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and manipulated by the analyst. The processes by which perspectives are identified and
developed are recorded so that the development history can be traced.

The combination of perspectives to form a specification inevitably involves negotiation. In
order to record the course of this negotiation, and allow it to be controlled properly, it needs to
be made an explicit process. If the negotiation were carried out as the perspectives are elicited,
with only a single resulting description maintained, there would be no way of checking that the
result is representative, or that the negotiation was acceptable. On the other hand, the
negotiation process involves a degree of elicitation, as additional supporting information may
be needed. Hence, while perspectives are elicited separately, comparisons between them will
need to be made, which will in turn assist with the elicitation process. Both the perspectives
and the comparison process need to be recorded for validation purposes.

1.3 Confilict and Negotiation

In seeking to represent the perspectives of the many participants in the specification, the
problem of conflict inevitably arises. In the computing literature, mention of the need to handle
conflict is rare, which is perhaps surprising given the importance attached to it in the social
sciences. For example, management studies and sociology recognise that conflict plays an
important role in group interaction [Robbins 1989]. Some recent software engineering research
has identified conflict as an issue (e.g. Curtis, Krasner & Iscoe [1988]), although as yet little
progress has been made towards understanding how conflict might be handled.

Examples of many different types of conflict abound in the literature on organisational
psychology. For example, Robbins [1974] describes a newly elected city manager who has
promised an immediate improvement in rubbish collection. After several months the citizens
complained that there was no improvement. On investigation it turned out that the citizens
regarded “improved service” to mean more frequent collection, whereas the city manager had
meant earlier, quieter and more economical collection. Thomas [1976] illustrates a different
type of conflict, in an example of a manager who wanted his staff to adopt a new form for their
weekly reports, whilst they preferred the old form. Again, investigation revealed the
underlying cause: the staff did not feel they had the time required to complete the new form,
while the manger needed the extra information which was not on the old form. Both these
examples are typical of organisational conflict, and it is not difficult to see how similar conflicts
arise during the introduction of a new software system. Similarly, the group developing the
software may be subject to such conflicts during the development process.

In this thesis, the term conflict is used in its widest sense, to cover any interference in one
party’s activities, needs or goals, caused by the activities of another party. Conflict can be
characterised as disagreement among the originators of the requirements and this disagreement
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may lead to inconsistencies in the specification. However, disagreements do not always lead to
inconsistency, and inconsistencies do not always indicate the presence of conflict.

Typical software engineering methodologies do not explicitly address the resolution of conflict.
Such methodologies are geared towards maintaining consistency and so do not allow conflicts
to be expressed, let alone constructively resolved. Indeed, we could characterise existing
software methodologies as conflict avoidance, in that they prescribe particular approaches,
which assist software practitioners in breaking problems down and resolving design decisions
in particular ways. In this way uncertainty is reduced by the provision of the collective wisdom
embodied in the methodology [Lehman 1990].

While this approach helps to avoid conflicts during development, it does not help to deal with
conflicting requirements. Most methodologies require a single consistent specification as a
basis for a coherent design, which means that conflicts are suppressed when the specification is
written. Formal methods do not necessarily help, even though formal languages are intended to
prevent ambiguity and inconsistency [Finkelstein, Finkelstein & Maibaum 1990]. The ability to
formally reason with specifications is a huge step towards detecting the presence of conflict,
but carries the implication that inconsistencies are errors which must be eliminated. Methods
developed to support formal specification reflect this philosophy, and miss the chance to

explore conflict.

If much of software engineering is geared towards conflict avoidance, this in itself may not be
a problem, for two reasons. Firstly, conflict may not be as extensive in requirements
engineering as has been suggested, so that studying it might only help in exceptional cases.
Secondly, avoidance is a valid way of tackling conflict, especially where it prevents energy
being wasted on fruitless confrontation.

In this thesis, we argue that conflict is extensive in most real domains, and that avoidance is not
a satisfactory approach to handling conflicting requirements. Examples are given which show
that conflict is important enough not be be suppressed, and that a specification can be enhanced
by handling conflict in more direct ways.

1.4 Preview

The central argument of this thesis is that modelling multiple perspectives separately and then
examining and explicitly resolving conflicts between them will result in a more precise and
more representative specification. Participants can identify more easily with a specification in
which their contribution can be traced. Furthermore, the process of comparison of perspectives
elicits issues and assumptions that might otherwise remain hidden.
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The thesis presents a model of the requirements process which provides guidance for
identifying and developing descriptions of the perspectives, and resolution of conflicts between
them. A perspective can be thought of as a consistent view of the world arising from the
context of a particular role. Perspectives do not necessarily correspond to people, as one
person may use several perspectives, and a perspective might be shared by several people.
Perspectives are represented using viewpoints, which are formatted descriptions in some
appropriate representation scheme.

No restriction is placed on the form of these descriptions, nor on the degree of formality.
Hence the model may be used in conjunction with existing specification languages and
knowledge representation schemes. The novelty of this work lies in the explicit support for
alternative and competing descriptions, and in the provision of a framework in which conflicts
can be explored fully.

The next chapter introduces requirements engineering more fully, describing some of the
difficulties of the task. Objectives for a framework for requirements engineering are set out.
Chapter 3 reviews existing work in software engineering, and in knowledge elicitation,
concluding that most existing techniques produce descriptions which represent a single
perspective. This observation is used as a pretext for an analytical review of fields from the
social sciences which cover aspects of multiple perspectives and conflict resolution.

The remaining chapters describe the model. Chapter 4 explains the ideas underlying the model
and discusses the rationale. Four main problem areas within the model are discussed.
Elicitation, based on the capture of perspectives, introduces two of these problems: how to
identify perspectives and how to construct the viewpoint descriptions. The other two problems
arise when integrating (possibly conflicting) perspectives: how can viewpoints be compared
and how can differences be resolved.

The processes of identifying and recording the perspectives is described in chapter 5, together
with a system called Analyser, which was developed to support those activities. The model
approaches the problem of identifying perspectives by splitting viewpoints when distinctions
between perspectives are discovered. The split viewpoints form an inheritance hierarchy, with
shared knowledge inherited from a common ancestor. Descendant viewpoints represent
specific areas over which perspectives disagree. The viewpoints represent only that which their
originators have explicitly stated, ensuring that they remain accurate models of elicited

knowledge.

Chapter 6 presents a model for resolving conflicts between perspectives through a process of
computer-supported negotiation. As conflicting viewpoints may co-exist in the model, there is
no compulsion to resolve conflicts until a resolution becomes necessary or desirable. The
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2.1.5 look at the exploratory nature of requirements engineering, and the importance of
recording the development history of the specification, and its underlying rationale.

2.1.1 Specifications

Specifications have a vital role to play in the software engineering process, as the only precise
description of needs. The specification provides a way to verify the correctness of the eventual
design and implementation. If the specification is inappropriate, verification will be pointless.
Information omitted from the specification will not be taken into account in the design process.
Ambiguities in the specification lead to uncertainty throughout the process. Misunderstandings
and errors in the specification will lead to designs which, while complying with the

specification, do not properly satisfy the needs of the users.

Typically, the specification acts as a contract between the clients and the software developers,
and as such is the main channel of communication between them. Balzer & Goldman [1979]
describe three criteria by which a specification should be judged, namely: it must be clearly and
unambiguously understandable by both parties; it must be testable that any implementation
satisfies the specification, and that the specification meets the needs it is designed for; and it
must be easy to modify, as the requirements will change over time. These criteria reflect the
contractual nature of specifications.

The specification also acts as a channel of communication amongst the software team. As the
main source of information about the clients’ needs, it defines what will be common
knowledge among the developers. Too often, the specification does not adequately fill this
role, and a recent field study of behavioural aspects of software developers [Curtis, Krasner &
Iscoe 1988] concluded that many software teams depend upon a single exceptional designer.
Such designers are characterised as having a deep understanding of both the application domain
and the design process. In such cases, this designer is a better source of information than the
specification. However, the development team will not all have equal access to such person,
and so will be working with different amounts of knowledge. Clearly, it is preferable to
express as much of this knowledge as possible in the specification, in order to ensure

dissemination.

Because of its accessibility, the specification ought to facilitate co-operation between the
various parties. However, there is evidence that it frequently fails to do this. The study
described above suggested that exceptional designers are able “to integrate different, sometimes
competing perspectives on the development process”. In other words, the specification is only
providing one perspective, and there are other important points of view which it has excluded.
This leads to two major problems, namely: whole sets of knowledge and ideas are ignored by
the specification; and the people concerned will lose faith in the specification. The software

team can become fractured, as such people attempt to exert influence in other ways, and will
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become dependent on the existence of a team member with the background knowledge and
communication skills required to resolve the problem.

We have identified two major roles of the specification, as a communication medium, and as a
yardstick by which design and implementation are judged. In order to fulfil these roles, the
specification must be unambiguously understandable, testable, and modifiable. The trend
towards formal specification languages is an attempt to satisfy at least the first two of these
criteria.

In addition to these criteria, it has been suggested that the specification should be representative
of the many people that contribute to it [Zave 1982], as each contributor may have some unique
insight or perspective that might otherwise be ignored. More importantly, potential users are
unlikely to co-operate in the development, nor accept the final system, if they feel their views
have not been taken into account. In the worst case, participants would have to circumvent the
specification in order to get an issue raised.

We have referred throughout this discussion to specifications as though they are of a uniform
type. In fact, several types of specification can be distinguished, which are derived in different
ways and have different uses. For example, it is common to distinguish between requirements
specifications and design specifications, where the former describes needs, and the latter .
describes how those needs are to be met. While this discussion is directed at requirements
specifications, other types of specification also have a communicative role within the portion of
the lifecycle in which they are used.

2.1.2 Constructing Specifications

As the specification has several important roles to play, it needs to be carefully constructed. It
will be read by a number of different people, with widely differing backgrounds, and so must
be accessible to them. Presentation is therefore important. It is essential that the specification
should answer the types of question that various groups of people are likely to ask of it. In
other words, it should be easy to interrogate. Above all the specification should be regarded as
a designed artefact, itself created to fill certain needs.

Throughout the life of a project, pressures will arise for changes to the specification. These
have many causes, from understanding gained in attempting to satisfy the current specification,
to changes in the environment of the system. Where such changes are incorporated, the
specification should be modified accordingly, in order that it remain up-to-date. If the
specification is not up-to-date it will fail in its communicative role. Specifications, therefore,
must be easy to annotate and modify. Although some would argue that the contractual nature of
specifications implies that they should not change, it is clearly preferable to negotiate a change
in the specification than to deliver software which does not meet the specification.
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The specification’s role as a source of information suggests it should include some form of
database or knowledge base. Work on knowledge-based systems have provided some useful
ideas both for modelling requirements (e.g. Borgida, Greenspan & Mylopoulos [1985] — see
§3.1.2) and for reasoning with the specification (e.g. Reubenstein [1990] — see §3.2.4). A
knowledge based component can also facilitate access to and management of the body of
information gathered during requirements engineering. Such a component can be used to
interrogate the specification throughout the lifecycle.

2.1.3 Validating Specifications

The specification must be sufficiently precise to determine whether subsequent designs and
implementations meet it, a process known as verification. If the specification is in a formal
language, the verification process can be mathematically rigourous [Bjorner 1987], and to a
certain degree, automated.

However, verification does not ensure that the specification is correct. The specification must
be validated with regard to the original needs of the client. This process is particularly difficult,
as there is no definitive statement of those needs: the requirements specification is the first
precise description of those needs. Because of this, validation cannot be formalised, and must
remain a subjective human activity, requiring input and discussion by the originators of the
needs [Blum 1985].

Validation can only proceed if the participants can relate the specification to their needs, and is
only successful if the specification is relevant to those needs. An important facility for
validation is traceability [Alford 1977]. If components of the specification can be traced back to
the original statements that inspired them, then the participants can assess the relevance more
readily. Also, if a statement has been misinterpreted, the parts of the specification which are

based on it can be identified.

Validation is an important part of requirements engineering. As it requires the originators’
participation, it is likely to be considerably smoother if those people have participated
throughout the requirements process. Such an involvement means that the requirements can be
validated as they evolve, rather than when they have been refined into a specification.

2.1.4 Design Capture and Rationale

Often the ability to trace a component of the specification back to an originating statement is not
enough to understand its purpose. For this, the process that led to the current specification
needs to be recorded. Given that specifications are designed artefacts, then recording the
derivation is a form of design capture. The design history must record the decisions made and

their rationales in order to be of use.
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provide new communication channels between colleagues. These include electronic mail,

bulletin boards and hypertext.

CSCW is relevant to conflict resolution in that it provides a number of tools which are intended
to improve group collaboration and hence manage conflict. Most such tools are asynchronous,
concerned more with the co-operative organisation of ideas over a period of time, although
some meeting support tools, such as Xerox PARC’s CoLab [Stefik et. al. 1987] address the
same concerns. CoLab is a testbed meeting room which uses high resolution screens to replace
the role of the whiteboard. Two of the software tools provided are of interest here: Cognoter
and Argnoter. Cognoter is used to develop outlines for talks and papers collaboratively. It
divides meetings into three phases: brainstorming, in which a shared window is used to jot
down (unrelated) ideas; organising, where participants explore the relationships between ideas
by linking them in some order and grouping them; and evaluation in which the ideas are tidied
up, details filled in, and irrelevant ideas eliminated.

Argnoter is intended for use in evolving designs, where proposals have been partially worked
out beforehand, and so the scope for conflict is greater. The intention is to overcome three
major causes of dispute: personal attachment to positions, unstated assumptions, and unstated
criteria. Again, three phases are used: proposing, arguing and evaluating. In the first phase,
proposals are presented using webs of interconnected windows, often modifying existing
proposals, or combining features of several. The arguing phase consists of noting reasons for
and against each proposal, and linking these arguments to the proposal. The final phase is
concerned with discovering the assumptions made by the arguments, and listing criteria for

decision making.

Argnoter was designed to disassociate people from proposals so that they feel freer to critique.
The assumptions associated with arguments are grouped together into belief sets, to
characterise points of view, and to explore the consequences of those views. Stefik et. al.
[1987] compare the tool to a spreadsheet in that it doesn’t understand the proposals and
arguments that it manipulates, but can compute the logical relationships between them. The
resolution of conflict was one of the motivations in the development of the tool, with the
hypothesis that making the structure of the arguments explicit reduces the disagreements caused
by uncommunicated differences. In this way, the tool incorporates much of the methodology
advocated by Fisher & Ury [1981]. However, the actual role of the tool in the conflict
resolution process is not investigated, as the researchers were more concerned with how the

enabling technology affects the meeting.

3.4.4.3 Hypertext

Hypertext systems [Conklin 1987] offer the ability to support the collaborative elicitation and
organisation of ideas over longer durations. In particular, several hypertext-based software
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engineering environments have been developed, to help cope with the volume of information
needed, and to support communication between a team. As Schuler [1988] points out,
hypertext provides an excellent vehicle for supporting (but not supplanting) negotiation.
Hypertext allows differing opinions and viewpoints to be represented and linked in the same
system, encouraging plurality rather than stifling it.

The ability of hypertext to represent the associative structure of knowledge using typed links
and nodes allows systems to reflect the structure of conflicts. Lowe has built a hypertext
system directly based on a model for debate and reasoning, known as SYNVIEW [Lowe
1985]. By concentrating on debate, the system can contain all viewpoints rather than just a
dominant one, with any group decision-making or voting based on access to a common body
of material. The system is used for a group of experts to co-operatively compile information on
a particular subject. It allows the experts to disagree, and provide evidence for their statements,
by adding backings and qualifiers to chains of reasoning. Each statement of evidence can also
be subject to disagreement. In this way, the system captures the style of a debate.

SYNVIEW appears to work well when the information has already been thought out by the
experts, and is intended as a presentation tool. It does not assist the constructive thinking
needed in design. This is because debating protocol concentrates on the adoption and defense
of positions, encouraging an intransigence that inhibits creativity.

The dynamic nature of hypertext can be exploited to provide tools to explore problems in their
early stages. While the ability to link together ideas associatively as they occur makes hypertext
ideal for this kind of application, the ability to annotate and amend such links rapidly is
important [Easterbrook 1990].

Software development hypertext systems allow designers to link together chunks of code,
documentation, specification, etc, in order to record how the development progressed, and
how the various parts of the system interact. For example, the Personal Information
Environment (PIE) [Goldstein & Bobrow 1984], concentrates on perspectives. A program of
research at MCC in Texas has produced gIBIS and ISAAC [Conklin 1989] which directly
support group exploration of issues by allowing users to build up a network of issues,
positions (or alternatives) and the arguments that support or refute them. While all these
systems are designed with the software engineering application in mind, the principle could be
adapted for other types of problem.

Several authors have used hypertextual linking in knowledge acquisition, for instance to link
together (formal) interpretations and the original text (e.g. Woodward [1988], Regoczei &
Hirst [1989], Jones [1989]). Gaines [1989] terms this shadowing, suggesting that items in a
formal knowledge base can be linked to informal nodes of a hypermedia system, providing
extra information for human digestion. This approach offers an excellent route to combining
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There is some correspondence between perspectives and roles — however, the perspective is
not a description of a task or a role, but a description of the world from a particular angle. It
would be more precise to identify a perspective with the context in which a role is performed.
The relationship between people and their perspective descriptions is analogous to that between
managers and their areas of authority (c.f. management domains [Sloman & Moffet 1988]).
Authority can be shared and areas can overlap; conflicts can arise both between areas of
authority held by a single person and between people who share an area of authority.

As an example, consider the job of a librarian. A librarian may have to perform several roles,
and will describe the requirements of the library system differently, depending on which role
she is considering them from. The intricacies of the task of cataloguing may conflict with the
need for information at the issue desk. When considering the job of issuing books, the librarian
might state a particular search facility is required. At some other time, she will be considering
the cataloguing task, and might state that this same facility would be too complicated to
provide. Such conflicts may disappear when pointed out to the person concerned, due to a
conscious desire to appear consistent. However, in this case the conflict has not been resolved,
but only suppressed: the search facility is still desirable, even if this particular librarian decides
it can’t be done.

Conflicts such as this often reveal when people are considering their requirements from
different perspectives. As in the example above, suppression usually involves a decision which
might not be appropriate to take until more information is available. In particular, it may
become clear that there is a way of reconciling the conflicting pressures. Note that where the
roles are performed by different people, there will be less pressure for the conflict to be

suppressed.

Informally, a perspective can be defined as a description of an area of knowledge which has
internal consistency and an identifiable focus of attention. Following Finkelstein et. al. [1989]
(See §3.3.3) we use the term viewpoint more specifically, to denote the formatted
representation of a perspective. A viewpoint consists of a set of statements which constitute a
description. This description will be in a particular representation style, for example a particular
type of diagram, or some specification language. A viewpoint will also have an originator,
from whom the description was elicited. In most cases we can expect the originator to be a
single person. However, as the elicitation of viewpoints proceeds, coalitions of people will be
seen to share a viewpoint, and so an originator may be a group of people, or even an entire

organisation.

This distinction between perspectives and viewpoints allows us to regard a viewpoint as a
partial description of a perspective. The viewpoint is restricted to what has actually been stated
by the originator, in other words to the part of the perspective that has been elicited. This
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restriction of viewpoint descriptions is useful for validation purposes: the viewpoint does not
contain any (possibly spurious) assumptions about what the originator might think — it is a
verbatim description of what the originator actually said. In effect, statements are regarded as
commitments for the speaker (See §5.2.1). The originator of a viewpoint can review her
current set of commitments at any time, making modifications as necessary.

4.1.2 Conversation

One underlying assumption is that specification is a conversational activity. The definition of a
viewpoint reflects this: a viewpoint is a record of the statements made by an originator. It is not
a description of what a person might think, nor is it a reconstruction of what a person appears
to do. Where such things need to be represented they form other viewpoints, originating from

whoever is doing the hypothesizing or the reconstructing.

The elicitation of knowledge inevitably involves some form of interaction with the people who
might have that knowledge. Such interaction can take many forms, and analysts typically use
several techniques to gather information, some of which involve dialogue, while others have
no verbal component (See §3.2.3). No assumptions are made about what form the elicitation
takes, except that it involves some form of interaction with the originator, and presumably
some degree of interpretation. The viewpoints capture the information arising from that

interaction.

Whichever methods are used, at some point the analyst will need to discuss the gathered
information with the originators, and it is these discussions that form the main vehicle for
clarifying and validating the knowledge, and hence building the specification. The discussions
between analyst and originator enable both parties to explore the current state of their viewpoint
descriptions, and how those descriptions relate to the evolving specification.

Any framework for the requirements engineering process must not only support this
conversational aspect, but must also encourage it, to ensure that the various contributors
actually participate. In order to be effective, the discussions should not be restricted by the
model, nor by the form of support provided by it: the discussants need to be free to raise any
issues that concern them. If they are prevented from raising particular issues because of some
imposition on the order of discussion, then such issues might never receive proper attention. In
other words, the course of the discussions must be controlled by participants, rather than the

model.

This requirement has an important ramification, in that where temporary inconsistencies and
over-simplifications arise, there is no guarantee that the discussants will resolve them
immediately. If the acquired information is to be represented as a knowledge base, then this
knowledge base must allow participants to continue to interrogate it, to explore its current state,
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even in the presence of inconsistencies. This reflects the human ability to explore an idea,
whilst ignoring any inconvenient or trivial details. The support tools must accommodate the
inconsistencies until such time as the participants are ready to discuss them. They may turn out
to be important conflicts, or they may be the result of errors or misunderstandings.

The use of perspectives supports the conversational aspect of requirements elicitation by
capturing the information exchanged in conversation. It also facilitates and encourages
discussion in several important ways. It allows participants to identify their contributions, and
to see how those contributions have been represented — the analyst can present a viewpoint
description back to its originator to initiate the process of discussion and clarification. Because
inconsistencies are assumed to be distinctions between perspectives rather than errors, there is
no need to resolve them immediately they are detected. This allows the participants to explore
particular ideas, by posing them as new perspectives. Finally, the conflict resolution process
described in chapter 6 explicitly encourages the discussion of the issues underlying conflicts

between perspectives.

4.1.3 Representations

The model provides a structuring for the collection of information from many sources.
However, it does not impose any particular representation on that information. Many of the
analysis techniques developed in the past are little more than representation schemes, where the
form of representation used determines the way in which that information is gathered and
analysed. In contrast, the model described in this thesis provides no representation scheme at
all, in the expectation that existing representation schemes can be adopted as required.

The definition of a viewpoint (§4.1.2) restricted it to a description of the actual statements of
the originator. However, as the intention is to enable some degree of interrogation and
manipulation of the viewpoints, there is little to be gained by simply constructing them as
natural language descriptions. Indeed, descriptions of this form are already available as the
transcripts of conversations with a particular person. Rather, the statements need to be
translated into a formatted description. This translation serves two purposes: it checks the
analyst’s understanding of the originators’ statements, and it allows the description to be
formally analysed in various ways. The formatted description can be presented back to the
originator as a form of summarization, so that the originator can validate it.

It was noted in chapter 2 that requirements engineering involves many different types of
knowledge, using many different representations. Typically, several representation schemes
are used to supplement each other, whilst avoiding any duplication of information. It is often
useful to describe the same information using different representations: the introduction of such
redundancy can help reduce misunderstandings and discover conflicts. Different

representations are more suited to particular areas of knowledge, in the same way that different
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programming languages suit particular problems [Petre & Winder 1988]. People have preferred
ways of describing particular parts of their knowledge, and it is helpful if appropriate
representation schemes can be used to structure the viewpoints.

The multiple perspectives model provides exactly this facility: the knowledge gathered for each
perspective can be represented using any appropriate representation scheme. This allows the
people with whom the analyst interacts to describe their contributions in a form that they feel
comfortable with. The problem of comparing descriptions in different representations becomes
part of the general problem of comparing information for which there might not be any prior
common understanding.

4.1.4 Evolution

The process of knowledge acquisition can never be regarded as complete during the lifecycle of
a software system. Although specification is an attempt to provide a complete definition of the
requirements, some of those requirements will not become apparent until a new system is
introduced. Also, the environment in which the system must operate will change, and these
changes will be reflected in the perspectives of the people concerned with the system. The
process of requirements elicitation therefore never really stops.

As elicitation proceeds even after parts of the specification have been constructed, there is a
danger that new information will invalidate the decisions involved. This may reflect both
changing requirements, and clarification of mistakes and misunderstandings in the original
requirements. There are two ways in which evolution arises in the multiple perspectives model:
the addition of new perspectives and the elaboration of existing ones. New perspectives might
be added as the result of new distinctions becoming apparent, additional participants joining the
process, or new needs being identified. Existing perspectives will continue to be developed
throughout the lifecycle: the originators will be encouraged to review their descriptions
periodically, and changes are especially likely as a result of the validation process (§4.2.4).

The multiple perspectives model does not attempt to impose definite phases of elicitation and
integration, as it is recognised that the integration process will entail the elicitation of additional
knowledge. Rather, exploratory integrations are interleaved with the process of developing the
individual perspectives. While the viewpoints provide the initial input to the resolution process,
it is unlikely they will contain all the information needed, particularly if creative solutions are
needed for major conflicts. The integration process will inevitably include a great deal of
reconsultation with the originators of the viewpoints. The existing viewpoints provide
indicators of where such consultation is necessary, and what type of additional information is

needed.
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Specification building is treated as an exploratory process, concerned with the comparison and
combination of parts of existing viewpoints. The viewpoints themselves are not altered by this
process, but remain as representations of the perspectives. Instead, the results of the
comparisons are kept separate from the participating viewpoints. As such integrations always
take place in the context of a particular set of viewpoints, the later addition of new viewpoints
will not invalidate the reasoning behind any decisions taken. Similarly, because the
participating viewpoints are preserved as a record of the information used in the decision-
making process, any decisions can be re-examined. Hence, the effects of any further changes
to the participating viewpoints, resulting from reconsultation with the originators, can be
traced.

An inevitable result of this exploratory process is that decisions will frequently need to be re-
examined. This is desirable in any situation where knowledge is incomplete. The extra effort
involved is reduced by explicitly capturing the decisions, together with the knowledge on
which they were based, and providing tools to allow full traceability: from viewpoints to the
decisions they participated in, and from decisions to the viewpoints on which they were based.
The problem is also reduced by encouraging analysts to delay decisions until they become
necessary (See §4.2.3).

4.2 Rationale

The main justification for introducing perspectives is the observation that the conceptual models
which people use for their respective tasks seldom match exactly [Norman 1986], and that
resolving the differences between them is a difficult problem. In the model we propose, a
separate knowledge base is built for each perspective, to capture the knowledge offered by the
person expounding that perspective. This ensures that each perspective is properly represented
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Figure 4.1: The traditional approach to requirements analysis involves the analyst building a
single description of the world which gradually evolves into a specification. Information from
each source is fitted into the single description. By contrast, our model maintains a separat(cj
escription for each perspective, and these separate descriptions are combined into
specification. The perspectives remain after the specification building process, allowing the
nrocess to be reconstructed.
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in the integration process, increasing the chances that the eventual specification will represent

the views of all participants.

The model has important implications for validation of specifications. If the specification is to
describe accurately the needs from which it is derived, then it must be validated by all the
people whose needs it is supposed to represent. Validation of a complete specification is a
difficult task, which should be divided up into manageable parts. The multiple perspectives
model allows participants to validate their individual contributions separately. Having done
this, they can then trace how their contribution relates to the specification, and to the decisions
involved in building that specification. The model encourages their participation throughout the

specification process.

4.2.1 Separating Perspectives

In the requirements specification process, individuals start with different knowledge and
different preconceptions, which are gradually merged into a specification. Before these people
have communicated some of their knowledge and established some common ground, it is
difficult to combine their knowledge into a consistent specification without misrepresenting
them, or neglecting parts of their contributions. Furthermore, the merging process involves
important decisions which resolve conflicts between competing needs.

In the multiple perspectives model, the elicitation process involves the construction and
evolution of individual viewpoints. As the viewpoints are developed independently, the analyst
need not worry how the viewpoint being developed fits in with the rest of the information. This
allows the analyst a much greater control over the process: the implications of a particular
viewpoint description can be ignored while it is being developed, even if there is a direct

contradiction with other viewpoints.

As each person’s point of view is elicited separately, participants are able to describe what they
see, rather than having to add to other people’s descriptions. A description need not
accommodate other points of view, and so remains an accurate representation of an individual’s
contribution. Furthermore, the model allows individuals to be inconsistent. Such
inconsistencies can be represented by several viewpoints, and so do not prevent the analyst
from reasoning with the evolving descriptions. As participants are not constrained to be
consistent, they can explore what-if questions, and ignore inconvenient consequences of ideas

as they are developed.

4.2.2 Combining Knowledge Sources

While the model does not impose specific phases of elicitation and integration of viewpoints, it

allows the two processes to be identified and separated, even when they are interleaved.
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Without a framework for maintaining separate descriptions, it is difficult to avoid modifying
incoming knowledge as it is elicited, to take account of what is already known: in this case the
integration of knowledge from multiple sources remains an implicit process. In contrast, by
representing the perspectives explicitly, the processes of resolution can be examined, with the
perspectives captured separately, before integration takes place.

We have already observed that integration of knowledge from many sources is a decision-
making process. Support for the explicit integratibn of separate perspectives provides a focus
for this process. By maintaining a set of (often incompatible) perspectives, the analyst can
build up the whole picture before attempting to combine them, delaying any decisions until an
appropriate time (See §4.2.3). Where inconsistencies arise between perspectives, they are
explicitly resolved by detailed discussion, as such inconsistencies often indicate the presence of
important conflicts or the need for design decisions.

The model also facilitates the recording of the decisions. Given that the information used to
make the decisions is already captured as a set of viewpoints, each decision can be captured
and recorded, together with the context in which it was made. Furthermore, the process of
documenting these decisions is automatic. The original viewpoints will remain available for
examination, allowing the rationale behind the decisions to be seen.

4.2.3 Delaying Decisions

The previous section emphasised that the integration of knowledge is a decision-making
process, and discussed how the model supports decision-making. We have also suggested that
by accommodating inconsistencies, the model allows the analyst to delay making particular
decisions until the relevant knowledge is gathered. This ability to delay decisions also
contributes to the stated aim of not imposing any ordering upon the discussions between
participants (See §4.1.2).

A decision about how to integrate several pieces of knowledge, or how to resolve a conflict
represents a commitment: by making the decision, the analyst is committing herself to the
outcome of that decision. These commitments inevitably involve a narrowing of attention, as
the act of making the decision implies that there are other possibilities which will henceforth be
excluded from consideration. A premature decision implies a commitment which may
unnecessarily restrict the future development [Thimbleby 1988]. Most importantly, it can
curtail the creativity process by discouraging exploration of novel ideas. Not only are other
possibilities excluded from consideration, but the participants often forget they exist. Hence,
while it is sometimes possible to reverse decisions if it becomes clear they are unworkable, in
general, once a decision has been followed through it is hard to recognise that an alternative
approach might be better. It is also hard to recognise which decision was faulty: if the
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alternatives are forgotten, in retrospect the decision will no longer be considered to have been a

decision.

To prevent the unnecessary restriction of the development process, we distinguish between
specification commitments and exploratory decisions. This is made possible by not maintaining
a single “correct” specification, which would embody all the commitments made so far. Instead
the set of perspectives represents the many possibilities, and exploratory comparisons and
integrations are treated as new perspectives, rather than as part of any specification. Eventually
parts of these perspectives may become parts of a specification, but by avoiding treating them
as such during the development process, we avoid restricting the exploration with premature
commitments. The process can be regarded as delaying commitments, in that binding decisions
are deferred until an appropriate time.

4.2.4 Constructing Specifications

In chapter 2, we described the role of the specification, concluding that it must be testable,
unambiguously precise, modifiable, and representative. These criteria are affected both by the
manner in which the specification is constructed, and by the form it takes. In particular, the
degree of formality has a strong bearing on precision and testability, while the degree of
involvement of clients will affect its representativeness.

An overriding concern is the validation of specifications. The multiple perspectives model
assists with validation in two main ways: Firstly, participants can see how their contribution
has been encoded, how it fits into the whole picture, and how their descriptions relate to
others. This allows them to make changes where they feel a viewpoint is misrepresenting them.
Secondly, as each person’s contribution is represented explicitly, the role it plays in the
subsequent integration process can be traced. Hence any item in the final specification can be
traced back to the viewpoints from which it originated. More importantly, a viewpoint can be
used by its originator as a pathway into exploration of the complete specification.

Precision and the elimination of ambiguity are often achieved through the use of formal
specification languages. However, these introduce their own problems: they can be difficult to
read and will be unfamiliar to the people whose knowledge is being represented. This in turn
introduces problems with validation. As the multiple perspectives model allows each person to
examine how her contribution has been represented, in isolation from others’ contributions, the
use of an unfamiliar notation is less daunting. We noted in §4.1.4 that the model make no
commitment to a particular representation. In fact, the ability to mix representation schemes
allows mediating representations [Johnson 1989] to assist with the presentation of a formal

specification.
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One of the strengths of the model is its encouragement of negotiation. The viewpoints are built
by collaboration between the originator and the analyst. This collaborative process ensures that
discussion takes place, allowing misunderstandings to be eliminated. The specification must be
agreed between the participants, and therefore involves detailed discussion and resolution of
conflict. This encouragement of discussion, and the common understanding it leads to, helps
avoid ambiguities in the specification. A further source of ambiguity arises from differing uses
of terminology. Such differences should not necessarily be eliminated, but they must be
detected: it is when they remain undetected that ambiguities result. The resolution process
described in chapter 6 provides a route to the detection of such differences.

While the model does not guarantee that the specification formed at the end is representative, it
at least ensures participants have a greater role to play in the process. Where knowledge is
accumulated in a single central description it rapidly becomes unrecognisable to the originators
[Compton & Jansen 1989], partly through the encoding process, and partly through the
elaboration by many other sources. This has a tendency to alienate the participants, as they lose
any sense of ownership of the specification. In the multiple perspectives model, originators are
the owners of their viewpoints, allowing them to be a part of the resolution process, and giving
them a motivation to participate further.

The viewpoint knowledge bases developed during the requirements phase are retained as
annotations to the specification. This allows experimentation to continue throughout the life of
the system, with the viewpoints providing the traceability and rationale to support the
specification. The use of viewpoints provides a modularity that facilitates change: the
viewpoints can be modified and added to as described in §4.1.5. Furthermore, as the
viewpoint knowledge base used during development of the specification is retained as a part of
that specification, a great deal of extra information is available to anyone who interrogates the

specification .

4.2.5 An Example Problem

We have outlined a novel approach to requirements elicitation, using viewpoints to enable
individual and idiosyncratic descriptions to be built. These separate descriptions can be
associated with the perspectives people use when performing particular roles. In section 4.1.2
we described in very general terms a possible conflict between two roles of a librarian.
However, we have not considered in detail how viewpoints are likely to differ.

There will clearly be a number of small difference of detail between viewpoints. For example,
if the descriptions are in a predicate calculus, there will be a number of propositions which are
true in one and false in another. Where quantifiers are employed to describe real-world
concepts the potential for contradiction is enormous. Alternatively, if the descriptions are
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Entity-Attribute-Relation models, there might be some differences between what are chosen as
entities in the domains, and what are considered to be attributes of other objects. Figure 4.2
presents an example adapted from Stamper et. al. [1988]: is the office of prime minister an
entity, and the current holder an attribute; is the holder an entity, and the office he holds an
attribute; or are they both entities with a relation between them? Although these examples may
seem trivial, if such differences arise in the unstated assumptions on which people base their
viewpoints, then their descriptions may eventually seem completely incompatible.

We can illustrate the problems of basing reasoning on differing assumptions with a small
example, analogous to that first described by Schoenmakers [1986]: A software analyst
interviews two employees of the client organization to establish the requirements (in this case
for a library system). The first employee states that some fact A is true:
We've got to have time limits for lending
whilst the second states that if A is true, then so is B (i.e. A -> B):
If we've got to have time limits for lending
then we'll need fines to enforce them!

The analyst puts these together, and concludes that B is true:

[n that case we'll need fines as a requirement
Unfortunately, both employees know that B is false (neither really wants fines!), as is

Relation: member_of

Y

Entity: person Entity: party

Attributes: name (John Major) Attributes: name (Conservative)
office (Prime Minister) in_power (yes)
salary (£62,000)

Relation: holds

y

Entity: person Entity: office
Attributes: name (John Major) Attributes: name (Prime Minister)
party (Conservative) salary (£62,000)

Relation: in

y

Entity: party Entity: office

Attributes: name (Conservative) Attributes: name (Prime Minister)
holder (John Major)
salary (£62,000)

Figure 4.2: An example of different descriptions of the same concepts, all expressed using
entity-relation-attribute diagrams (adapted from Stamper et. al. [1988]).
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consistent with their individual statements. The second employee stated the implication
believing the premise, A, to be false (she didn't want lending limits), quite possibly prompted
by the analyst suggesting A because the first employee had mentioned it. The first employee,
of course, wouldn't agree with the implication (other sanctions or even unenforced limits are
not unreasonable for this particular library).

Any doubt as to whether the problem is a valid one can be expelled by listening to clients
talking about the requirements. Phrases such as “Well, if A occurred we would need B to
handle it”, and “If we had A, we would want B” are often used in the counterfactual sense: the
speaker still suggests the implication, knowing that the premise is not true; or worse,
reluctantly adds the implication once someone else has specified the premise. The rather
simplistic scenario given above belies a tricky problem: it is more likely that the conclusion will
be based on a long chain of inference, and the problem will go undetected until too late.

This problem cannot be detected in a conventional knowledge base, as no information will be
available to say that the two statements A and A -> B originate from different sources, and
might not be compatible (Figure 4.3i). Even if the analyst found out both employees believe
that not B is true, perhaps by examining assumptions, and added it to the knowledge base, the
problem would still remain, as the knowledge base is then inconsistent. Furthermore, the
contradiction is not a direct one and might only be detected by generating all the consequences
of the current set of assertions, which is often impractical (Figure 4.3ii).

Spotting the inconsistency is only half the problem. Assuming a good tool could help to detect

Clients ' Analyst's Knowledge Base
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Figure 4.3: A conventional knowledge base cannot handle the problem. (i) shows the analyst
drawing the wrong conclusion based on the simple evidence of the employees’ first statements.
There is nothing to indicate to the analyst that the conclusion is wrong. (ii) shows an attempt to
rectify the problem by asking the employees about 'B'. This causes further problems, as the
knowledge base then contains an inconsistency.
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the problem, there is no information available about which of the three propositions (A, A-
>B, and not B) are faulty. The analyst would need to decide which position is right before
proceeding, as most inference systems cannot allow all three propositions to remain. This may
force the analyst to make an early decision, in this case about lending limits, when such a

decision may not yet be appropriate.

4.2.6 An Example Solution

We will now demonstrate how the model copes with the fines problem. The first thing to note
is that simply adding the statements to a knowledge base discards important information about
who said what, and in particular, the fact that the statements came from different sources.
Using the model, the descriptions given by each person will be kept separate, and can always
be traced back to their originator for clarification.

After the analyst has interviewed each employee, the system will contain two viewpoints, as
shown in figure 4.4i. We can assume there will be other information as well as the statements
about fines, including information about how lending limits and fines relate to the overall goals
of the library, such as maximising access to the books. However, we will concentrate on the
assertions already described. We can also assume that the analyst has represented these
statements in some suitable formalism, for example predicate calculus: the first viewpoint
contains a predicate such as LENDING_LIMITS while the second contains LENDING_LIMITS —> FINES.

At some point the analyst is considering the high-level requirements for the specification, and
needs to know whether the library will use fines. A conclusion about fines cannot be drawn
directly by either viewpoint, but nor is there any conflict between them. There are several
possible avenues of exploration open. The analyst could create an exploratory viewpoint
containing the assertions from both viewpoints, which can then generate the conclusion fines.
Note that this does not affect the information stored in the original viewpoints. This conclusion
can then be tentatively added to the specification.

There is a danger at this point that this tentative conclusion will become fossilised into the
specification. However, several tactics are employed to prevent this. Firstly, the support
system links this assertion in the specification to the originating viewpoint, which in this case is
an exploratory one created by the analyst — no other participant has asserted it. Also, notes are
attached to the other viewpoints for them to check whether their originators agree to this new
item being added to the specification, as they had no information on it. This latter technique

ensures that everyone has a chance to monitor the formation of the specification.

Eventually, one of the clients will point out that fines are not desired. This new information
will be added to that person’s viewpoint, and the process which added the requirement for

fines to the specification will be replayed. This is possible because the evidence that supported
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the original process can be traced. The replay will detect a conflict between the tentative
viewpoint asserted by the analyst and the modified viewpoint of the client. The analyst may
decide either to withdraw the exploratory viewpoint, or invoke a conflict resolution process to

explore the issues further.

As an alternative scenario, the analyst could have returned to either or both of the originators of
the viewpoints and ask them directly whether there is a need for fines, before attempting to add
it to the specification. In this case they will both assert that fines are not wanted, and this extra
information can be added to the viewpoints (figure 4.4ii). The analyst now has an answer
about fines, and neither of the viewpoints has become inconsistent, and so can still be
individually interrogated. The two original predicates will probably never be included in the
specification, as they are not directly relevant: if ever they are, then some form of conflict
resolution will need to be invoked to remove the inconsistency in the specification.

In summary, the problem can be solved with little difficulty by applying the model, as it
records who said what, and what evidence is used for various inferences. There are several
cases where conflict resolution might have become necessary: in these cases the resolution
model described in chapter 6 would allow the participants to explore the issues and
assumptions underlying their assertions, and at the very least find out why they disagree.

4.3 Outline of the Model

Having discussed some of the issues underlying the model and the reasons for adopting it, we
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Figure 4.4: The assertions are recorded separately, so that no conclusion can be made in any
single viewpoint. In (i) there is nothing that both viewpoints agree on. In (ii) the analyst has
asked the employees about B, and as they both agree on not B, this can be placed in the
specification.
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will now take a closer look at the model and the tools that will support it. The model can be
regarded as having two parts: the elicitation and integration of perspectives. Each of these will
be explicitly supported; in other words the support system will provide a set of tools for
knowledge gathering and a set of tools for specification building. This is not to say that the two
sets of tools won't interact: the normal use would be to interleave the two tasks, using

exploration of the specification to guide the elicitation process.

The remainder of this section discusses a number of specific areas of difficulty in the model.
The elicitation of perspectives introduces two main difficulties: how to identify the perspectives
(84.3.1); and how to build the viewpoint descriptions which represent the perspectives
(84.3.2). Integrating perspectives also introduces two areas of difficulty: how to compare
disparate perspectives, for which there might be no common understanding (§4.3.3); and how
to resolve conflicts between perspectives (§4.3.4).

4.3.1 Identifying Perspectives

Identifying the perspectives before the elicitation process begins is a difficult task, and the
distinctions between the roles a person plays will often only become apparent during detailed
discussions. This difficulty can be overcome by allowing the decomposition to evolve during
the process. The analyst can begin with a set of agents based simply on people, or even groups
of people, which can then be decomposed into roles as they are identified. This reflects the
notion that the set of viewpoints identified will depend on the sophistication of the description.
For example, a first attempt at describing a library system might include the role user, which
will be shared by many people. Later refinement may distinguish different types of user, such
as student user, staff user, and visitor, with different needs and different goals.

To develop a larger set of more specific perspectives from the initial generalised set, new
distinctions between perspectives must be discovered. Overly-general perspectives might be
split into several smaller ones, each of which focuses on a particular area of the knowledge
contained in the original perspective. Chapter 5 discusses the criteria we used for deciding
when to split perspectives, and the mechanisms used to perform the split. In general, there are
three cases: when a viewpoint description becomes inconsistent, when a different
representation scheme is needed for part of the knowledge, and when the analyst and originator
decide that a distinct perspective is appropriate.

As well as criteria for distinguishing perspectives, rules are needed to determine to which
perspective each piece of knowledge belongs. As there is no one-to-one mapping between
perspectives and people, each person may be the originator of several perspectives. While each
perspective has a distinct originator, and each person has a distinct set of perspectives
associated with them, it is not always clear how new information offered by a person fits into

their set of perspectives. We approach this problem by organising the perspectives into a
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hierarchy (See §5.1.3), where lower perspectives inherit from higher ones. Pieces of
knowledge can then be moved around in the hierarchy until an appropriate level is found.

4.3.2 Developing Perspectives

Once a perspective has been distinguished, the viewpoint description representing that
perspective can be developed. The viewpoints are formatted descriptions, intended to be
analysed and reasoned with, while the knowledge offered by the originators is likely to be
informal. Interpreting between the natural language used in the conversations and the
appropriate formal symbols of the representation scheme is not a problem unique to this model.
The model does not provide a novel solution to this problem, but rather assumes that existing

elicitation and interpretation techniques can be used.

The problem is complicated by the fact that there is no unique interpretation for many
statements. The model mitigates this complication in two ways. Firstly, extra perspectives can
be added to represent alternative interpretations. Secondly, links between items in the formal
description and the original transcripts are maintained, allowing inspection of the source

material, for validation.

The freedom to make use of any appropriate representation scheme introduces two main
problems. Firstly, for the adoption of a particular representation to be of use, the support tools
must be able to manipulate descriptions in that representation. In particular, tools must be
provided to check for consistency within a description, and to allow the display and
interrogation of descriptions. The support environment we have developed incorporates sets of
rules for manipulating a basic set of representations, and allows sets of rules to be added for
any new representations which the analyst may wish to use. The second problem is that the
unfettered use of multiple representations assumes that at some point they can be compared and
consolidated into a consistent specification. It is by no means clear yet that this is always
possible, but the method described in chapter 6 provides one possible approach, which is not
restricted to any particular type of representation.

4.3.3 Comparing Perspectives

Once the development of viewpoints is underway, exploratory comparisons will need to be
made. While we have emphasised that each viewpoint should be an uncompromising
representation of a particular perspective, the participants will need to build an understanding of
how the perspectives relate to one another. Such comparisons can reduce the amount of effort
needed later to integrate the perspectives into a specification. Viewpoints which share identical
subsets of assertions, especially definitions of terms, can be re-arranged to inherit these
assertions from a common viewpoint. Also, viewpoints which contain very similar

descriptions might be merged earlier rather than later.
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Two very different frameworks in which to carry out this comparison process were
investigated. The system described in chapter 5 used a blackboard as a shared exploration
space, from which the specification was developed. Statements from any perspective could be
placed on the blackboard, but could only pass from here into the specification if no other
perspective disagreed. The model therefore required a consensual approach to specification.
The system described in chapter 6 introduces a model more in keeping with the exploratory
nature of the model. Any viewpoints can be compared at any time, and tools are provided for
noting correspondences. If as a result of the comparisons some common description is
evolved, this becomes a new viewpoint, which has as its originators the existing viewpoints
that were compared. This approach successfully divorces the creation of a specification from
exploratory comparisons between perspectives.

Given a model in which comparisons can take place, the actual process of comparing viewpoint
descriptions is still a tough problem. The viewpoints may differ in use of terminology and use
of representation as well as in the content material. Methodologies for comparing descriptions
in particular representation schemes have been developed (e.g. Shaw & Gaines [1988] — See
§3.3.2) and might be adopted for particular comparisons. However, the model does not
constrain the choice of representation scheme, and so the general problem of comparing
viewpoints remains unsolved. We make the assumption throughout this thesis that the
originators of the viewpoints will not be wholly unfamiliar with their colleagues’ knowledge,
so that they will be able to suggest correspondences between the viewpoints. These in turn can
be used as a basis for discussion of the relationships between perspectives.

4.3.4 Resolving Differences

The integration of perspectives to produce a consistent specification begins with the
comparison process described above. The model allows differences between perspectives to be
ignored until a resolution is needed, allowing time to gather the relevant information. If the
difference is based on a misunderstanding, then delaying the resolution may give the
participants a chance to discover the problem without having to make an unnecessary decision.
Where the comparisons reveal real differences, then some form of conflict resolution is needed.

There are several difficulties in the conflict resolution process. If comparing perspectives is
difficult then detecting conflicts must be equally so. Without a common understanding, all
differences will appear to be conflicts, whether based on misunderstandings, alternative
interpretations, or genuine disagreements. We tackle this problem by considering all
unexplained differences between perspectives to be possible conflicts: the definition of conflict
given in §3.3.1 was deliberately broad for this reason. Part of the conflict resolution process
involves exploration of the underlying causes of the conflict, before resolutions are generated.
This exploration process involves deciding what form of resolution is appropriate: it may not
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even be necessary to generate a resolution. For example, conflicts over terminology might be

formalised into the specification allowing a choice of terms in particular cases.

As the specification must be representative, the adoption of particular perspectives at the
expense of others must be ruled out. Rather, for genuine disagreements, a constructive
negotiation process is required, to find a solution that satisfies the concerns of all participants.
Hence, when a conflict is detected, the issues which led to the conflict need to be elicited, so

that solutions which satisfy those issues can be proposed and evaluated.

One of the biggest problems with conflict resolution is ensuring that all the interested parties
take part in the resolution process. If a perspective has been neglected it may be necessary to
discard the resolution and start again: if new perspectives are added after the resolution is
generated, then this is always a danger. When a resolution is chosen for a conflict between
perspectives, it represents an exploratory decision rather than a binding commitment. The
process that led to the resolution is recorded along with the decision, so that the process can be
re-examined later if necessary. Storing the resolution as a new perspective allows comparisons
between this resolution and any other perspectives to be carried out.

4.4 Method

The previous section describes four areas of difficulty in the model. There are inevitably a
number of important research themes arising in each of these areas, as the model covers a
broad range of activities. However, this thesis concentrates on the development of the model as
a whole. The model itself and the tools developed to support it are the key research
contribution. Issues arising from the -application of the model are illustrated with examples

where appropriate.

Once the general approach was established, the applicability of the model was explored with a
series of prototype support systems. The results from these were then used to refine the model.
The systems took the form of a knowledge-based environment, with tools developed to
manipulate the viewpoint descriptions. Section 4.4.1 describes the development history of
these systems. Examples drawn from the case study of a library system specification were used
to test the functioning of the these tools: section 4.4.2 explains the origins of this case study.

441 Tools

During the development of the model, three experimental systems were built. The first of these
was built in response to the judge problem discussed in §4.2.5, and consisted simply of a set
of rules for combining knowledge from separate sources (See §5.4), where all knowledge
within the knowledge base was labelled with its source. The system satisfactorily solved the

problems raised by the judge problem, in that it prevented incorrect solutions being drawn.
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However, it raised more questions than it answered, and in particular identified two areas
which needed more research. The first of these was how to identify viewpoints: having
established that viewpoints do not correspond to people, the attribution of each piece of
knowledge to a viewpoint becomes problematic. The second problem was how to resolve

differences into an agreed solution.

A new system was developed to explore the first of these problems: identifying and
manipulating viewpoints. The paradigm of the blackboard system was adopted [Nii 1986a],
where the rules governing how knowledge is combined on the blackboard were adapted from
the first system. The need to identify some crude viewpoints before the elicitation process
begins led to the development of an evolutionary approach, where viewpoints are split when
they become inconsistent, resulting in hierarchies of viewpoints. Consideration of the actions
performed on these viewpoints led to the commitment reasoning scheme described in section
5.2.3. The entire system is described in the next chapter.

Experience with this system suggested that it had one main failing: the rules for combining
knowledge were inadequate. A method of resolving conflicts was needed to complete the
model. Consideration of the various existing work on conflict resolution described in chapter 3
led to the development of a model for supporting human conflict resolution. This model and the
support tools developed to demonstrate it are described in chapter 6.

The two systems described in the next two chapters are intended to be used in conjunction. The
conflict resolution model assumes that viewpoints have been elicited and suitably represented,
and would be invoked when conflicts arise between viewpoints. Together the two systems
represent the two major parts of the model: the acquisition and resolution of perspectives. The
support systems described are intended to be illustrative only, and do not address all the issues
arising from the model. A discussion of further areas of research is given in chapter 7.

4.4.2 Case Studies

Throughout tkis thesis, examples from the domain of a library system are used to illustrate
various ideas. The library problem is well-known in research on specification and has regularly
been used as a set problem at the IEEE International Workshops on Software Specification and
Design (IWSSD). The wording of the problem set for the workshops is given figure 4.5, and
concerns a database to keep track of issue of books to users in a small academic library.

The library example has been criticised as a toy domain. However, its repeated use at the
workshops, and the variety of different attempts that have been made to formally specify it and
derive a design from it, indicate that it is by no means trivial. The main drawback with the
problem as used at the workshops is that it is already an informal specification, which restricts
the problem to a small sub-set of all the possibilities for a library system. A number of
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Consider a small library system with the following transactions:

1. Check out a copy of a book/ Return a copy of a book.

2. Add a copy of a book to/ Remove a copy of a book from the library.

3. Get the list of books by a particular author or in a particular subject area.
4. Find out the list of books currently checked out by a particular borrower.
5. Find out what borrower last checked out a particular copy of a book.

There are two types of users: staff users and ordinary borrowers. Transactions 1, 2, 4 and
5 are restricted to staff users, except that ordinary borrowers can perform transaction 4 to
find out the list of books currently borrowed by themselves. The system must also satisfy
the following constraints:

1. All copies in the library must be available for checkout or checked out.

2. No copy of a book may be both available and checked out at the same time.

3. A borrower may not have more than a pre-defined number of books checked out at
one time.

Figure 4.5: This case study is a small library system. It raises a number of difficult issues but
is particularly compact. The study was set as a problem for the Fourth International Workshop
on Software Specification and Design and is based on a problem by R. Kemmerer.

decisions and assumptions have already been made, and these represent a part of the
requirements engineering process. In other words requirements engineering includes the
processes that went into the derivation of the of problem given in figure 4.5.

To provide a rich enough set of problems with which to demonstrate both the model and the
tools which we have developed to support it, we consider not just the library problem but the
processes that went into its formulation, and the processes that follow this formulation. For
example, some of the analyses of the problem in papers presented at the IWSSDs can be
compared to demonstrate different perspectives of the requirements, and the conflict that might
ensue. Another set of examples come from consideration of the complications of requirements
engineering catalogued in chapter 2, and how they might manifest themselves in the library
domain. For example, disagreements may have arisen over the use of fines to enforce lending

limits, leading to a problem like that given in §4.2.5.

Accounts of the requirements processz=s from real projects are hard to come by. Not only are
they not published for commercial reasons, they are usually not even recorded: the first tangible
document is the specification. However, some research projects have attempted to construct
realistic case studies, recording both protocols from designers/analysts, and dialogues with
clients. Such studies (e.g. Adelson & Soloway [1986]; Fickas, Collins & Olivier [1987])
provide some evidence that the type of problems we describe do in fact arise, and some of our

examples are drawn from these studies.
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4.5 Summary

This chapter has outlined a model of requirements engineering. The model is based on the
construction of a set of viewpoints to represent the perspectives of the participants of the
process. A perspective is defined as an area of knowledge that has internal consistency and an
identifiable focus of attention; typically it will be associated with the context in which some role
is performed. A viewpoint is defined as a formatted description of a perspective, and represents
the elicited part of a perspective.

The model is based on a number of principles. Firstly, requirements engineering is seen as a
conversational activity, where conversations between analyst and client explore the current state
of the specification. Secondly, the participants should be free to choose any appropriate
representation for different areas of knowledge. Finally, the construction of specifications is an
exploratory activity, so that a specification must be allowed to evolve.

There are a number of reasons for adopting this model, which were presented in section 4.2.
Underlying these reasons is an overriding concern for validation. By representing each
person’s contribution separately from any others, each person can identify their contribution,
and can trace how their contribution affected the specification. As viewpoints are elicited and
represented separately, the process of integrating them becomes explicit, and so can be guided
and recorded. By building a description of the perspectives, the analyst can focus on the
interaction between them, and understand how the different views arise. Furthermore, the
decisions involved in the integration process can be delayed, as there is no compulsion to
combine viewpoints. Finally, the model encourages participation in the requirements process,

resulting in a more representative specification, and facilitating validation.

An important innovation is that the model separates two key activities: elicitation of
requirements and integration of perspectives. By separating them, the problems of each activity
can be considered in isolation. Section 4.3 described the four main areas of difficulty:
identifying perspectives; building the viewpoint descriptions; comparing perspectives; and

resolving differences. The remainder of this thesis examines these difficulties in more detail.
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5 Modelling Separate Perspectives

This chapter describes a system called Analyser, which provides an environment to support the
multiple perspectives model introduced in the last chapter. Analyser allows the analyst to build
and maintain a set of viewpoint descriptions, and construct a specification from them. The
viewpoints are created to represent the perspectives as they are identified. The system uses a
blackboard to provide the mechanism for interaction between viewpoints; the tools which
operate this blackboard allow the analyst to develop a specification by combining the

descriptions held in the viewpoints.

Analyser does not attempt to provide a method for elicitation of requirements, but simply
provides a framework in which the elicited knowledge can be represented and manipulated.
The viewpoints consist of sets of statements, in some suitable formalism, and have no internal
structure other than that provided by the formalism. As such they capture partial descriptions of
the world (“perspectives”), without prescribing the components of those descriptions.
Similarly, the system does not prescribe what a requirements specification should consist of,

but concentrates on the need to ensure the participants agree its contents.

The first four sections of this chapter describe the main features of the system; each of these
sections concludes with a summary of the relevant tools. Section 5.1 discusses how
perspectives are identified, and introduces the notion of a viewpoint hierarchy. Section 5.2
describes how the viewpoints can be interrogated, using a commitment reasoning scheme. The
viewpoints themselves are formatted descriptions and are usually derived from an informal set
of statements: section 5.3 describes how statements in natural language are translated through a
process of annotation. Section 5.4 discusses the operation of the blackboard, and the
construction of specifications. Finally, section 5.5 presents our conclusions from the Analyser
system, including the shortcomings which eventually led to the development of the conflict
resolution system described in the following chapter.

5.1 Identifying Perspectives

The first problem described in section 4.3 was that of identifying perspectives. Before the
acquisition process begins, there is little indication of what the relevant perspectives are, and
yet it is desirable to know which perspective statements belong to as they are clicited. Most
attempts to provide intelligent support for requirements definition make use of a pre-existing
domain knowledge base (e.g. Reubenstein [1990]). In general, however, the prior existence of

such a knowledge base cannot be assumed: the very nature of requirements elicitation is that it
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is the initial exploration of a new application. The knowledge needed to distinguish
perspectives is unlikely to be available prior to the elicitation of the knowledge embodied in

those perspectives.

Furthermore, distinctions between perspectives might only become apparent in retrospect. As
noted before (see §4.1.2), the perspectives do not correspond to people, but rather are
associated with roles. Not only is it not always clear which role a person is playing at any one
time, but also roles can be shared by groups of people or organizations. This can make it
difficult to identify an appropriate perspective for any particular statement as it is uttered.

5.1.1 Evolving Perspectives

As the elicitation of viewpoints proceeds, the distinctions between them will become clear, and
new distinctions will arise. Rather than create an extensive set of viewpoints beforehand, the
analyst needs to be able to evolve them as the process proceeds. The support environment must
allow a degree of fluidity in the representation of viewpoints, so that the descriptions can be re-
organised into new viewpoints as new distinctions are discovered.

As a starting point, an initial set of viewpoints corresponding to the people with whom the
analyst interacts might be used. All the assertions that a particular person makes are collected in
a viewpoint, building up a description of that person’s view of the requirements. Each
viewpoint is then an accurate representation of the interactions between the person concerned
and the analyst. As an example, for the library system, the analyst may initially talk to two
people: a librarian and a user. Two viewpoints would be created, to keep their statements apart.
As the elicitation proceeds, other people may need to be interviewed, and so new viewpoints
can be added to represent them.

We noted that perspectives do not correspond to people, as people may use several
incompatible perspectives (§4.1.2). Hence, if a conflict arises within a viewpoint, then either a
mistake has been made, or the viewpoint actually represents two different perspectives. In this
case the viewpoint must be split into several separate viewpoints to represent these separate
perspectives, as our definition of a viewpoint specified that it be a self-consistent description.
There are several situations in which the need for such a split becomes clear; these are
discussed in more detail in section 5.2. In general terms, a viewpoint will need to be split if it
contains conflicting knowledge, or if a different representation is needed for some part of the

knowledge.

The Analyser system copes with conflicts within viewpoints by creating families of viewpoints
to handle them. New viewpoints are created as descendants of the original viewpoint, so that
they inherit the original description. The conflicting statements are placed in different

descendants, so that individually, each remains self-consistent. Any remaining statements
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Figure 5.1: Evolving viewpoints. A viewpoint representing a librarian contains the following
Statements:

maximise(circulation)
maximise(circulation) -> lending_limits
lending_limits -> fines

The librarian then adds the assertion ‘not(fines)’ :

maximise{circulation)
maximise(circulation) -> lending_limits
lending_limits -> fines

not(fines)

The viewpoint is then inconsistent by the inference rule modus ponens, and so a family of]
viewpoints is created, to isolate the inconsistency:

maximise(circulation)
maximise(circulation) -> lending_limits

N

lending_limits->fines not(fines)

which are consistent with both descendants remain in the original viewpoint, to be inherited by
all descendants. The process is illustrated in figure 5.1.

When choosing which statements to move into the descendants in order to isolate the conflict,
there are often several combinations to chose from. For example, in figure 5.1 it would be
sufficient to separate any pair of statements to break the chain of inference. As the viewpoint
was (by definition) consistent before the newest statement was added, the new statement can be
considered to have caused the inconsistency. Hence the newest statement is always chosen for
one descendant, and the system attempts to identify the closest conflicting statement for the
other. In this case it is the last step in the inference chain which generated the inconsistency.
The new statement which caused the inconsistency, and its negation, are the motivating
statements of the two descendants respectively. The algorithm used for splitting viewpoints is
given in figure 5.2.

There are several ways of viewing the resulting family of viewpoints. The original viewpoint
still exists as far as the analyst is concerned, and can be seen to contain competing descriptions
of some particular sub-topic. The remainder of the viewpoint remains consistent, and so can
still be used for the analysis process. At some later date, a choice might be made between
these, and the descendants merged back into a single consistent description. An alternative
interpretation is that there are now two separate viewpoints which happen to share some areas
of description. Each of these is composed of the union of a descendant together with the parent

viewpoint.

The process of refinement will eventually turn the original sct of viewpoints based on people

into a hierarchy of viewpoints, where each inherits the contents of its ancestors. In particular,
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5.5 Conclusions

Analyser was implemented as a feasibility study for the ideas presented in the model. As the
model is concerned with computational support for the requirements engineering process, the
approach taken to evaluate the model was to implement a prototype system and test it using a
number of examples. This approach was sufficient to demonstrate the feasibility of the model,
and to reveal a number of strengths and weaknesses. Further testing would include a full scale
implementation and evaluation with a real specification; such testing is, however, beyond the
scope of this thesis.

This section evaluates Analyser as a feasibility study for the model. Section 5.5.1 describes the
current implementation, giving details of the implementation and the interface, while section
5.5.2 describes the limitations. Experience with the implementation revealed a number of
advantages and problems associated with the model as it is presented in this chapter; these are
described in sections 5.5.3 and 5.5.4 respectively. The main problem identified is that the
blackboard mechanism does not handle conflict. This problem lead to the development of the
model to include a framework for conflict resolution, as described in the next chapter.

5.5.1 Implementation

Analyser is implemented in PROLOG running on an Apple Macintosh, and the interface makes
use of the Macintosh toolbox to provide a basic set of menu and dialogue handling routines.
The interface is relatively simple. Basic actions are selected from one of three menus; where the
actions require selection of objects (e.g. a viewpoint, or an assertion within a viewpoint), a
further dialogue prompts for selection of these. The “Protocols” menu contains the commands
associated with handling source texts described in section 5.3.2. The “Viewpoints” menu
contains the actions on viewpoints listed in section 5.2.5, together with commands for
creating, renaming and displaying viewpoints. The “Process” menu contains the blackboard
manipulation commands described in section 5.4.4.

The contents of viewpoints are displayed using modeless dialogue windows. These display the
list of assertions contained within a viewpoint, and provide a set of buttons to invoke particular
actions on selected assertions. The actions available are to follow a link from an assertion back
its source text (see §5.3.2), to display the alternatives where an assertion is disputed (see figure

5.5), and to activate the descendant viewpoints for a particular disputed assertion (see §5.1.2).

The system stores information in one of three databases, using PROLOG assertions. The first
of these is the largest, containing all information about the current set of viewpoints. This
includes a list of viewpoint names, a list of descendancy relationships between viewpoints, and

a list of commitments, suppositions and notes for each viewpoint. The second database
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contains all assertions currently on the blackboard, while the third contains the assertions
which comprise the specification. At present, only one representation scheme is implemented: a

first order predicate calculus.

The system was implemented in parallel to the development of the model, and experience with
the system was used to improve the model. For example, it rapidly became clear that if new
viewpoints were created every time an existing viewpoint became inconsistent, the proliferation
of viewpoints would become unmanageable for the user. The solution was to distinguish
between active and inactive viewpoints, where the latter are generally hidden from the user (see
§5.1.2). Similarly, generating a complete set of consequences each time an assertion is made is
computationally expensive once the viewpoints contain more than a handful of commitments.
To reduce the problem, the generated consequences are added to the viewpoint as suppositions,
together with a record of the commitments from which each was derived.

5.5.2 Limitations

There are a number of weaknesses of the system, and in particular the blackboard proved
unable to handle conflicts, for a number of reasons which we discuss in section 5.5.4. There
are also a number of limitations of the current implementation which we discuss in this section.
These areas have not been attended to in Analyser, as the purpose of the system was to
demonstrate the feasibility of the model. Furthermore, some of these limitations were
addressed in the implementation of Synoptic, as described in the next chapter.

As mentioned earlier, the only representation scheme supported at present is a first-order
predicate calculus. While in principle it should be possible to add new representation schemes
just by providing a set of rules for reasoning with them, this has not been attempted for
Analyser, as it is not clear how other representation schemes can be accommodated on the
blackboard, nor it is clear how multiple representations might be combined using the
blackboard mechanism. In fact, much of the implementation is based on the use of predicate
calculus. This limitation was overcome in Synoptic by modularising the rules for manipulating
and displaying viewpoints. '

The choice of predicate calculus for the implementation meant that conflicts became equated
with logical inconsistencies. For example, the only means provided to detect conflict is to
generate logical consequences using a set of deduction rules, and then check for contradictions.
However, it is clear that there are conflicts which do not surface as logical inconsistencies: for
example Analyser is unable to detect conflicts between a person’s goals, except where there are
immediate contradictions. Detection of conflict is a difficult problem, and it is likely that a
collection of heuristics is needed. We have not attempted to develop such heuristics, but return

to the problem of conflict detection in the next chapter.
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Another area of weakness is in the notes facility: it is not yet clear when and how the notes
should be reactivated. A note is a chunk of text associated with an assertion in a viewpoint. The
notes for a particular viewpoint can be listed, and the text of any note in the list can be modified
or deleted. At present the analyst can only list notes in the order in which they were generated,
and only for a single viewpoint. Clearly, there are other orderings possible, the most obvious
criteria being importance and urgency. One way of determining the relative importance of notes
is by their type: for example, a viewpoint being overruled might be more important than a gap
in the viewpoint’s knowledge. In the current implementation, notes are typed according to how
they were generated, but no tools are provided for sorting or selecting particular types of note.

5.5.3 Advantages

Analyser provides support for the multiple perspectives model described in chapter 4, and so
has many of the advantages that were used to justify the model. It allows an analyst to build a
knowledge base out of the elicited information, in which conflicts can be explicitly captured
and represented. The presence of conflicts does not interfere with the process of reasoning with
and interrogating this knowledge base. Furthermore, each piece of knowledge exists within the
context of a viewpoint, and this context provides extra information about the reliability and
applicability of the knowledge. The use of commitments emphasises the conversational nature
of requirements analysis, and enables contributors to validate the knowledge they have
provided.

The system addresses in detail the first two problem areas identified in section 4.3: identifying
and developing perspectives. By developing hierarchies of viewpoints as the elicitation
proceeds, there is no need to define the perspectives beforehand, and a initial set of viewpoints
corresponding to people is sufficient. The viewpoint hierarchies allow the analyst to explore
possibilities within viewpoints. The level at which the hierarchy is viewed can be changed by
making different descendants active, and this allows the analyst to explore what the viewpoint
would contain if a particular option was chosen.

As conflicts are explicitly represented as splits between viewpoints, resolution of these
conflicts becomes explicit, and the blackboard provides a focus for this process. The
specification built through this process is linked back to the viewpoints on which it was based,
so that the originator of any item in the specification can be traced. This linkage has a another
benefit: it allows the viewpoints to build up areas of expertise within the specification.
Although the boundaries of these areas remain fuzzy, it is possible to find out which
viewpoints contributed to a particular group of statements. If a conflict arises over a statement
related to this group, then the viewpoints which have the greatest expertise for the group can be

consulted for their agreement.
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5.5.4 Problems

The blackboard mechanism was chosen as a basis for the integration process, for its simplicity.
Unfortunately, the model has not proved to be powerful enough, in that the co-operation is
restricted to agreeing or blocking other viewpoints’ suggestions. As there is no direct
communication between the originators, they cannot seek creative solutions to conflicts, nor
even reach any form of compromise through negotiation. The blackboard restricts how

viewpoints can affect each others contributions.

Part of the problem seems to be that the blackboard model assumes perfect co-operation: there
can be no conflict between the viewpoints. As has already been noted, conflict is inherent in the
analysis process. Also, the requirement for complete consensus on any statement before it can
go into the specification is too strong. It assumes that split viewpoints are either eventually
reconciled, or the items which caused the split are not included in the specification. This is
against our intuitive notion that disputes are likely to be important areas.

One of the problems that this implementation does not address is how to recognise and handle
the use of different terminology by different people. Shaw & Gaines [1989] point out that this
is a difficult problem when combining contributions from many people. There are, however,
some mitigating factors in Analyser. Firstly we assume that to a certain extent the participants
will recognise some of the instances of mismatching terminology, possibly during the
translation into a formal representation. Secondly, viewpoints create notes as reminders to
consult their originators when anything enters the specification for which they have no
information; this will often trap situations where viewpoints use a different terminology. Other
features could be added to ease the problem, for example, allowing viewpoints to define
synonyms. However, these techniques do not constitute a satisfactory solution.

The problem of differing terminologies raises another question. Interpretation of natural
language utterances into formal predicates involves the formulation of a suitable ontology. It is
clear that different viewpoints will use different terms to build their description, and there might
not be a simple correspondence between the sets of terms. Certainly there there is unlikely to be
any pre-existing common ontology. However, in order to compare the viewpoints, and for
communication between viewpoints, the descriptions must use the same terms. In fact, this
ideal can be relaxed: there does not need to be a shared ontology, as long as correspondences
between the separate terms can be found. The conflict resolution model described in the next

chapter addresses these problems in more detail.
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The main weakness of the system is the blackboard, which only supports a consensual
approach to specification. The ability to detect conflicts is poor, and there is no mechanism for
resolving conflict. Consideration of this weakness led to the development of a model of conflict
resolution. The next chapter describes this model, together with a system called Synoptic,
which extends Analyser to include a form of computer-supported negotiation.
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6 Computer-Supported Negotiation

This chapter presents a model for the resolution of conflicts in the requirements engineering
process. The model forms a part of the multiple perspectives model, and can be regarded as a
form of computer-supported negotiation. Specifically, it addresses the last two problem areas
identified in section 4.3, namely, comparing perspectives and resolving the differences
between them. The intended use for the model is very specific: it allows the analyst to compare
and merge previously elicited viewpoint descriptions, with assistance from the viewpoint
originators. It is not intended to be a problem exploration tool, nor a form of meeting support,
although the model may have applications in these areas.

A support tool, Synoptic, has been implemented to demonstrate the feasibility of the model.
Synoptic displays elicited descriptions side by side, allowing the participants to compare and
annotate them. Discrepancies noted by the participants are then used by the system to prompt
for underlying assumptions and issues. In effect, the system provides guidance and clerical
support as the participants break the conflict down into a number of components in order to
propose options for resolution.

The model is prescriptive in that it acts as a set of guidelines, without being a rigid formal
process. The tools which support the model are highly interactive, and are designed to provoke
discussion of the conflict situations as much as elicit a suitable resolution. The model draws
heavily on the behavioural approaches used in organisational psychology, and in particular
takes note of the need to separate the people from the problem, in order to avoid the polarising
nature of arguing from entrenched positions. There are three phases in the model: an
Exploration phase, a Generative phase, and an Evaluation phase. These phases are discussed in
detail in the rest of this chapter, after a discussion of the context for the model.

6.1 Conflict Resolution

In §3.3 we defined conflict as any interference in one party’s activities, needs or goals caused
by the activity of another party. In software engineering, the specification encapsulates the
needs of the participants as a set of requirements. If two parties have opposing requirements,
then any attempt to represent these requirements in the specification will give rise to conflict, as
each would exclude the other. On the other hand, if one set of requirements is ignored
completely, then a potential conflict has been suppressed. Depending on the actions of the
‘injured’ party, the conflict may resurface later.
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incdmpatible, they are likely to appear inconsistent, and so lead to conflict. Even if participants
are describing essentially the same concepts, the style in which these are described may vary:
even formal representation schemes allow enough variation in style so that there may be many
different ways of saying the same thing.

Other sources of conflict include: conflicts between suggested solution components; conflicts
between stated constraints; conflicts between perceived needs; conflicts in resource usage; and

discrepancies between evaluations of priority.

The viewpoints model provides a basis for the study of conflict, by allowing viewpoint
descriptions to be developed separately. Each viewpoint is a consistent description, so that
contflicts are expressed as differences between viewpoints. Note that conflicts may occur within
the requirements of a single person. As the viewpoints do not correspond to people, they take
account of the conflicts between a single person’s roles, as well as inter-person conflicts.

6.1.2 Consequences of Suppressing Conflict

As noted in chapter 3, existing software process models generally ignore conflict. This can lead
to a number of problems. Where conflicts do occur, they are likely to get suppressed, because
there is no means of expressing them within the framework. It is possible that these conflicts
will remain suppressed, leading to dissatisfaction with the specification and the process that led
to it. Often, a single perspective will be adopted as the basis for the specification at the cost of

any alternative perspectives.

If these conflicts are eventually resolved, the resolution must be carried out outside the
framework of the method and consequently is likely to be carried out at an inappropriate time,
using an undesirable means. In addition, resolution thus achieved is untraceable, making

rationales invalid, and results irreproducible.

Suppression of conflict will have serious effects on the remainder of the software development
process. In the worst case, suppressed conflicts may lead to the breakdown of the requirements
process, or the withdrawal of participants. Failure to recognise conflict between the
perspectives of the participants will cause confusion during the requirements phase, which will
then continue throughout the lifecycle. The participants’ understanding of the specification will
differ, leading to further misunderstandings during design and implementation.

Research into group behaviour indicates that conflict can produce higher quality solutions
[Brown 1988]. Certainly, exploration of the areas where participants descriptions differ can
lead to a much better understanding of the domain. This is a strong argument for conflict to be

carefully managed in the software process, with participants encouraged to express divergent
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views. This will ensure that the resulting system does not reflect just one point of view, and

does not ignore concerns which interfere with the dominant concern.

In software design, effective collaboration is essential. It is vital that there be no losers from
any conflict in the specification process, as the commitment of all participants must be
maintained. Hence, encouragement of conflict must be matched with resolution methods which
strive to satisfy all parties. An integrative approach should be adopted, to ensure that when
divergent views arise they are incorporated into the process. The ultimate goal of the
requirements process should be to produce a specification which represents all concerns.

6.1.3 Role of Communication

The need to maintain collaboration implies that any model for conflict resolution in
requirements engineering must be based on collaborative modes of interaction (see §3.4.3).
The two key collaborative methods for conflict resolution are (integrative) negotiation and
education. Both of these emphasise communication between participants, and both greatly ease
conflicts based on communication problems.

Communication between participants has an important role in conflict resolution. As Robbins
[1974] notes, increased communication leads to decreased conflict up to a certain level, but that
too much communication can lead to increased conflict. A possible explanation is that a certain
amount of communication allows participants to discover commonalities, iron out perceived
conflicts, and correct misunderstandings. However, a high level of communication highlights
the details on which participants do disagree. Such conflicts are likely to be well-founded, and
should not be discouraged. However, arguing over trivial details can be counter-productive,
and so a balance must be struck between encouraging communication and devoting appropriate
amounts of effort to resolution of particular differences.

Comparison of descriptions derived from different sources forms an important part of the
process of eliminating errors. The multiple perspectives model facilitates this by separating the
elicitation and comparison of descriptions into separate activities. In the comparison process,
participants compare their own viewpoints with those elicited from others. By discussing areas
of divergence, underlying assumptions are revealed, as are any omissions in the viewpoint
descriptions. In so doing, problems of group-think are avoided, as each viewpoint is elicited

prior to the comparison.

6.2 Conflict Resolution Model

The model of conflict resolution presented in this chapter differs from the blackboard approach
described in §5.4 in a number of important ways. For example, resolution of differences

between viewpoints does not necessarily result in a specification. The model allows parts of

-122 -



& File Edit Protocols

I Domower Generate
{ﬂ‘? name bo

g Fgatuate

Hesolued...

borrower libry
record Qatadase

Pheck owt
data

books to checke
check owr ou

book

record

i
get_icon(arrow,
get_icen(link, Link),

ARRMGTHN

3y
7
4

Figure 6.6: A screen snapshot from Synoptic 1.0, showing the window created to compare
two descriptions, and the tool palate (down the left hand side). The “Conflicts” menu, which
allows the user to move between phases is also shown.

Selector (arrow icon) - for selecting items within the displayed descriptions, for some
subsequent action, such as attaching a note. The selected items are displayed in
grey.

Mover (hand icon) - for moving a displayed description around. As items can be added
or removed from the displayed descriptions, it may become necessary to adjust their
relative positions within the synoptic window.

Extend description (explode icon) - This tool extends descriptions in the synoptic
window by adding more items from the source viewpoints. For any selected item in
the synoptic window, all immediately connected items in the viewpoint description
that are not already displayed in the synoptic window are added.

Trim description (implode icon) - This tool allows the user to trim items from the
descriptions displayed in the synoptic window. Items that are listed as part of the
conflict on the conflict form cannot be trimmed.

Conlflict form (form icon) - This displays the conflict form.

Attach note (exclamation mark icon) - This tool allows the user to attach a note to any
item or link. The user will be asked to select the type of note to attach (see §6.3.2).
Each type of note has a form to fill in. In the case of issues and assumptions, the
form has slots for criteria and justifications. for any type of note the user is
prompted for a brief title by which the note can be referred.
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might be used. Proposals might also recommend that one interpretation should be discarded, in
which case the issues raised by the discarded description need to be satisfied in other ways.

Conflicting designs involve a higher level of uncertainty. Often the conflict will be the result of
conflicts not tackled at earlier stages, and the issues arising out of conflicting designs will
indicate the concerns that lead to them. As the exploration stage has broken down the original
conflict into its specific components, the designs can be examined more closely. Possible
resolutions include combining the requirements underlying the designs, adapting one design to
incorporate issues raised by another, or creating a totally new design which addresses the

issues in new ways.

The result of this phase is a set of options for resolution. These will vary from the very specific
(such as a particular change to a description), to entire viewpoints. Where an option is only
applicable under certain conditions, these are also described as part of the option. Note that the
original viewpoints could be considered as possible resolutions: one or other could be accepted
unaltered, if it turns out to be a satisfactory resolution. In addition, some proposals will be
candidates for combination to produce a more complete resolution, while others will be
combinations which might need to be dismantled, if only a part is needed. At this stage, the
proposals have not been evaluated or compared in any way.

6.4.3 Support for the Generative Phase

As the model does not prescribe any particular generative method, support for this phase is
minimal. The system allows users to record resolution options as either free text, or
replacement descriptions, or partial descriptions, annotated with justifications. Each recorded
option has a space to record any conditions which might apply. Also, the user is prompted for
a brief title by which the option can be referred.

Two tools are provided to assist in the process of generating these options. These represent the
two main sources of resolution: consideration of the category and severity of each of the
conflict components, and consideration of how each of the conflict issues might be satisfied.
These tools are relatively simple, in that they cycle through the conflict components, and the
issues, encouraging the user to fill in the appropriate information, prompting for suggestions.
Each suggestion is then recorded as a potential resolution. The tools do not enforce any
particular ordering on this process, and the user may even move to the next phase without
completing either of these tasks — in this case a warning message is displayed.

The support provided by Synoptic for the generative phase is relatively limited, and there are a
number of ways in which this support could be improved. For example, information about the

various ways in which particular types of conflict might be resolved needs to be encoded into
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Synoptic. This would allow the system to suggest possible resolutions and to ask leading

questions to guide the user through the generation process.

6.5 Evaluation Phase

The final phase, evaluation, consists of taking the options for resolutions and relating them
both to the map of the conflict generated in the exploration phase, and to each other. The aim is
to find the option or combination of options that best resolves the issues involved in the
conflict. The approach is similar to that of the exploratory phase, and consists of linking items
together and eliciting extra information to supplement the links.

The evaluation phase begins once a sufficient number of options has been generated. In fact,
there is no distinct end to the generative phase. When participants feel that a good range of
options has been generated, the evaluation phase can be initiated. The generative phase and the
evaluative phase are kept deliberately separate, to prevent premature evaluation of the options
from stifling generation of new suggestions. However, it is possible that the evaluation phase
will also lead to new options, causing a cycling of these two phases.

6.5.1 Relating Options to Issues

The first task is to relate the suggested resolutions to the issues underlying the conflict. This
may be done by taking each option in turn, and selecting the issues that it satisfies, or by taking
each issue in turn, and deciding which options would satisfy it. Both approaches have merit, in
that either may reveal additional links missed in the other. Satisfaction of issues is measured

using the criteria attached to them.

The links between options and issues vary in the extent to which the option satisfies the
criteria. Also, the relationship may be either positive or negative, where the former indicates the
option contributes to the satisfaction of the issue, and the latter indicates it frustrates the issue.
Unfortunately, the complex relationship between options and issues cannot be satisfactorily
expressed using a simple numeric scale. Instead, a qualitative scale is used, along with
explanatory notes. Participants may attach one of five values to each combination of option and
issue. The values are: fully satisfies; partially satisfies; no effect; partially frustrates; and totally
frustrates. The value “no effect” is the default. If the satisfaction of frustration is partial, an
explanatory note is attached. These values will later be used to compare the options which

contribute towards each issue.

6.5.2 Relating Options to One Another

The individual resolution options may interact in interesting ways. Some might usefully be

combined to produce a resolution which satisfies more issues than either individually: for

- 138 -






conflict map is recorded as a rationale for the resolution viewpoint, so that it is available for

later re-examination if necessary.

6.5.4 Support for the Evaluation Phase

Linking issues to options is a straightforward interactive activity. Two approaches can be used:
an option is displayed and the user asked to select those issues which it addresses, or an issue
is displayed and the user asked to select the options which address it. The user can switch
between these two approaches. In either case the procedure is the same: the option (or issue) is
displayed alongside a list of the titles of the issues (or options) to which it may be linked. The
full details for any title can be displayed by clicking on it. The user selects the relevant titles,
and for each is prompted for the strength of the link, which is then indicated by flagging the
title with one of the symbols: ++, +, -, --, representing totally satisfies, partially satisfies,
partially frustrates, and totally frustrates respectively. The links can have explanatory notes
attached to them.

For the process of linking options to one another, the user may select a group of options to link
together from a list, or may ask Synoptic to suggest a possible combination. In the latter case,
combinations are chosen to maximise the number of issues satisfied, and may not always be
sensible. The chosen combination is recorded as a new option, for which the process of linking
to issues is repeated, as described above, with the links already filled in where possible. Where
the link cannot be calculated automatically, for instance because one of the combination
frustrates an issue which another satisfies, a question mark is displayed to remind the user to
fill in the information.

Support for the final stage, selecting a resolution, is limited for the reasons set out in the
previous section. An option is available to attach a numerical importance to each issue, so that
the system can calculate a numerical score for each resolution option. The mechanics of this are
very simple: the user is presented with each issue in turn and asked to select an importance
value. These values are then combined with the values on the links between options and issues
to generate a score for each option. The system does not allow for disagreement between
participants over the importance measures. No attempt is made to support any other type of

decision procedure.

6.6 Summary

This chapter has described a model of conflict resolution which can be used to integrate
conflicting domain descriptions. This forms a part of the multiple perspectives model
introduced in chapter 4. In recognition of the fact that carefully managed conflict can help
climinate errors and improve the quality of the requirements specification, the multiple

perspectives model encourages the expression of conflict by allowing participants to describe
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their viewpoints separately. Expression of conflict needs to be balanced with productive
resolution methods, to encourage collaboration and to ensure that conflicts do not become
counter-productive. The model described in this chapter was designed with this aim in mind.

The model consists of three phases: exploration of the participants’ perspectives; the generation
of suggestions for resolving the conflict, and the evaluation of these suggestions. During the
exploration phase, the initial conflict is broken down into its components, represented as
specific correspondences and differences between items in the viewpoint descriptions. These
are annotated with comments describing any assumptions they make and issues they raise.
These links and annotations act as a map of the conflict to guide the later stages. Resolution
takes the form of designing novel ways of satisfying the issues. In the final phase, the ideas
generated are then compared with one another and measured against the issues to determine the
level of satisfaction. The option or combination of options which best satisfies the issues is

chosen as a resolution.

The model combines the two most co-operative methods of conflict resolution: education and
negotiation. Emphasis is placed on the exploratory phase in which participants learn about
other viewpoints by comparing them to their own. Participants are encouraged to compare their
viewpoint descriptions with others, and this comparison facilitates the elicitation of additional
information, such as hidden assumptions. In fact, the final resolution is not necessarily the
most important product of the negotiation process — the extra information elicited during the
process, and the participants new understanding of one another’s viewpoints may be far more
valuable.

The entire process is highly interactive, and acts to structure the elicitation of additional
information concerning the conflict. Rather than imposing a strict methodology on the
participants, the various activities can be freely interleaved, so as to support discussion and
exploration. Where an agreement is not reached, the arguments and understanding that have
been built up aid judicial arbitration.

- The model does have limitations. One of the weaknesses of the model is in the generative
phase, where no guidance is offered regarding techniques for generating resolutions. More
research is needed to determine which design techniques are appropriate for which types of
conflict, so that guidance can be provided. Another weakness is that there is no way of
ensuring that all relevant viewpoints participate in the conflict resolution. When a difference
between particular viewpoints becomes important enough to attempt to resolve, there may be
other viewpoints which contain extra information relevant for the resolution. It is not clear how
these relevant viewpoints can be detected, especially in the presence of the mismatches in
terminology and style discussed in section 6.1.1. If other viewpoints conflict with the

generated resolution, then the resolution process may have to be repeated.
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7 Conclusions and Further Work

This thesis has presented a model for requirements elicitation from multiple perspectives. The
model was inspired, in part, by the observation that negotiation forms a vital part of the
requirements engineering process, but has not been addressed in existing software engineering
methodologies. Using the model, the analyst develops a set of viewpoint descriptions to
represent perspectives. These descriptions may be compared when necessary, and conflicts
between them resolved. The conflict resolution process emphasises the need for exploration, as
issues underlying the apparent disparities need to be elicited.

This chapter presents conclusions from the thesis. Section 7.1 provides a summary: it reviews
the problems of requirements engineering that motivated the thesis, restates the objectives, and
summarizes the model, showing how it meets the objectives. Section 7.2 is a critical review of
the model, while section 7.3 describes areas of further research.

7.1 Summary

This section summarizes the central argument of the thesis. We identified a number of
difficulties in requirements engineering, which are accentuated by the importance of the
specification (§7.1.1). In addressing these difficulties, we argued that a model of requirements
engineering is needed and set out a number of objectives for such a model (§7.1.2). Finally,
we proceeded to develop a model which meets these objectives, based on the notion of
capturing and representing multiple perspectives (§7.1.3).

7.1.1 Problem Domain

In order to produce software which more closely matches the needs of an organisation, greater
attention must be given to requirements engineering. The requirements specification plays an
important role in the software development process, as a communication channel between the
clients and the software development team. The specification must describe the requirements
precisely and unambiguously. Furthermore, it should be representative of the many different
people whose needs it describes. In order to validate it, these people should be able to identify
with the specification, and preferably will have been involved in its development.

Requirements engineering is difficult because it involves elicitation of knowledge from many
different sources and requires use of many different arcas of knowledge. A great deal of

negotiation is needed, for example to decide the scope of the requirements and to resolve
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competing needs. If this negotiation is neglected, the participation of the clients is hard to
maintain, resulting in a specification that is hard for the clients to identify with and validate.

There is a danger that the specification will represent only a single perspective: the analyst’s.
Information gathered during requirements elicitation is used to build upon the analyst’s
preconception of what is required. It is clear, however, that there are many concerns which
need to be taken into consideration, often conflicting with one another. It is also clear that
conventional software engineering methods do not address the identification and integration of
these concerns, but rather are geared towards developing and maintaining a single consistent

description.

7.1.2 Objectives

Although requirements engineering is unlikely to be completely automated, better support can
be provided. The analyst needs a model to guide her expertise, but which is not overly
restrictive. This model must facilitate and encourage the collaborative aspect of requirements
engineering. Such a model would then lead to the development of tools which assist with
gathering and organising requirements knowledge. This would ease the burden of knowledge

management.

Chapter 2 set out a number of objectives for a model: the model should encourage the
participation of the people whose requirements are being described; it should facilitate an
exploratory approach, in which discussion plays an important role; it should allow the analyst
to take into account many concerns; and it should support negotiation and conflict resolution.
These objectives help ensure that the specification is representative and accessible, reflecting its

role as a communication channel between the clients and the development team.

Additionally, tool support for the model should enable the analyst to handle inconsistent and
incomplete information. As validation is of prime importance, tool support should provide
assistance here too; for example by assisting with the presentation of elicited information back
to the originators in a form they are familiar with. The tools should also provide traceability:
this implies that all decisions need to be recorded, together with their rationale.

7.1.3 Solution

The model presented in this thesis meets these objectives. It is based on the capture of
perspectives as self-consistent descriptions of areas of knowledge. Perspectives do not
necessarily correspond to people, as one person may use several perspectives, and a
perspective might be shared by several people. A perspective can be thought of as a view of the
world from the context of a particular role. Perspectives are represented using viewpoints,

which are formatted descriptions in some appropriate representation scheme.
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The model concentrates on two key areas of requirements engineering: elicitation of
requirements knowledge and integration of (possibly conflicting) perspectives. Elicitation is
based on the capture of perspectives, and involves two main areas of difficulty: identifying
perspectives and building the viewpoint descriptions. Integration is based on a model of
computer-supported negotiation, and again introduces two key problems: comparing

viewpoints and resolving differences.

The part of the model concerned with capturing perspectives was described in chapter 5, along
with a system called Analyser, which was developed to support this part of the model. The
problem of identifying perspectives is tackled by splitting viewpoints when distinctions
between perspectives are discovered. The split viewpoints form an inheritance hierarchy, so
that shared knowledge is inherited from a common ancestor. Descendant viewpoints represent
specific areas over which perspectives disagree. The viewpoints themselves are restricted to
represent only that which their originators have explicitly stated. This ensures that they remain
accurate models of elicited knowledge. Any additional commentary added by the analyst is

represented in the analyst’s viewpoint.

The negotiation model was described in chapter 6. As conflicting viewpoints may co-exist in
the model, there is no compulsion to resolve conflicts until a resolution becomes necessary or
desirable. The resolution process itself involves three phases, of which the initial, exploratory
phase is the most important. In this phase, participants compare the conflicting viewpoints, and
identify points of correspondence and disparity between them. Issues underlying these
correspondences and conflicts are elicited, in order to come to a better understanding of the
conflict. During this process, some of the conflicts may disappear. In the second phase, a
number of resolution options are generated, according to the types of conflict involved. The
final phase involves comparing these options to one another and to the underlying issues, in
order to choose the combination which best satisfies the participants.

7.2 Critical Review

The previous section summarized the objectives of the thesis, and the model developed to meet
those objectives. We now examine the strengths and weaknesses of the model, and its support
tools. Section 7.2.1 sets the scene by describing the scope of the model and its derivation from
diverse fields of research. Section 7.2.2 sets out the principle advantages of the model, while
section 7.2.3 describes the remaining problems.

7.2.1 Rationale

The multiple perspectives model provides a framework for requirements engineering. This

covers a broad range of activities from the initial elicitation and formulation of requirements,
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Another advantage is that the analyst does not need to consider the reliability of each new piece
of information as it is gathered. In many cases the analyst will know whether elicited
information can be treated as undisputed fact, generally agreed principle, or contentious
opinion, although there will be cases where this is not clear. All such information provides
valuable background, and needs to be recorded. The multiple perspectives model facilitates this
by removing the need to consider the reliability of statements added to viewpoint descriptions.
In addition, policy and preference can be represented by attributing them to particular
perspectives. Information about the reliability and importance of knowledge emerges in the

comparison process.

One of the major strengths of the model is in the elicitation arising from comparison of
viewpoints. The comparison allows implicit knowledge about the underlying assumptions and
goals to be elicited. It gives the participants a chance to explain the rationale underlying their
descriptions. It also allows the analyst to gauge the level of agreement between participants

over the various elements of the descriptions.

It is important to note that the thesis describes more than just a model of requirements
engineering. The model has be used to develop tools to support the requirements process, and
these tools have been demonstrated on a number of examples. One major criticism of software
engineering methodologies has been the amount of organisational change necessary for them to
be adopted by existing institutions. The multiple perspectives model does not suffer this
problem. As no restrictions are placed on the form of interaction between analyst and client,
nor on the representations used, the model can be integrated with existing practices. Parts of
the model can be used and adapted for different circumstances. In particular, many of the tools
could be used separately to provide assistance with specific tasks.

7.2.3 Remaining Problems

Requirements engineering encompasses a wide set of activities, and this thesis has not been
able to tackle all of these in depth. There remain a number of problems with particular aspects
of the model, and a number of activities which the model does not really address. The latter are
generally ignored on the basis that they are activities which analysts routinely perform already,
and hence existing techniques may be applied. An example is the formulation of requirements
knowledge into an appropriate representation scheme: Analyser provides the ability to link
items in the representation to the original source material where it is available, but gives no

guidance for the formulation itself.

One area in which there is a problem with the model is in distinguishing between perspectives.
The only criteria used for identifying perspectives is the presence of inconsistencies. Whilst

conflicts are a major source of inconsistency, it is not clear that inconsistencies can be equated
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with conflicts, nor is it clear that detecting inconsistencies using a theorem prover is tractable.
In fact, the approach used in Analyser is slightly more flexible: a set of rules are provided for
detecting conflicts in each representation scheme used. However, the development of such
rules is not a trivial task, and more work is needed to examine how conflicts can be detected.
An approach which can take into account information about the roles, motivations and goals
associated with perspectives might be fruitful.

A related problem is that of recognising differences in terminology. At present the support tools
rely on the user to spot these, typically during the exploration phase of the conflict resolution
process. Assistance might be provided for this problem by comparing the structures of the
descriptions for isomorphism.

The use of viewpoint hierarchies solves a number of problems including representing shared
information and isolating areas of detail over which there is disagreement. However, the
hierarchies may cause problems when handling large quantities of knowledge. In particular,
when there are a large number of viewpoints, the inheritance structures may become unwieldy,
and need to be reorganised by the participants. Presenting the structure to the users in these
cases will be difficult. A further problem arises when the resolution viewpoints generated by
Synoptic are added. The original conflicting viewpoints need to be stored as part of the
development history of the resolution, and in some cases the resolution will not replace the
original viewpoints, but will simply provide another perspective. It is not clear how the new
viewpoints fit into the inheritance structure.

Finally there is a problem in ensuring that all relevant viewpoints take part in the resolution
process. At present Synoptic only supports the comparison of two viewpoints. This limitation
could be removed fairly easily, but this would not solve the problem of recognising which
viewpoints should participate. When a conflict is detected between two or more viewpoints
there may be additional viewpoints which have useful information to add to the resolution
process, and might even provide a ready-made resolution. Unfortunately, this may go
unnoticed due to differences of terminology.

7.3 Future Work

Several aspects of the model require further work. The above discussion of remaining
problems addressed some of these. One further area not covered above is the provision of
guidance, which is tackled in a rather ad hoc basis in the existing tools. For example, Analyser
allows the analyst to associate “to do” notes with any viewpoint, but does not do anything
particularly useful with these. Synoptic checks that various forms have been completed when
the user attempts to move to the next phase, but docs not prevent the user from doing so.
Ideally, the tools should allow the analyst to plan activities and record and monitor progress,

without unnecessary restrictions.
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7.4 Summary

We have presented and demonstrated a model of requirement engineering based on capturing
multiple perspectives. The model was developed in response to the observation that the
requirements specification plays an important role in software engineering, and that
constructing this document is a difficult task. A set of objectives for a model of requirements
engineering were described, which emphasised the need for support for exploration and
negotiation. The multiple perspectives model meets these objectives by addressing the
elicitation and comparison of viewpoint descriptions. The model was used to develop support
tools for these activities.

In developing the model, many diverse threads from other fields were brought together,
including models of negotiation and decision-making. The application of these models to the

requirements process is novel, and opens up an exciting new area of research.
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