked to
example of a provicJe estimates of the effort needed to produce a piece of software

compensatorytask. arrd the resr-¡lts are then averaged. ln these circumstances group work is

generally more effective than the efforts of individuals.
With ddunctive tasks there is only one correct answer. The effectiveness of the group

depends on:

r someone conring up with the right answer;

r the others recognizing it as being correct.

Here the group can only be as good as its best lxember - and could be worse!
Conjunctive tasks are where progress is governed by the rate of the slowest performer.

Software production where different stafl are responsible for different modules is a goocl

example of this. The overall task is not completed until all participants have completed
their part of the work. ln this case cooperative attitudes are productive: the teanr members
who are ahe¿ld can help the meeting of gror"rp objectives by assisting those who are

behind. As we will see in a moment, this is an example of group heedfulness.
With all types of collective task, but particularly with additive ones,

Thesourceof the there is a danger of social loafing,, where some individuals do not nral<e
quotation i.s the their proper contribution. This can certainly occur witlr student group

pa.pef,^b,y,Fa,il1a that activities, but is not unknown in 'real'work environments. As one software
rs cited above' 

developer has commen ted:'[The contribtftion made to others] is not
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always recognized. Nor is the lack of any contributions . . . nobody points out those who

fail to make any contributions. Like when there's sontebody with vital skills and you ask

hit'n for help, but he doesn't provide it.'

12.3 Decision making

p efore we can look more closely at the effectiveness with which Sroups
lJcan mal<e decisions, we need to lool< in general terms at the decision-

making process.

Decisions can be categorized as being:

t structured; generally relatively simple, routine decisions where rules can

be applied in a fairly straightforward way, or

t unstructLLred; more complex and often reqr-riring a degree of creativity.

Another way of categorizing clecisiorrs is by the amount oÍ risk and uncertaintythat is

involved.

Some mental obstacles to good decision making

So far we have ri¡¡htly stressed a structurecJ, rational, approach to decision
MAnV 01Ìne

;äiij.ffi makin¡¡. Many mana¡¡emetrt decisions in the re¿rl world, however, are made

Chaoter2 on oroiect under pressure ancJ based on incomplete itrformation. We have to accept

,"f*.t¡"nàrr'¡À1"¿ the role of intuition in sLrch cases, but be aw¿lre of some mental obstacles

on the rational- to effective intuitive thinl<ing, for example:
economic model. t Faulty heurìstics Heuristics or 'rules of thr.¡mb'can be useful but there

are dangers:
o they are based only on information that is to lrand, which might be misleading;

r they are based on stereotypes, such as acceptitrg a Welshman into a male voice

choir without an auditiorr because of the 'well-known'fact that the Welsh are a

great slnging natiotr.

t Escalation of commitment Tlris refers to the way that once you have made a decision

it ìs increasingly difficult to alter it even in the face of eviderrce that it is wron8.

t lnformation overlaad lt is possible to have too much information so tlrat you 'cantìot

see the wood for the trees'.

ocial loafing is a problern that students often encor,tnter when carrying out group

assigrrments. What steps carl participants in a group take to encourage team membersS
to 'pull their weight' properly?

EXERCISE 12.1
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Group decision making

A different type of
participatory

decision making

might occur when
end-users are

consulted about the
way a projected

computsr system ís

to operate.

Joint Application
Development (JAD)

was discussed ín

Chapter 4.

There might be occasions where Amanda at IOE, for instance, might want
to consult with her whole project team. With a project team different
specialists ancl points of view can be brought together. Decisions made
by the team as a whole are more likely to be accepted than those that are
imposed.

Assuming that the meetings are genuinely collectively responsible arrd

have been properly briefed, rese¡rrch wor-rld seem to show that groups
are better at solving complex problems when the members of the group
have complementary skills and expertise. The meeting allows them to
communicate freely and to get ideas accepted.

Croups deal less effectively with poorly structured problems needing
creative solutions. Brainstormin¡4 techniques can help groups in this
situation but research shows that people often come up with more ideas

individually than in a groLrp. Where the aim is to get the involvement of
encl-users of a computer system, then prototyping and participatory
approaches such as JAD might be aclopted.

0bstacles to good group decision making

Amanda could find that group decision mal<ing has disadvantages: it is time-consuming;
it can stir up conflicts within the group; ancl decisions can be unduly influenced by
dom inant personal ities.

Conflict can, in fact, be less than might be expected. Experiments have

¡nce established, shown that people will modify their personal judgements to conform to
group norms can graup norms, common attitudes developed by a group over time.

survive many You might think that this would moderate the more extreme views that
changes.of. some in the group might hold. ln fact, people in groups sometimes mal<et:]!:l:h! it clecisions that carry more risk than where they mal<e the decision on their
tne group' 

own. This is l<nown asthe risky shift.

Measures to reduce the disadvantages of group decision making

One method of making group decision making more efficient anrJ effective is by trainin¡¡
meml¡ers to follow a set procedure. The Delphi technique endeavours to collate the
judgements of a number of experts without actually brin¡¡ing them face to face. Civen a

problem, the following procedure is carried out:

r the cooperat¡on of a number of experts is enlisted;

r the problem is presented to the experts;

r the experts record their recommendations;

r these recommerrdations are collated and reproduced;

r the collected responses are recirculated;
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r the experts comment on the ideas of others and modify their recommendations if so

moved;

r if the leader detects a consensus then the process is stopped, otherwise tlre comments

are recircr-¡lated to the experts.

An aclvantage of this approach is tlrat the experts could be geographically dispersed.

However, this means that the process can be time-consuming.

Team heedfulness

Sometimes, despite all these problems, te¿rms worl< well together. To use
I hese rdeas are

#ffi;"rr#;:, the inevitable sporting analogy, a football team does not play at its best

l¿:;;;ö;;j when individual players simply display their sl<ills as individr¡als but do not

E. E. Kammerer support one another. A successful move can be triggered where one players

{1998) 'Coordination sees that ¿rnother is in a position to score a goal if provided with a ball. Th is

and collective mind is an example of team heedfulness, where group members are aware of the
in software activities of others that contribr¡te to overall group success and can identify

, "|'it**9ll:.. ways of supporting that contributiorr. ln these cases there almost seems to
develooment'/8M";;:r;i;'J;r;;;i' u" a 'collective mind'. Clearly there is no suclr phvsical entitv ¡n realitv,

'37121227-45. and the appearance of a 'collective mind'comes from shared

understanding, familiarity and good communications. Some attempts have

been macle act¡vely to promote this in a software clevelopment environmetrt, such as the

concept of egoless progratnmirrg, chief programmer teams and Scrum.

Egoless programm¡ng

ln the early days of con'ìputer developmerrt managers tended to thirrl< of
G. M. Weinbero ," iiiö;ilir"'' rhe software developer as communirrg mysteriously with the machine. The

;;rr;;;;, tenclency was for programmers to see programs as beirrg an extension of

";'c;;;;;í;, 
themselves and to feel over-protective towards them. The effects of this on

programming,silver the maintainability of programs can be imagined. Ceralcl Weinllerg made

AnniversaryEdition, the then revolutionary suggestion that programmers and programming team
Dorset House. leaders shoulcl read each others' programs. Programs would become in

effect the common property of the programming group and programming

would become 'egoless'. Peer code reviews are b;lsed on this idea where items producecl

by irrcliviclual teanr nrembers ¿ìre checked by selected colleagues - see Chapter 'l 3'

\ /[ /hat developrnents in infolmation technology would be of particttlar assistance to

V V trse of the Dclphi technique?

EXERCISE 12.2
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Chief programmer teams

Brooks, Mvthicat The larger the development group the slower it becomes because of the
-t;;;:ni;;;;;;; increased communication. Thus large time-critical projects tend to have a

already been more fornralized, centralized structure. Brooks stressed the neecJ for design

referred to, He was consistency when producing a large complex system and how this is

in charge of the difficult where large numbers of people are involved irr development. l-le
hugeteamthat suggested reducing this number but mal<ing the remaining programmers

created the as productive as possible by giving them more support.
operating system for The result was the chief p,rogrimmer team. The chief programmer
the IBM 360 range' 

ciefines the specificatiorr, and designs, codes, tests and documents the
software. He or she is assisted by a co-pilot, with whom the chief

programmer can discuss problems and who writes some code. They are supported by an

editor to write up the documentation drafted by the chief programmer, a program clerk
to maintain the actual cocle, and a tester. The general idea is that this team is under the
control of a sin¡4le unifying intellect.

-the chief programmer concept was used on the influential New York lrmes data
banl< project where many aspects of structured pro¡¡ramming were tried out. ln this case
each chief proÉirammer managed a senior-level programmer and a program librarian.
Additional members could be added to the team on a temporary basis to deal with
particular problems or tasks.

Ihe problem with this kind of organization is getting hold of really outstanding
programmers to carry out the chief programmer role. There is also the danger of
information overload on the chief programmer. There is in addition the potential for
staff dissatisfaction among those who are there simply to minister to the needs of the
superstar ch ief programmers.

Extreme programm¡ng (XPl

r-,_--_^ The new extreme programming (XP) concepts have inherited some of these
Enreme

progã;ri;g *u. ideas. Most XP practices can be seen as ways of promoting a 'collective' dr:scussejin mind'. ln conventional software development projects, a typical approach

Chapter4. to improving communication and coordinatiorr is to introduce more
documentation. The advocates of XP argr-re that this is self-clefeating. They

suggest other, less formal, methods of communication and coordination. Rather tharr

creating separate clocuments, the key software products, software code and test data, are

enhanced. For exanrple, coding is constantly refactored (that is, rewritten) and coding
standards are followed to mal<e the code clearly convey how the system worl<s. Test cases

and expected results are prodr-rced before the code, and act effectively as a form of
specification. A user representative should be on hand to clarify user needs. The fit
between software components is ensured by continr-ral integration testing. Software
development by pairs of developers is advocated * this seems to be a new version of
the ch ief programmer/co-pi lot relationsh ip.

We will see that while internal group coordination is enhanced, the problem of
coordination between teanrs remains.
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Scrum

It would be self-defeating if the practices advocated by agile approaches
Lrn0a Hrsrng ano ,

ür*ufö.ä;? should themselves become codified, structured and rigicl in application.

ä'i,öËh;;;r* Promoters of agile methods, such as Kent Beck, are the first to stress that' software different types of project will neecldifferent approaches.

development The Scrum software development process illustrates some of these
processfor points as it has many elements found in agile methods but also has atr
small teams' element of the chief programmer philosophy. The name 'Scrum' comes

,'!l!s"Y::t^ from rugbry scrr:ms ancl the image of everyone pushing together in a

':ltLllltlll^l' lorron urrdertaking. The process was orisinally designed for new
provroes a 9000

J;ñ;ð;;; software product clevelopment for a competitive market rather than as a

in practice. commission for a single client. Here, getting something to market before

your competitors may be more important than having a comprehensive

ran¡4e of rron-essential features. There is no precise specification of the requirements of
a particular client, while having a procluct that is attractive to a number of customers

is important. Proposals for featr-rres are lil<ely to evolve as ideas are tried out during

development.
The Scrum process starts with a systems architecture and plannirrg phase. This

has something of the chief programmer approach as a chief architect defines the

overall architecture of the product. The required release date for the product and a

set of the desired features of the product, each with a priority, would be defined at

this stage,

This phase is now followed by a number ol sprints, each of which typically lasts

between one and four weeks. The features that it is hoped can be developed during a

sprint are selected. 
-the tasks needed to implement the features are lisecl. Sprints are

carried out by groups/ ideally with about seven developers and at a maximum ten.

It is possible for Scrum teams to worl< in parallel on different sprints, but allteams
must finish their sprint on the same day.

The progress of a sprint is marked by short (typically 15 minute) meetings each day.

During the meeting, team members report on progress with their current task, describing

any obstacles they are experiencing. The meeting allows any colleagues who can assist

with a problem to come forward. this might be because the co-worker had a similar
problem in the past for which they foLrnd a solution. Any resulting problem-solving

discussions take place after the meeting. These Scrum meetings slror-¡ld promote shared

understanding in the group but also help motivate the team as each person's progress is

visible to the whole group.
Sprints are time-boxed and at the end of the sprint period some uncompleted, lower-

priority features may be helcl over. Unlike XP, external requirements are frozen during the

sprint * it will be recalled that with XP, changes can be requested at any point. However,

at the end of the sprint, all sprint teams meet with the other project stal<eholders to review

the products created. lt is at this point that new features could be added, and previous

ones cleleted or modified. The priority of desirecl features could be moclified. The features

to be br-rilt in the next sprint are then chosen, and the tasl<s needed to deliver those features

are planned. The sprint process described above is then repeated.
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When all the sprints have been completed, there is a final closure phase where tasks

like regression and integration testing and the writing of user and training guides take
place to create a final package for delivery to market.

Linda Rising and Norman S. Janoff (2000) have described the implementation of
Scrum at AC Communications in the USA. Of interest in their account is the evidence of
flexibility in ímplementing the process. One team, for example, decided to have Scrum

meetings three tímes a week, rather than each day. ln another case/ a team decided to
break the rule that externally imposed changes should be ignored during a sprint, when

an unusually severe externally imposed change was clearly unavoidable.

0rganizational structures and pro¡ects

0n a large project there could be several groups contr¡but¡ng to different aspects of the
project. Some organizational structure is needed to form and manage these groups. This

organizational structure would take account of the totality of projects and other, non-
project, activities being undertaken by the organizatìon. Project leaders such as Amanda at

IOE need to be aware of these organizational issues, which can have an enormous impact
on their projects.

Formal versus informal structures

The formalstructure is expressed in the staff hierarchy chart. lt focuses on authority, about
who has which boss. However, an informal structure of contacts and communication
emerges spontaneously between members of staff while working. This system takes over
when the unexpected happens. Over time the advantages and disadvantages of different
organizational structures tend to even out - the informal organization gets built up and

unofficial ways are found around the obstacles imposed by the formal structure.

Hierarchical approach

The 'traditional' management structure is based on the concept of ihe hierarchy - each
member of staff has only one manager, while a manager will have responsibility for several

members of staff. Authority flows from the top down through the structure. A traditional
concern has been with the span of control- the number of people that a manager can

effectively control.

Staff versus line

Staff in organizations can often be divided into /ine workers who actually produce the

end product and support staff who carry out supporting roles. ln some organizations that
produce software for the market or as a component of a larger product which is sold, the
software specialists might be seen as part of the line. ln a financial organization, on the
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other hancl, the infornration systems department woulcl probably be seen as part of the

sr-rpport staff.

Departmentalization

Differentiatioll concerns the departmentaliz¿rtion of organizations. This might be based

on staff specialisms, procluct lines, calegories of customer or ¡leographical location.

Software clevelopment ìs usually organized usirrg either a functional
As will be t:11ltltt or a task-orienfed approach. With functional departmentalization, systems
afunctional division . l: . r. -,1"'ääri[iri,uiå,i"" analysts may be put in a separate g,ror-rp from the progranrmers. The

;,;;],J;;.- progran'ìmers would act as a pool fronr which resources are cirawn for
parrticular tasks. With a task-oriented approach the programmers and

systems analysts are groupecl together in project teams. 
'lhe project team could be

gathered to irnplement a specific long-ternr project or could exist ot't a permallent

basis to service the rreeds of a particular set of users.

Another variable is the degree to which inc.lividr¡al team rnembers are specialists with a
narrow range of skills, for example only carrying out software coding, or are more multi-

skilled where they are able to carry out other tasks, for example some of those associated

with business and systems analysis.
.Ihe 

functiorral approach can learJ to ¿ì more effective use of staff.
Programme programmers can be allocated to jobs on a need basis ancl be releasecl

management can for other work when the task is conrpleted. This avoids them being
tacrlrtate better: . ,, --,- under-utilized. The functional organization will also mal<e it easier for
snanng 0r staÍ

b;*;;;;;;;ir. the programmer to have a career which is technically oriented - there

will probably be a career structure within the software cJevelopment

department which allows programmers to rise withor-¡t changing tlreir specialism. I-his

type of organization should also encor-¡ra¡4e the interchange of new technical ideas

between technical staff and the promulgation of company-wide standarcls.

However, having separate departments could lead to communication problems,

especially if a developer is unfamiliar with an application area. There will also be

problems with software rnairrtenance * here it is helpful to have programmers who have

built up a familiarity with particular parts of the application software. Users often prefer

the established project team approach because they will Ìrave a ¡iroup cleclicated to

their needs and will not find themselves irr the position of always havin¡¡ to fight other

departments for development resources. The project team structure tends to favour a

pattern of career progression where software developers eventurally become business

analysts.
A third method of departmentalization is basecl on life-cycle phase. Here there

are separate teams for cievelopment and maintenance. Some staff can concentrate on

developing new systems with few interruptions while other teams, more oriented towards

service and support, deal with maintenance.
Some organizations have attempted to get the best of all worlds by having a matrix

structure. ln this case the developer would have two managers: a pro.iect leader who

would give them day-to-day direction about the work in hand and a programming

manager who would be concerned about such things as career development.

Ð
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12.5 Goordination dependencies

\ À /t V and to what extent clo the different units within an overall
V V organizational structure really neecl to comnrunicate? Researchers

and innovators in the area of computer-sLrpported cooperative work
(CSCW) have been irrterested in identifyirrg the types of coordirration
where compLrter tools coulcl be of assistance. A coordi¡tation theoryhas
been cleveloped which provicles a useful cl¡lssification of coordination
dependencies that are lil<ely to exist in any substantial organizational
undertalcing. These are listed below.

t Sharetl resources. An example in softw¿lre development projects is

where several projects need the services of particular types of scarce
technical experts for certain parts of the project. The unavailability
of these experts because of commitments elsewhere could delay a

project. We noted in Chapter 2 that programme management may be
established at a higher levelthan individual projects to reduce these
resources clashes.

t Producer-cLtstomer ('right time') relationships. A project activity nray clepend on a
prodr-rct being delivered first. For example, a business analyst may need to procluce an
agreed requirements document before the development of software components can
begin. The Product Flow Diagram (PFD) promoted by the PRINCE2 methodology and
described in Chapter 3 can help identify some of these depenclencies, but the key point
is that some other organizational un¡t, wh¡ch could in fact be outside the business, is

involvecJ.

t Task-subtask dependencies. ln order to complete a task a sequence of subtasks lrave to
be carried out, Like the prodr-rcer-clrstomer relationships described above, this could
be reflected in the PFD. Unlil<ethe producer-customer relationship, this sequencing is

forced by the technical nature of the thing being created, or tlre method that is being
adopted, rather than by decisiorrs about who is to do what.

t Accessibility ('r¡ght place') dependencies. This type of dependency is of more
relevance to activities that require movement over a large geographical area. The
problems of getting an available ambulance to the site of a medical emerg,ency as
quicl<ly as possible woulcl a prime example of this. ln ICT and soltware development
the examples are less obvious, but arranging the delivery and installation of ICT
equipment might be identified as such.

t Usability ('right thing') dependencies. ln this context, this is a broader concern than
the design of user interfaces more usually associated with the term 'usability'. lt
relates to the general question ol fitness for purpose, which includes the satisfaction
of business requirements. ln software development this could lead to activities,
such as prototyping, which ensure that the system being created will meet the users'
operational treeds. It could also involve change marìagement act¡vities when users
need to change requirements because of, for example, events in the business
environment such as legislative changes.

D



284 ChapterI2 Working ¡n teâms

t Fit requirements. Tlris is ensuring that different system components work together

effectively. lntegration testing is orre mechanism that ensures that these requirements

are met. One concern of corrfi¡¡uration managenrent (tts clescribed irr Chapter 9) is

assessin¡; whether changes nrade to one corrponent will have knock-on effects on

other components.

ln many cases, infornration systems tools can support these coordination tasks. For

example, project plannirrg tools, surch as Microsoft Project, can be used to help decision
making about tlre allocation of resources both withirr projects ancl across a portfolio of
concurrent projects. Such tools, through the support they give to the development, analysis

and manipulation of activity networks (as we have seen irr Chapters 6 and B), can help

the control of producer-customer and task-subtask deperrdencies. Another example of
software tool support is the use of charrge managen-ìent and confi¡¡uration management

databases to keep track of chan¡;es to the system under development and thus support
usability and fit dependencies.

lan McChesney and Séamus Callagher have published a researclr report which
analyses two real-world project environments in terms of the way coordination activities
were carried out. Among some quite cletailed firrclirrgs, they notecJ tlre use of software tools

to support some coordination activities, br-rt also notecl how a single person in the project

team could lrave a key coordination role. This person could act as a ¡go-between for staff

who need to communicate, for example directing user enquiries to the developer best

able to provide information.
E-mail was noted as a principal means of conrmunicatiotr. The practice had l¡een

developed of copying emails to third parties who might need to be'kept in the loop',
that is, made aware of developments. lt is interesting that this development was seen

as invaluable - there are reports of other errvironments where email has become less

effective as a means of communication as staff become overwhelmed by the sheer

volume of emails.

12.6 Dispersed and virtual teams

\ Â /" have seen how projects require a team of people to carry them out, and the

V V members of th is team cou ld each be a spec ialist in a particular field. Thus, tlre heart

of many projects is callaborative problem solving,. The Second World War underlined

the importance of cooperation betweerr individuals and g,ror-rps to execute major global

operations, and encouraged research after the conflict into effective team working. At that

time, group workirrg meant, almost by defirrition, tlrat the team members

SeeTom DeMarco workecl in close physical proximity. However, in recent years the concept

and Tmothy Lister and practice of having dispersecl or 'virtual te¿1ms' have emerged.

11999l'PeopleVare: We have also see how project work, especially the development of
Productive Projecß large software products, needs coordination which in turn means that team

andTeans, members neecl to communicate, Being located in the same physical space
Znd edition, Dorset clearly assists this. However, offices cãn be noisy places and while softwareHouse' 

development needs communication it also needs periods of solitary
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cortcentrated effort. DeMarco and Lister clescribe the conditiorr of deep concentration
needed for effective creative worl< as 'flow', and sug¡¡est tlrat about 15 minr.rtes of
uninterrupted effort is needed to achieve this state. Every interruption destroys flow and
requires another 15 minutes for its recovery.

It was noted earlier that project maniìgers often h¿lve little control over who will
be allocated to their team. They are even less likely to have control over the physical
etlvironmetrt in wlrich the team will work. Many years ago, research at IBM suggested
that ideally each software developer shouk.l have:

r 100 square feet of declicated space;

r 30 scluare feet of work surface;

r noisc¡ protec;tiotr in the form of enclosed offices or partitions at least six feet high.

For various reasons it is ofterr difficult for software developers to be provided with
this kind of accommodation, yet DeMarco and Lister for,rrrd clear links between
reported noise levels irr the workplace and the rrumber of defects found in the
resr"r lting softw¿lre.

One answer is to send the software developers honre. One recent
The survey was (2004) survey found that 77"/u of businesses allowed at least some of

carried out bythe their staff to work at home. Most of those working at lrome reported that

. ...EtonoTi{ they were more productive. The development of cheap internet-based

'Lf1'9::::^u,"lt_tid communicarions, supportecl by broadband channels, has reduced thewas re00fïe0 0n tn;À.rri, **kìrs coordination problems that were the drawback of home worl<ing.

boosts productivity' Modern commutrication technologies also mean that organizations
in Computing,2S carr more easily form temporary teams to carry out specific projects from

November;2004, p.6. amongst their employees without having to relocate them. The rrature of
the work carried out in some projects means that the demanrJ for certain

specialist skills is intermittent. ldeally the project manager woulcl like to have access
to these skills for a short time but then be able to release them and thus avoid further
costs. An example of this might be the passing need for a graphic desigrrer to procJuce
aesthetically pleasing clesigns for a web application project. This desire for flexible labour
means that contract worl<ers are often used. 'Ihe internet allows these contractors to carry
out well-defirred tasks at their own premises without necessarily having to travel to their
clients'site.

It is then only il short step to use 'off-shore'staff who live and work in a different part of
the world. Hence we arrive at the dispersed or virtual team.

To recap the possible advantages of such an arrangement:

r A reduction in staff costs by usin¡4 labour from developin¡; countries where salaries are
lower.

¡ A rerluction in the overheads that arise from having your own employees on site,
includirr¡¡ costs of accommodation, social security payments, training.

r l'he flexible use of staff * they are not employecl when they are not needed.

r Procluctivity might be higher.

Ç
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. r Use of specialist staff for spec¡f¡c jobs, rather than more general project
Une estrmate was
that 24,000 lT and workers, m ight improve qual ity.

software r Advantage can be taken of people working in different time zones to
developmentjobs reduce task durations - for example, software developers can deliver

would be moved off- new versior-rs of code to testers in a different time zone who can test

;:iliiirirXil ', 
ancl deliver the results back at the start of the next worl<ing day.

2005, according to a Some of the challenges of dispersed worl<ing are:
British Computer

Societyworking r The requirements for worl< that is distributed to contractors have to be

party report, carefully specified.
otfn!!i1| - a r The procedures ro be followed will neecl to be formally expressed,
challenge or

opportunityfortT where previously practices might have been picked up through

professionals, observation and imitation of co-worl<ers on site.

(British Computer r Coordination of dispersed worl<ers can lre difficult.
Society2004)' r payment methods may need to be modified to mal<e them fixed price or

piece-rate.

r There may be a lacl< of trust of co-workers who are remote and never seen.

r Assessment of the quality of delivered proclucts will need to be thorough.

I Different time zones can cause commullication ancl coordination problems.

12.7 Commun¡cation genres

C o far we have focused on some of the reasons why men and women engagecl on a

).orro,', prolect would neecl to communicate, not only within *ork grorps but with
colleagues in other parts of the organization, or in some cases in partner organizations.
We have also mentioned various methods of communication but have not examined

commr-rnications media in a structured way.

Some work has been done to study the characteristics of various methods of
conrnrr¡nication. One approach has been to try to identify contmunication genres. These

refer to something more than just the technical means of communicating. 
'T'hey 

are types of
communication that people are in the habit of making and where there are some 'ground
rr-¡les'about when and how such communications should be carried out. For some types

of communication, such as official meetings, these rules might be quite fornral. Within the

general heading of 'management meetings'there could be a range of types of meeting

each with their own conventiorrs. These could be seen as genres in their own right.

Within the general heading of the emaìl communication genre, advanced email-based
applications can be cleveloped where the content of the email is structured by preset

proformas designed to fulfil a standard process, such as requesting a change to a software

specification. These applications can tre seen as communication genres in their owrr riglrt.

A major influence on the nature of communication Élenres is the constraints of time and

place. Modes of communication can be categorized as combinations of two o¡rposites:

same time/different time and sarne place/different place - see Table 12.1 .
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The nature of the information to be conveyed also needs to be considered.

r What is the extent and complexity of the information to be conveyed? A telephone
conversation may be a very quick way of conveying simple messages - but has

disadvantages as a medium for large amounts of information.

r fs it easy to understand? For example, is the context well known to both the sender
and the recipient? lf it is likely that the recipient will need clarification of aspects of
the information, then a mode of communication that is two-way would be best.

r Where the communication is personally sensitive, then face-to-face contact is the most
effective form of communication, even if it can be uncomfortable or inconvenient for
those concerned,

At different stages of a project it is likely that different communication genres will be
preferred.

Different times

Same t¡me

Different placeSame place

E-mail

Voicemail

Documents

Noticeboards

Pigeon-holes

ïelephone

lnstant messaging

Meetings

lnterviews etc.

TAEI-E 12.1 Timc/placc constrairìts on sotìre conrnlunication ¡lethods

What would be the best mode of communication for the following?

(a) A developer needs clarification of what is meant by a particular term used in a

specification.

(b) The users of a system have found what appears to be a fault in a software application
that they use.

(c) A fïnance director needs to ensure that a software application is changed to conform
with new legal requirements.

(d) A software developer can only complete her software component if another
developer finishes his component first, but he has not. The first developer is under a
lot of pressure from the client to complete the work.

FXERCISE 12.3
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Early stages of a proiect

. At the start of the project, team members will need to build up their trust
Charles Handv

('rËifi"iläh, and confider.¡ce in their co-workers. For this same time/same place

ì,ì-r;årgãrüri;r; commr¡rrication, actually meeting, is probably best. lt is argued thatthis is

Harvard especially tlre case with dispersed projects: as Charles Handy has written:

BusinessBeview, 'paradoxically, the more virtual an organization becontes, the more its
May/June45-50. people ¡teed to meet in person'.

However, not everyone might agree with this. Julian Baggini, describing
Julian Baggini(2005) his experience of writing a textbook on philosophy with someone he had

'Touched byyour never met, argues: 'lt is simply not necessary to know the whole person in

^ 
absence' rhe order to have a g,ood relationship with them. . . . lf you ¿4et to know anrl

Guardianí January' distike the way that someone behaves outsicle the off ice, th¿tt can make

you uncomfortable with them in it.'
-lhe early stages of a project are when at least some of the team will be involvecl in

making decisions about the overall clesign of the product to be delivererJ and the method

by which it is to be created. ln the preliminary stages at least, same time/same place

meetings are the most effective means of progressing.

lntermediate design stages of the pro¡ect

Once the overall architecture of the product has been established, detailed design

on different components could well be carried out in parallel in different locations.

However, some points will need to be clarified and for this, same time/different place

communication could well be best, such as the use of teleconferencing.

lmplementation stages of the pro¡ect

Once the design is clarified and everyone knows his or her role, worl< can progress.

Where there is a neecl to exchange information at this point, different time/different place

communication media such as e-mail are likely to be sufficient.

M. L. Mazneski and Even at this stage some recommerrd regular face-to-face meetings of

i. rr¡. ótrOrãã izîóõl at least some staff as th¡s supplies a rhythm to the project which helps
.Bridging space over coordination of the project and rnaintains motivation. Martha Maznevsl<i

time globalvirtual and Katherine Chudoba observed the workings of a dispersed project
team dynamicsand and have noted 'inferaction between coordination meetings was mainly

effectivness' in response to the previous meeting or in anticipation of the next one. The

!r.oaniz{!01, coorclination meeting served as a heartbeat, rhythmically pumping new life
science'l1 l5l' into the team's processes . . .' .

12,8 Gommunicat¡on plans

ommunication is important in all projects but a vital matter in the case of dispersed

projects. Because of this, consideration of the way that project stal<eholders willC
Ç
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communicate ought to be a part of the project planning process. Some have gone as far
as to suggest that a specífic planning document ought to address communication issues
affecting the project, not just for dispersed projects but for any project with a substantial
number of important stakeholders.

The fírst step in producing such a plan is to list the main stakeholders, with special
attention to those who are partic¡pating in the development and implementation of the
project - it may be recalled that the identification of stakeholders and their concerns was
stressed in Chapter 1 as being fundamental to project success. Once the overall project
plan has been created using a process such as thatdescribed in Chapter 3, each of the
main activities and milestones is examined to see which channels and methods would be
best for effective communication with these stakeholders. We have already carried out
such a process in our discussíon of the communication needs of the dífferent phases
of a dispersed project. Consultation wíth the representatives of the various groups of
stakeholders would be an essential part of this process.

The results of this process could be documented in a table with the following column
headings.

t What This contains the name of a particular communication event, for
example 'kick-off meeting', or a communication channel, for example
'project intranet site'.

t Who/target The target audience for the communication. ,Target

audience'may not convey quite the right idea as this implies that
there are passive recipients of information from a central authority. ln fact the
communication event or channel could be a means of eliciting information from the
'audience'.

t Purpose What the communicatíon is to achieve,

t When/frequency lf the communication by means of a single event/ then a specific date
can be supplied. lf the event is a recurring one, such as a progress meeting, then the
frequency should be indicated.

s Type/method fhe nature of the communication, for example a meetíng or a distributed
document.

t Responsibility The person who initiates the communication.

\ /\ /hen Amanda and Brigette first took on project management responsibilities, one of
V V their private anxieties might well have been that staff would not take them seriously

Leadership is generally taken to mean the abílity to influence others in a
group to act ín a particular way to achieve group goals. A leader is not
necessarily a good manager or vice versa/ as managers have other roles
such as organizing, planning and controlling.

Authorities on this subject have found it difficult to agree a list of the
common characteristics of good leaders. lt would, however, seem safe to
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say that tl'rey seem to have a greater need for power ancl achievenlent and have more self-

control ¿rnd more self-confiderrce than others.

Leaclership is based on the idea of ar-rtlrority or power, altlrough leaders clo not

necessarily lrave much formal authority. Power may come either from the person's

position (position power), from the person's individual qualities (personal power) or

may be a mixture of the two. Position power h¿ls beerr furtlrer analysed into:

coerc¡ve power, the ability to force someone to do something by

threaten i ng, pr-rn ishment;

Connection power, which is basecl on having access to those who have

power;

leg,itimatepoweL which is based on a person's title conferring a special

These ideas are

associated with
the work of

J. R. P. French and

B. H. Raven.

StAtUS;

t rewarclpower, where the holcler can give rewarcls to tlrose who carry out tasl<s to his or

her satisfaction.

Personal power, on the other hand, can be further analysecl into:

t expertpower¡ which comes fronr being the person wlro is able to do a specialized tasl<;

t informatioz power, where the holder has exclusive access to infornration;

t referent power¿ wl-rich is basec{ on tlre personal ¿lttractiveness of the leader.

Leadership styles

Anranda and Brigette might be init¡ally concernecl about establishing their personal

autlrority. Balanceci against this is the need to involve the staff irr decision making in order

to make the best use of expertise and to gain commitment. Amanda and Brigette will need

to jr-rclge wherr they must be authoritative ar"rd insist orr things and when they must be more

flexible and tolerant. Amanda, for example, may clecide to be very denrocratic when

What kincls of power (as defined above) wortlcl the fbllowing people have?

[a) An internal auditor looking at the payroll system at Brightmouth College.

(b) A consultant who is callecl in to advise International Office Equiprnent about ways of

improving sollware developrnent ¡lroch-rctivity.

(c) 'l'he principal of Brightmouilt Cr-rÌlege who has tolcl stafÏ that they must accept a new

contract or face 1he sack.

(d) Brigette irr respect to the users of the coilege payroll system,

(e) Amalcla in respect of the people ilr the project team cleveloping the annttaÌ

rnaintelrance corrtract application.

TXERCISE 12.4
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formulating plans, but once the plans have been agreed, to insist on a very disciplined
execution of the plan. Brigette, on the other hand, may find at Brightmouth College that
she alone has the technical expertise to make some decisions, but, once she has briefed
staff, they expect to be left alone to get on with the job as they see fit.

Attempts have been made to measure leadership styles on two axes

directive vs. permissive and autocratic vs. democratic:

t directive autocrat: makes decisions alone, close supervision of
implementation;

t permissive autocrat: makes decisions alone, subordinates have latitude in
implementation;

t directive democrat: makes decisions part¡cipatively, close supervision of
implementation;

t permissive democrat: makes decisions participatively, subordinates have latitude in
implementation.

Another axis used to measure management styles has been on the
degree to which a manager is task-orienred, that is, the extent to which
the execution of the task at hand is paramount/ and the degree to which
the manager is concerned about the people around them (people

orientation).lt is perhaps not surprísing that subordinates appear to
perform best with managers who score highly in both respects.

Work environments vary with amount of control exerted over work.
Some jobs are routine and predictable (e.g. dealing with batched computer output).
Others are driven by outside factors (e.g. a help desk) or are situations where future
direction is uncertain (e.g. at the early stages of a feasibility study). With a high degree
of uncertainty subordinates will seek guidance from above and welcome a task-oriented
management style. As uncertainty is reduced, the task-oriented manager is likely to
relax, becoming more people-oriented, and this will have good results. People-oriented
managers are better where staff can control the work they do, without referring matters
to their line managers. lt is then argued that if control becomes even easier the people-
oriented manager will be tempted to get involved in more task-centred questions, with
undesirable results.

Research also shows that where team members are relatively inexperienced, a task-
oriented approach is most effective. As group members mature, consideration for their
personaf needs and aspirations becomes more valued. Where matur¡ty is very high, there
is no need for a strong emphasis on either of these approaches.
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12.10 Gonclusion

Some of the important points that have been made irr this chapter are:

r consideration should be given, when forminfl a lrew project team, to ¡;etting the

right rnix of people and to planrrirrg activities which will promote team building;

¡ group working is more effective with some types of activity than otlrers;

r the people who need to commrlnicate most with each other slrould be grouped

together orgarr izational ly;

r different styles of leadership are needed in different situations;

r care should be taken to identify the most effective way of comtnunicating with project

participants at key points in the project.

12.11 Further exerc¡ses

1 To what extent is the Belbin approach to balanced teams compatible with havin¡¡ chief
programmer teams?

2 lf you have been involved recently in a g,roup activity or project, try to categorize eaclr

participarrt according to the Belbin classification. Were there any duplications or Eaps

irr any of tlre roles? Did this seen'ì to have any irnpact otr ¡:rogress?

3 Three different merrtal obstacles to good decision makirrg were iclerrtified in the text:

faulty heuristics, escalation of commitment and information overload. What steps do
you thinl< can be taketr to rerJl¡ce the tlan¡¡er of each of these?

4 Exercise 12.5 asked you to identity the nrana¡¡emerrt style nrost appropriate for each of
three different situations. Co back arrd consicler how yor-r as a manager would respond

to each of these three sitr-¡ations in terms of practical thirrgs to do or avoid.

\ /[ /hat in your view woulcl be the most appropriate nanagenent style when dealing
V V with the fc¡llowing strborclinates'l

(a) At Brightmouth CJollege, a fbrmer nrember of the local authority who has dealt with
the college payroll f'or several years ancl wlto has been employecl by the college to set

r,rp and ûìaÌìage the new payroll sectiort.

(b) At IOE, a new trainee analyst/prograrnmer who has just joinecl Arnancla's gloup.

(c) At IOE, a very expeliencecì analyst/programurer in their 40s, who was recruited into
the software developrnent clepaltrnent some time ago fiorrl the accotuìts clepartment

and who has been cleating with system support for the olcl rrtaintenance accottnts

system that is now being revisecl.

EXERCISE 12.5
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Software
qual¡ty

When you have completed this chapter
you will be able to:

* explain the importance of software
quality to software users and
developers;

t¡ define the qualities of good
software;

s design methods of measuring the
required qualities of software;

* monitor the quality of the processes
in a software project;

S use external quality standards to
ensure the quality of software
acquired from an outside
supplier;

+ develop systems using procedures
that will increase their quality.

tþ 0wecrrvEs

\ 7\ /hile quality is generally agreed to be 'a good thing', in practice what is meant by
V V the 'quality'of a system can be vague. We need to define precisely what qualities

we require of a system. However, we need to go further - we need to judge objectively
whether a system meets our quality requirements and this needs measurement. This would
be of particular concern to someone like Brigette at Brightmouth College in the process of
selecting a package.

For someone - like Amanda at IOE - who is developing software, waiting until the
system exists before measuring it would be leaving things rather late. Amanda might want
to assess the likely quality of the final system while it was still under development, and
also to make sure that the development methods used would produce that quality. This
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leads to a different emphasis - rather than concentrating on the quality of the final system/

a potential customer for software might check that the suppliers were using the best

development methods.
This chapter examines these issues.

uality will be of concern at all stages of project planning and execution, but will be of
particular interest at the following points in the Step Wise framework (Figure 13.1)'

r Step 1: tclentify project scope and objectives Some objectives could relate to the

qualities of the application to be delivered.

0. Select project

2. ldentiû project
infrastructure

1. ldentify project
scope and objectives

3. Analyse project
characteristics

4. ldentify the products
and activities

5. Estimate effort
for each activity

6. ldentifl activity
risks

7. Allocate resources10. Lower-level
planning

Review

Lower-level
detail

8. Review/publicize plan9. Execute plan

For each
activity

FIGURE 13.1 The place of software quality in Step Wise

I
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r Step 2: Identify project infrastructure Within this step, activity 2.2 identifies installation
stanclards and procedures. Some of these will almost certainly be about quality.

r Step 3: Analyse project characteristics ln activity 3.2 ('Analyse other project
characteristics - incluciing quality based ones') the application to be implementecl is

examined to see if it has any special quality reclr-rirements. lf, for example, it ¡s safety
critical then a range of activities could be adcled, such as n-version clevelopment where
a trumber of teams develop versions of the same software which ¡rre then run in p;rrallel
with the outputs being cross-checl<ecJ for discrepancies.

r Step 4: ldentify the products and activities of the project lt ¡s at this point that the entry,
exit and process requirements are iclentifiecl lor each activity. This is described later in
this chapter.

r Step B:Reviewanclpublicizeplan Atthisstagetheoverall qualityaspectsof the
project plan are reviewed.

13.3 The importance of software qual¡ty

\ Â /" would expect quality to be a concern of all producers of goods ¿rnd services
V V However, the special characteristics of software create special demands.

t Increasing, criticality of software The final customer or user is r-ratr-rrally anxious
about the general quality of software, especially its reliability. This is irrcreasingly
so as organizations rely more on their computer systems and software is used in
more safety-critical applications, for example to control aircraft.

t The intangibility of software can make it difficult to l<now that a project task was
completed satisfactorily. Task outcomes can be made tangible by demanding that the
developer produce'deliverables'th¿rt can be examined for quality.

t Accuntulating errors during software development As conrputer system development
comprises steps where the output from orre step is the irrput to the next, the errors
irr the laterdeliverableswill be added to those in the earlier steps, leading to an
accumulating detrimental effect. ln general, the later in a project that an error is found
the more expensive it will be to fix. ln addition, because the number of errors in the
system is unknown, the debugging phases of a project are particularly difficult to
control.

For these reasons quality management is an essential part of effective overall project
management.

13.4 Delining software qual¡ty

ln Chapter'l we noted that a system has functional, quality and resource requirements.
I Functional requirements define whal the system is to do, the resource requirements
specify allowable costs and the quality requirements state how well this system is to
operâte.
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Some qualities of a software product reflect the external view of software held by

users, as in the case of usability. These external qualities have to be mapped Io internal

factors of which the tlevelctpers wor-¡ld be aware. lt could be argued, for example, that

well-structured cocle is likely to have fewer errors and thrrs improve reliability.

Defining quality is not enough. lf we are to judge wlrether a system meets our

requirements we need to be able to measure its qualities.

A goocl measure must relate the number of units to the maximum

The BS lS0/lEC possible, l-lre maximum number of faults in a program, for example, is

15939:2007 standard relatecl to the size of the progratr, so a measure ol faults per thousand
Systems and lines of code is more helpful than fotal faults itt a program.

,;;,Yri:n_ 
.tiyirrg 

to find measures for a particular quality helps to clarify and

measurement commurricate what that quality really is. What is being asked is, in effect,

prrrînrr'.ããit¡.¿ 'how clo we know when we have been successful?'

many of the The measures may be t!irect, where we carl measure the quality directly,

practices discussed or indirect, where the thing being measured is not the quality itself but an

ín this section. indicator that the quality is present. For exarnple, the number of enquiries

by users received by a help desk abor-rt how one operates a particular

software application might be an indirect measurernent of its usability.

Wherr project managers identify quality measurements they effectively set targets for

project team members, so care has to be tal<en that an improvenrent in the measurecl

quality is always meaningful. For example, the number of errors founcl in program

inspections coulcl be counted, on the grouncls that the more thorough the inspection

process, the more errors will be discovered. This count could, of course, be inrproved by

allowirrg more errors to go through to the inspection stage rather than eraclicating thenr

earlier -- which is not quite the point.
When there is concern about the need for a specific quality characteristic in a software

product then a quality specification with the following minimum cletails shoulcl be drafted:

t definition/description r definition of the quality characteristic;

t scale: the unit of measurement;

r fesf; tlre practical test of tlre extent to which the attribute qLrality exists;

t ntiníntally acceptable; the worst value which might be acceptable if other

characteristics compensated for it, and below whiclr the prodr-rct would have

to be rejecte'd out of hancl;

/\ t Brightnror.rth College, Brigette has to select the best off-the-shelf payroll package for

f\the college. How should she go about this in a methodical manner?

Orre elernent of the apirroach could be the identification of criteria against which
payroll packages are to be judged. What might these criteria be? FIow could you check the

extent to which packages match these criteria?

EXERCISI 13.1
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. targ,et range: the range of values within which it is planned the quality measurelnent
value should lie;

Å now: the value that applies currently.

There could be several measurenlents applicable to a quality characteristic. For example,
in the case of reliability, this might be measured in terms of:

t availability; the percentage of a particular time interval that a system is usable;

. mean time between failures: the total service time divided by the number of
failures;

t failure on demand: the probability that a system will not be available at the time
required or the probability that a transaction will fail;

t sLtpport activity: the number of fault reports that are generated and processed.

rtggest qr-rality specifications for a word processing package. Give particuiar attention
to the way that practical tests of these attributes coulcl be conductecl.S

EXIRCISE 13.2

.l-h" euhanced IOE rnaintenance iobs system has been installed, and is normally
I available to users from 8.00 a.m. until 6.00 p.m. from Monday to Friday. Over a four-

week period the system was unavailable fbr one whole day because of problerns with a

clisk drive and was not available on two other days until 10.00 in the rnorning because of
problems with overnight batch processing runs.

What were the availability ancl the mean time between failures of the service?

EXERCISE 13.3

Maintainability can be seen
from two different

perspectives. The user will
be concerned with the

elapsed timebetween a fault
being detected and it being

corrected, while the
software development

managers will be concerned
about the efforf involved.

Associated with reliabilify is maintainttbility, which is how
quicl<ly a fault, once detected, can be corrected. A key
component of this is chan¡4eability, whiclr is the ease with
which the software can be modified. However, before an
anrendmerrt can be made, the far-rlt has to be diagnosed.
Maintainability can therefore be seen as changeability plLrs a

rrew quality, analysability, which is the ease with which causes
of failure can be icjentified.
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t3.5 tso 9126

Currently, in the UK,

the main lS0 9126

standard is known
as BS lSO/lEC

9126-l:2001. Thís is

supplemented by

some'technical
reports'(TRs),

published in 2003,

which are
provisional

standards. At the
time of writing, a

new standard in this
area, lS0 25000, is

being developed.

ver the years, various lists of software quality characteristics have

been put forward, such as those of James McCall and of Barry Boehm

A difficulty has been the lacl< of agreed definitions of the qualities of good

software. The term 'maintainability' has been used, for example, to refer

to the ease with which an error can be located and corrected in a piece

of software, and also in a wicler sense to include the ease of mal<ing any

changes. For some, 'robustness' has meant the software's tolerance of

incorrect input, while for otþers it has meant the ability to change program

code without introducing errors. The ISO 9l26 standard was first

introduced in 1991 to tacl<le the question of the definition of software

quality. The original '13-page document was designed as a foundation

upon which further, more detailed, stancJards could be built. The ISO 9126

stanclards documents are now very lengthy. Partly this is because people

with differing motivations nright be interested in software quality, namely:

t acquirers who are obtainirrg software from external suppliers;

t developers who are building a software product;

t indepenclent evaluators who are assessing the qurality of a software product, not

for thernselves but for a community of users - for example, those who might use a

particular type of software tool as part of their professional practice.

ISO 9126 has separate documents to cater for these three sets of needs. Despite the size

of this set of documentation, it relates only to the definition of software quaf ity attributes.

A separate standarcl, ISO 14598, describes the procedures that should be carried out

wherr assessing the de¡;ree to which a software product conforms to the selected ISO 9126

quality characteristics. This might seem unnecessary, but it is argued that ISO 14598 coul<J

be usecl to carry out alr assessment using a different set of quality characteristics from those

in ISO 91261Í circumstances required it.

the clifference between internal and external quality attributes has already been noted.

ISO 91 26 also introcluces another type of quality - quality in use - for which the following

elenrents have been iderltified:

t effectiveness; the ability to achieve user goals with accuracy and completeness;

t protluctivity: avoicJing the excessive use of resources, such as staff effort, in achieving

user goals;

t safety:withirr reasonable levels of risk of harm to people ancl other entities such as

blrsiness, software, property and the environment;

t satisfaction: smiling users.

'Users' in tlris context includes not just those who operate the system corrtaining the

software, br-¡t also those who maintain and enhance the software. The idea of qrrality

in use unclerl ines how the required qr-rality of the software is an attribute not just of the

software but also of the context of use. [-or instance, in the IOE scenario, suppose the

nraintenance job reporting procedure varies consiclerably, depending on the type of
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equipment being serviced, because different inputs are needed to calculate the cost to
lOE. Say that 95% of jobs currently involve maintaining photocopiers and 5% concern
maintenance of printers. lf the software is written for this application, then despite good
testing, some errors might still get into the operational system. As these are reported and
corrected, the software would become more 'mature' as faults become rarer. lf there were
a rapid switch so that more printer maintenance jobs were being processed, there could
be an increase in reported faults as coding bugs in previously less heavily used parts of the
software code for printer maintenance were flushed out by the larger number of printer
maintenance transactions. Thus, changes to software use involve changes to quality
requirements.

ISO 9126 identifies six major external software quality characteristics:

t functionality, which covers the functions that a software product provides to satisfy
user needs;

t reliability, which relates to the capability of the software to maintain its level of
performance;

t usability, which relates to the effort needed to use the software;

t efficiency, which relates to the physical resources used when the software is executed;

t maintainability, which relates to the effort needed to the make changes to the software;

t portabilir¡ which relates to the ability of the software to be transferred to a different
environment.

ISO 91 26 suggests sub-characteristics for each of the primary characteristics. They are

useful as they clarify what is meant by each of the main characteristics.

'Functionality compliance' refers to the degree to which the software adheres to
application-related standards or legal requirements. Typically these could be auditing
requirements. Since the original 1999 draft, a sub-characteristic called 'compliance' has

been added to all six ISO externalcharacteristics. ln each case, this refers to any specific
standards that might apply to the particular quality attribute.

'lnteroperability' is a good illustration of the efforts of ISO 9126 to clarify terminology.
'lnteroperability' refers to the ability of the software to interact with other systems.

The framers of ISO 9126 have chosen this word rather than 'compatibility' because the
latter causes confusion with the characteristic referred to by ISO 9126 as 'replaceability'
(see below).

Characteristic Sub-characteristics

Functionality Suitability

Accuracy

lnteropera bility

Functionality compliance

Security
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'Maturity' refers to the frequency of failure due to faults in a software product, the

implication being that the more the software has been used, the more faults will have been

uncovered and removed. lt is also interesting to note that'recoverability'has been clearly

distinguished from 'security'which describes the control of access to a system.

Note how 'learnability' is distinguished from 'operability'. A software tool could be

easy to learn but time-consuming to use because, say, it uses a larg,e number of nested

menus. This might be fine for a package used intermittently, but not where the system

is used for many hours each day. ln this case 'learnability' has been incorporated at the

expense of 'operabi I ity'.
'Attractiveness' is a recent add¡tion to the sub-characteristics of usability and is

especially important where users are not compelled to use a particular software

product, as in the case of games and other entertainment products.

Gha¡acteristic Sub-characteristics

Reliability Maturity

Fault tolerance

Recoverability

Reliabilìty compliance

Characteristic Sub-characterislics

Usabìlity Understanda bility

Learnability

0perability

Attractiveness

Usability compliance

Charôctêr¡st¡c SIb-charecter¡st¡cs

Efficiency ïme behaviour

Resource utilization

Efficiency compliance

Analysabilìty

Changeability

Stab¡lity

Testability

Mainta¡nabìlity compliance

Maintainability



'Analysability' is the ease with which the cause of a failure can be determined.
'Chan¡;eability'is the quality that others call 'flexibility': the latter name is a better one
as 'changeability'has a different connotation in plain English - it might imply that the
suppliers of the software are always changing it!

'Stability', on the other hand, does not refer to software never changing: it means that
there is a low risk of a modification to the software having unexpected effects.
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'Portability compliance'relates to those standards that have a bearing
on portability. The use of a standard pro¡yamming language common to
many software/hardware environments would be an example of this.
'Repl aceabi l ity' refers to the factors that ¡¡ive'u pwards com pati b i l ity'
between old software components and the new ones. 'Downwards'
compatibility is not implied by the definition.

'Coexistence' refers to the ability of the software to share resources with
other software components; unlike'interoperability', no direct data passing
is necessarily involved.

ISO 9126 provides guidelines for the use of the quality characteristics.
Variation in the importance of different quality characteristics depending
on the type of product is stressed. Once the requirements for the software
product have been established, the following steps are suggesterJ:

A new version.of a

word processing
package might read

the documents
produced by

previous versions
and thus be able to
replace them, but
previous versions

m¡ght not be able to
read all documents
created bythe new

version.

1 Judge the importance of each quality characteristic for the application Thus reliability
will be of particular concern with safety-critical systems while efficiency will be
important for some real-time systems.

2 Select the extemal quality measurements within the ISO 9126 framework relevant to
the qualities prioritized above Thus for reliability mean time between failures would
be an important measurement, while for efficiency, and more specifically 'time
behaviour', response time would be an obvious measurement.

3 Map measurements otlto ratings that reflect user satìsfact¡on For response time, for
example, the mappings might be as in Table 13.1 .

4 ldentify the relevant internal measLtrements and the intermediate products in which
they appear -lhis would only be important where software was being developed,
rather than existing software being evalr-rated. For new software, the lil<ely qlrality of
the final prodr-rct would neecl to be assessed during development. For example, where
the external quality in question was time behaviour, at the software design stage an

Gharacteristic Sub-characteristics

Portabil¡ty Adaprability

lnstallabil¡ty

Coexistence

Replaceability

Portab¡lity compliance
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estimated execut¡on time for a transaction could be produced by examining the

software code and calculating the time for each instruction in a typical execution

of the transaction. ln our v¡ew the mappings between internal and external quality

characteristics and measurements suggested in the ISO 9126 standard are the least

convincing elements in the approach. The part of the standard that provides guidance

at this point is a 'technical report'which is less authoritative than a full standard. lt

concedes that mapping external and internal measurements can be difficult and that

validation to check that there is a meaningful correlation between the two in a specific

environment needs to be done. This reflects a real problem in the practical world of

software development of examining code structure and from that attempting to predict

accurately external qualities such as reliability.

According to ISO 9126, measurements that m¡ght act as indicators of the final

quality of the software can be taken at different stages of the development life cycle.

For products at the early stages these indicators might be qualitative. They could, for

example, be based on checklists where compliance with predefined criteria is assessed

by expert judgement. As the product nears completion, objective, quantitative,

measurements would increasingly be taken.

Overall assessment of product quatity To what extent is it possible to combine ratings

for different quality characteristics into a single overall rating for the software?

A factor which discourages attempts at combining the assessments of different quality

characteristics is that they can, in practice, be measured in very different ways, which

mal<es comparison and combination difficult. Sometimes the presence of one quality

could be to the detriment of another. For example, the efficiency characteristics of time

behaviour and resource utilization could be enhanced by exploiting the particular

characteristics of the operating system and hardware environments w¡thin which the

software will perform. This, however, would probably be at the expense of portability.

It was noted above that quality assessment could be carried out for a number

of different reasol'ìs: to assist software development, acquisition or independent

assessment.

During the development of a software product, the assessment would be driven by

the need io focus the minds of the developers on key quality requirements' The aim

would be to iclentify possible weaknesses early on and there would be no need for

an overall quality rating.

5

<2

z-5

6-1 0

>10

Exceeds expectation

W¡thin the target range

Minimally acceptable

Unacceptable

Rar¡ngResponse time (secondsl

TABTE 13.1 Mapping nìeasurements to user satisfaction
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<2

2-3

q-5

6-7

B-9

>9

5

4

3

2

1

0

0uality scoreResponse time (seconds)

TABLE 'l3.2 Mapping response times 0nt0 user satisfact¡on

The problem
here is to map an

objective
measurement 0nt0

an indicator of
customer

satisfaction which
is subjective.

Where potential users are assessing a number of different software products in

order to choose the best one, the outcome will be along the lines that product A is
more satisfactory than product B or C. Here some idea of relative satisfaction exists

and there is a justification irr trying to model how this satisfactiorr might be formed.
One approach recognizes some mandatory quality rating levels which a product must
reach or be rejected, regardless of how good it is otherwise. Other characteristics might
be desirable but notessential. Forthese a user satisfaction rating could be allocated
in the range, say, 0*5. This could be based on having an objective measurement of
some fi¡nction and then relating different measurement values to different levels of
user satisfaction - see Table 1 3.2.

Along with the rating for satisfaction, a rating in the range 1-5, say, could be
assigned to reflect how important each quality characteristic was. The scores for each
quality could be given due weight by multiplying it by ¡ts importance weighting.
These weighted scores can then be summed to obtain an overall score for the product.
The scores for various products are then put in the order of preference. For example,
two products might be compared as to usability, efficiency and maintainability. The
importance of each of these qualities might be rated as 3, 4 and 2, respectively, out of a

possible maximum of 5. Quality tests might result in the situation shown in Table 13.3.

Product BProduct AProduct quality

12

24

3 31

2

3

I
I
2

l9

3

ou

6

17

Usability

Efficiency

Maintainability

0verall

Weighted
sco¡e {a x ¿}

0uality
score (cl

Weighted
score (a x ô)

0uality
score (úl

lmportance
rating (a)

TABTE 13,3 Weighted quality scores
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Finally, a quality assessment can be made on behalf of a user community as a

whole. For example, a professional body might assess software tools that support the

working practices of its members. Unlike the selection by an individual user/purchaser,

this is an attempt to produce an objective assessment of the software irrdependently of
a particular user environment. lt is clear that the result of such an exercise wor"rld vary

considerably depending on the weightings giverr to each software clraracteristic, and

different users could have clifferent requirements. Caurtion would be needed here.

13.6 Product versus process quality management

-l-he measurements described above relate to products. W¡th a product-based approach

I to planning and control, as advocatecl bythe PRINCE2 project management method,

this focr-¡s on products is convenient. However, we saw that it is often easier to measure

these product qualities in a completed computer application rather than during its

development. Trying to use the attributes of intermediate products created at earlier

stages to predict the quality of the final application is difficult. An alternative approach is

to scrutinize the quality of the processes used to develop software product.

The system development process comprises a number of activities
NotethatExtreme linked so that the output from orre activity is the input to the next

Programming advocates (Figure 13.2). Errors can enter the process at any stage. 
-lhey can be

suggestthatthe exfra caused either by defects in a process, as when software developers
effortneededto amend r - --: a.-r.^- i.^ .'^^ '^-,- ^r ¡.L^:- ^^h...^-^ ^- L., :^tr^.*^+i^^ ^^+
sofrware attarerstages 

t"!: 
T't*"kÎ: i llt: 

logic of their software' or by information not

can be exaggerated and passing clearly and accurately between development stages.

is, in any case,'ften Errors not removed at early stages become more expensive to

iustified as adding value correct at later stages. Each development step that passes before the

tothesoftware. error is found increases the amount of reworl< needed. An error in the

specification found in testing will mean rework at all the stages between

specification and testing. Each successive step of development is also more cJetailed and

less able to absorb change.
Errors should therefore be eradicated by careful examination of the deliverables of each

step before they are passed on. One way of doing this is by having the followinB process

requirements for each step.

t Entry reqttirements, whìch have to bre irr place before an activity can start. An example

would be that a comprehensive set of test data and expected results be prepared and

approved before program testing can commence.

t lmplementation requirements, which define how the process is to be

These requirements may concrr-rcted. rn the testing phase, for exampre, it courd be raid down

be laid out in installation that whenever an error is found and correcterl, all lest rLlns musl be

standards, or a Software repeated, even those that have previously been founcJ to run correctly.

Auafity Planmaybe t Exit requirements, which have to be fulfilled belore an activity is

drawn upforthe cjeemed to have been completed. For example, for the testing phase
specifícprojectif itis to be recognizecl as being completed, all tests will have to have been

a maior one' 
run successfully with no àutstanding errors.
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Test¡ng
report

Test
program

Program

Program
test data

Code
progfam

Program
design

Create test data
and expected

results

Design
program

Program
specification

Speciflt
program

FIGURE 13.2 An example of the sequence of processes and deliverables

Jn what cases might the entry conditions for one activity be different from the exit
Iconditions for another activity that immediately precedes it?

EXFRCISE 13.4

Wlil#tll H 
the entry and exit requirements for the process code program shown in

txERCts[ 13.s
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13.7 Ouality management systems

BS EN lS0 9001:2000

At lOE, a decision might be made to use an outside contractor to produce the annual

maintenance contracts subsystem. A natural concern would be the stanclard of the

contractor's deliverables. Quality controlwoulcl involve the rigorous testing of all

the software prodlrced by the contractor, insistirr¡4 on reworl< where defects are found.

lhis would be very time-consumirrg. An alternative approach would focus on quality

assLtrance.ln this case IOE would checl< that the contractors themselves were carrying out

effective quality control. A l<ey element of this would be ensuring that the contractor had

the right quality managemet'ìt system in place.

Various national ancl international standards bodies, including the British Statrdarc{s

lnstitution (BSl), have engaged in the creation of standards for quality management

systen'ìs. The British starrclard is now called BS EN ISO 9001 :2000, whiclr is identical to

the international standard, ISO 9001 :2000. Standards such as the ISO 9000 series try

to er1sure that a monitoring and control system to check quality is in place. Tlrey are

concernecl with the certificatiorr of the development process, not of the end-product

as in the case of crash helmets and electrical appliances with their familiar CE marl<s.

Standarcls in the ISO 9000 series relate to quality systems in general and not just those

i n software clevelopmerrt.
ISO 9000 clescribes the fundamental features of a quality management systenl (QMS)

ancl its terminology. ISO 9OO1 describes how a QMS can be applied to the creation of

products and the provision of services. ISO 9004 applies to process improvement.

There has been some controversy over the value of these standards. Stephen Halliday,

writirrg i¡ The Observer, had misgivings that these standards are taken by many customers

to imply that the final product is of a certified standard although, as Halliday says,'lt has

nothing to clo with the quality of the product g,oing out of the gate. You set down your

own specificattions ancl just have to maintain them, however low they may be.'Obtaining

certification can be expensive and time-consunring which can put smaller, but still

well-rr-rn, businesses at a disadvantage. Finally, there has been a concern that a

preoccupation with certification might distract attention from the real problems of

producing quality products. This would be another example of means*ends inversion,

discussed in Chapter 4.

Putting, aside these reservations, let us examine how the standard works. First, we

identify those things to be the srrbject of qr-rality requirements. We then put a system

in place which checl<s that the reqr-rirements are being fulfilled ancl corrective actiot.l

tal<en when necessary.

An overview of BS EN ¡S0 9001:2000 OMS requirements

The stand¿rrd is l¡uilt on a foundation of the following principles:

r understanding the requirements of custonrers so that they can be met,

or ever-ì exceeded;

Remember that
these standards are

designed for all
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r leadership to prov¡de the unity of purpose and direction needed to
ach ieve qual ity objectives;

r involvement of staff at all levels;

r a focus on the individual processes which create intermediate or
deliverable products and services;

r a focus on the systems of interrelated processes that create delivered products and
services;

r continuous improvement of processes;

r decision making based on factual evidence;

r building mutually beneficial relationships with suppliers.

These principles are applied through cycles which involve the following activities:

1 determining the needs and expectations of the customer;

2 establishinga quality policy, that is, a framework which allows the organization's
objectives in relation to quality to be defined;

3 design of the processes which will create the products (or deliver the services) which
will have the qualities implied in the organization's quality objectives;

4 allocation of the responsibilities for meeting these requirements for each element of
each process;

5 ensuring that resources are available to execute these processes properly;

6 design of methods for measuring the effectiveness and efficiency of each process in

contribut¡ng to the organization's quality objectives;

7 gathering of measurements;

B identification of any discrepancies between the actual measurements and the target
values;

9 analysis and elimination of the causes of discrepancies.

The procedures above should be designed and executed so that there is continual
improvement. They should, if carried out properly, lead to an effective QMS, More
detailed ISO 9001 requirements include:

t Documentation of objectives, procedures (in the form of a quality manual), plans,
and records relating to the actual operation of processes. The documentation must be
subject to a change control system that ensures that it is current. Essentially one needs

to be able to demonstrate to an outsider that the QMS exists and is actually adhered to.

t Management responsibility-the organization needs to show that the QMS and the
processes that produce goods and services conforming to the quality objectives are
actively and properly managed.

r Resources - an organization must ensure that adequate resources, including
appropriately trained staff and appropriate infrastructure, are applied to the processes.

t Production should be characterized by:
r planning;
o determination and review of customer requirements;
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o effective commun¡cations between the customer and supplier;
o design and clevelopmerrt beirrg subject to plannin¡;, control and review;

o requirements and other informatiorr used in design being adeqLrately and clearly

recorded;
o clesign outcomes being verifiecl, validated and documerrted in a way that provides

sufficient infornration for those who have to use the desi¡4ns;

o changes to the desigrls should be properly controllecl;
o adequate measures to specify ancl evaluate the quality of purclrased components;

c production of goor.ls ancl the provision of services should be under controllecl

conditions to ensu¡re adequate provision of informatiott, work instruction,

equipment, measurement devices, arrcl post-delivery activities;

o measurement - to demonstrate tlrat products contbrm to starrdards, arrd the QMS
is effective, and to improve the effectiveness of processes that create products or

services.

13.8 Process capability models

f) ather than just checkirr¡¡ that a system exists to cietect faults, we might

,.*:11 S qtü:, f\wish to check that a suþplier uses software developnrent methods ancl

";:üi:::ti'::r':: tools likely to procluce ¡¡ood quality software. A customer might feel more

Addison-Wesley, conficlent, for irrstarrce, if they knew that the software sr-rpplier was using

Newyork. structured methocls. lrr the United Staltes, ¡r trumber of influential capability
matLrrity models (CMM) have been developed at the Softw¿rre En¡lineerin¡;,

lnstitute (SEl), a part of Carneg,ie-Mellorr University, of which one, SW-CMM, relates

specifically to software clc+velopment. The SEI origirrally develo¡let1 CMM for the US

Departnrent of Deferrse to allow them to assess the capability of contractors from whom

l^lr" of the processes involvecl in developing sofìware is system testing and strbsequent

\Jmodifìcation to the application in the light of errors fcrtrnd. If a software cievelopment

organization were to attempt to confbrm to BS EN ISO 9001:2000, how might this affect

system testing?

EXERCISE 13.6

þ earing in mind the cliticisms of BS EN ISO 9001 that have been Iuentionecl, what

I-Dprecatrtionaly steps could a project rnanager take where some work for which quality

is impoltant is to be contracted out to an organization which has BS EN ISO 9001

accreditation?

EXERCIST 13.7
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they bought software. Recently a new version of CMM, CMM lntegration or CMMI, was
introduced to bring together models produced for different environments into a single
integrated framework. These models place organizations at one of five levels of process

maturity which indicate the sophistication and quality of their production practices.
These levels are defined as follows.

: Level 1: lnitial The procedures followed tend to be haphazard. Some projects may be
successful, but this tends to be because of the sl<ills of particular individuals, including
project managers. There is no level 0 and so any organization would be at this level by
default.

t Level 2: Managed Organizations at this level will have basic project management
procedures in place. However, the way individual tasks are carried out will depend
largely on the person doing it.

s Level 3: Defined The organization has defined the way that each task in the software
development life cycle should be done.

t Level 4: Quantitatively managed The products and processes involved in software
development are subject to measurement and control.

t Level 5: Optimizing lmprovement in procedures can be designed and implemented
using the data gathered from the measurement process.

For each of the levels, apart from the default level I , key process areas

Yff:t*j:'l'^l::* ('<oor) have been identified as distinguishing the current level from the
ar tne ìrEt weDstte,

*',[ñ.,i|jfi lower ones. These are listed in Table 13.4.

organization and interviewing key staff about their practices, using a standard
questionnaire to capture the information. A key objective is not just to assess, but to
recommend specific actions to bring the organization up to a higher level.

Not applicable

Requirements management, project planning and monitoring and control,
supplier agreement management measurement and analysis, process

and product quality assurance, configuration management

Requirements developmen¡ technical solution, product ¡ntegration,

verification, validation, organizational process focus and definition,
trainìng, integrated prolect management risk management, integrated
team¡ng. integrated supplier management, decision analysis and
resolution, organizational environment for integration

0rganizationa I process performance, quantitat¡ve project management

0rganizational innovation and deployment causal analysis and resolution

3. Defined

Key process areasLevel

4. Ouantitatively managed

5. 0ptimizing

1. lnitial

2. Managed

TABLE 13.4 CMMI key process areas
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lS0 15504 Process assessment

ISO/IEC 15504 is a standard for process assessment that shares many

concepts with CMMI. The two standards should be compatible. Like

CMMI the standard is designed to provide guidance on the assessment of
software development processes. To do this there must be some benchmark

or process reference modelwhich represents the ideal development life

cycle against which the actual processes can be compared. Various process

reference models could be used but the default is the one described in ISO 12207, which
has been briefly discussed in Chapter 1 and which describes the main processes - such as

requirements analysis and architectural design - in the classic software development life

cycle.
Processes are assessed on the basis of nine process attributes - see Table 

.l 
3.5.

When assessors are judging the degree to which a process attribute is being fulfilled
they allocate one of the following scores:

The process is not implemented or is
unsuccessful

The process produces its defined
outcomes

The process is properly planned and

monitored

Work products are properly defined and

reviewed to ensure they meet requirements

The processes to be carried out are

carefully defined

The processes defined above are properly

executed by properly trained staff

0uantitatively measurable targets are set

for each sub-process and data collected to
monitor performance

0n the basis of the data collected by 4.1

corrective action is taken ifthere is

unacceptable variat¡on from the targets

As a result ofthe data collected by 4.1,

opportunities for improving processes

are identified

The opportunities for process improvement

are properly evaluated and where

appropr¡ate are effectively implemented

5. 0ptimizing

Attribute[evel Gomments

0. lncomplete

5.2 Process
optimization

5.1 Process
innovation

4.2 Process
control

4. Predictable
pr0cess

,l.1 
Process
performance

2.1 Performance
management

2.2 Work product

management

3.1 Process
definition

3.2 Process
deployment

4.1 Process
measurement

3. Established
pr0cess

1. Performed
pr0cess

2. Managed
pr0cess

TABTE 13.5 lS0 15504 trantewotk lor llr0ccss capability



[evel lnterpretation

N - not achieved

P - partially achieved

L - largely achieved

F - fully achieved

0to l5% achievement

l5% to 50% achievement

50% to 85% ach¡evement

85% achievement
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ln order to assess the process attribute of a process as being at a certain level of
achievement, indicators have to be found that provide evidence for the assessment. For

example, say the requirement analysis processes of an organization were being assessed.

Assessors might wish to test whether the organization is at Level 3, which relates to there
being an established process. The assessor mightfind a section in a procedures manual
relating to the conduct of requirements. This could be evidence of the process being
defined(3.1 inTablel3.5).Theymightalsocomeacrosscontrol documentswhichhave
been signed off as each step of the requirements analysis process has been completed.
This would indicate that the defined process is actually deployed (3.2).

lmplementing process improvement

The CMMI standard has now grown to over 500 pages. Without gett¡ng bogged down in
detail, this section explores how the general approach might usefully be employed. To do
this we will take a scenario from industry.

UVW is a company that builds machine tool equipment containing sophisticated
control software. This equipment also produces log files of fault and other performance
data in electronic format. UVW produces software that can read these log files and
produce analysis reports and execute queries.

Both the control and analysis software is produced and maintained by the Software
Engineering department. Within this department there are separate teams who deal
with the software for different types of equipment. Lisa is a Software Team Leader in the
Software Engineering department with a team of six systems designers reporting to her.

Her group is responsible for new control systems and the maintenance of existing
systems for a particular product line. The dividing line between new development and
maintenance is sometimes blurred as a new control system often mal<es use of existing
software components which are modified to create the new software.

A separate Systems Testing Croup test software for new control systems/ but not fault
correction and adaptive maintenance of released systems.

A project for a new control system is corrtrolled by a Project Engineer with overall
responsibility for managing both the hardware and software sides of the project. The
Project Engineer is not primarily a software specialist and would make heavy demands on
the Software Team Leader, such as Lisa, in an advisory capacity. Lisa may, as a Software
Team Leader, work for a number of different Project Engineers in respect of different
projects, but in the UVW organizational chart she is shown as reporting to the Head of
Software Engineering.
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A new control system starts w¡th the Project Engineer writing a software requirement

document which is reviewed by a Software Team Leader, who will then agree to the

document, usually after some amendment. A copy of the requirements document will pass

to the Systems Testing Croup so that they can create system test cases and a systems test

environment.
Lisa, if she were the designated Software Team Leader, would then write an

Architecture Design document mapping the requirements to actual software components.

These would be allocated to Work Packages carried out by individual members of Lisa's

teanl.
UVW teams get the software quickly written and uploaded onto the newly developed

hardware platform for initial debugging. The hardware and software engineers will then

invariably have to alter the requirement and consequently the software as they find

inconsistencies, faults and missing functions. The Systems Testing Croup should be

notified of these changes, but this can be patchy. Once the system seems to be satisfactory

to the developers, it is released to the Systems Testing Croup for final testing before

shipping lo customers.
Lisa's work problems mainly relate to late deliveries of software by her group because:

(i) the Head of Software Engineering and the Project Leaders may not liaise properly,

leading to the over-commitment of resources to both new systems and maintenance
jobs at the same time;

(ii) the initial testirrg of the prototype often leads to major new requirements being

identified;

(iii) there is no proper control over change requests - the volume of these can

somet¡mes increase the demand for software development well beyond that

originally planned;

(iv) completion of system testing can be delayed because of the number of bug fixes.

We can see that there is plenty of scope for improvements. One problem is knowing

where to start. However, approaches like that of CMMI can help us identify the order

in which steps in improvement have to take place. Some steps need to build on the

completion of others. An immediate step would be to introduce more formal planning

and control. This would at least enable us to assess the size of the problems even if we

are not yet able to solve them all. Given a software requirement, formal plans enable

staff workloads to be distributed more carefully. The monitoring of plans would also

allow managers to identify emerging problems with particular projects. Effective change

control procedures would make managers more aware of how changes in the system's

functionality can force project deadlines to be breached. These process developments
would help an organization move from Level 1 to Level 2. Figure 13.3 illustrates how a

project control system could be envisaged at the level of maturity.
The next step would be to define carefully the processes involved in each stage of

the development lifecycle - see Figure '13.4. The steps of defining procedures for each

development task and ensuring that they are actually carried out help to bring an

org,anization up to Level 3.
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resources progress reports

plans

requirements deliverables

accepted requests change requests

FIGURE 13.3 The proiect as a 'closed box'

Hardware defìnition
Hardware

modificat¡ons test error

Released
software

System testing

Wr¡te architecture
,deslgn

Work packages

Software
modules

Agreed software
requirement

Create test cases
Review software

requirements

Software
requirement

Suggested
changes

Agreed
modifications

Error
reports

Change
requests

Test cases

Modifications

Define software
requirements

def¡nition

FIGURE 13.4 A process diagram
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When more formalized processes exist, the behaviour of component processes can be

monitored. We can see/ for example, the numbers of charrge reports generated and system

defects detected at the system testing, phase. Apart from information about the proclucts

passin¡¡ between processes, we can also collect elfort information about each process

itself. This enables effective remedial action to be taken speedily when problems ;ìre

found. The development processes are now properly managed, bringirrg the organization

up to Level 4.
Finally, at Level 5 of process management, the information collected is used to improve

the process model itself. lt might, for example, become apparent that the changes to

software requirements are a major source of defects. Steps could therefore be taken to

improve this process. For example, the hardware component of the system could be

simulated using software tools. This coL¡ld help the hardware engineers to produce more

realistic designs and reduce chan¡;es. lt might even be possible to build control software

ancl test it against a simulated hardware system. 
-fhis could enable earlier and cheaper

resolution of techrrical problems.

13.9 Techniques to help enhance software quality

Three main themes emerge irr this discussion of software quality:

t lncreasing visibility A landmarl< in the movenrent towarcls a focus

on software quality was Cerald Weinberg's advocacy of 'egoless

programming'. Weinberg encoura¡;ed the simple practice of
programmers looking at each other's code.

t Procedural structttre At first, programmers were left to get on with
writing programs as best they could. Over the years there has been

the growth of methodologies where every process in the software

development cycle has carefully laicl dowrr steps.

t Checking intermediate sfages lt is tempting to push forward quicl<ly

with the development of any eng,ineered object until a 'worl<ing'model,

however imperfect, has been produced whiclr can then be 'debugged'.
The move towards quality practices has emphasized checking the

correctness of work at its earlier, conceptual, stages.

However, recerrtly focus has shifted fronr relying solely on clrecl<ing the

products of internrediate st¿tges and towarcJs buildirrg an application as a

Gerald Weinberg
(1998) Ilte
Psychology
of Computer

Programming Siluer

Anniversary Edition.
Dorset House.

The creatíon of an

early working model

of a system may

still be useful, as

the creatíon of
prototypes shows.

tTthe diagram in Figure 13.4 does not show the flows of information needed to indicate
I ho* managers could ensure that the correct amount of stafÏ time is allocated to

clevelopment activities. Amencl the diagram to show these flows.

EXERCISE 13.8
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number of smaller, relatively independent components developed quicl<ly and tested at an

early stage. This can reduce some of the problems, noted earlier, of attempting to predict
the external quality of the software from early design documents. lt does not preclude
carelul checking of the design of components.

We are now going to look at some specific techniques. I he push towards more
visibility has been dominated by the increasing use ol walk-throughs, inspections
and reviews. The movement towards a more procedural structure inevitably leads to
discussion of structured programming techniques and to its later manifestation in the
ideas of 'clean-room' software development.

The interest in the dramatic improvements made by the Japanese in product quality
has led to much discussion of the quality techniques they have adopted, such as the use

oÍ quality circles, and these will be looked at briefly. Some of these ideas are variatiorrs
on the theme of inspection and clean-room development.

lnspections

lnspections can be applied to documents produced at any development stage. For

instance, test cases need to be reviewed * their production is usually not a high-profile
tasl< even though errors can get through to operational running because of their poor
quality.

When a piece of work is completed, copies are distributed to co-workers who examine
the work, noting defects. A meeting then discusses the work and a list of defects requiring
reworl< is produced. l-he work to be examined could be, typically, a program listing that is

free of compilation errors.
Our own experience of using this technique has been that:

The main problem is
maintaining the r it is a very effective way of removing superficial errors;
commitment of

partic¡pantsto a . it motivates developers to produce better structured and

thoroughexaminationof self-explarratorysoftware;
ti:ittirHiiiij,ff r it helps spread good prosranrming practices as tl.re participants

varue of reviews has discuss specific pieces of cocle;

worn off a líttle. r it can enhance team spirit.

-lhe item will usually be reviewed by colleagues who work in the

This is sometimes called same area, so that software developers, for example, will have their
'peer review', where worl< reviewed by fellow developers. To reduce the problems of
'peers'are people comnrunication between different stages, there mary be representatives
who are equals' from the stages preceding ancl following the one which ¡rroclucecl the

work under review.
IBM made the review process more structLrred and formal, producing statistics to show

its effectiveness. A Fagan inspection (named after the IBM employee who pioneered the
technique) is led, not by the author of the worl<, but by a specially trained 'moderator'.
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The general principles behind the Fagan method

see M. E. Fagan's (1g76) r lnspections are carried out on all major cleliverables'

article'Design and code r All types of defect are notecl - not just logic or function errors.

inspectionsto reduce r lrrspections can be carried out by colleagues at all levels except the
errors in program

deveropment'IBM very top'

Systems Journal1b(31. r lnspections are carried out usin¡;, a predefined set of steps.

r lnspection meetings do not last for nrore than two hours.

r -lhe inspection is led by a moderator who has had specific training, in the technique.

r 1-he other participants have defined roles. For example, one person will act as a

recorder and note all defects found, and a¡rother will act as reader and tal<e the other
participants throu¡¡h the document under inspection.

r Checklìsts are usecl to assist tlre faL¡lt-finclin¡¡ process.

¡ Material is inspected at an optimill rate of about 100 lines an hour'

r Statistics are maintained so that the effectiveness of the inspectior'ì process can be

monitored.

Structu red prog ramm¡ n g and clea n-room software development

ln the late 1960s, softw¿rre was seen to be getting more complex while
h. W. Uilkstra rn lgti8
;;;ïir*;;;;" the capacity of the human minc.l to hold cletail remained limited. lt was

¡,.,;;J.;;rtirg also realized that it was impossible to test any substantial piece of software

journalwhich was completely given the lruge rrumber of possible input combinations. Testing,

entitled'GoTo at best, coulcl prove tlre presence of errors, not their absence. Thus Dijkstra
Statement and others sug,gestecl that the only way to reassL¡re ourselves about the

Considered Harmful'. correctness of software was by examining the code.

liìJil:i:Liil rhe way to rleal with complex systems, it was contended, was to break

t;ääi.ffiffi them down into components of a size the human mincl could comprehend.

;;;S;;;ü;.; For a lar¡¡e system there would be a hierarchy of components and sub-

simplyaboutnot components. For this decornposition to work properly, each component

using G0T[s. would have to be self-contained, with only one entry and exit point.

The ideas of structured programmin¡; have Lreen further cleveloped into

the ideas of clean-room software development by people such as the late Harlan Mills of
IBM.

With this type of clevelopnrent there are three separate teams:

¡-ìompare arrcl contrast the peer review process described above with pair programming

L-¡which is aclvocated as part of extleme programming (XP).

EXERCISE 13.9
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Usage profiles t a specification team, which obtains the user requirements and also a

reflectthe need to usage profile estimating the volume of use for each feature in the system;

assess quaÍfyrn t a development teamt which develops the code but which does no
use as discussed machine testing of the program code produced;

earlierin relationto "r' ¡¡hich carries out testing.
lS0 9126' They will ' d certtrtcattoìt teamt \

be further discussed Any system is produced in irrcrements - recall Section 4.10 - each
in the Section 13.10 of which should be capable of actual operation by tþe end-user. The
ontesting below development team cloes no debug¡;irrg; instead, all software has to be

verified by them using nrathematical techniques. The argument is that
software which is constructed by throwing up a crude program, which then has test data
thrown at it ancl a series of hit-and-miss amendments made to it until it works, is bourrd to
be unreliable.

l'he certification team carry out the testing, which is continuecl until a statistical model
shows that the failure intensity has been reduced to an acceptable level.

Formal methods

Clean-room developmer-rt, mentioned above, uses mathematical verification techniques
These iechniques use unambriguous, mathematically based, specification languages
of which Z and VDM are examples. They are used to define preconditions and
postconditions for each procedure. Preconditions define the allowable states, before
processing, of the data items upon which a procedure is to work. l-he postconditions
define the state of those data items after processing. The mathematical notation should
ensure that such a specification is precise and unambiguous. lt should also be possible
to prove mathenratically (in nruch the same way that at school you learnt to prove
Pythagoras'theorem) that a particular al¡;orithm will work on the data defined by the
preconditions in such a way as to produce the postconditiorrs. Despite the claims of the
effectiveness of the use of a formal notation to define software specificatiorrs for many
years now it is rarely used in mainstreanr softw¿lre developnrent. This is despite it beirr¡3
quite wídely bein¡; taught in universities. A newer development that may nreet with
rnore success is the development of Object Constraint Language (OCL). lt adds precise,
unambiguous, detail to the UML moclels, for example about the ranges of values that
would be valid for a named attribute. lt uses an unambiguous, but non-mathematical,
notation which clevelopers who familiar with Java-like programming languages should
grasp relatively easily.

Software quality circles

Much interest has been shown in Japanese software quality practices. The aim of the
'Japanese'approach is to examine and modify the activities in the development process
in orcler to reduce the number of errors tlrat they have in their end-products. Testing and
Fagan inspections can assist the removal of errors - but the same types of error could
occur repeateclly in successive products created by a faculty process. By uncovering the
source of errors, this repetition can be eliminated.
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Staff are involved in the identification of sources of errors through the formation of
quality circles. These can be set up in all departments of an organization, including
those producing software where they are l<nown as software quality circles (SWQC)'

A quality circle is a group of four to ten volunteers working in the same area who meet

for, say, an hour a week to ídentify, analyse and solve their work-related problems. One

of their number is the group leader and there could be an outsider, a facilitator, who can

advise on procedural matters. ln order to make the quality circle work effectively, training

needs to be given.
Together the quality group select a pressing problem that affects their work. They

identify what they think are the causes of the problem and decide on a course of action to

remove these causes. Often, because of resource or possible organizational constraints,

they will have to present their ideas to management to obtain approval before

implementing the process improvement.

Associated with quality circles is the compilation of most probable error /rsts. For

example, at lOE, Amanda might find that the annual maintenance contracts project is

being delayed because of errors in the requirements specifications. The project team

could be assembled and spend some time producing a list of the most common types

of error that occur in requirements specifications. This is then used to identify measures

which can reduce the occurrence of each type of error. They might suggest, for instance,

that test cases be produced at the same time as the requirements specification and that

these test cases should be dry run at an inspection. The result is a checklist for use when

conducting inspections of requirement specifications.

Lessons learnt reports

Another way by which an organization can improve its performance is by reflecting

on the performance of a project at its immediate end when the experience is still fresh.

This reflection may identify lessons to be applied to future projects. Project managers

are required to write a Lessons Learnt report at the end of the project. This should be

distinguished from a Post Implementation Review (PlR). A PIR takes place after a significant

period of operation of the new system, and focuses on the effectiveness of the new system,

rather than the original project process. The PIR is often produced by someone who was

not involved in the original project, in order to ensure neutrality. An outcome of the PIR

will often be changes to enhance the effectiveness of the installed system.

The Lessons Learnt report, on the other hand, is written by the project manager as

soon as possible after the completion of the project. This urgency is because the project

team is often dispersed to new work soon after the finish of the project. One problem that

is frequently voiced is that there is often very little follow-up on the recommendations of

such reports, as there is often no body within the organization with the responsibility and

authority to do so.

What are the important differences between a quality circle and a review group?

EXFRCIST 13.10
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-l-h" final judgement of the quality of a software application is whether it actually
I works correctly when executed. This section looks at aspects of the planning and

management of testing. A major headache with testing is estimating how much testing
remains at any point. This estimate of the work still to be done depends on an unknown,
the number of bugs left in the code. We will briefly discuss how we can deal with this
problem.

ln Chapter 4, the V-process modelwas introduced as an extension to the waterfall
process model. Fígure 13.5 gives a diagrammatic representation of this model. This
stresses the necessity for validation activities that match the activities creating the
products of the project.

Corrections

Corrections

Corrections

Corrections

Code

Program
testing

Program
design

System
testing

System
design

User
acceptance

User
requirements

ReviewFeasibility
study

FIGURE 13.5 The V-process model

The V-process model can be seen as expanding the activity box 'testing' in the
waterfall model. Each step has a matching validation process which can, where defects
are found, cause a loop back to the corresponding development stage and a reworking of
the following steps. ldeally this feedíng back should occur only where a discrepancy has

been found between what was specified by a particular activity and what was actually
implemented in the next lower activity on the descent of the V loop. For example, the
system designer might have written that a calculat¡on be carried out in a certaín way.
A developer building code to meet this design might have misunderstood what was
required. At system testing stage, the original designer would be responsible for checking
that the software is doing what was specified and this would discover the coder's
misreading of that document.

Using the V-process model as a framework, planning decisions can be made at the
outset as to the types and amounts of testing to be done. An obvious example of this
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would be that if the software were acquired 'off-the-shelf', the program design and

code stages wor-rld not be relevant and so program testing would trot be needed. User

requirements would still be produced so user acceptance tests woulcl still be valid.

Black box ancl g/ass box testing can be distinguished. Acceptar-rce testing is an example

of blacl< box testing where the testers would not know about the internal software

structure. lhey would simply input typical business transactions and see if the software

responds in a way compatible with the user requirements. With glass box testing the

tester is aware of the internal structure and would as ;ì consequence be able to create test

cases that checl< particular paths through the code. -the initial program testirrg could be

like this. Another distinction is between verification and validation. Verification focuses

on the'truth'or correctness of the application, that is, the extent to which it follows

its specification. Validation focuses nrore on 'value'- does it do the job for which it
was intended? Prograrn testing may find a perfect match between the code ancl its

specification. Even so, acceptance testing might find that a 'correct'progranr is useless

because of an incorrect interpretation of the requirements by the designer who drafted

the specification.
Another question to be settled at tlre plarrrring stage is who carries out testing.

Many org,anizatiorrs have separate system testing groups providing an incleperrdent

assessment of the correctness of software Llefore its release. ln other organizations, staff

are allocated to a pr-rrely testing role but worl< alongside the cJevelopers rather than in a

separate group. While an independent testing groLrp can provide a final quality check,

it has been argued that developers may tal<e less care in their work if they l<now of the

existence of this safety net.
Having identifieclthe types of testing to be done and who is to do it, the next

stage is to draft a test p/an. Part of this will clescribe how the testing ertvironmentwill
be set up. This would be of particular concern where the new software is to control

some equipment. ln these cases a hardware configuration would need to be set up.

Ie-st c¿lses would need to be draftecl, based on documentatiorr of the furrctionality

produced during tlre development cycle. The document used as the lr¿lsis for testing

would deperrd on the type of testing being done. For system testing it could be the

system specification.
lrr aclclition to a description of the functionality a usage profile might

John D. Musa and also be t¿lken into account. Research has established that errors in the most
A.FrankAckerman heavily used comporreltts tencl to be the first to cause failures. John Musa,
(1989)'0uantifyíng when he workecl at AT&T Bell L¿rboratories, showed how this could be

software validation:-: :,-,:--,:-,-;,-, exploited to reduce operational failure rates by assessing the amount of use
wnen 10 stop teslrng

IEEE Software e;rch part of the software application was likely to have. The more heavily

May lg-27. used components cor¡lcl then be subjected to more rigorous testing.

For each transaction a set of sample inputs and the outpr"rts that would

be expected are drafted. lf an error survives through to operational running it meatrs that

the software developers have made a mistal<e in some part of the code. lt also means that

the testers have failed to devise a test case that would have detectecl that error. l-hus test

cases are themselves a valuable asset that should be reviewed with the same level ol
scrutir-ry applied to the softw¿lre code. The valLre of this asset can be further enhanced

by e'ncoclir-rg the test inputs into a script to be executed by an automatic testirrg tool that
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simulates a user entering data at a workst¿rtion. l-he simulator can also checl< the actual
outputs a¡¡ainst those recorcled as expected.

When the test cases are rlrn, the tester may raise issues, that is, reports of discrepancies
between the expected and what was found. A means of formally recording these issues

ancl their subsequent history is needed. A review body adjudicates on the issues. The
outcome of this scrutiny wor-¡ld be one of the following:

r l-he issue is dismissed on the grounds that there has been a misunderstandirrg of a
requiremerrt by the tester.

¡ I'he issue is identified as a fault which the developers need to correct - where
clevelopment is being clone by contractors then they would be expected to cover
the cost of the correction.

¡ lt is recognized that the software is i:ehaving as specified, but the requirenrent
originally agreed is in fact incorrect - remedying this means addíng a new
requirement and a contractor could expect to receive payment for the additional
work.

r -the issue is identifíed as a fault but is treatecl as an off-specification - it is decideci that
the application can be made operational with the error still in place.

When corrections are made, tests will need to bre repeated. This is where the additional
effort in creating automated test scripts can pay off. A danger is that a chan¡;e introduced
to correct an error could actually introduce errors in processes that were previously
running correctly. When code changes are made, all tests previously carriecl out should
be rerun. I his is l<nown as regression |esting,.

Earl ier; we notecl the problem of estimating the number of errors left in ¿rn application
r,rnder test. At the start of testing, there is one relatively straightforward way of estimating
the number of errors in code. Simply put, bigger programs are lil<ely to have more errors.
lf yor-r have collected errordata from past projects, you can arrive atthe historic numberof
errors per 1000 lines of code. This can then be used to arrive at a reasonable estimate of
tlre number of the errors likely to be found in a new system development of a known size.

This estimate could be confirmed during the actual testing. One suggestion is that
known errors can be seeded in the software. -fhis 

seecJing cor-¡ld be done by havin¡; one or
more people doing a desl<-check of code, but then leaving any errors found in the code.
Say 10 such errors are found. Then suppose that after the first set of tests 30 errors were
founcJ of which six were krrown errors, that is 60% of the seeded errors. This suggests that
around 4O'/" ol the errors have still be to detected, that is 20 errors (of which four are
alreacly known). The method of calculating an estinrate of tlre errors ir.r the software is

(total errors fcsund)/(seeder! errors founcl) x (lotal numl:er of seeded errors)

You may be thinl<ing that deliberately putting (or leaving) known
errors in software is a bit sneaky. lt might be rnore accerptable to use a
slightly different approaclr origirrally suggested by tom Cilb. Two different
reviewers, or groups of reviewers, are asl<ecl to inspect or test the same
code. They mr-¡st be completely indeperrdent of one arrother. 

'fhree counts
are collectecl:
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r n1, the number of valid errors found by A

t n2, the number of valid errors found by B

t nl2, the number of cases where the same error is found by both A and B'

The smaller the proportion of errors found by both A and B compared to those found by

only one reviewer, the larger the total number of errors likely to be in the software. An

estimate of the total number of errors (n) can be calculated by the formula:

n-(n1 xn2)/n12

For example, A finds 30 errors and B finds 20 errors of which 15 are common to both A

and B. The estimated total number of errors would be:

(30x20)/15=40

Q ome organizations produce quality plans for each project. These show how the

Jstandard quality procedures and standards laid down in an organization's quality

manualwill actually be applied to the project. lf an approach to planning such as Step

Wise has been followed, quality-related activities and requirements will have been

identífied by the main planning process with no need for a separate quality plan.

However, where software is being produced for an external client, the client's quality

assurance staff might require that a quality plan be produced to ensure the quality of the

delivered products. A quality plan can be seen as a checklist that all quality issues have

been dealt w¡th by the planning process. Thus, most of the content will be references to

other documents.
A quality plan might have entries for:

r purpose - scope of plan;

r list of references to other documents;

r management arrangements, including organization, tasks and

responsibilities;

r documentat¡on to be Produced;

r standards, practices and conventions;

r reviews and audits;

r testing;

r problem reporting and corrective action;

r tools, techniques and methodologies;

r code, media and supplier control;

r records collection, maintenance and retention;

r training;

r risk management - the methods of risk management that are to be used
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lmportant points to remember about software quality include the following.

r Quality by itself is a vague concept and practical quality requirements have to be
carefully defined.

r There have to be practical ways of testing for the relative presence or absence of
quality.

r Most of the qualities that are apparent to the users of software can only be tested for
when the system is completed.

r Therefore ways are needed of checking during development what the quality of the
final system is likely to be.

I Some quality-enhancing techniques concentrate on testing the products of the
development process, while others try to evaluate the quality of the development
processes used.

1 An organization is contemplating the purchase of a project planning software tool,
such as MS Project, and has decided to draw up quality specifications for the package.

The features that they are particularly concerned with are:

r setting up details of new projects;
r allocating resources to project tasks, taking account of the need for resource

smoothing;
r updating the project details with information about actual tasks completed;
r the effective presentation of plans.

Draw up quality specifications in respect of the qualities of:

r usability
r reliability
r recoverability.

2 The following is an excerpt from a report generated from a help-desk logging
system.

Module 0ate faulf repolted Fault conected Effort (hourc)

4A247

AAA47

44247

A4247

1.4.2004

r0.4.2004

12.4^2004

6.5.2004

2.4.2004

5.5.2004

5.5.2004

7.5.2004

5

4

3

2
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Assess the maintainability of module AA247 from the point of view of:

r the user managemenÇ
r the developer management.

3 Discuss how meaningful the following measurements are.

(a) The number of error messages produced on the first compilation of a program.

(b) The average effort to implement changes requested by users to a system.

(c) The percentage of lines in program listings that are comments.
(d) The number of pages in a requirements document.

4 How might you measure the effectiveness of a user manual for a software package?

Consider both the measurements that might be applicable and the procedures by

which the measurements might be taken.

5 What might the entry, implementation and exit requirements be for the process design

program structure?

6 ldentify a task that you do as part of your everyday work. For that task identify entry,

process and exit requirements.

7 What BS EN ISO 9001 requirements have a bearing on the need for an effective

configuration management system ?



Appendix A:
PRINCEZ - an overview

4.1 lntroduction to PRINCE2

The 
'GC 

is the I arge organizatiorrs can have a number of software and other projects
' 'äñ;"'' Lbeing executed at the same time. Some of these might use external
goìernrent suppliers of products and services, ln such an environment it would

Commerce,whích be helpful if the procedures by which each project were rurì were
has replacedthe standardized rather than having to be continually reinvented. However,
CCTA, $e Central each project will mal<e different demands on management: some, for

Computer and example, might be more technically challenging, might affect particularly
Telecommunications critical areas of the business or might involvà larger numbers of differentAgency' 

types of users. Because the adoptián of a *unng"t"nt method is not cost-
free, the degree of control that will be cost-effective will vary from project

PRINCE stands for .","':iffi#ir'"' to project. Hence any standard approach should incorporate mechanisms

C;;i;;il to tailor management procedures and structures to suit localized needs.

Environments,. ln the UK, the government has sponsored, through the OCC, a set of such
procedures, called PRINCE, which has, after several years, been revised
as PRINCE2.

The precursor to PRINCE was a project management method called PROMPT, which
suffered from the defect that it was not flexible enough to deal adequately with all types of
project. This was followed by the first version of PRINCE, which was designed primarily
for an ICT development environment so that, for example, it was made to have a good
fit with SSADM. lt soon became apparent, however, that the method was applicable to
projects outside the strictly ICT domain and PRINCE2 makes no specific references to ICT
development.

It is now possible to take examinations in PRINCE2 and to be thus recognized as a

PRINCE2 practitioner.

4.2 The components of PRINCE2

Th" method does not claim to cover all aspects of project management. lt has the
I following components:

r organization;

r planning;

r controls;

¡ stages;

r management of risk;

325
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r quality;

r configuration management;

r change control.

The following list provides a convenient structure that we will use to expfain PRINCE2

r techniques;

r organization;

r documentation;

r procedures.

This appendix will not explore the supplementary techniques where the PRINCE2

manual lays down some basic requirements. We do not describe these areas in detail

since there is sufficient material elsewhere in this book. They include:

r risk managemen!

r quality managemenU

r configuration management;

r change control.

Below, we will outline the general approach to planning that PRINCE2 advocates.

It will be noted that PRINCE2, compared, for example, to SSADM, is rather light in its

description of techniques. lt is stronger in its rules for the project management structures

that should be adopted. ln our view, its main focus is on the project as an information

system. Project management information is identified and the procedures by which the

various elements of this ínformation are created, processed and used are described at

some length. This project information is mainly associateclwith the delivery of products,

in a controlled envirotrment, resulting in benefits to the business.

4.3 PRINGE planning technique

l-igure 4.1 shows the stages in the planning process that are suggested

l[-Ìt^tLY::: l- r"v pnrNcE2. The first oi rhese - Desisn a plan- is essentially deciding
appfoacn was

.*1,ïååj"äir*rS. what kind of information is to go into the plan, particularly at what level-l;i¡".,f,ü; - of detail the plan is to be drawn. l-he remaining steps are very similar to the

discussed in Step Wise approach to planning that was outlined in Chapter 3, except that

ChapterT. in the Step Wise approach the risk analysis was carried out immed¡ately

after the estimation of effort for each activity. This was because in our view

risk identification follows on naturally from estimation: you work out how long you think

it will take to do an activity and then you consider what factors could work to make

that estimate incorrect. Also, the identification of risks can lead to new activities being

introduced to avoid the risl<s occurring and thís is conveniently done before the

schedule is put together by allocating resources. However, the Step Wise approach is

not necessarily at odds with PRINCE2 as PRINCE2 does emphasize the iterative nature

of risk analysis.
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PL7 Complete plan

P[6 Analyse risk

PL5 Schedule

PL4 Estimate effort for
each activity

PL3 ldentify activities and
their dependencies

PL2 Define and analyse
products

PLl Design a plan

FIGUREA.l PRINCE2 approach to planning

Like Step Wise, PRINCE2 is very product-based. ln the second planning phase, PL2 in
Figure 4.1, all the business products, plus the management and quality documents needed
to control their delivery, are identified.

This sequence of steps can be used in several places in the PRINCE2 procedural
framework to produce a variety of different types of plan.

4.4 PRINGE2 project organization

DRINCE2 identifies roles rather than jobs. Depending on the circumstances, a role could,
I in fact, be carried out by more than one person, or a single person could assume more
than one role.

PRINCE2 is based on the perception that the project will involve users of the products
of the project, on the one hand, and supplíers of goods and services needed by the project
on the other. While the users and suppliers could in fact belong to the same organization,
for management and control purposes the two sides need to be carefully distinguished.
Furthermore, on the customer side, two management roles exist. Any development
project is carried out/ not for its own sake, but to do something useful for the customer
organization. The Fxecutive role has the responsibility of ensuring that the project
continues to meet these business requirements. A danger, for example, is that development
costs might grow in such a way that they exceed any benefits of the completed project.
The customer side will also, of course, contain the community who will actually use the
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completed system on a day-to-day basis. Although we have talked about the supplier and

customer sides, it could also be argued that the suppliers who will provide the system and

the users who will operate it need to cooperate to ensure that the operational system

provides the benefits sought after by their customer, the 'Executive'.
PRINCE2 specífies that the three roles ol Executive, Supplier and

IJser are represented on a Proiect Board which has overall accountability
for the success of the project and responsibility for the commítment of
resources.

The senior staff carrying out the respective roles will be responsible

officers within their respective organizations and the oversight of the

project will probably be only one of many responsibilities. Hence, the

task of managing the project on a day-to-day basis will be delegated by

the Project Board to a Project Manager. On a large project it could be

necessary for the Project Manager to delegate the managing of certain

aspects of the project to specialisf Team Managers.

Conscientious and motivated staff will inevitably focus on meeting user

requirements and give a lower priority to dealing with what they might see as project

management'red tape'. lt could even be that the Project Manager with the daily burden

of pushing the project forward might not be immune to this. However, this 'red tape'

is needed to ensure that the project remains under control and that it continues to

meet its business justification. Thus, some assurance is needed, índependent of project

management, that project management procedures are being properly folfowed. The

ultimate responsibility for this assurance resides with the Project Board, but in practice

detailed project assurance could be carried out by staff, independent of the team

executing the project, who report to the Project Board members. Different types of
project assurance specialists might be employed to ensure the business justification of
the project is maintained, that the users' needs are being met and that the necessary

technical requirements are being adhered to by the suppliers.

Project süpport

The Project Manager can require dayto-day support with the

administration of the project. This might involve such tasks as processing

time sheets or updating a computer-based project management tool such

as Microsoft Project. lt could be convenient for one group within an

organization to supply this support to a number of projects. A key member

of the project support team will be the Configuration Librarian, who will
keep track of the latest versions of the products and documents generated

by the project.

4.5 Proiect Stages

t is sensible to divide large projects into more manageable segments. PRINCE2 caters

for this through the idea oî Stages. These are subsets of the project activities and are
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managed as a sequence of individual units. Normally, the Project Manager will, at any
one time, be authorized by the Project Board to execute only the current Stage. The
Project Manager will be able to start the next Stage only when the Project Board has met
to give its approval for the plans for that Stage. The end of a Stage signals a decision point
when the Project Board will review the progress to date and reassure itself that the project
is still viable from a business point of view - in particular, that the expected benefits are
still likely to justify the projected costs.

The typical system development life cycle contains a number of phases, where each
phase makes use of different specialist techniques. These technical phases might be the
typical steps outlined in Chapter 1 : requirements analysis and specification, logical design,
physical design, build, testing and installation. lt is convenient in many cases for the
management Stages specified by PRINCE2 to be mapped onto these technical phases, but
the PRINCE2 standards are at pains to stress that it is not always convenient to do this -
for instance the project might be more manageable if more than one technical phase were
combined to create a Stage.

As will be explained in more detail in Section A.B on 'Starting a project', at the
beginning of a project a Project PIan will be created which will give the envisaged
Stages. Only the first of these Stages will need to have a detailed Stage PIan immediately
available. For the later stages, it is better to complete the detailed Stage Plan just a little
while before the Stage is due to start. ln that way, the Stage Plan can take account of a
more complete picture of the project: at the beginning of the project, for example, it would
be impossible to plan the system building stage in detail when the system requirement has

not yet been clearly defined.
Once the Stage has been authorized and its execution has been embarked upon, the

Project Board should not need to meet as long as any deviations from planned time and
cost are only minor and are within laid-down project tolerances. lt should be sufficient for
members of the Project Board to receive regular reports from the Project Manager. lf these
tolerances are likely to be exceeded, then the Project Manager has a responsibility to
produce an Exception Report for the Project Board. lf the problems are serious enough
to undermine the Stage Plan, then the Project Manager might be required to produce a

modified Stage Plan, or more properly an Exception Plan, which the Project Board will
need to approve formally. ln extreme circumstances the Project Board might at this point
decide to terminate the project prematurely.

4.6 Proiect procedures

Jable 4.1 lists the main project management processes for which PRINCE2 lays down
I procedures to deal with the various events that the Project Management Team might

encounter.
The levels of staff who are involved with each of the groups of project management

processes ín Table 4.1 are indicated in Figure 4.2. The general planning process PL

is not shown as this can take place at various times and places for different reasons.

For example, it could take place during the 'lnitiating a project'(lP) process to create
the Project Plan, or during 'Managing stage boundaries'(SB) when a Stage Plan for the
next Stage is constructed or when an Exception Plan needs to be produced.
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FIGURE 4.2 Pro¡ect management roles (see Table A.l for key)

4.7 Directing a proiect
-l-hu main points where the Project Board have to be active are covered by the DP

I processes - Directing a proiect. These points are:

r authorizing initiation - agreeing to the start of detailed planning of a project;

¡ authorizing a project - agreeing, after the planning has been completed, that the

project can go ahead;
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r authorizing a Stage or Exception Plan;

r giving ad hoc direction;

r closing a project.

4.8 Starting up a proiect

I s we noted in Chapter 2, the decision to undertake a project does not
l-\spring out of thin air. Where a customer organízation has a coherent
strategy, it is likely that there will be a layer ol programme management
where the 'programme' is a group of projects that are coordinated to
meet an integrated set of business requirements. The current project could
therefore be triggered by the programme managers. ln any case, PRINCE2

envisages that the project cycle will be sparked by some kind of Project
Mandate, which will identify the customer and the general subject of the
project. The PRINCE2 Start Up process is essentially concerned with getting
into a position where detailed planning of the proposed project can begin.
As a starting point, this will need the recruitment of people to the various

roles in the Project Management Team. The Project Mandate, which could be a rather
insubstantiaf or imprecise document, might need to be refined and expanded into a
Project Brief, which defines the objectives of the project. Based on this, the general

technical approach to be adopted to meet these objectives needs to be decided upon and
documented in the Project Approach. The kinds of issue raised in Chapter 4 will need to
be considered at this poínt. This could involve decisions about whether an off-the-shelf
package can be bought or whether a bespoke package is required, and, if so, whether its
development is to be carried out 'in-house'or by external contractors. All these activities
lead to the formulation of a general plan of how the detailed planning is to be carried out.

4.9 lnitiating the pro¡ect

I I aving completed the Start Up Process, the Project Board can now decide that
I I there are sufficient grounds to go on to more detailed planning. This begins with
the consideration of a Project Quality P/an. Despite what some books suggest, quality
levels do have cost implications. Different projects will have different qualíty requirements

- faults in a college timetabling system are annoying but do not have the same

consequences as the failure of a system controlling the flight of a passenger aeroplane.
These quality requirements will have an effect on the activities that will have to be
scheduled and the resources that will have to be found. This Project Quality Plan, plus
the information in the Project Brief and Project Approach documents, now allow a

Project PIan to be drafted. This will contain:

r the major products to be created;

r the main activities to be undertaken;

r project risks and their counter-measures;

r effort requirements;
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r timescales;

r key decision points.

We now have a much clearer idea of the overall cost of the pro.iect than we did at

the time of the original Project Mandate. The business case can now be reviewed to see

whether the proposed project is still viable. The reliability of the business case will depend

on the validity of the assumptions upon which it is based. The possibility that particular

assumptions are incorrect is assessed and documented in a Rrsk Log.The final parts of
project initiation are specifying how the project is to be controlled in terms of reporting

and decision-making responsibilities and the setting up of project files.

The culmination of lnitiating a Project is the putting together of a Project lnitiation
Document, which brings together the documentation generated by the Start Up and

lnitiation processes. lf the Project Board can approve this document then the first proper

Stage ofthe project can start.

4.10 Gontrolling a Stage

nce a Stage has been initiated, the Project Manager should be able to get on with
the direction of the Stage without having to organize regular formal meetings with

the Project Board.
Table 4.2 shows the actions that the Project Manager might have to carry out while

the Stage is being executed and for which the originators of PRINCE2 have laid down
procedural guidel ines.

The Project Manager will have to authorize Work Packages (CSl), tasks that have to be

carried out to create the products that shoufd be the desired outcome of the project, such

as software modules. On a substant¡al project, these authorizations will be passed not

directly to the people who will do the work but to Team Managers.

Once the work has been authorized, the Project Manager will then need to find out
how that work is progressing (CS2). This involves the kinds of task touched on in Chapter 9

cst

cs2

cs3

G54

cs5

cs0

cs7

cs8

G59

Authorize Work Packaqe

Assess progress

Capture Proiect lssues

Examine Project lssues

Review Stage status

Report highlights

Take corrective action

Escalate project issue

Receive completed Work Package

Controlling Stages (CSl processesPBINCE ID

TABTE 4.2 PRINCE2 procosscs whcrt controllino a Stagtl
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on project control. For instance, progress information will have to be gathered to see if
tasks are likely to be completed on time; feedback on recent quality-checking activities
will also be needed to ensure that apparent progress is not being made by releasing
products before they are really ready. Eventually, for each Work Package the Project
Manager will be informed that the work can be signed-off as completed (CS9). This
progress data will be used to add actual completion dates to the details of planned
activities that have been recorded in the Stage Plan.

A major part of a Project Manager's job during the execution of a Stage is bound to be
'fire-fighting'- dealing with the unexpected problems that are certain to occur. PRINCE2
lays down a procedure (CS3 Capturing Project /ssues) to ensure that these'issues'are
properly recorded. The 'issues'could be changes to requirements, changes to the
environment such as new legal obligations, and other problems that might or might not
have been foreseen by the risk analysis for the project. All these issues should be logged.
Another PRINCE2 procedure (CS4) is designed to ensure that all these issues are dealt
with in an effective way. Outcomes can include a Requesf for Change to modify the
user requirement or an Off-Specification, which records known and accepted errors
and omissions in the product to be delivered.

The process of assessing progress (CS2) requires the Project Manager to look at the
individual strands of work going on in his or her area of responsibility. PRINCE2 envisages
a separate but related activity where having gathered this progress information and also
any outstanding Project lssues, the Project Manager checks the health of the Stage as a
whole (CS5). ln particular, the Project Manager will want to be reassured that the project
as a whole is still progressing within íts tolerances, the boundaries within which the
Project Manager is allowed to manoeuvre without having to obtain clearance from the
Project Board. One outcome of CS5 could be the carrying out of corrective action (CS7)

that might include authorizing new Work Packages to deal w¡th specific problems. Where
work is progressing so that Project lssues are being kept under control and the Stage is

withín tolerances, then it will be enough to communicate progress to the Project Board by
means of Highlight reports (CS6). ln some cases the Project Manager might feel unable to
progress with a matter without guidance from higher management and will request advice.
Where activities have taken longer than planned or have taken up more resources than
were budgeted so that the Project Manager is in danger of having to act outside the
tolerances laid down in the Stage Plan, the Project Manager might have to 'escalate'a
particular issue (CSB) by drafting an Exception Reportto be considered by the Project
Board. This should not only explain why the Stage has gone adrift from its original plan,
but also detail possible options for recovering the situation and make a specific
recommendation to the Project Board,

A.lî Managing product delivery
-f-h" processes described in 'Controlling a Stage'all assume that the work needed to
I complete a Stage is under the direct control of the Project Manager. Of course, it could

be the case that, as described in Chapter 10 on contract management, some of the work is
to be carried out by third party suppliers, that is, by an external organization that is not the
primary supplier in direct contact with the customer, but a sub-contractor who carries out
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work on behalf of the supplier. These sub-contractors might not be using PRINCE2. Hence

the situation could need careful handling and PRINCE2 provides some guidelines to help

this - see Table 4.3.
Once the Project Manager has authorized a Worl< Package (CS1), as described in the

'Controlling a Stage'section, the person who is to be responsible for the execution of the

Work Package needs to check the requirements of the Work Pacl<age to ensure that there is

common understanding on what exactly is to be delivered, the constraints that m¡ght apply

to the work and the requirements of any interfaces with other work (MP1). The Team

Manager who is accepting the work must be confident that the targets can be realistically

achieved. This could involve working out a Team P/an detailing how the work is to be

done.
Once the work has been accepted, work can start on executing the Work Package

(MP2). As this could be done by a sub-contractor who does not use PRINCE2, PRINCE2

lays down the general requirement that the responsible Team Manager should have the

information ready to hand to report back to the Project Manager on progress as laid down

in the authorized Work Package document. Finally, the need to define and agree the

process by which completed Work Packages are handed over to the Project Manager is

identified (MP3).

4.12 Manag¡ng Stage boundaries

. A kev PRINCE2 principle is to avoid too detailed planning at too early a

"ilitttJrt'åtlrïi#, 
l\rtng". At the beginning of the project, for instatrce, the overall Project- 

;;tìil;.tril 
- 

Plan is produced, but the more detailed Stage Plan is only produced for the

processesshown first Stage. Towards the end of a Stage, the detailed plan for the next Stage

ín Table 4.4, can be mapped out as a clearer idea of the project requirements emerges

(SB1). The creation of the Stage Plan for the next Stage could show up

inadequacies in the overall Project Plan, which might need to be updated. For example,

the design Stage of a project might reveal that the functionality of the system is greater

than was foreseen when the first Project Plan was produced. More time might therefore

be needed at the build Stage and this needs to be reflected in the Project Plan (S82).

More time needed at build Stage will almost certa¡nly mean that the date by which

the project will be finally completed will be put back. This will lead to increasing

development costs ancl the deferment of any income from the implemented system. At this

point we need a process that checks that the project is still viable, that is, that the benefits

of the delivered system will still outweigh the costs (SB3).

Managing product delivery (MP) proeessesPRINCE ID

MPl

MP2

MP3

Accept Work Package

Execute Work Package

Deliver Work Packaqe

TABTE A.3 PRINCE2 processes when managing product delivery
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SBl

SB2

SB3

SB4

SB5

SB6

Planning a Stage

Updating the Project Plan

Updating the project business case

Updating the Risk Log

Reporting a Stage End

Producing an Exception Report

Managing Stage boundariesPRINCE ID

TABLEA.4 PRINCE2 processes when managing Stage boundaries

The situation with regard to risl<s might also have changed and this too needs to be
reviewed (SB4). For example, as the project moves from design to build, some risks will
disappear - if users were heavily involved in a design phase based around prototyping,
a risk such as the non-availability of users for prototype evaluation will no longer be
applicable and can be strucl< out. Other risks might, however, have materialized - a new
version of the software building tool to be used could have been imposed by the
organization and there is the possibility that developers might have technical difficulties
adapting to the new product.

When all these things have been done, the new Stage will still need to wait for the
successful completion of the last Stage. When this happens, the Project Manager can
report the completion of the Stage (SB5) and the approval of the Project Board for the
new Stage Plan can be requested.

4.13 Glosing the proiect

PRINCE2 divides the closing of a project into three separate processes:

r decommissioning a project (CPl);

r identifying follow-on actions (CP2);

r evaluating the project (CP3).

'nefollow-on 
action n, 

o".orrissioning is mainly ensuring that all tlre loose ends are tied up.

will betoplanforthe ,.,1 Project lssues should either have been resolved or have been recorclecl

postproiåctReview as requiring Follow-on Actions. All the planned project products should

which evaluatesthe have been accepted by the client and the requested operational and

effectiveness of the maintenance arrangements should be irr place. Project files will have to be
installed system stored away into an archive and all parties involved should be notified that
aftera setperiod the project is now closed. PRINCE2 does not specify that team members

of operation' and key users should have a celebratory drink, but now might be the time
to consider this. Decommissioning might have been caused by an ad hoc

direction (DP4) to terminate a project prematurely as it is no longer required and in this
case a wake could be more appropriate.
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ln organizations where development resources are scarce, there might appear to be

little time available to reflect on practice and to dwell on past mistakes. However, if this

is not done, time wif I be wasted in dealing with recurrent problems. PRINCE2 recognizes

this by specifying that at this point a Project End Reportshould be produced, documenting

the extent to which the project has met the objectives set out ín the Project lnitiation
Document, and also a Lessons Learnt Report, which should make suggestions about

how problems could be avoided in future projects.
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Ghapter I
1.1 Examples of projects

The order you put these projects in is, of course, to a large degree subjective. Here is one
example of a possible ordering.

1 Putting a robot vehicle on Mars to search for signs of life Almost everybody puts this
one first. The huge scale of the task, the relative novelty of the project, all the different
specialisms involved and the international nature of the project make it special. Note
that the successful achievement of the project from the engineering point of view is
the safe landing of the robot, not the discovery of signs of life.

2 Writing an operating system This is a prime example of a software development
project.

3 Amending a financialsystem to deal with a common European currency This project
is modifying an existing system rather than creating a new one from scratch. Many
software projects have this characterístic and it does not make them any less a software
project.

4 lnstalling a new version of a word processing package in an organization Although no
software is being produced or modified, many of the stages that are associated with
software projects will be involved and the techniques of software project managenrent
would be appropriate.

5 Investigation into the reasons why a user has a problem with a computer system This
will have many of the stages common to software projects, although the precise nature
of the end result is uncertain at the outset. lt could be that the user needs some simple
remedial training. On the other hand, it could turn out to be quite a considerable
software modification task.

6 Getting married There should be lots of arguments about this one! Some will be
reluctant to give a high rat¡ng to this because of its personal nature. The degree to
which this is 'project-like'will depend very much upon the cultural milieu in which it
takes place. Very often it requires a high degree of planning, involves lots of different
people and, for most people, is a non-routine operation.

7 A research project into what makes a good human-computer interface Compared to
some of the projects above, the objectives of the research project are more open-ended
and the idea of a specific client for the end-product may be less well defined. Research
projects are in some ways special cases and the approach to their planning needs a
rather different approach, which is outside the scope of this book.

337
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B Producing an edit¡on of a newspaper ln some ways this has all the characteristics

of a project. There are lots of different people with lots of different specialisms

whose work needs to be coordinated in order to produce an end-product under

very t¡ght time constraints. What argues against this as a typical project is that it is

repeated. After a while, everyone knows what he or she needs to do and most of
the problems that arise are familiar and the procedures to deal with them are

well defined.

9 A second-year programming assignment for a computing student This is not be¡ng

done for a customer, although it could be argued that the tutor responsible for sett¡ng

and assessing the assignment is, in effect, a surrogate client. Not all the stages of a

normal project will be gone through.

1.2 Brightmouth Gollege payroll: Stages of a proiect

1 Project evaluation All the costs that would be incurred by the college if it were to

carry out its own payroll processing would need to be carefully examined to ensure

that it would be more cost-effective than letting the local author¡ty carry on providing

the service.

2 Planning The way that the transfer to local processing is to be carried out needs to be

carefully planned with the participation of all those concerned. Some detailed planning

would need to be deferred until more information was available, for example which
payroll package was to be used.

3 Requirements elicitation and analysis This is firrding out what the users need from the

system. To a large extent it will often consist of finding out what the current system

does, as it may be assumed that in general the new system is to provide the same

functions as the old. The users might have additional requirements, however, or there

might even be facilities that are no longer needed.

4 Specification This involves documenting what the new system is to be able to do.

5 Design/coding As an 'off-the-shelf'package is envisaged, these stages will be replaced

by a package evaluation and selection activity.

6 Verification and validation Tests will need to be carried out to ensure that the selected

package will actually do what is required. This task might well involve parallel running

of the old and new systems and a comparison of the output from them both to check

for any inconsistencies.

7 lmptementation This would involve such things as installing the software,

setting system parameters such as the salary scales, and setting up details of
employees.

B Maintenance/support This will include dealing with users'queries, liaising with the

package supplier and taking account of new payroll requirements.

1.3 Estimation of the height of the building you are in

We will not spoil the fun by suggesting a particular method.
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1.4 The nature of an operating system

Many large organizations that are committed to computer-based information systems

have specialists responsible for the maintenance of operating systems. However, as an
operating system is primarily concerned with driving the hardware, it is argued that it has

more in common with what we have described as embedded systems.

1.5 Brightmouth College payroll: objectives-driven vs. product-driven

This project is really driven by objectives. lf in-house payroll processing turns out not to be

cost-effective, then the project should not try to implement such a solution. Other ways of
meeting the objectives set could be considered: for example, it might be possible to contract
out the processing to some organization other than the local authority at a lower cost.

1.6 Brightmouth college payroll: stakeholders

Major stakeholders would include:

r the finance department;

r the human resources department, who would need to supply most of the employee
details needed;

r heads of departments, who would need to submit details of hours worked for
part-time staff;

r stafl who would naturally be concerned that they are paid correctly;

r site management: the new arrangements may mean that the office layout has to be
rearranged physical ly;

r software and hardware vendors.

One group of stakeholders that might not be readily identified at first is the local
government authority and its staff. lt might seem strange to list the people who used to
do the job, but who are no longer required. The project manager's job will be made a lot
easier if their cooperatíon and help can be obtained. The project manager would do well
to sound out tactfully how the local authority staff feel about losing this work. lt could be
that they are pleased to be shot of the workload and hassle involved! Arrangements that
take into account existing local authority staff might be possible. For example, if the
college needs to recruit new staff to deal with payroll, it might smooth things to give
the job to a member of the local authority staff who already deals with this area.

1.7 Defining objectives

Among the comments and queries that could be made in each case are:

(¡) Have the actual time and the amount of the budget been specified somewhere?
Deadline and budget constraints normally have to be set against the scope and
the quality of the functíons to be delivered. For exampfe, if the deadline were not
achieved, would the customer rather have the full set of functionality at a later
date, or an essential sub-set of the functionality on the deadline date?
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(ii) 'The fewest possible software errors' is not precise. Removing errors requires effort

and hence money. Can developers spend as much money and time as they like if this

reduces errors?

(iii) What does 'user-friendly' really mean? How is it measured? Normally 'ease of use'

is measured by the time it takes for a beginner to become proficient in carrying out

standard operations.

(iv) What does 'full documentation'mean? A list of the types of document to be produced,

perhaps with an indication of the content layout, would be more useful.

1.8 Brightmouth college payroll: obiectives, goals and measures
of effectiveness

The original objective might have been formulated as: 'To carry out payroll processing

at /ess cost while maintaining the current scope and quality af services'.

ln order to achieve this, sub-objectives or goals will usually have been identified,

for example:

r to transfer payroll processing to the college by 1 April;

r to implement in the new system those facilities that exist in the current system less

those identified in the initial report as not being required;

r to carry out the implementation of the payroll processing capability within the

financial constraints identified in the initial report'

It should be noted that the objectives listed above do not explicitly mention such things

as putting into place ongoing arrangements to deal with hardware and software maintenance,

security arrangements and so on. By discussing and trying to agree objectives with the

various people involved, the true requirements of the project can be clarified.

Measures of effectiveness for the sub-objectives listed above might include the

following:

t Date of implementation Was the new system being used operationally by the agreed

date?

t Facilities ln parallel runs, were all the outputs produced by the old system and still

required also produced by the new system?

r Cosfs How did the actual costs incurred compare with the budgeted costs?

1.9 A day in the life of a proiect manager

Planning:

r staffing requirements for the next year.

ßepresenting the section:

r at the group meet¡ng;

r when communicating with the human resources manager about replacement staff;

r when explaining about the delay to users.
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Co ntro I I ì n g, i n n ovati ng, d i re cti n g:

r deciding what needs to be done to make good the progress that will be lost through
temporarily losing a member of staff.

Stafling:

r deciding which member of staff is to do what;

r discussion with human resources about the requirement for temporary staff;

r planning staffing for the next year.

Note: the same activity can involve many different roles.

1.10 Gollecting control data

The project seems to have two major components: training and document transfer. lf
trainers were expected to tour offices giving training then one would expect there to be a
schedule indicating when each offíce was to receive training. The following information
about the progress of the information might therefore be collected:

r the number of offices that had received training - this could be compared with the
schedule;

r the number of staff who had received training - to ensure that all staff were
attending;

r feedback from staff on the perceived quality of training - for example, by
post-train ing evaluation forms.

For the document transfer aspect, the following might be usefully collected for each
office on a regular basis during the transfer process:

r number of documents transferred;

r estimated number of documents still needing to be transferred;

r number of staff-hours spent on transferring documents - to monitor the budget and
transfer productivity;

r number of staff involved in the transfer.

When all documents have been transferred, performance tests to check response times
might be required.

Chapter 2

2.1 Costs and benefits for the Brightmouth Gollege payroll system

Table 8.1 lists costs and benefits for the proposed Brightmouth HE College payroll
system. lt is not comprehensive but illustrates some of the types of items that you should
have listed.
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2.2 Ranking proiect cash flows

Obviously you will have your own views about which have the best and worst cash flows'

You should, however, have considered the following points: project 2 requires a very large

investment compared to its gain - in fact we could obtain f'|00,000 by undertaking both

projects I and 3 for a lower cost than project 2. Both projects 1 and 4 produce the bulk

of their incomes relatively late in their lives compared with project 3, which produces a

steady income over its life.

2.3 Calculating payback periods

The payback periods for each of the projects will occur during the year indicated: project 1,

year 5; project 2, year 5; project 3, year 4 and project 4, at the end of year 4.

We would therefore favour project 3 or 4 over the other two. Note that, in reality,

wìth relatively short-term projects such as these we would produce a monthly (or at least

Category Gost/benefit

Development costs Software purchase - software cost plus selection and purchasing cost

Proiect team employment costs

Training includes costs oftrainers and operational stafftime lostwhile

training Staff recruitment

Computer hardware and other equipment which might have a resldual

value at end of proiected life

Accommodation - any nedrefurbished accommodation and furniture

required to house new system

lnitìal systems supplies - purchase of stationery, disks and other

consumables

0perations staff - full employment costs

Stationery - purchase and storage

Maintenance and standby - contract 0r estimation of occurrence costs

Accommodation, including heating, power, insurance etc.

Saving on Iocal authority fees

Later payment - increase interest income through paying salaries later

in the month

lmproved accuracy - the number of errors needing to be corÍected

each month

lmproved management ¡nformation - this should lead 1o improved

decision making but it ¡s very difficult to quantify the potent¡al benefits

Setup costs

0perational costs

Ouantified and valued

ouantified but not valued

ldentified but not
easily valued

TABLE 8.1 Costs and benefits for the Brightrnouth College payroll systent
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quarterly) cash flow forecast and it is therefore likely that project 3 would be seen more
clearly to have a shorter payback period than project 4.

2.4 Galculating the retürn on ¡nvestment

The return on investments for each of the projects is: project 1:'lOo/o, project 2:2To,
project 3:1Oo/" and project 4:12.5o/o. Project 4 therefore stands out as being the most
beneficial as it earns the highest return.

2.5 Calculating the net present value

The net present value for each of the projects is calculated as in Table 8.2. On the basis of
net present value, project 4 clearly provides the greatest return and project 2 is clearly not
worth considering.

2.6 Galculating the effect of discount rates on NPV

Table 8.3 illustrates the effect of varying discount rates on the NPV. ln each case the 'best'
project is indicated in bold. ln this somewhat artificial example, which project is best is

very sensitive to the chosen discount rate. ln such a case we must either have a very strong
reason to use a particular discount rate or take other criteria into account when choosing
among the projects.

2.1 Psoiect evaluation using cost-benefit analysis

Expected sales of f500,000 per year over four years would generate an expected net
income oÍ f1.2m (after allowing for annual costs of f200,000), which, by almost any
criteria, would provide a good return on an investment of f 250,000. However, if sales

0

I

2

3

4

5

NPV

1.00

0,90

0.82

0.75

0.68

0.62

-1,000,000

1 81,820

165,280

r 50,260

r36,600

186,270

-17s,770

*100,000

27,273

24,792

22,539

20,490

18,627

13,721

-120,000

27,273

24,792

22,539

20,490

46,568

21,662

Project 4Project 3Project 2

Discounted cash flow {f)0iscount factorYear

TABTE 8.2 Calculating the net present value of proiects 2, 3 and 4
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are loq and there is a 30% chance of this happening, the company will lose money -
it is unlikely that any company would wish to take such a risk knowingly.

This example illustrates one of the basic objections to using this approach for one-off

decisions. Were we to repeat the project a large number of times we would expect, on

average, an income of f500,000 per annum. However, the company is developíng this

package only once - they can't keep trying in the hope of, on average, generating a

respectable income. lndeed, a severe loss on this project could mean it ís the last project

they are able to undertake.

Ghapter 3

3.1 Externalstakeholders in lOE accounts system

The main stakeholders who need to be considered are the IOE customers. lt will be worth

consulting some representat¡ve customers about the attractiveness of the new annual

maintenance contract scheme. IOE might have a partnership arrangement with the

manufacturers of the equipment it maintains whereby it is recognized as approved to

carry out repairs. lt might therefore need to consult the equipment providers about the

new scheme. The suppliers might, for example, be willing to promote the scheme on a

commission basis. lt is possible with annual maintenance contract schemes of this nature

to outsource their financing to an insurance company. Essentially, in return for an annual

premium, the insurance company would pay IOE every time a maintenance job is carried

out under this scheme.

0

I

2

3

4

5

6

Net Profit

NPV @ 8%

NPV @ 10%

NPV @ 12%

-8,000

4,000

4,000

2,000

1,000

500

500

f4.000

f2,111

ît,720

tl,356

-8,000

1,000

2,000

4.000

3,000

9,000

-6.000

f5,000

f2,365

Ê1,8t8

fl,308

-10,000

2,000

2,000

6,000

2,000

2,000

2,000

f6,000

Ë¿,421

ft,7t6

f 1,070

Proiect A Proiect CProject B

Gash flow values (f)Year

TABTE 8.3 The effect on net present value of varying the discount rate
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3.2 Product description for acceptance test cases

An example of a possible product description for acceptance test cases is shown below

Nofe: Other products - such as a testing plan - would also have to be created in order to
document the acceptance testing phase.

3.3 Greating an inv¡tation to tender (lTTl- Product Flow Diagram

Figure 8.1 illustrates a Product Flow Diagram for the products needed to create an
invitation to tender for Bríghtmouth College payroll.

lnvitat¡on
to tender

Test
examples

Volume
figures

Office
layouts

Users'modified
requirements

Existing system
description

List of potential
suppliers

Name/identity Acceptancetestcase

Purpose

Derivation

Composition

Form

0uality criteria

To record the individual tests that w¡ll be carried out during the acceptance testing.
It will ensure that testing is comprehensive i.e. that all user requirements are tested

The user requ¡Íements report

For each test case the following will be recorded:

(i) cross-reference to user requirements;

{ii} preconditions - including items that would need 1o be set up 0n the database
before the test can be executed;

(iii) input data;

(iv) expected results.

A word-processed document created using a template

lndependently reviewed against the requirements d0cument to ensure that all

requirements are covered. lnternal consistency checked, including whether
pre-conditions are complete and expected results correctly calculated.

FIGUBE 8.1 Product Flow Diagram for the creation of an'invitation to tender'
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Different PFDs could be produced depending on the policy decisions made about how

the process is to be carried out. This is one way in which it could be done. A person

acting as an analyst investigates the current way of doíng payroll in order to find out the

basíc functions that the new system must have. This document may prompt the user

management to come up with some new functions that would let them do things with the

new system that they could not do before. Once it is known, for example, what types of
record the new system will hold, and the functions the new system will have, the size

of the database and the number and size of transactions to be carried out can then be

estimated. This will indicate the size and power needed for the hardware platform on

which the application will run. The hardware will need to be housed within a particular

physical layout governed by the office space available at the college and contractors may

need to take this into account. The invitations to tender (lTTs)will need to be sent to

suitable potential suppliers and some research will be needed to decíde who these

suppliers will be. The documented requírements are the basis for a set of procedures to

evaluate the proposals, including some test cases.

3.4 lnvitation to tender act¡v¡ty network

Figure 8.2 illustrates the activity network, showing the activities needed to create an

invitation to tender for the Brightmouth College payroll.

flGUßE 8.2 Brightmouth College payroll proiect act¡vity network fragment

3.5 lncluding a checkpoint

Figure 8.3 illustrates the inclusion of a checkpoint in Amanda's activity network.

3.6 Ouality checks on user requ¡rements

The users will need at least to read and approve the system specification. This might be

rather late to make major changes/ so user approval of earlier documents such as interview

notes would be helpful.

Survey
potential suppliers

lssue invitation
to tender

Calculate
volumes

Obtain user
requirements

Analyse
existing system

Draft invitation
to tender

Plan office
layout

Generate
test caSes



Design
module B

Code
module B

lntegration
tests

Review
designs

Design
module A

Specify
overall
design

Code
module A

Design
integration

tests
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tlGUREB,3 Anactivitynetworkforasoftwaredevelopmenttask,modifiedtoincludeacheckpoint

3.7 Gross-reference of a planning document to Step Wise activities

Table 8.4 suggests the Step Wise activities needed to create the different sections of a plan.

Section of plan Step Wise activities

lntroduction

Background

Project objectives

Constraints

Methods

Project products

Activities to be carried out

Resources to be used

Risks to the proiect

Management of the prolect

1.3

2.1

1.1

1.4

1.1

2.2

3.

4.2

4.1

4.4

4.5

3.6

5.r

7.

3.3

6.

1.2

1.5

2.3

ldentify stakeholders

Establish relationship between prolect and strategic planning

ldentify objectives and measures of effectiveness

Modify obiectives in the light of stakeholder analysis

ldentify objectives and measures of effectiveness

ldentify installation standa rds and procedures

Analyse prolect chara cteristics

Document generic product flows (this could help establish a

methodology)

ldentify and describe prolect products

Produce ideal activity network

Modify ideal activity network

Review overall res0urce estimates

Carry out bottom-up est¡mates

Allocate resources

ldentify high-level proiect risks

ldentify activity risks

Establish project authority

Establish methods of communication with all parties

ldentify project team organ¡zation

TABTE 8.4 Sections of a plan cross-referenced to Step Wise activities
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Ghapter 4

4.1 Glassification of systems

(a) A payroll system is a data-oriented or information system that is application specific.

(b) The bottling plant system is a process control or industrial system which contains
embedded software.

(c) This looks like an information system that may make use of computer graphics. The
plant itself might use control software which might be safety critical but this is not

the subject of the project under consideration.

(d) Project management software tools are often categorized as general packages. There

would be a considerable information systems element to them.

(e) This could use an information retrieval package that is a general software package.

It is also a strong candidate for a knowledge-based system.

4.2 ldentification of risks

The user staff could, arguably, be regarded as a project resource. The writers' view is that it
is useful to add a fourth category of risk - those belonging to the environment in which the

system is to be implemented.
Among the risks that might be identified at Br¡ghtmouth College are:

¡ conflict of views between the finance and personnel departments;

r lack of staff acceptance for the system, especially among personnel staff;

¡ lack of cooperation by the local authority that used to carry out payroll work;

r lack of experience with running payroll at the college, leading to errors and delays in
processing;

¡ lack of administrative computing expertise at the college;

r possible inadequacy of the chosen hardware;

r changes to the payroll requirements.

4.3 Selection of proiect approaches

(a) This would appear to be a knowledge-based system that is also safety critical.
Techniques associated with knowledge-based systems could be used for constructing
the system. Testing would need to be very carefully conducted. A lengthy parallel run

where the system is used to shadow the human decisions made in real cases and the

results compared could be considered. Another approach would be to develop two
or more systems in parallel so that the advice offered could be cross-checked.

(b) This is an information system that will be on a relatively large scale. A structured

approach designed for information systems applications, such as SSADM, would
be justified. When student loans were first introduced there was no existing system

and so there might have been some scope for a prototype.
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(c) This is an embedded system that is safety-critical. Measures that m¡ght ensure the
reliability of the system includer
r use of mathematics-based specification languages to avoid ambiguity;
r developing parallel versions of the same software so that they can be

cross-checked;
r statistical control of software testing to allow for the estimation of the reliability

of the software.

4.4 Stages of a project where a prototype can be appropr¡ate

(a) A prototype could be useful as part of the feasibility study. A mock-up of an executive
information system loaded with current management information could be set up

manually and then be tried out by the managers to see how easy and useful they
found it.

(b) A prototype could be used to assist in the design of the user dialogues. Structured

approaches like SSADM often allow for prototypes for this purpose as part of
requ irement specification.

(c) A prototype of the most response-critical transactions could be made at the physical

design stage to see whether Microsoft Access could produce software that gave a

sati sfactory performance.

Ghapter 5

5.1 Galculating productivity rates and us¡ng productivity rates
to project effort

Tables 8.5 and 8.6 illustrate productivity rates and estimated project effort.

a

b

c

d

o

f

s

h

16.7

22.6

32.2

3.9

17.3

67.7

10.1

19.3

59.5

249.3

6,050

8,363

13,334

5,942

3.315

38,988

38,6r4

12,762

26,500

r 53,868

362

370

414

1,524

192

576

3,823

661

445

617

Productivity (St0C/month)

0verall

sr0GWork-monthsProiect

TABLE 8.5 Productivity rates
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There would be an under-estimate of 6.9 work-months for project a and an over-estimate

of 5.7 for project d.

5.2 Agile methods and the problems of estimating

Points that might be discussed include the following.

t Diseconomies of scale with larger projects. lt is recommended that the programming

team does not contain more than ten people in order assist easy team communication

t Threats to quality of tight deadlines. Time-boxing can help here. There are four sets

of project outcomes that can be traded off: scope of the functionality, quality, project

duration and cost. The XP approach argues that quality, project duration, and cost

can be controlled by the business management, but scope must be controlled by

the development team. lf the project comes under time pressure, some low-priority

deliverables may need to be held over to the next release, but somethìng will still be

released on time, and the quality of this will not have been compromised.

t Substandard work not being apparent until late in the projecf. Testing is done as

an integral part of the design/code process and is not put off as a task to be done

by another group¿ such as a system testing group, at a later stage ¡n the project.

5.3 Gourse statf costs program - activities requ¡red

A list of activities might include:

r obtaining user requirements;

r analysis of the structure of the data already held;

r design of the report layout;

r writing the user proposal;

r planning test cases;

r technical specification;

r design of the software structure;

r software coding;

r testing software;

r writing the operating instruction;

r acceptance testing.

Estimated work-months Actual DifferenceProject

a

d

16.7

3.9

6050/617 = 9.80

5942/617 = 9.63

6.90

-5.73

TABLE 8.6 Estimated effort

I
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The most difficult tasks to estimate are often those that are most sensitive to the size
and the complexity of the software to be produced, in this case the design, writing and
testing of the software. Writing the technical specification can also be difficult because
of this, but estimating problems tend to be concealed here as deadlines can be met by
omitting detail that can be added later when deficiencies are found.

The duration of activities that are to be carried out by users may also present problems,
as this might depend upon their sense of priorities.

5.4 SLOC est¡mate for customer ¡nsert¡on program

Figure 8.4 gives an outline program structure using a Jackson structured diagram. The
numbers in circles are our estimates of the lines of 'generic'code needed to implement
each sub-process in the program. They should add up to 95 SLOC.

Set up
customer

Start Program
body End

Process
insertion

Obtain
customer a/c

reference

Check a/c
not already

set up

o
Exists - error

message
Set up

o

account

Obtain a/c
name

Obtain a/c
add ress

Obtain a/c
postcode

Obtain a/c
type

Store
record

Redisplay
input screen

@ @

FIGURE 8.4 outline program structure for'set up customer'transact¡on
* means the procsss is repeated; o means the processes are alternatives.

ì
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5.5 Effort drivers for a student assignment

The most obvious effort driver would seem to be the number of words required. Difficulty
factors might include:

t availability of materiaf for example in the library;

t familiarity of the student with the topic;

t breadth/depth required, that is, a broad survey of a wide field or an in-depth study of a
narrow area;

t technical difficulty - some topics are easier to explain than others.

It could be argued that time available is the constraint. The student just does what can
be done in the time available (see'design to cost').

5.6 Galculating Euclidean distance

The Euclidean distance between project B and the target case is the square root of
V - Ð2 + (1 5 - 10F), that is, 5.39. Project A is therefore a closer analogy.

5.7 Albrecht function points

External input types none

External output types the report, that is, 1

Logical internal file types none

External interface file types payroll file, staff file (timetabling), courses file (timetabling),

that is, 3

External inquiry types none

The function point counts are as follows:

External enquiry types none

External output types 1 x7 =7
Logical internal file types none

External ínterface types 3 x7 = 2'l

External inquiry types none

Total 28

5.8 Galculation of SLOC from Albrecht function po¡nts

The estimated lines of Java = 28 x 53 = 1484. With a productivity rate of 50 SLOC per day,

this gives an estimated effort of 1484/50, that is, approximately 30 days.
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5.9 Mark llfunction po¡nts

The function types are:

lnput data types 6

Ent¡ties accessed 1

Output data types 1

Unadjusted function points = (0.58 x 6) + (1.66 x 1) + (0.26 x 1) = 5.4

5.10 Data movements

Note that different interpretations of the requirements could lead to different counts. The

description in the exercise does not, for example, specify that the system should output a

message that the car park is full or has spaces, although this might be expected.

5.11 C0C0M0 - calculating the exponent scale factors

Table 8.7 shows scale factors for the example.

Data movement Type

lncoming vehicle sensed

Access vehicle count

Signal barrier to be lifted

lncrement vehicle count

0utgoing vehicle sensed

Decrement vehicle count

New maximum input

Set new maximum

Adjust current vehicle count

Record adjusted vehicle count

E

R

X

W

E

W

E

W

E

W

PREC

FLEX

RESL

ÏEAM

PMAT

nominal

hish

very low

very high

low

3.72

2.03

7.07

1.10

6.24

ValueRatingFactor

TABLE 8.7 Assessing the scale factors
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(i) Theoverall scalefactorwould be 0.91 + 0.01 x (3.72 + 2.O3 +7.O7 + 1.1O + 6.24)

= 0.91 + 0.01 x 20.16

= 1 .'112

(ii) The estimated effort would be 2.94 x 211't2 - 6.35 staff-months

5.12 C0C0M0ll Applying effort multipliers

The combined effort modifier would be

(1.91 x'1.15 x O.B7 x0.63 x 1.00 x 1.00x 1-00) = 1'20

The modified estimate would be 200 x 1.2O = 24O staff months

Ghapter 6

6.1 Drawing a CPM network

A solution is given in Figure 6.14.lr1ryour solution is not exactly the same as this, do not

worry. Just check that it is togicallythe same and that it follows the precedence network

conventions of layout and labelling etc.

6.2 The precedence network

Figure 8.5 íllustrates a precedence network for Amanda's project, showing an earliest

completion date of day 104.

6.3 Galculating activity floats

Free float and interfering float for each of the activities are shown in Table 8.9. Note that

activity A has no free float since any delay in its completion will delay the start of activity

C. Float must be regularly monitored as a project progresses since a delay in any activity

beyond its free float allowance will eat into the float of subsequent activities'

I

RCPX

RUSE

PDIF

PERS

PREX

FCIL

SCED

product relia bility and complexity

reuse

platform difficulty

personnel capability

personnel experience

fa ci liti es

required development schedule

vh

vh

I

vh

nominal

nominal

nominal

1.91

1.15

0.87

0.63

1.00

1.00

1.00

Efloft multiplierFactor RatingDescription

TABLE 8.8 Ef fort multipliers
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FIGUBE 8.5 Amanda's precedence network

6.4 Shoilen¡ng a proiect duration

Shortening activity F to B weeks will bring the project completion date forward to week 11

- that is, it will save 2 weeks on the duration of the project. However, there are now two
critícal paths, start-F-C-finish and start-A-C-H-finish, so that reducing the duration of
activity F any further will not shorten the project duration any further. lf we wish to complete
the project earlier than week 11 we must save time on both of these critical paths.

A

B

C

D

E

F

G

H

2

3

2

3

3

0

0

2

0

0

0

1

3

0

0

2

2

3

2

2

0

0

0

0

Free float lnterfering floatActivity Total float

TABTE 8.9 Act¡vity floats

t
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6.5 Errors drawing activity neturorks

(a) Activity D dangles, giving the project two 'end events'. This network should be drawn
as below. To aid comparison with the original, the nodes have not been renumbered,
although we would normally do so.

(b) Once again, this network has two end nodes, but in this case the solution is slightly
different since we should introduce a dummy act¡vity if we are to follow the standard

CPM conventions.

F

F

E

(c) Either this one has a dangle (although, because of the way it is drawn, it is less

obvious) or act¡vity E has its arrow pointing in the wrong direction. We need a bit
more information before we can redraw this one correctly.

(d) Strictly speaking, there ís nothing wrong with this one - it is just badly drawn and the
nodes are not numbered according to the standard conventions. lt should be redrawn

as in the following example.

ln this diagram the nodes have retained their original numbers (to aid identification),
although they should of course be renumbered sequentially from left to right.

(e) This one contains a loop - F cannot start before C has finished, C cannot start before E

has finished and E cannot start before C has finished. One of the arrows is wrong! lt is

probably activity F that ¡s wrong but we cannot be sure without further information.

6.6 Drawing Bdgette's activity network as a CPM network

Brigette's payroll CPM network should look like the diagram shown in Figure 8.6. lf your
diagram is not exactly the same as this, check that it is logically the same.

A
G
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Survey potential users

volumes

requirements

to tende

lssueDraftCalculate

layouts

Generate test cases

Obtain

to tender

FIGUßE 8,6 Brigette's CPM network

Ghapter 7

7.1 Matching causes and effects

There is no one correct answer to this. An example of a possible answer is provided below.

(a) i and ii. Staff inexperience leads to code that has many errors in it and which therefore
needs additional testing time. lnexperienced staff will take longer to carry out
development in any case.

(b) iv. lf top management do not have a strong commitment to the project they will not act
with a sense of urgency.

(c) ii. New technology takes time to get used to.

(d) ¡i¡. lf users are uncertain of theír requirements then they are likely to identify new
requirements as the project progresses.

Exercise 7.2 ldentifying risks

Once again the answer below can only be indicative - there is no one correct answer.

Actors

Structure

Tasks

Technology

Possible user resistance * see the
Section 3.5 case study example

Not all stakeholders are represented

on the Project Board - see Section 3.3

Uncertainty about time needed to
change existing software - see

Section 3.8

Existing hardware is not adequate to
deal with new application

Lack of experience running payroll

- see answer to Exercise 4.2

Lack of cooperation between the
local authority and the college

Evaluation of packages - software
may be difficultto access to carry
out evaluation testing

Existing hardware is not adequate
to dealwith new application

Domain t0E Brightmouth payroll
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Exercise 7.3 Conditions needed for successful pooling arrangement

Among the condítions would be the following.

r The chance of fire is precisely 1 in 1000. As this is only an estimate of an average,

this could not be guaranteed. lf a fire happened at a second location, the pool would

already have been exhausted. Having a larger number of contributors and a larger pool

would reduce, but not eliminate, this risk.

¡ The sites would have to be at completely different locations so that a fire at one site

does not affect the others.

r Each site has the same chance of fire. lf the people at a site were aware that the

chance of fire was a lot less in their location, they might object to having to effectively

subsidize other sites.

r The amount of damage caused is always the same.

Exercise 7.4 Pre-conditions to facilitate contingency act¡ons

Staff illness is just one of several reasons why you might need to transfer staff between job

roles in the middle of an activity. Such transfers would be made easier if:

r there was a standard methodology for the way that the work was carried out;

r intermediate steps were well documented;

r other staff were involved in reviewing products at regular intervals;

r job descriptions were flexible.

It ¡s interesting to note that in an extreme programming environment, the

recommended approach of pair programming should provide an alternative way of

dealing with this problem.
The factors to be taken account of could include costs and human factors. The

structured approach to development that the bullet points above imply would involve

costs in selecting the right methodology, traíning and other aspects of implementation

and management of the process to ensure that staff adhere to the requirements of the

methodology. Very flexible staffing arrangements where staff could be switched between
jobs at short notice could have implications for morale (which might be positive as well

as negative).

7.5 Calculat¡ng expected aetivity durations

Table B.1O shows the activity duration estimates from Table 7 .6 along with the calculated

expected durations, f".

7.6 The forward pass to calculate expected complet¡on date

The expected duration and the expected dates for the other project events are shown in

Figure 7.6. An expected duration of 13.5 weeks means that we expect the project to be

completed halfway through week 14, although since this is only an expected value it

could finish earlier or later.



Appendix B 359

7.7 Galculating standard deviations

The correct values are shown in Figure 7 .7. Briel calculations for events 4 and 6 are given here.

Event 4: Path A + C has a standard deviation of r/(O.SO' + 0.172) = 0.53

Path B + D has a standard deviatíon of ./(0.:92 + 0.252) = 0.41

Node 4 therefore has a standard deviation of 0.53.

Event 6: Path 4 + H has a standard devíation of {(O.S:2 + 0.082) = 0.54

Path 5 + c has a standard deviation of ./(l.l 72 + 0.332) = 1.22

Node 6 therefore has a standard deviation of 1.22.

7.8 Galculating zvalues

The zvalueforevent 5's 10- 10'5 - -o.43,forevent 6't's 15 - 13'5 
=1.23't.17 "l .22

7.9 0btaining probabilities

Event 4: The z value is 1 .89 which equates to a probability of approximately 3%. There
is therefore only a 37o chance that we will not achieve this event by the target
date of the end of week 10.

Event 5: The z value is -0.43 which equates to a probability of approximately 670/o.

There is therefore a 670/o chance that we will not achieve this event by the

target date of the end of week 10.

To calculate the probability of completing the project by week 14 we need to calculate
a new zvalue for event 6 using a target date of 14. This new z value is

z-14-13'5 =o.41
1.22

A

B

c

D

E

F

G

H

I
5

3

5

4

15

4

2.5

6.17

4.00

2.83

4.08

2.83

10.50

3.00

2.08

Expected (f,)Pessimistic (ú)

Activity durations (weeks)

2

2

43.5

3

4

Activity

3

10

3

2

5

3

2

Opt¡mi$t¡c {a} Most likely (m}

TABLE 8.10 CalcLrlating expeoted activity durations
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This equates to a probability of approximately 35%. This is the probability of not meeting
the target date. The probability of meeting the target date is therefore 65% (1OO% - 35o/").

Ghapter I
8.1 Smoothing resource demand

Smoothing analyst/designer demand for stage 4 is reasonably easy. The design of module
D could be scheduled after the design of module C. Stage 2 is more problematic as

scheduling the specification of module D to start after the completion of B would delay
the project. Amanda might consider doing this if whoever is specifying module A could
also be allocated to module D for the last six days - although she may well decide that
drafting an extra person into a specification activity is unsatisfactory.

Week number

2 18

overall

Check specifications
I

k

I

I

Chec c

Design module Artt
Design module B

lDesien 
modu

Design module D

leC

(u
c

.9p
qJ

!

-õ

(l
o
ciz

Week number

I Schedule
fJTotal float

Specify module A

Specify module B

Specify module C

Specify module

131211109876543 17161514

11109I76543 171615141312 18

FIGURE B.? Amanda's revised bar chart and resource histogram
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8.2 Drawing a rev¡sed resource histogram

lf the activities are scheduled at the earliest dates, then
the plan still calls for four analyst/designers as shown
in Figure 8.7. By delaying the start of some act¡v¡ties,
however, Amanda is able to ensure that using three
analysldesigners is sufficient except for a single day.
This is shown in Figure 8.8.

Note that if the specification of module C were to be
delayed for a further day, the project could be completed

with only three analyst/designers, afthough its completion day would, of course, be
delayed.
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Check specification C

Design
I
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module Att
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module
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module A
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rIGURE 8.8 The effect of delaying some activity starts
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8.3 ldentifying critical aetivities

The critical path is now as shown in Figure 8.9. Note the lag of 15 days against act¡vity

loE/P\4, ensuring that its start is delayed until an analyst/designer is expected to be available.

FIGURE 8.9 The critical activities after delaying the start 0f module C

However, the availability of an analyst/designer for lo\lP/  is dependent upon lo9lP/3

or IoEJP/S being completed on time - these two activities are therefore also now critical
in the sense that a delay in both of them would delay loE/P/4, which is on the normal

critical path. These two activities, although not on the critical path, are, in that sense,

critical.

8.4 Assigning staff to activities

Belínda must specify module B as she will then be available in time to start the

specification of module C. This leaves Daisy for the specification and design of module A.

Belinda cannot do the design of module B as she will still be working on the module C

specification when this needs to be done (6 days between days 56 and 66). This will have

to be left to Tom, as he should be free on day 60.
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Can you think of any other way in which she might have allocated the three team
members to these activities?

8.5 Calculating project costs

The easiest way to calculate the total cost is to set up a table similar to Table 8.11 .

Calculating the distribution of costs over the lífe of the project is best done as a
per week or per month figure rather than as daily costs. The expenditure per week
for Amanda's project is shown as a chart in Figure 8.9.

Ghapter I
9.1 Lines of code as a part¡altask complet¡on indicator

There are many reasons why the proportion of lines coded is not a good indicator of
completeness. ln particular, you should have considered the following:

r the estimated total number of lines of code might be inaccurate;

r the lines of code so far might have been easier, or harder, than those to follow - for
example, reuse of existing components might speed up development;

r a program is not generally considered complete until it has been tested - testing and
debugging the code could take considerable time once the code has been written.

With more knowledge of what has been done and what is left to complete it might be
possible to make a reasonable estimate of completeness. Breaking the development task
into smaller sub-tasks such as software design, coding and unit testing might be of some
assistance here.

Amanda

Belinda

ïom

Daisy

Gavin

Purdy

Justin

Spencer

Daily on-cost

Total

300

250

175

225

150

150

150

150

200

I 102

50

25

27

30

28

t5

25

r00

33,000

12,500

4,375

6,075

4,500

4,200

2,250

3,750

20,000

90,650

Daily cost (fl Gost (flDays requiredAnalyst

TABTE 8.11 Calculating the cost of Amanda's project
? Th¡s includes l0 days for pre-proiect plann¡ng and post-project review.
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FIGURE 8.10 The revised timeline chart

9.2 Revising the timeline chart

At the end of week B, the scheduled completion dates for drafting and issuing the tender
need to be revised - note that both need to be changed since they are both on the critical
path (Figure 8.10).

Subsequently, Brigette needs to show only the completion of each of these two
remaining activities on the timeline chart - the project being completed by the

Thursday of week 11 (Figure 8.11).

9.3 Amanda's earned value analys¡s

It should be apparent from Figure 9.11 that the initial activit% 'specify overall system',

has slipped by one day. lt may not be quite so obvious from Figure 9.11 alone what else

hashappenedtoherproject-inspectionof Figure9.l1 andTableg.2should,however,
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FIGURE 8.11 The completed timeline chart

make it possible to deduce that one of the activities 'specify module B' and 'specify
module D' has taken 2 days longer than forecast and the other has taken 5 days longer.

ln addition, 'specify module A should have been completed by day 54 but has not. Thus,

the project has earned 34 workdays by day 35, 49 workdays by day 52 and 64 workdays

by day 55.
From Figure 9.11 it is not possible to deduce the underlying causes of the slippage or to

forecast the consequences for the project. The use of earned value analysis for forecasting
is described later in Section 9.6.

9.4 The effects of specification changes

Among the items most likely to be affected by the change are test data, expected results

and the user handbooks.
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9.5 Gontrol procedures for development systems

Stages 1 to 6 will be basically the same except that an estimate on the effect of the

project's timescale will need to be included in steps 3 and 4' Step 7 might not be

required as system acceptance might not have taken place yet and acceptance testing

of the changes will be included in that.
The release of software in step B will not be needed if the system is not yet operational,

although master copies of products will need to be updated.

9.6 Reasons for scope creep

As well as user requests for extra features, developers willfind that additional code may

be needed to deal with exceptional circumstances that become apparent during detailed

design. Additional functionality could also occur because of the need to coordinate

components.

Chapter 10

10.1 Ghoice of type of package at lOE

The problem for Amanda at IOE would be that the new annual maintenance contracts

subsystem would essentially be an extension to and enhancement of the existing

maintenance accounting system, so that the interfacing of an off+he-shelf package

might involve quite a few difficulties. This seems to indicate that bespoke development

is needed. An alternative approach might be to consider replacing the whole of the

maintenance accounting system with a new off-the-shelf application.

10.2 Galculation of charges for a proiect

For the first 2000 FPs $967 x 2,000

For the next 500 FPs $1,019 x 500

For the next 500 FPs $1,058 x 500

For the last 200 FPs $1,094 x 200

Charge for all 3,200 FPs

= $1,934,000

= $509,500

= $529,000

= $218,800

$3,191,300

10.3 Calculating the cost of additionalfunctionality

For changed FPs 500 x 600 x (150/100) = $450,000

For additional FPs 200 x 600 = $120,000

Total charge $570,000

I
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10.4 Advantage to customer of variable cost charges

The supplier will need to quote a price that will include a margin to cater for possible
increases in equipment prices. lt might turn out that actual prices do not increase as much
as was estímated - in the case of ICT equipment some prices are likely to go down - but
the customer would still have to pay the additional margin. lf the contract specifies a fixed
charge plus the actual cost of materials and equipment, then the customer in this case
would be better off.

10.5 Galculating value for money

System X savings would be f2O x 20 hours x 4 years = f.'l,600, for the automatic scale
pointadjustmentfacility,andf20xl2hoursx2timesayearx4years=f1,92O,lor
the bar-chart production facility. ln total the saving for system X would be f3,520.

For system I the saving would be f300 x 0.5 (to take account of the probability of
change). That is, f1 50.

Even though system X costs f500 more, it will still give better value for money.
Note that discounted cash flow calculations could be applied to these figures.

10.6 Evaluation methods

i. The usability of an existing system could be evaluated by such means as the
examination of user handbooks, the observation of demonstrat¡ons and practical
user trails.

i¡. This is clearly tricky. One would have to evaluate the methods that the developers
intend to use to see whether they adhere to good interface design practice. One
might also examine any interface standards that are in use by the supplier.

iii. Note that the question focuses on the costs of maintenance, rather than that of
reliability. The cost of unexpected maintenance could be reduced, at least for a

short time, by passing this risk to the supplier if there is a comprehensive warranty.
The warranties provided by suppliers would therefore need to be scrutínized.
Discussion with reference sites might also be helpful.

iv. Once again guarantees could be put in place by suppliers concerning this. The nature
of these guarantees could be examined. Discussion with reference sites could once
again be helpful.

v. Training materials could be examined. The training staff could be interviewed and their
CVs examined. Reference sites that have already used the supplier's training services
could be approached for their views.

ì
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Ghapter 11

l1.l Tasks and responsibilities of an analyst/programmer

Analyslprogrammers are expected to be able to carry out both analysis and programming

tasks. lt is likely, however, that the kinds of analysis tasks undertaken will be restricted.

They may, for example, do the analysis work for enhancements to existing systems but

not of completely new applications. Making this broad assumption, a list of tasks and

responsibilities might be as follows:

r carry out detailed investigations of new requirements for existing computer

applications;

r analyse the results of investigations and review the solutions to problems experienced,
including the estimation of relevant costs;

r prepare systems specifications in accordance with organizational standards;

r conduct appropriate systems testinS;

r prepare functional module specifications;

r produce and modify module structure diagrams;

r code and amend software modules;

r carry out appropriate un¡t testing;

r produce and amend user documentation;

r liaise with users, carrying out appropriate training in the use of computer applications

where required.

11.2 Rewarding reuse

A problem here is that the software developers who make most use of reused components

will, as a consequence, be producing less code themselves. You also want to encourage

programmers to produce software components that other people can use: this might

help the productivity of the organization but not that of the current project that they are

working on!
You need to have a method, like function point analysis, which measures the functions

and features actually delivered to the user. You also need to have some way of measuring

the code used in the application that has been taken from elsewhere. Percentage targets of
the amount of reused code to new code could be set and staff rewarded if the targets are

met. As an alternative, the savings made by reuse could be measured and a profit-sharing

scheme could be operated.
Programmers could be encouraged to produce and publish reusable components by a

system of royalties for each tíme a software component is reused.

ll.3 Financial incentives for top executives

This exercise was designed to be thought-provoking. Some thoughts that have come out of
discussion on this topic are given below.

,
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¡ To some extent/ material wants and, therefore, the motivation to obtain more money
to satisfy these wants can be generated through the marketing and advertising of new
types of goods and services * but how likely is this to be at the very top?

r Large salaries are associated with status¿ esteem and success. lt could be that these are
the real reward.

r Historically, wealth has been associated with power, such as the ownership of land.

The essential point is that for many people money is not just a means of satisfying
material wants.

ll.4 High and low motivational incidents

This will obviously depend on individual experiences

ll.5 Possible objections to the stockholder ethical model

The purpose of this exercise is to stimulate debate, but some possible discussion points
could be:

r The model implies that employees and customers exist simply to maximize the profits
of the stockholders/shareholders. This suggests that the whole purpose of the business
is this generation of profits. But as has been shown in the recent global financial crisis,
businesses carry out functions that are important for society as a whole, for example,
when it appeared that some high street banks might cease to operate, the UK and other
governments stepped in and took over ownership in order to support the economy as a
whole. This suggests that the capital provided by shareholders can be seen as a means
of enabling the maín business of the enterprise rather than the other way around.

r lf commercial organizations are amoral in that their only concern ís the generation of
profíts to the possible detriment of other stakeholders, then this is an argument for the
public ownership of organizations such as energy suppliers upon whom society depends

r lf we expect individuals as individuals to be socially responsible and ethical, then
when these individuals are also shareholders we might expect them to be socially
responsible in that role as well.

r Paradoxically, acting in a socially responsible way may be a way of fostering goodwill
in the community, winning new business and contributing eventually to shareholder
value.

Ghapter l2
l2.l Social loafing

Among other ideas, the effects of social loafing can be reduced by:

r making the work of each performer individually identífiable;

r involving and interesting group members in the outcome of group efforts;
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r rewarding individuals for their contributions to the group effort (rather like sports teams

who pick out a 'club player of the year').

12.2 Etlect of ICT on the Delphitechnique

Developments in ICT that assist cooperative working, especially the advent of electronic

mail and groupware such as Lotus Notes, will cut quite considerably the communication

delays involved in the Delphi technique.

12.3 Modes of communication

Once again, there is no one correct set of answers. Discussion points might be:

(a) The developer might not be familiar with the context of the application domain - for

example the terminology employed by the users. ldeally, clarification should be via

same time/same place or same time/different place (e.g. telephone), as the business

analyst and developer could go through a cycle of questions and answers quickly,

and follow-up questions could be posed where answers were not completely clear.

(b) To start with, same time/different place (e.g. a call to a help desk) might be most

appropriate as the problem might be a simple misunderstanding. lf a fault in

the software was actually found then a different time/different place mode of

communication would be needed to record the fault report so that it could be

dealt w¡th by the software maintenance team.

(c) The requirement could be very complex and need considerable analysis, so

initially different time/different place communication involving studying and

writ¡ng documents might be best. Different options might need to be considered

by the business and for this a same time/same place meeting might be expedient.

(d) There might be good reasons why the second developer is late. For example, he might

have been on sick leave. lt might also be that he is unaware of the urgency of the task'

lnformal communication, ideally face to face, might be appropriate, at least initially.

12.4 Glassification of types of power

More than one type of power can be involved in each case

i. Some expertpower is involved here, but for those who are subject to the audit, the

main type of power is connection power as the auditor will produce a report that

will go to higher management. External auditors often have coercive power.

ii. Here, power will mainly be expert- and information-based, but as the consultant

will report to higher management, connection power also exists.

iii. This sounds pretty coercive.

iv. Brigette has some connection power, The technical expertise that is involved in her

job means she has some experf power. She has little or no coercive power as she is

not the manager of the staff invof ved. She might be able to exert some reward power

as she can satisfy some of the staff's need for ICT support.
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v. Amanda is unlikely to have direct coercive power although she might be able to
institute disciplinary procedures. Through the system of annual reviews common to
many organizations, she might have some reward power. Connection power, through
her access to higher management, is also present. Her access to users means she has
information power. lf she brings specific expertise to the project (such as analysis skills)
she might have some expert power. By acting as a role model that other project team
members might want to emulate she may even be displaying referent power.

12.5 Appropr¡ate management styles

i. The clerk will know much more than anyone else about the practical details of the
work. Heavy task-oriented supervision would therefore not be appropriate. As the
clerk is working in a new environment and forging new relationships, a considerable
amount of people-oriented supervision/support might be needed initially.

ii. Both task-oriented and people-oriented management would be needed with the trainee.

iii. The experienced maintenance programmer has probably had considerable autonomy
in the past. The extensions to the systems could have a considerable, detailed, impact
on this person's work. A very carefully judged increase in task-oriented management
will be required for a short time.

Ghapter 13

13.1 Selection of payroll package for college

(a) Carry out an investigation to find out what the users' requirements really are. This
might uncover that there are different sets of requirements for different groups of users.

(b) Organize the requirements into groups relating to individual qualities and attributes.
These might be, for example, functionality (the range of features that the software has),
price, usabi I ity, capac ity, efficiency, flexibi I ity and rel iabi I ity.

(c) Some of these requirements will be of an absolute nature. For example, an application
will have to hold records for up to a certain maximum number of employees.
lf it cannot, it will have to be immediately eliminated from further consideration.

(d) ln other cases the requirement is relative. Some of the relative requirements are more
important than others. A low price is desirable but more expensive software cannot
be ruled out straightaway. This can be reflected by giving each of the requirements
a rating, a score out of 10, say, for importance.

(e) A range of possible candidate packages needs to be identified. lf there are lots of
possibilities, an initial screening, for instance, by price, can be applied to reduce the
contenders to a manageable shortlist.

(fl Practical ways of measuring the desired qualities in the software have to be devised.
ln some cases, for example with price and capacity, sales literature or a technical
specification can be consulted. ln other cases, efficiency for ínstarrce, pract¡cal trials
could be conducted, while in yet other cases a survey of existing users might provide
the information required.
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(g) lt is lil<ely that some software is going to be deficient in some ways, but that this

will be compensated by other qualities. A simple way of combining the findings on

different qualities is to give a mark out of 1 0 for the relative presence/absence of the

quality. Each of these scores can be multiplied by a score out of 10 for the importance

of the quality (see (d)) and the results of all these multiplications can be summed to

give an overall score for the software,

13.2 Possible quality spec¡fications for word process¡ng software

There are many that could be defined and just two examples are given below. One
point that may emerge is that the software might be best broken down into a number of

different functional areas, each of which can be evaluated separately, such as document
preparation, presentation, mail merging and so on. For example:

t quality: ease of learning;

s definition; the time taken, by a novice, to learn how to operate the package to produce

a standard document;

t scale: hours;

¡ fest: interview novices to ascertain their previous experience of word processing.

Supply them with a machine, the software, a training manual and a standard document

to set up. Time how long it takes them to learn how to set the document up;

t minimally acceptable: > 2.5 to 4 hours;

. target range:1 to 2.5 hours;

. now:3 hours;

or

t quality: ease of use;

t definition; the time taken for an experienced user to produce a standard document;

t scale:minutes;

r fest; time user who has experience of package to produce the standard documenU

t minimally acceptable;40 to 45 minutes;

. target range:30 to 40 minutes;

. current:45 minutes.

This topic of evaluation is an extensive one and the pointers above leave all sorts of
unanswered questions in the air. Readers who wish to explore this area should read one

of the more specialist books on the topic.

13.3 Availab¡l¡ty and mean time between failures

Each day the system should be available from B a.m. to 6 p.m., that is 10 hours

Over four weeks that should be 10 x 5 x 4 hours = 200 hours.

It was unavailable for one day, i.e, 10 hours.



Appendix B 373

It was unavailable until 10.00 on two other days = 4 hours.

The hours available were therefore 200 - 10 - 4 = 186 hours.

Availability would therefore be 186/200 x"lOO = 93o/o.

Assuming that three failures are counted, mean time between failures would be
186/3 = 62 hours.

13.4 Entry requ¡rements for an act¡v¡ty different from the exit requirements
for another act¡v¡ty that immediately precedes ¡t

It is possible for one activíty to start before the immediately preceding activity has been
completely finished. ln this case, the entry requirement for the following activity has been
satisfied, even though the exit requirement of the preceding activity has not. For example,
sofwvare modules could be used for performance test¡ng of the hardware platform even
though there are some residual defects concerning screen layouts.

Another situation where the entry requirements could vary from the preceding exit
requirements is where a particular resource needs to be available in order for the new
activity to start.

13.5 Entry and exit reqü¡rements

t Entry requirements A program design must have been produced that has been
reviewed and any rework required by the review must have been carried out and
been inspected by the chair of the review group.

t Exit requ¡rements A program must have been produced that has been compiled and
is free of compilation errors; the code must have been reviewed and any rework
required by the review must have been carried out and been inspected by the chair
of the review group.

It should be noted that the review group could use checklists for each type of product
reviewed and these could be regarded as further entry/exit requirements.

13.6 Application of BS EN lS0 9001 standards to system testing
There would be a need for a documented procedure that governs system testing.

The quality objective for system testing might be defined as ensuring that the software
conforms to the requirements laid down in the user specification.

Processes to ensure this could include documented cross-references from test cases to
sections of the specification.

The results of executing test cases would need to be recorded and the subsequent
remedying of any discrepancies would also need to be recorded.

13.7 Precaut¡onary steps when work is contracted out

The project manager could check who actually carried out the cert¡fication. They could
also discover the scope of the BS EN ISO 9001 certificat¡on that was awarded. For
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example, it could be that certification only applied to the processes that created some
products and not others.

Perhaps the most important point is that the project manager will need to be reassured

that the specification to which the contractors will be working is an adequate reflection of
the requirements of the cf ient organization.

13.8 lnformation flows for staff allocation

When the architecture design process which creates work packages is taking place, there

could be a further output, namely the effort estimation for each software component.
These could be passed to a management process which allocates staff to the develop
software process. The develop software process would need to pass back information
about the actual effort being used as this would allow adjustments to resource allocations
to be made as necessary.

13.9 Gompar¡son of peer rev¡ew and pair programm¡ng

Here are some ways in which they might be contrasted:

There could be further discussion of the respective advantages and disadvantages of
each approach.

13.10 The important differences between a qual¡ty circle and
a rev¡ew group

The quality circle would be looking at the process in general while the review group
would look at a particular instance of a product. The use of review groups alone could be

inefficient because they could be removing the same type of defect again and again rather

than addressing, as the quality circle does, the task of stopping the defects at their source,

Pair programming Peer review

Works on the principle that two heads are

better than one

Driver and navigator are jointly responsible
for producing the software product

Discussion 0f the rationale for the design

as lt is being produced

Real-time intera ction between part¡c¡pants

Development effort doubled

Peer review groups could be made up of more people.

Developer solely responsible for the initial creation of the
product which is then reviewed.

Reviewers see the final product only, not the reasoning
behind it unless design documentation provides the rationale.

Batch orientation with focus on the documents.

The time of several members of staff needed to study
documents and then attend the review meet¡ng.
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goods, services or licence 236
negotiated procedure 24 1

open tendering process 241

restricted tendering process 241

time and materials contracts 238
types of pacl<age 236,237,364

typical terms of a contract 246-9
acceptance procedu res 248
customer commitments 248
definitions 246
environment 248
form of aüeement 247
goods and services to be supplied 247
miscellaneous legal requirements 249
ownership oÍ software 247
price and payment method 249
project and quality management 248
standards 248
timetable 248

control points 215
control systems B0

Cooper, C. L.256n
coordination dependencies 281 *2
copyright 247 & n

cosmetic changes BB

COSMIC full function points 119-20, 351

cost-benefit analysis 26 -7, 339 * 40
and risk evaluation 35-6,34'l-2

cost-benefit eval uation techn iques 2B-34
cost schedules 193, 205-7, 2OB, 360-61
cost variance (CV) 226, 229,364
costs

detailed estimates of 130
identifying and quantifying 23, 26-7

see also cost-benefit analysis; cost-benefit
evaluation techniques; cost schedules

impact of risk on 170-71
monitoring 221-2

COTS (commercial off+he-shelf ) software
advantages and disadvantages of 75*6,"172-3
contracts lor 236, 247, 364

Couger, J. D. 258 & n

CPM see Critical Path Method (CPM)

critical activities, identifying 151 ,201-2, 360
critical chain concepts 183-B

deriving 'most likely'activity durations 185
inserting project and feeder buffers 1 86-7
project execution 1 BB

using latest start dates for activities 185
critical path

identifying 1 4B-9, 1 58, 1 59, 20"1 -2, 360
monitoring critical path activities 227, 228
shortening 229-30

Critical Path Method (CPM) 139
applied to activity-on-arrow networks 139, 1 40,

151-9
applied to activity-on-node networks 'l 39,

i 40-51
critical resor-¡rces, monitoring activities using 228
Crowston, K.276n
crystal technologies 92
cr"r mulative expenditure chart 221 -2
customer commitments 248
customer insertion program 110-11 , 349
customer relationships I 5

customized off-the-shelf software 236, 237, 247

dangles in networks 142-3,153,354
data collection 16,339
data groups 119-20, 35'l
data-oriented systems 77
data processing 1 6

day rates 260 & n
De Reyck, B. 24n
decision making274*9

chief prograrnmer teams 277
egoless programming 276-7 , 312
extreme programming IXP) 277-B
group decision making 275
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mental obstacles to good decision mal<ing

27 4-5
methods to reduce disadvantages of group

decision making 275-6, 368
obstacles to good group decision making 275
Scrum 278-9
team heedfulness 27 4, 27 6

decision poìnts 249-50
see also milestones

decision trees 36-7
decommissioning 333
deliverables, identifying and describing 60-62
delivery planning 44-5
Delphi techniqr"re 113, 275-6,368
DeMarco, Tom 283 & n

Department for Work and Pensions 2

departrnental ization 280 -B 1

dependency diagrams 43-4
design 6, 336

distinction between planning and 6
detailed design 7

development costs 27
development flexibi lity 1 23
Dijkstra, E. W. 314n
directing a project 328-9
disbenefits 47
discount factor 31 & n
discount rate 30-33, 341

for risky projects 35
discounted cash flow (DCF) techniques 30n

disjunctive lasks 273
dispersed teams 282-4
documenting plans 70
Down, 4.217n
DSDM see Atern (formerly Dynamic Systems

Development Method)
dummy activities 155-6, 354
DuPont Chemical Company 139n

Dynamic Systems Development Method (DSDM)

see Atern (formerly Dynamic Systems

Development Method)

early design model 122-5
earned value (EV), definition of 222*3
earned valr,¡e (EV) analysis 222-7,362*4
EDS 236n
efficiency 297 , 298, 299, 3OO

effort see software effort estimation
effort drivers 108
eflort multipliers 124-5, 352
egoless programming 27 6-7, 31 2

elapsed time 65-6, 295n
see also activity durations

el igible candidates 258
emails 282, 285
embedded systems l0 & n, 77,78,101,119,121,

337, 347
End Stage Assessment 2 1 5

enterprise architectu re 55- 6

Enterprise Resource Planning (ERP) systems 56n
entertainment, software designed for 7B

entities 119,120,351
Entity Relationship Diagram (ERD) 76

entry reqr,rirements 302, 303,371
equipment resources 1 94
escalation of commitment 275

escrow agreement 247
Eskerod, P. 25n
estimate at completion (EAC) 227
ethical responsibilities 266-8, 367
Euclidean distance 113-1 4, 350
European Union (formerly European Community)

241,246,248
evaluation of individual projects 26-B
evalr"¡ation of proposals 245-6, 365

evaluation plan 243-4, 365
evol utionary prototypes 85

Exception Plan 23 1 , 327 , 329
exception planning 230 -31
Êxception Report 231, 327, 33"1

exclusive use 247
Executive role 325-6
exit requ irements 302-3, 37 1

exits 119, 120, 351
expectancy theory of motivation 262-3
expenditure on ICT projects 2

experíence, programmer productivity related to
258

expert judgement, estimating by '109, 112*13
expert system shells B0

external input types 114,115
external inquiry types 114,115
external interface file types 114, 115

external outpLrt types 1'^|4,115

external quality attributes 294, 297-302
external user types 114-15
extreme programming (XP) 79, 92, 95-g

combining with stage-gate project management
100

core practices 96-B
core values 95-6
limitations 9B-9
and software effort estimation 107

Fagan, M.8.313n
Fagan inspecti on 31 3-1 4, 372
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Failla, Angelo 273n, 27 4n
Fairley, Richard 172, 173 & n
feasibility assessment 

.l 
30

feasibility study 6, 105, 131 ,336,347
feature-driven development 92
feeding buffers 186-7
feeding chain 186-7
Ferns, D. C. 38 & n

financial case 24
financial plan 43
fit requirements 282
fitness for purpose 282
Fitzgerald, 8.74n
fixed price conlracls 237
fixed price per unit delivered contracts 238-40,

364-5
flexibility 5

Follow-on Actions 333
forty-hour week98,264
forward pass 146 &n,'147,157-8,157n, 177,

't78, 182,356
free float 150, 228 & n,352, 353
Friedman, Milton 266 & n
function point analysis 60 & n, 'lOB,'112,366

Albrecht function point analysis 114-16, 120,
350

COSMIC full function points 119-20, 351

fixed price per unit delivered contracts
associated wilh 238 - 40, 364 -5

function points Mark ll 117-18, 120,351
function testing 97
functional departmental ization 280
functionality 87, 297
functionality compliance 297

Caffney, l.8., Jr. 114n
Callagher, Séamus 281n, 282
Cantt, Henry 6Bn,21Bn
Cantt charts 68 & n, 69, 184, 187, 218
Carmus, David 23Bn
general packagesTT
generic product flows, documentation of 62-3
Cilb, Tom 89n,90-91 ,92,96, 319 & n

glass box testing 318
global changes BB

gold-plating B9

Coldratt, [liyahu 184 & n

Coodwin, P. 17On

Cottlieb, R. 55n
government procurement 241, 244n, 248
graphics-based systems B0
group heedfulness 274, 276
group norms 261 ,275 & n

group perform ance 27 3 * 4, 367 - B

group tasks, categorizat¡on of 273-4

lracking 99
Halliday, Stephen 304
Hamid, T. K. 107n
hammock activities 143
Handy, Charles 286 & n

hardware environment 78, BO, 84,248
Hawthorne Effecr256*7 & n
hazards 163 & n

health and safety 265-6
heavyweight methods B1

Herron, David 23Bn
Herzberg, F.264n
Herzberg's two-factor Iheory 262
heuristics 274-5
hierarchical approach 279
high-level risks

identification of 5B-9, 7B-9,346
monitoring and control of 228

Highlight reports 331

historical data, need for 108
home working 283
Hughes, B. 22n
Hughes, R. T.113n
Human-Cerrtred Design 76
hu man-conrputer i nterface BZ

hybrid approach to identifying activities 135-6,
137

hygiene faclors 262

IBM 21 7 n, 27 3, 277n, 31 3, 31 4
IFPUC see lnternational FP User Croup (IFPUC)

implementation requirements 302
in-house projects

definition oÍ 5, 73

vs. outsourcitrg 7 4-6, 1 05
incremental delivery 80,82, BB*92,94, 249-50

advantages B9-90
disadvantages 90
incremental delivery plan 90-92

incremental plan 91-2
open technology plan 91

system objectives 90-91
inflation 2B

lnformation Engineering B0

information overload 275
information systems 10,77, 80, 337, 346
i nfrastructure programmes 3B

initial program testing 318
initiating a project 329*3O
innovative partnerships 39
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inspections 3 I 3 -1 4, 37 2

installation B, 336
installation standards and procedures,

identification of 56-7
integration testing B, 282
irrterfering float 150, 352, 353
intermediate products 60
internal quality attributes 294, 299-3OO

internal rate of return 33-4
lnternational FP User Croup (IFPUC) 115 & n

Internatíonal Soltware Benchmarki ng Standards

Croup (ISBSC) 108 & n

interoperability 297, 299
interpretivist school 255-6
invisibility 4
invitation to tender (ITT) 62, 63,71 , 24"1 & n,

244-5,343-4
ISO 9000 series 304
ISO 9001 79, 248, 304-6, 371-2
rsc) 9004 304
ISO/IEC 91 26-1 :2001 243, 296 -302, 3"1 5n

ISO/IEC 12207 6-8, 56n, 104n, 248, 250, 308
ISO/IEC 1 41 43 -1 :1 998 1 2O

lso/rEC 14s98 296
rso/rEc 1s504 308-9
ISO/lEC 1 5939:2007 294n
ISO/IEC 19761:2003 120
ISO/IEC 25000 296n
ISPL Euromethod 1 63n, 249n
issues 1 62n, 319, 33'l , 333
iterations 96,"135
lyer, B. 55n

Jacobson, l. .l 
35n

JAD see joint applicat¡on development (JAD)

Janoff, Norman S. 278n, 279

Jensen, M. 4.272n
job enlargement264 & n

job enrichment 264 & n

job holder profile 259,366
job interviews 259
job specification 258
joint application developmenl (JAD) 82, 275

Kammerer, E.8.276n
Karlströnr, D. 100n
Kitchenham, B. A. 1 05n
KLOC (thoL¡sands of lines of code) 1OB, 111-12
knowledge-based systems 7 B, BO, 346

labelling conventions 1 44, "l 56*7,'l7Bn
labour resources 194
ladder technique 156 & n

lagged activities 'l 43, "l 56 & n

Landauer, Thomas K. 45n
Lawrie, Robyn 237n
Leach, L. P.1BAn
leadership 287-90

based on power 2BB, 368-9
styles 289-90, 369

learnability 298
least squares regression 1 1 2

legal advice 246 & n,258
legal small print, in contracts 249

Lessons Learnt Reports 167 & n,316,334
Levy, O. 14n
licences 76,236,247
life cycle approach, selection of 59, Bo-B"l , 346-7
life-cycle phase, departmentalization based on

280-81
Likert, Rensis 2B9n
liquidated damages 249, 250
Lister, Timothy 283 & n

local changes BB

logic-based programming languages B0

logical internal file types 114,1'15,116
loops in networks '141-2,'153,354

lower-level planning 70*71
Lundin, Rolf A.4n
Lyytinen, Kalle 165 & n

macro process 99-1 00
Madnick, S. E. 107
Mahapatra, R.93n
maintainability 295 & n,297,298-9
ma i ntenance f acfors 262

management, activities covered by 15-1 6
management control 16*18, 339
management goals 108

management information reports 55

management products 60

managing iterative processes 99-1 00
Mangalara, C.93n
market, information on 23

Martinez, Demian 236n
Maslow Abraham 261

Maslow's hierarchy of needs 261-2,366-7
materials resources I 94
mathematical verification techniques 31 5

Mathiasen, L. 165n
matrix organization 281

maturity 298
Maznevski, M. L. 286 & n

McCall, James 296
McChesney, lan R. 281 n, 282
McFarlan, Warren 25n
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McCregor, Donald 257
MDA see model-driven architectures (MDA)
means-end inversion 7 4, 304
measurement programmes 56
measures of effectiveness 13, 338
measures of work 108 & n

Memorandum of Agreement (MoA) 244
Merisalo-Rantanen, H. 93 & n

metaphor 96-7
method of work B-9
methodologies 9

choosing 59,76-7
methods engineering 74
methods tailoring 74
micro process 99-100
Microsoft Access 347
Microsoft Excel 33
Microsoft Prolecl 282, 326
milestones 65 & n, 83, 100, 135, 215, 223, 233,

249-50
Mills, Harlan 314
mission statements 267
mock-ups B7
model-driven arch itectures (MDA) B2

models 76
moderators 313, 314
money resources 194
monitoring and control 211-34

assessing progress 21 4
clrange control 231 -3, 250, 282, 364
collecting the data 215-17, 361
cost monitoring 22'l-2
creating the framework 212-15
earned val ue analysis 222-7 , 362-4
Cantt charts 6B & n, 69 , 184 , 187 , 218
getting the project back to target 228-31
partial completion reporting 215-16, 361
prioritizing monitori ng 228
red/amber/green (RAC) reporti ng 21 6 -1 7, 21 7 n

responsibility for 21 3-"1 4
setti ng checkpoi nts 2 1 4
slip charts 218-19
talcing snapshols 21 4 - ^l 5

timeline charts 219-20, 361-2, 363
types of shortfall 213
visualizing progress 21 7 -21

Monte Carlo simulation 182-3
MoSCoW classification 95
most probable error lists 316
motivation 130, 256-7, 260-64

expectancy theory of motivation 262-3
Hawthorne EfÍec| 256-7 & n

Herzberg's two-factor theory 262

Maslow's hierarchy of needs 261-2,366*7
methods of improving 263-4
Oldham-Hackman job characteristics model

263
Taylorist model 256,260*61 , 366
Theory X and Theory Y 257

motivators 262
Musa, John D. 318 & n

n-version programming B0

National Audít Office 2 & n

NCC Croup 247
near-critical paths 1 51

negotiated procedure 24 1

NerL¡r, S.93 & n

NESMA FP method 120 & n
net present value (NPV) 30*33,341

risk and 35
net profit 2B-9
network planning models see activity-on-arrow

networks; activity-on-node networks;
Critical Path Method (CPM); PERT (Program

Evaluation Review Technique)
new product developments 25
New York Times 277

O'Kane,I.74n
Object Constraint Language (OCL) B0 & n,82, 3^15

object points 122
objective-driven projects 1O, 58,77, 337
objective setting 'l I -1 3

identifying project scope and objectives 53
measures of effectiveness 1 3, 338
sub-objectives and goals 1 2*1 3, 337-8

OCL see Object Constraint Language (OCL)

'off-shore' sfall 283 - 4, 2B4n
Off-Specification 331

offthe-shelf software
advantages and disadvantages of 75-6,172*3
contracts {or 236, 247, 364

Offíce of Covernment Commerce (OCC)
(formerly Central Computing and
Telecommunications Agency) 4O & n,49,
49-50n, 117,323 & n

Oldham-Hacl<man job characteristics model 263
on-site customers 98
once-through model see waterfall model
one-shot model see waterfall model
OO approaclr 77, 81 ,90
open tendering process 241

operability 298
operating systems 1 O, 337
operational costs 27
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Oracle 172
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organic systems 121

organizational and operational infrastructure 23

organizational behaviour (OB) 253, 255,256-7
organizational structu res 27 9 -81

departmental ization 280-81
formal vs. inÍormal 279
hierarchical approach 27 9

and projects 279
staff vs. line 280

organizational stupidity 4
Orlikowski, Wanda ). 261 n

outline implementation plan 23

outsourcing
vs. in-house development 74-6,105
see also contract management

overheads 206
overtime working 98, 264*5
ownership oÍ soÍtware 247

pair programming 97 -8, 31 4, 37 2

parametric models 111*12, 350
COCOMO models 108n, 110, 112, 120-25,

257n,258, 351-2
Park, R. E. 1 OBn

Parkinson, C. Northcote 107n

Parkinson's Law 107 & n,184
Parkinson technique, estimating by 109
partial completion reporting 215-16, 36"1

partial working model BZ

payback period 29, 340-41
paynlent method, contract terms relating to 249
peer reviews 277, 313-14,313n, 372
peer-to-peer communication 1 1 9

people management 253-69
ethical and professional concerns 266-8,367
health and safety 265-6
instruction in the best methods 260
motivation 1 30, 256 -7, 260-64

expectancy theory of motivation 262-3
Hawthorne EffecI256*7 & n

Herzlrerg's two-factor theorY 262
Maslow's hierarchy of needs 261-2,366-7
methods of improving 263-4
Oldhanr-Hackman job characteristics model

263
Taylorist nrodel 256, 260-61,366
Theory X and Theory Y 257

organizational behaviour 253, 255, 256-7
selecting the right person for \he iob 257-9

recruitment process 258-9, 366
Step Wise framework and 254

stress 98, 264*5
understanding behaviour 255-6

people-oriented management style 289, 369
performance measures 1 3

performance r afi os 226 -7
performance-related pay 256, 260 -61
persorral characteristics associated with successful

software engineers 255-6, 258
PERT (Program Evaluation Review Technique)

176-82
activity-on-arrow networks used in 139,'151 ,

178
activity starrdard deviations 178-9, 17Bn

advantages oi 181*2
calculating the expected activity duration 176-7,

356,357
calculating the standard deviation of each

project event 1 B0

calculating the z values 1BO, 357
converting z values to probabilities'lB1 , 357-B
likelihood of meeting targets 179-80
monitoring high-risk activities 228
using expected activity durations 177-8, 356

Petri nets B0
piece-rates 260-6"1, 26On
PIM see platform-independent models (PlM)

Pinkus, Rosa Lynn 8.267n
planned value (PV) 222
planning see activity planning; project planning;

strategic planning; technical planning
platform-independent models (PlM) 82
platform-specific models (PSM) 82

PM-BOK 163 & n
political implications 1 04
portability 297 , 299, 300
portability compliance 299
portfolio project management 24-6, 105

portfolio definition 24 -5
portfol io managentent 25
portfol io optimization 25
problems associated with 25*6

positivist approach 255, 256
post architecture model '122,124, 125
Post Implementation Review (PIR) 167n, 316

Post Project Review 333n
power, types o( 2BB,368*9
precedence networks 139, 1 40

activity float 149, 150
adding the time dimension 144-5
backward pass 1 46*8, 'l 47 n

constructing 1 40-43, 1 45, 352, 353
forward pass 'l 46 & n, 147

hammock activities 143
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identifying critical activities 1 51

identifying critical path 148*9
labelling conventions 1 44
lagged activities 143
PERT networks 178
shortening the project duration 

.l 50-51, 353
precedence requirements 1 33, 198, 230
precedentedness 1 22, 1 23
predictive measures 13
price, contract terms relating to 249
price to win estimation 109
PRINCE (first version) 323 & n,329n
PRINCE2 method 323-34

capitalized initial letters used for terms in 54n,
326n

closing the project 333*4
components 323-4
controlling a stage 330-31
clirecting a project 328-9
End Stage Assessment in 215
except¡on planning in 231,327,329
initiating the project 329*30
introduction to 323
iterative approach taken by 6n
Lessons Learnt Report recommended in 167
managing product delivery 331-2
managing stage boundaries 332-3
OCC responsible for introducing 40, 49,

49*50n, 323 & n

planning technique 324-5
product-based approach used in 1 35
Product Breakdown Structure (PBS) in 6On, 61 ,

13s
Product Flow Diagram (PFD) irr 135,281
project organiz ation 324 -6
project proced ures 327 *B
project stages 326-7
project support 326
responsibility in a PRINCE2 environment

213 & n,326
risk defined in 163
starting up a project 329
Step Wise compared with 49-5Q,324-5

prioritizing act¡vities 1 99 *201
probability chart 168-9, 176
probability impact grids 171
process attributes 308-9
process capability models 306*12

capability maturity models (CMM) 306--7
implementing process improvement 309*12,

372
ISO 1 5504 process assessment 308-9

process maturity 123

process models, choice of 81, 1 00-101
process-oriented systems 77
process quality management 302-3, 371
process reference model 308
process requirements 302-3, 37 1

process uncertainty 79
producer-customer ('right time') relationships

281
product-based approach to identifying activ¡ties

60-64,135,136,137
Product Breakdown Structures (PBS) 60-62, 1 35
product delivery, management of 331-2
Product Descriptions 61 ,343
product-driven projects 10, 58,77, 337
Product Flow Diagram (PtD) 62*4, 135,231 ,281 ,

343-4
product instances, recognition of 64
product uncertainty 79

'productivity paradox' in lT 45n
productivity rates, using to estimate effort 104-5,

347*B
programme, definition of 3B
programme brief 41

programme director 41

programme management 2n, 130n,329
aids to 43*5
creating a programme 40-43
managing allocation of resources 39*40,

1 30 *31 , 281
reservations about 45
strategic 40
types of programmes 3B-9

programme manager 41

programme mandate 40*41
programme portfolio 42
project analysis 74
Project Approach 329
project authority 1 2, 53, 54
Project Board 12, 54 & n, 213 & n,231,326 & n,

327, 330, 331
Project Brief 45,329
proiect buffers I 86-7
project characteristics, analysis oÍ 58-60, 74,

77*8, 107, 346
project control cycle 212*13
Projeci End Report 334
project execution 6, 1 BB

project infrastructLrre, identification of 55-B
project in itiation 329 -30
Project lnitiation Document 330, 334
project management board 12, 2'l 3, 23"1

Project Management Team 326n, 327, 329
Project Mandate 329, 330
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project objectives
modifying in lìght of stakeholder analysis 54-5
reconciling business objectives and 1 4-l 5

Project Plan 327, 329-30, 332, 333
project plarrning

based on method of work B-9
contents list for 1B-1 9

distinction between design and 6
financial plan 43
identifying relationship between strateE¡c

planning and 55-6
iterative approach to 6 & n, 336
preliminary plan 42
software effort estimation in context oÍ 106-7
sofhvare quality and 292-3
.see a/so PRINCE2 method; Step Wise project

Planning
pro.ject planning and control standards 56
project planning software tools 198-9n, 222, 282,

326
project procedures 327-B
project products

documenting generic product flows 62-3
identifying and describing 60-62
recognizing product instances 64

Profect Quality Plan 329
project risk makix 34
project schedules 1 31-3
project selection 53
project steering committee 12 & n,213,231
project success and failure '14*1 5

project support 326
project teams

definition of 271

organization oÍ 57-B
see a/so teams

projects
characteristics distinguishing 3

delinitionof2&n
examples of 3-4, 335-6
routine and non-routine 2-3
software projects vs. other types 4-5
as temporary sub-organizations 4

PROMPT 323
prototyping 80, 81, 84-8, 94, 101 ,"122, 275,282

advantages and disadvantages 85-6
controlling changes during BB

documenting amendments alongside prototype

testing.l 43 & n, 156n
extent of B7

learning Írom 86-7
stages of a project where a prototype can be

appropriate 347

types B4-5
what is being prototyped? 87

PSM see platfornr-specific models (PSM)

qualification testing B
quality see software quality
quality assurance 304
qual ity-based project clraracteristics 5B

qr.rality circles 31 5-1 6, 37 2

quality control 304
quality criteria 69 -7 0, 344
quality in use 296-7, 314-1 5n
quality management systems (QMS) 79, 248,

304-6,371-2
quality plans 320, 329
quality policy 305
quality products 60
quality standards and procedures manual 56, 70,

305
questionnaire surveys 59

RAD see rapid application development (RAD)

Radford, Paul 237n
rapid application development (RAD) B1-2
Raz, T. lBBn
RDI Technologies 239n
reads 119, I20,351
real-time systems 299
record types'11 4, 11 5, 11 6

recoverability 298
recruitment process 258-9, 366
red/amber/green (RAC) report¡ ng 21 6 -1 7, 21 7 n

refactoring 97
regression testi ng 3 1 9

Reiss, C. 39n
relay race principle 1BB

releases 96
reliability 297, 298,299, 300
renewal projects 25
replaceability 297 , 299
Reqr.rest for Change 331

request for proposal (RFP) see invitation to tender
(rïT)

requests for change (RFC) 232

requirements analysis 6-7, 336
requirements driven projects 90
requirements elicitation 6, 336
research and development programmes 38-9
resource allocation 1 92-21 O

activity planning and 130-31 , 132-3,'192,
208-9

assigning staff to activities 203-4, 360
between projects 39^40, 130-31, 281
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cost schedules '193, 205-7 , 2OB, 360-6'l
counting the cost 202-3
creating critical paths 2O"l-2, 360
identifying resource requirements 68, 195-6
nature of resources 194
resource schedule 1 93, 204 -5, 208
revising plans and estimates to take into account

resource constraints 68-9, 192, 208
scheduling resources 1 97-20'1, 358 -9
schedu ling sequence 207*B
shortening critical path 229

resource dependency 1 B6

resource histograms 197-9, 358, 359
resource schedule 193, 204-5, 2OB

resource uncerta¡nty 79
restricted tendering process 241

return on investment (ROl) 30, 341
review points 215
Rising, Linda 278n,279
risk 162-91

boundary between risk management and

'normal' software project management 1 64
categories of 1 65-6, 355
changes in situation with regard to 333
definitions of 163
evaluating risks using critical chain concepts

1 83_B
evalLrating risks using Monte Carlo simulation

182-3
evaluating risks using PERT technique 176-82,

356-B
framework for dealing with 166
identifying activity risks 67-B
identifying high-level risks 58-9, 7B-9,346
key elements 163, 355
monitoring and control of high-risk activities

228
PRINCE2 and Step Wise approaches compared

324
project risk and business risk24, 165
risk assessment'l 68-71, 356
risk exposure 1 68-71, 174, 356
risk identification 1 66*B

brainstorming 167-B
checklists 166-7

risk management 173-6
contingency 67,'l 7 3 - 4, 228n, 356
deciding on risk actions 174
risk register 175-6

risk planning 172-3
risk acceptance i 72
risk avoidance 1 72
risk mitigation 173

risk reduction 172-3
risk transfer 1 73

risk pooling 168, 356
risk proximity 171n
risk reduction leverage (RRL) 174
see also risk evaluation

risk evaluation 34-7
cost-benefit analysis 35 - 6, 3 41 -2
decision trees 36*Z
risk and net present value 35
risk identification and ranking 34
risk profile analysis 36

Risk Log 330
risk premium 35
risk profile analysis 36
risky shift 275
Robertson, l. T. 256n
role ambiguity 265
role conflict 265
Ropponen, J. 1 65n
Ross, R, 11 & n,55n
Rossi, M.93n
Rumbaugh, J. 1 35n
Runeson, P. 100n
Russo, N. L. 74n

safety see health and safety
safety-critical systems 58, 78, 80, 249, 299, 347
safety policy document 265
scale factors 1 22-3, 351 -2
schedule at completion (SAC) 227
schedule variance (SV) 225-6, 229,363
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