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ABSTRACT

A complete information system, when conceptually modelled, always
comprises a virtual database and a set of derivation processes. It

may be decomposed into subsystems; the first 1level subsystems into

which it 1s decomposed may include intermediate sub-systems (capable
of being further decomposed) or elementary sub-systems (not further

decomposed) or both, An information system always receives inputs

from its environment and provides outputs to it; these comprise its

exXxternal interface,

The development of an information system involves its initial

creation, its application usage, and its evolution. The development

process 1s complex, and its efficiency (in terms of both the quality

and the efficiency of resultant systems) has a significant effect on

all users of the information system. It is therefore desirable that a

complete, consistent, coherent and formal framework be made available
for guiding and supporting that class of people who are involved in

information system development. Such a framework 1is termed a

methodology, and the class of people as system developers. A
methodology permits the wunambiguous specification of information
systems through formal models and languages. Further to this, a
methodology has associated software tools which assist the developer
in producing and maintaining documentgtion, and 1In verifying and

carrying out other operations on the system specifications.

Just as a system developer investigates the particular activities of

people 1in a particular organisation, generalises them and specifies

xix



and designs.a target system,to be embedded within that organisation,
so this thesis 1investigates the particular activities of system

developers, generalises them, and specifies and designs a special kind

of target system to be embedded in their (developers,) development

SYStem-

The proposals made in the theéis, which tdgether specify such a

methodology for information system development, are summarised as

follows.

l. A development context which captures the purpose and scope of

the methodology and its relationships with other methodologies.

2. A formal conceptual model of the information system

development process which encapsulates the worlds inhabited by

system developers:. The model constitutes a generalisation of

these worlds as perceived by the developer, and provides a basis

for the capture of information system structures and processing.

3. A system specification and design language SSDL permits the

developer to make necessary and sufficient statements about a

target system, based on the formal conceptual model. This

language enables a developer to specify and design information

systems throughout their development stages.

4., A set of software tools which will operate on statements in

that language, and assist the developer in producing systems of

higher quality and/or in less time.

XX



Although the proposed methodology (SSDM) is wunder development, the
proposals of this thesis are argued to be original and significant.

The originality stems from a rigorous conceptualisation of information

systems and their development, an exercise characterised by both

comprehensiveness and flexibility. The significance of the

recommendations is claimed to be theilr collective provision of a basis

for a system.ofkdeve10pment'Which offers users information systems of

unprecedented effectiveness.



CHAPTER 1

INTRODUCTION TO THE THESIS

CONTENTS

l.1 Introduction

1.2 Summary of research
1.3 An introduction to the methodology (SSDM)

1.4 A brief summary of the chapters of the thesis




l.1 INTRODUCTION

The ultimate measure of the success of an information system

{

development methodology 1is the extent of the general improvement in

the resultant target systems. A developer needs better methods to

produce target systems which meet the organisation’s requirements, are

delivered on time and to budget, and are reliable and adaptable.

Management are not receiving .the information they require and they
cannot have changes made within a reasonable time.  Systems do not
meet thelr requirements and have errors in them. Predicted trends, -as

described in MACDONALD (1983) and BODART (1983), may be summarised as

follows:

= user demands and dissatisfaction will rise even more, generating

an increasing application backlog;

= iImprovements in technology will be of little relevance (ie. we

are solving the wrong problems):
= conventlonal methodologies are obsolete and will not cope.

In most organisations, however well managed, the admitted backlog is
between two to four years and is still growing. ALLOWAY and Quillard
(1982) estimated that a hidden backlog of about 168%Z of that on record

exists, because users no longer even voice their requirements.

ALLOWAY (1982) also discovered that user managements are asking for

six times as many analysis systems to support decision making, three

times as many query systems for flexible inquiry and reporting and



twice as many exception reporting systems as are currently installed.

Data processing staff generally implement the kind of systems they

have built before, because they feel confident with them.

One important way in which a methodology should help is to speed wup
system development. In order to control the system development
process, most of the existing methodologies concentrate on rigig
documentation and the administration of development tasks. They are
not capable of adapting to new styles and theories of accelerated

development, which particularly emphasise the use of software tools.
The following are the essential objectives which must be met.

- User management must be involved in defining organisational needs

and priorities, and also in the subsequent approval and review of

systems.

= There must be good communication between end users and system

developers.

= The evolution of the information systems of an organisation must

be linked firmly with 4its business goals, objectives and

priorities.

- New developments (eg. in computing power, user languages, and

communications) must be exploited to bring about more effective

systems.,’

- A complete, comprehensible, coherent, flexible and formal

- methodology must: be available to gain control over information




system development.

Achieving the last of those objectives is critical to the achievement
of the others. Among the features suggested in the literature as

being important for a system development methodology are the

fOllOWing > .

=~ Maximum machine assistance should be made available to system
developers. 1In particular, all information relating to system

development should be maintained in a development database.

Maximum use should be possible of techniques (eg. prototyping,

code generation) to shorten development lead time.

It should be possible to modify systems with the maximum speed

and ease and minimum probability of error.

There should be the maximum capability for verification at each

stage of system evolution.

Users should be able to check at each stage of system evolution,

It should be possible to use the methodology for the development

of new styles of systems (eg. decision support systems, enquiry
systems, expert systems) as well as conventional systems, and to

enable several styles to be contained in a single systenm.

- The methodology should reduce and simplify the developer’s work

rather than increasing and complicating it.

- The methodology should permit diversity of design styles (eg.



top-down or  bottom-up, data-oriented or function-oriented,

entity-oriented or event-oriented, etc.).

— The methodology should permit the use of a diversity of

individual techniques (such as diagramming and tabular

techniques),- where this 1is possible without sacrificing

coherence.

- Software tools embodying the concepts of a methodology should

constitute an integrated support environment for system

developers, users and project management.

Comparing the above requirements with previous proposals for the
management of information system development, it is argued that no
existing methodology goes far enough 1in supporting - the development

process, and, consequently, in serving the user. Even extensions of

existing methodologies would be inadequate, because they are based on

inadequate models of systems and of the development process.

We have used the term information system to mean a computer—based

system which recelves information from and transmits information to

human beings working in an organisation. There are certain

differences between Information systems and products such as operating
systems, complilers or real time (embedded) systems. Systems of this

latter kind interface largely with equipment (such as monitoring or

control gear, radar etc). It is increasingly the case, however, that

they have characteristics in common with information systems, and it

is to be expected that methodologies for their development may share



common features with information systems development methodologies.

Attempts to develop tools, techniques and methodologies, to assist the

designer throughout the development 1life cycle, have proliferated
during the past decade. The following statements are believed to be

true for such attempts.

- They have been confined either to information systems

(interactive or batch), or embedded systems.

- They have covered varying stages of the complete life cycle.

- They have been based on inadequate or non-existent models of the

life cycle.

= They have been based on inadequate or non-existent models of the

class of systems to which they relate.

=~ They have been based on varying viewpoints (e.g. programming

languages, databases, mathematical modelling, project management,

etCe)e

= They have 1in various ways been unfriendly to their users (i.e.

system developers).

- They have not contributed to significantly improved correctness

or reliability.

- Communication between wusers and developers has not been

significantly improved.



= Developers are uncertain about the amount of testing and checking

required; frequently redundant tests/checks are conducted which

are costly or totally ignored.



1.2 SUMMARY OF RESEARCH

The research undertaken assumes that a system.SPecification.and design

methodology (SSDM) should operate at three levels to support the

developer:

(a) through the provision of a model (or conceptual framework), in

terms of the activities involved and their relationships,

(b) through the provision of a language (system specification and

design language, or SSDL) to allow the expression of the

results of development activities,

(¢c) through the provision of a set of software tools, which

supports the developer 1n decision making, evaluation,

verification and documentation management.

The model determines how one thinks about systems that are to be

specified and designed, and the process of specification and design
within the complete life cycle. The language enables the designer to

record specifications and design decisions made in accordance with the

model. The tools enable the designer to manipulate the statements in
the 1language ( to perform, say, checks, decisions, and inferences on
them) and thus receive machine assistance which makes the process of

specification and design more effective.



The research undertaken falls into two parts which are described as

follows.

PART 1 extensive and detailed review of existing work in the fileld

(chapters 2 to 6, appendices)

A new and improved ''features 1list" is presentéd for comparing
methodologies, which has been prepared after surveyihg several such
sets of features. A survey of a large number ofmethodoloéies (larger
than any other survey)xis presented, based on this features list. An
attempt has been made to identify a number of approaches which
underlie existing methodologies, or which are potentially relevant to
future ones. Finally, there is a review of individual techniques

relevant to system development, grouped into three simple categories.

PART 2 proposal for a new methodology (chapters 7 to 11)

3 * ¢

It 1s argued that a unified theory in terms of models 1is necessary.

The wvalidity of the models can be established by using them as the

basis of a development language and a set of software tools. Although
work could be developed in the long term to the point of achieving

fully usable products, the primary purpose of this research is to show

how a set of models can be developed and described*to serve as the

basis both for the evaluation or comparison of éxisting 'methodologieé

and for developing new and improved methodologies.

The formality, flexibility and rigour inherent to the proposed models

make possible the proposal of a single and powerful system

specification and design language (SSDL). This;SSDL¢ha§ capabilities




(both semantic and syntactic) for defining target systems in terms of

objects and their properties; domains and restrictions on permissible

states of the objects; derivation rules; inputs and outputs.

The availability of such a SSDL makes possible the specification of a

set of software tools constituting an integrated support environment

for the system developer. The set of software tools specified

consists of: a development dialogue processor, an analyser, a logical

simulator and a development database decomposer.

The substance of the second part of the research 1s therefore

summarised as follows.

(a) An 1informal description of requirements for an improved
methodology has been presented, which is based on the standard

features derived from the survey of methodologies, to serve as

the foundation for building the conceptual model of the

improved methodology proposed in the thesis.

(b) An overall original conceptual model of the proposed
methodology, and an easy, concise and structured notation to

describe the model, have been presented.

(¢) A new and improved language for system specification and design

has been presented on the basis of noting the strengths and
weaknesses of such languages during the survey of

methodologies. This language has the capability of being

accessible to people with a variety of backgrounds and for

describing systems of a varlety of categories. It offers an

10



economy to the designer in making statements and ease both in

writing and reading.

(d) A functional specification of a set of software tools which

will constitute an integrated system development environment

has been presented.

11




1.3 AN INTRODUCTION TO THE METHODOLOGY (SSDM) -

The research work undertaken proceeds from the survey of existing

methodologies, noting their weak and' strong points, to suggest an

improved computer-based information system development methodology.

The development model of the life cycle proposed in the thesis 1is

based on a recognition of an interplay between specification and

design activities, and is described as follows.

l. System development is 1initiated by a requirements
description. It describes what the user (client) wants. Both
the user and the developer may be 1involved in writing this
document, but the user must understand it clearly. It will
therefore be in natural language, and may be incomplete and

contradictory, and contain much material which is not directly

relevant to the system developer. This requirements
description will be subject to repeated updating throughout the

subsequent stages of system development.

2, If a requirements description describes what a wuser wants, a

specification describes what he will get. Specifications will

be written by the system developer, in a formal language. It
will be machine processable, and subject to automatic checks
for completeness and consistency. It is for the developer’s

subjective judgement to decide to what extent a specification

matches the requirements description.

3. Corresponding to the specification of what a system will do, a

12



design describes how it will be structured to do it.:

4. A requirements description is develoﬁed at one level only - the
level of the complete system — but the specifications and
designs are produced not only for the whole system but also for
each of the levels of subsystems into which it may be

decomposed. Design at one level yields specifications for the

next lower level.

J. Specifications can generally be subjected to verification for
logical consistency and completeness in two ways: "horizontal"

(1.e. internal verification of a single specification), and

"vertical" (i.e. verification of a set of specifications at

one level against the parent specification at the next higher

level).

6. The language (SSDL) in which specifications and designs are

expressed 1s designed to be usable by people of a variety of
backgrounds, since system developers vary a great deal in terms

of thelr academic discipline and their past experience.

TR

/. Among the software tools already mentioned is one called a
"logical simulator". While this will be discussed at more

length later, it is important at this stage to note that 1its

purpose 1is- to provide a feedback channel which will enable

users to confirm that the developers have correctly captured

their requirements in the formal specifications.

8. The final output of the process of logical specification and

13



'design- is a complete and consistent set of specifications for

subsequent' physical design of (a) the target system database,

(b) the set of internal and external interfaces, (c) the

programs which are the ultimate embodiment of the system logic.
These specifications serve as the starting points for

specialised processes of software - assisted design, one of
which (for databases) has been dealt with by my research

colleague WHITTINGTON R P (1982, 1983).

A great deal of work has been undertaken 1in the 1last twenty years

which is relevant to the problem area addressed by this thesis. Three

approaches seem especially appropriate, and have excercised great

influence on the research reported in this thesis.

(1) The relational data model.

(2) Automated data dictionaries.

(3) Systematics, GRINDLEY (1975), which is directed toward 1logical

. -system design and has an appealing simplicity.

The proposed methodology has the following characteristics.

- It concentrates efforts in the earlier stages of development, and

gives much greater opportunity for verifying logical completeness
and consistency. As a result errors should be less likely to be

introduced, and should be detected earlier.

= It is applicable to a wide range of application systems.

14



= It is employed from the moment when the formal specification is

first drawn up, and consistently thereafter.

= It supports as much variation as possible in the sequence of life

cycle events, recognising that individual systems may justify

different approaches and individual designers may demand them.

There must, notwithstanding, be some clear general life cycle

£ rameworke.

- It is recognised that a methodology is likely to be 1incomplete

and does not occur in a vacuum, but must have a well defined

context within a broader if less precise methodology for system

development.

= The conceptual model identifies a minimal set of concepts which

are necessary and sufficient to describe the essential features

of a system completely and precisely.

= It has the capability to evolve over time in accordance with

developing technology and experience.

= It does not prescribe a particular project management system or

set of documentation standards.

Because of the broad scope of this subject matter, and the fact that

1t begins from first principles, the implementation of software tools
will require considerable further effort. It is suggested that the

work presented 1s a sufficlent contribution to the understanding and

development of the field of study in its own right, and indeed that it

15



offers considerable possibiiities for further work of both a

theoretical and implementational nature.

16




1.4 A BRIEF SUMMARY OF THE CHAPTERS OF THE THESIS

This thesis is presented in eleven chapters and two appendices. The

sequential development 1is as follows.

- It presents a historical review of evolutionary 1improvements 1in

the development of methodologies, and a survey of the current

trends in the 1980s.

- It reviews published surveys of methodologies, and presents a

study of six representative methodologies.

- It presents a classification of broad approaches, or viewpoints,
which can be seen to underlie existing methodologies, together

with others which could be valuable for future methodologies.

- It presents a survey of techniques to note their suitability for

application in a good methodology.

- On the basis of the above description, the need for an improved

methodology is argued.

- A conceptual model is proposed on the basis of the preceding

a rgument Se

~ It presents an application of the model to an example 1individual

system and shows the transformation of a system schema into a

structured matrix which facilitates several types of checkings,
analyses, 1inferences. It also presents comments on "system

specification and design language" (SSDL).

17



= A software toolkit 1s specified 1in outline to assist the

developer in developing his system.

= Future related research is specified.

- Conclusions are presented.

— There are two appendices. Appendix A defines the feature 1list
used for the comparative survey. Appendix B contains a survey of

fortythree methodologies based on the feature list in appendix A.

The above sequence can be divided broadly into two main parts
(corresponding to the two main subdivisions of the research work

undertaken, as described earlier in this chapter). The first part

presents a requirements analysis for a new methodology, and consists

of chapters 2, 3, 4, 5, 6 and appendices A and B.

The second part describes the proposed methodology 1in terms of a

conceptual model, a language (SSDL), and a set of software tools; it

outlines future work and presents conclusions. It consists of

chapters 7, 8, 9, 10, and 1l1l.

18



CHAPTER 2

HISTORICAL SURVEY

CONTENTS

2.1 Introduction
2.2 Development up to 1975
2.3 Recent trends from 1975

2.4 Future prospects

2.5 Conclusion
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2.1 INTRODUCTION

The objective of the survey which constitutes the first part of this

thesis (chapters 2 to 5) 1is to lay the basis for the requirements
description of an improved and original methodology for developing
information systems. This requires an understanding of past proposals

and of present predictions of requirements for information systems and

for their development.

A detailed summary of the main features of many existing methodologies

is presented in the appendices. The survey includes both products in

commercial use and projects currently under development in

universities and software organisations. A small number of

methodologies are studied in greater detail in chapter 3. The aim of
this chapter 1is to give an introductory account of existing

methodologies in their historical context.

The survey by COUGER and Knapp (1974) is based on an wunsatisfactory

historical framework, and includes a good deal of not very relevant
material. The survey presented in this chapter attempts to provide a

straightforward account partitioned simply into two periods, before
and after 1975. Like any historical dividing line, the choice of 1975

1s to some extent arbitrary; yet it can be observed to be a fairly
clear boundary after which there has been a rapid growth of interest

in methodologies and a significant increase in the sophistication of

approach.
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2.2 DEVELOPMENT UP TO 1975

In the early years of computing (roughly corresponding to the

so—called "first generation'"), the emphasis of universities and early
manufacturers was on the invention and improvement of hardware, and

the emphasis of the few users (mostly scientific) was on identifying
possible applications and on the details of programming. There was no
concept of what is now called "system analysis and design", even among

the very few early "commercial users'.

Although certain graphic and descriptive techniques existed in the
fields of work study, O and M, punched cards and tabulating systems,

these techniques were hardly if at all used in early commercial

applications, because of the understandable preoccupation with the

difficult and fascinating task of programming. The most that was done
to combat the difficulty of understanding complicated machine code

programs was to annotate coding sheets.

As volume production of computers grew, and commercial applications

spread, the most common tendency was for users to try to reproduce
existing applications on computers, rather than redesigning themn. In
the USA, -where punched card techniques were more widely used than in
the UK, this resulted in systems which comprised a large:  number of
small programs. In the UK the applications being replaced were more
likely clerical in nature and therefore both less well defined and
made up of larger grouping of functions: for these reasons perhaps
more attention was given to the design of efficient systems in the UK

than in USA. But even so it remained true that the primary emphasis
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was in analysing the way in which things were already done, rather
than in designing completely new systems. This accounts for the birth

of the term "systems analysis" around 1960.

Another factor accounting for the 1lack of good design was the
dependence of users on computer manufacturers, and their acceptance of

manufacturers’ attempts to offer standardised solutions and to suggest

that system development was not a major problem.

In user companies, only the most primitive methods of charting,

decision tables, other tabular methods and narrative descriptions were
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