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l. I ntroduction

The development of a large information system is generally regarded as one of the most
complex activities undertaken by organisations. The success of this activity is dependent
on the use of a pertinent methodology for identifying the requirements on the target
system and make sure that the produced system will actually meet these requirements.
Thus, the first step in Requirements Engineering, namely the knowledge acquisition step,
has the purpose of abstracting and conceptualising relevant parts of the application
domain. The knowledge dlicited during this first step is then formally specified by the use

of conceptual modelling formalisms.

! The word cinematographic has a Greek origin and consists of two words 'kivnua ' and "ypa@ikn'. The

meaning of the first word is movement and of the second is graphic.
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The process of requirements capture results in a conceptual schema which states the
desired structure and functionality of the information system, as defined by the users. Until
recently this conceptual schemawas then used as an input for the next development phase,
namely the design. As a result, the user's participation in the early phases of system's
development was limited to the task of knowledge acquisition. After that was
accomplished, the user had to wait until the final implementation of the system in order to
see how it works. The result of this situation has been the ability to test and evaluate the

system's behaviour only after the implementation phase, which is late in the software life

cycle.

Boehm has reported that although only 6 percent of project cost and between 9 and 12
percent of the project's duration is spent in the requirements phase, it costs between five
and ten times more to repair errors during coding than during the requirements phase; and
it costs between 100 and 200 times more during "maintenance” [1]. Development and
customer organisations could save a lot of time and money if they could detect and
correct a fraction of the errors then, rather than later. This task is supported by the
process of verification and validation of requirements specifications, which is the third
step in the Requirements Engineering process. A definition of the terms verification and

validation of softwareisgivenin [2], viathe following questions :

. Verification: '‘Am | building the product right?
. Validation: '‘Am | building the right product?

It follows from the above that the basic objectives in verification and validation of
requirements are to identify and resolve software problems and high-risk issues early in
the software life cycle. Verification and Vaidation activities produce their best results

when performed as soon as possible and involve user feedback.
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Experiences from the use of visua environments in programming tasks have encouraged
researchers in Requirements Engineering to make use of smilar techniques, in order to
visualise the conceptual specifications. These techniques use static or dynamic graphica
displaysto visualise conceptual specifications. In the first category fell visua editors used
to graphicaly define the conceptual specifications [3] [4], while in the latter, techniques
such as Petri Nets have been used in assisting the activity of validating conceptual

specifications [5] [6].

The CineVdi® approach combines scenarios with animation and visualisation techniques in
order to validate the Conceptual Specifications produced within the requirements capture
phase. The use of visualisation techniques provides a more dynamic view of the models,
than the static one of visua editors, and with a more familiar, to the user, presentation
than that of Petri Nets. Multiple 2-D graphical Views, movement and colour are used to

provide an indication of the dynamic behaviour of the specifications [7][8][9].

Section Il of this article, provides an overview of the requirements engineering and
validation methods. Section 11l provides a historic perspective of the Visuaisation
techniques and their use in various areas of Computer Science. In section 1V, an
architecture for visualising and validating conceptual specifications is described in detail.
The subsections of this section provide an overview of the conceptua modelling
formalisms used, the validation scenarios and the visualisation technique. finaly, section V

concludes this article.

1. Requirements Engineering and Validation

The term Requirements Engineering has been defined as the systematic process of

developing requirements through an iterative co-operative process of anaysing the

2 The CineVali project isafully funded by the CEC under the Human Capital and Mobility program via an

Individual Fellowship. Thetitle of the project is : Cinematographic Validation of Conceptual Specifications.
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problem, documenting the resulting observationsin avariety of representation formats and
checking the accuracy of the understanding gained [10]. This definition is based on the
premise that the RE process involves aspects of concern along three dimensions: the

representation, cognitive and socia , as shown in figure 1, adopted from Reference [11].

A Cognition

Fully Understood

4

Fuzzy Output
Infermal Formal
Representation
Individua View
Integrated View
‘écial
Figure 1. A three dimensiona View of Requirements Engineering; based on
Reference [11]

Issues of representation range from informa descriptions such as natural language
expressions and hypertext to forma conceptual modeling languages. Issues in the
cognitive domain concern different orientations of models in terms of understanding the
process itself and validating requirements. In the social domain, consideration is given to
the complex socia process, in which the communication and co-operative interaction
between the stakeholders of the requirements, determines the quality of the fina product.
The process of RE represents a continuous interplay between factors from al three

domains.

A. The representation dimension

1. Informal methods
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The problem of capturing requirements is, in its initial stages, one of understanding
business needs and the needs of users within specific organisations. Methods which
address the initia stages fal in two major categories. A set of methods with a strong
business orientation which are linked closely with business planning techniques. Examples
of these are BSP (IBM's Business System Planning method) and QFD (Quality Function
Deployment)[12] [13].

The second set of methods can be thought of as user-centred or socio-technical, i.e., much
emphasis is placed not only on user job satisfaction but also on good technical design.
These include the Open Systems Approach [14], ETHICS (Effective Technica and

Human Implementation of Computer-based Systems) [15].

2. Formal methods

Formal approaches to Requirements Engineering generaly form a part of a more down-
stream set of models, techniques and tools, whose am is to support the entire
development process. With particular reference to requirements specification, there are
two key activities that underpin any methodological framework: environment (enterprise)
modelling and conceptual modelling. Enterprise modelling is a structured technique that
ams at acquiring a comprehensive examination and documentation of some aspects of the
business for a particular purpose. Conceptua modelling is concerned with deriving a
schema for the information system that is related to the enterprise schema, and represents

the decision of which of the possible products in the problem areawill be realised.

This article is more concerned with conceptual modelling. The classification framework
proposed by [16] for comparing conceptual modelling techniques, is based on sx
dimensions: formal foundation, scope, level of formality, degree of specialisation,

specialisation area and development method. Of these dimensions the most appropriate to
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this article is that of formal foundation, which is concerned with the theory that
underlines a particular technique. Five formalisms can be identified on this dimension,
namely, dataflow, data-oriented, activity-behaviour, data-event, object-centred, rule-

based approaches.

The typical dataflow model consists of processing activities and data arcs denoting the
flow of data between the activities (e.g., SADT [17]). Data-Oriented formalisms
concentrate on the modelling of the data that need to be maintained (entity-relationship-
attribute [19]). The Activity-Behaviour formalism offers the possibility for anaysing the
behaviour of a system's processing by treating it as a mapping which takes the current
state and an incoming stimulus and produces a new state and a response (e.g. Petri-Nets

[20]).

In recent years, researchers have attempted to derive formalisms which model static and
dynamic objects in a unified manner. One such formalism is the data-event formalism as
advocated by the ERAE modd [21] and the ACM/PCM modd [22]. In the Object-
Centred formalisms, concepts of the world are considered in terms of units known as
objects. The behaviour of the universe of discourse is modelled in terms of the creation,
modification and manipulation of the perceived objects within that universe of discourse (

RML [23], [24] and CML [25]).

Rule-based approaches attempt to use knowledge engineering concepts and techniques

within a software engineering environment. Examples of thisis the work conducted in the

RUBRIC project [26], the CIAM method [27] and the TAXIS methodology [28].

B. Social Dimension

A taxonomy of the social assumptions made by the requirements methods is given by [29]

and summarised in figure 2. Two meta-narratives namely the "unitary”, in which society is
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considered to be an organic sef regulating whole and the "pluralistic, where society is
seen as consisting of distinct groups. Bickerson and Siddigi in order to classfy the
requirements methods, have further expanded the modern meta-narrative to produce six

meta-narratives.

Modern Post-Modern
Unitary Plurdistic
| | | |
Hard Soft Divisve Co-operative
I I I I
Dual Criticdl  Democratic Network
Figure 2. A Taxonomy of the Social Assumptions made by requirements methods

The Unary Hard methods make the assumption that the organisational structure is
hierarchical, stable and formally definable (e.g. Structured Analysis[17]) and are currently
the most commonly adopted in system development. The Unary Soft approach assumes
that there are differing world views, so it is impossible to obtain a single objective
statement of a system's purpose and the systems analyse must facilitate the transformation
between the various viewpoints found in the organisation (Soft Systems Methodology

[30D).

The Dualistic approach assumes society has a fundamental infrastructure that contains a
conflict between those who own the means of production and the workers. The Critical
approach proposes that finding alternatives to the existing social conditions is more
important (e.g. Total Systems Intervention [31]). The Democratic approach assumes that

power lies with the populace and this power can be exercised through representative
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forms of management (e.g. Joint Applications Development Method [32]). Findly the
network approach has emerged from the study of the sociology of science [33], where
both the form and the content of scientific knowledge is seen as a socia product. It is
common with this approach to provide structures and tools that alow users to build their

own systems.

C. The cognitive dimension

Little is known about how organisations handle product requirements. Anecdotes abound
about problems that arise on projects when customer requirements are not fully
understood. However, little empirical evidence exists about the way that organisations
deal with requirements. Perhaps the two most well known studies of software engineering
practice in real organisations were conducted the first by Curtis, Krasner and Iscoe and

the other by Lubars, Potts and Richter [34] [35].

The Curtis study had a much wider scope in that it examined not only the requirements
process but also many other facets of software development such as project management,
implementation and maintenance. From the point of view of requirements practices two of
their most significant conclusions confirm most peopl€'s intuitions and experiences about
requirements for large, complex systems; that accurate problem domain knowledge is
critical to the success of a project and that requirements volatility causes major difficulties

during development.

Market-Driven Projects Customer -Specific Projects

« requirements are sketchy and informal | «  requirements are voluminous and more

forma

« use of techniques from manufacturers |« usetechniques from SE

rather than SE (e.g. QFD)
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specification isin the form of a +  gpecification may be in hundreds of
marketing presentation pages of documentation

not readily identifiable ‘customer’, « make use of domain expertise,
developerstend to have less devel opers have in-depth knowledge
experience in application domain of domain

projects rely on consultants for advice |«  projectsrely on in-house personnel

on desirable features

less structured approaches adopted, - structured approach following a

task force used in 'brainstorming' particular approach
sessions
Figure 3. Comparisons Between Market-Driven and Customer-Specific Projects

The Lubars study concentrated exclusively on requirements issues in an attempt to identify
practices that yield better understood and more easily changed requirements and practices
that lead to undesirable consequences. For the purpose of exposition projects were
divided into two categories: Customer-specific and Market-driven project. Some of the
most important differences of the way requirements are interpreted and the methods and
nature of the requirements specification adopted, are summarised in figure 3. The results
from the study covered several areas, such as regquirements definition, specification of the
requirements, validation, system evolution and the interaction between requirements

definition and project management and planning.

D. Analysisand Validation Tools

Requirements Engineering consists of the knowledge acquisition and the verification and

validation cycle. The “end product” of this process must be a complete, consistent, vaid

and formal requirements specification. the verification and validation step has the purpose
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of analysing the knowledge captured during the acquisition step. Anayss refers to the
activities involved in understanding the acquired knowledge about the domain and is of
great importance to the development life cycle, because a review of this knowledge may
reveal errors that can be corrected before the requirements phase is completed and thus,
reduce the cost of the developed system [1]. The techniques that have addressed
verification and validation so far can be distinguished into two major categories. manua

techniques and automated techniques.

1. Manual techniques

Five relatively smple and easily implemented manua techniques can be identified that
provide much vauable information for meeting verification and validation criteria, namely

, reading, cross-referencing, interviews, checklists and scenarios.

The reading technique is concerned with having someone other than the originator read
the specification to identify potential problems. This is particular helpful if the reader is
one of the users or program developers. The cross-referencing technique involves
constructing cross-reference tables and diagrams in order to clarify the interactions among
the different items of a specification. This technique is effective for the consistency and
part of the completeness properties of a requirements specification. Both techniques can
be cumbersome for large applications. Interviews involve discussing the specification with

the users and identify potentia problems like misunderstandings or blind spots.

Speciaised checklists, based on experience, of significant issues for ensuring successful
software development can be used effectively in combination with other verification and
validation techniques. This method is very good in identifying omissions, but it does not
offer much assistance in the areas of consistency and testability. Scenarios show how the
system will work once it is in operation. The most common form of scenarios is the man-

computer dialogues. This technique can have good results in determining whether the
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system under development will actually behave as intended by the users but is once again

appropriate for small-sized applications.

2. Automated techniques

The need for computer-assisted verification and validation aroused from the fact that real
world applications are very large to be verified and validate by manua or informa
methods. Automated approaches to verification and validation include automated cross-
referencing and syntax checking, executable specifications, rapid prototyping and

animation or simulation.

Automated Cross-Referencing and Syntax Checking involves the use of a machine-
analysable specification language. Once the user requirements have been specified in such
a language, they can be automatically analysed for consistency and part of completeness
by ensuring proper use of the language's concepts and presence of al the necessary
information (e.g. SREM-RSL (Software Requirements Engineering Methodology -
Requirements Statement Language) [36]). However, these tools are ill somewhat

inefficient on very large specifications.

Executable specification languages are languages which have a quite natural language
syntax with pictorial representation and the additional capability of code generation. The
main purpose of such languages is to write requirements specifications in both visua
and/or linear form. These specifications can then be executed and tested either directly or
indirectly on the development platform or even on the target system platform. (e.g. [37]).

Rule-based languages is another style of executable specifications (e.g. [38]).

Prototyping is a term that is used not only for specifying a particular verification and
validation technique but also for identifying a new approach to systems development

which emerged due to problem that the traditional waterfall model exposes. Rapid
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prototyping involves the fast construction of a prototype version of a system in order that
it may be evaluated by a customer or end-user and subsequently refined in the light of the
feedback generated during this evaluation. A prototype is a mechanically processable and
executable description of a smplified model of a proposed software system. The use of
prototyping as a verification and validation technique consists of constructing a prototype
of the system at the specification level. This prototype is then demonstrated to the users
who evaluate its actual behaviour against its expected behaviour (e.g. Rapid Interative
Production Prototyping [39], PROM [40], Software Storming [41]).

Animation and Smulation techniques have been mainly used for visualising programs and
algorithms by creating graphical snapshots and movies correlated with the program's
actions. Animation of a specification is the process of providing an indication of the
dynamic behaviour by walking through a specification fragment in order to follow some
scenario of interest. Most of the earlier approaches that use animation and smulation are

based on the Petri-Net formalism (e.g [42], [43]).

[11.  Visualisation - A Historical Perspective

In the past decade the rapid decline of graphics-related hardware costs has resulted in the
proliferation of powerful workstations and high resolution graphic displays in most
information systems environments. This development has made possible the introduction
and effective use of visual environments. Visua and iconic environments have proved to
be highly beneficial for human/computer communication in general and for programming,

in particular.

A. Picturesversustext
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It is commonly acknowledged that the human mind is strongly visually oriented and that
people acquire information in a significantly higher rate by discovering graphica

relationships in complex pictures than by reading text.

. Random vs. sequential access. Our eyes provide instant, random access
to any part of a picture, and to detailed and overall views. Text on the
other hand is sequential. When we scan paragraphs, headlines and
material in bold type to speed up text search, we really acting in the

"pictorial mode" to overcome this limitation.

. Concrete vs. abstract. The use of objects from the real world in pictures
that are used to illustrate abstract ideas makes the ideas simple to think
about, since the apparatus we use to assess our physical surroundings can

be applied to any picture.

Dimensions of expression

Text isaone-dimensiona stream of words. Pictures are much richer, providing as they do
three (or more) dimensions along which to lay out information and the opportunity to use
a host of properties borrowed from the physica world, such as shape, size, colour,
texture, direction, and distance. Since the "language" of picturesisricher than that of text,
the encoding of each piece of information can be more compact, with a resultant decrease

in decoding time.

Transfer rate

Comparisons of pictures and text make it clear that pictures generaly transfer information

faster that text: Both accessing and decoding is more efficient. The human sensory system
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is set up for "real-time image processing’; text processing is much more recent

phenomenon.

B. Visual Environments

Visua and iconic environments have proved to be highly beneficid for human/computer
communication in general and for scientific data representation [44] [45], performance

evaluation of parallel/distributed applications [46] and programming, in particular.

A program is a complex, abstract object. It includes many components with many different
attributes that are interrelated in many different ways. When we reason about a program,
we think about all these aspects in a fairly unstructured, random fashion - our thoughts
run freely over large parts of it. Visua environments which explore the use of pictures for
al phases of the programming process can be divided into two categories, namely visual

programming and program visualisation environments.

Visual Programming

Visua programming is the use of various two-dimensional or diagrammatic notations in
the programming process [47]. As defined in [48] a visual programming language is a
language which uses some visua representations (in addition to or in place of words and
numbers) to accomplish what would otherwise have to be written in a traditional textual
programming language. Visual programming languages, that can be found in the literature,
differ significantly from each other in approaches, design philosophy and appearance,
since they have come into existence from varied backgrounds and directed for different
areas of interest. Examples of visua programming languages in the first category are
languages for office and business automation [49], for automatic programming [48], for
algorithmic programming [50] and for database queries on relational [51], object-oriented

[52] and knowledge bases, for visualisng the structural aspects of complex software



Page 15

designs [53], for maintaining software [54], for supporting conceptual modelling [55] and
for the design of software by reusability [56].

Program Visualisation

Program Visualisation uses the technology of interactive graphics and the crafts of the
graphic design, typography, animation and cinematography to enhance the presentation
and understanding of computer programs [57]. Program Visudisation is used for
designing, developing and debugging programs, or monitoring their performance.
Numerous visualisation environments have been developed addressing different areas of
interest; for graphics interface development [58], for visualisng concurrent processes [59]
teaching or research. Program animation is a form of program visudisation that is
concerned with dynamic and interactive graphical displays of a program's fundamental
operations. A few algorithm animation systems have been developed and used for a

variety of applications;, BALSA [60], Zeus[61], [62].

Visua and Iconic systems have been used apart from programming in many other areas of
computing. For examplein the area of Computational Geometry, the geometric algorithms
are often easiest to understand visudly, in terms of the geometric objects they manipulate

[63]. Visualisation systems have also been used in presenting graphs [64].

IV. An Architecturefor Visualising Conceptual Specifications

The feaghility of implementing a large information system is dependent on the
communication and understanding among the actors of the system (i.e. managers,
developers, etc.). Accordingly, a crucia factor to the success of the validation process is
the level of support provided for the interaction between the people involved. Support in
this direction has traditionally been provided by system development methods in terms of

informal techniques such as structured walkthroughs or more formally by the devel opment



Page 16

of prototypes. Whilst both techniques have their merits, the extent to which an informal
approach can be applied to large complex specification is questionable. Furthermore, the
use of prototyping requires a developer to take certain design decisions which fall firmly in

the implementation domain.

In order to avoid these shortcomings a more appropriate technique namely that of
visualisation is put forward in the CineVali approach. Visuaisation has been applied
successfully in programming environments in order to provide an indication of the
behaviour of the program. In the context of conceptual specifications, visualisation
involves the animation of the behaviour of a system and a visua interface reflecting the
results of events upon the graphical - and where appropriate the textual - components of

the specification [8].

The advantage of visualisation over prototyping is that design decisions will not have to
be made prematurely during Requirements Engineering when things are till vague. A
requirements specification is likely to change many times before proceeding to design and
visualisation should help in deriving a succession of specification which are increasingly

closer to end users' perceptions about the application domain.

The CineVali approach described in this article combines scenarios with animation and
visuaisation techniques to validate and visuaise the conceptual specifications produced
within the requirements capture phase. Three are the main components of the system for
Visudising Conceptual Specifications, namely the Repository, the Validation Engine and
the Cinematographer as shown in Figure 4. The Repository is common for storing the
Metamodels, the Models and findly the instances of Models. The Vaidation Engine uses
this information in order to form scenarios which will investigate the dynamic behaviour
and the causa relationships between the structural and dynamic components of the

specification of an information system. The Cinematographer will then receive this
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information in order to create and manipulate different Views of the information systemin

two levels of detail, at the model level and at the instance level.

Each scenario starts from one of the conceptual models and walk through a specification
fragment, exploring the interrelationships between the three models. However, the way
this information is reported back to the developer is very crucia for understanding the
dynamic behaviour of the specifications. The technique is that of Cinematography. In
particular, multiple graphical Views, movement and colour are used to visuaise the

dynamic behaviour of the system under devel opment.

graphical events Views & |ngtances

graphical information
Cinematogr apher

user reguests
-l &

©
2
s}
£
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conceptual
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ERT Database
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ERT-INSTANCES METAMODEL

Figure 4. An Architecture for Visualising Conceptual Specifications

The sections that follow, describe each component of the CineVali system separately. The
first section provides a summary of the conceptual modelling formalisms used and the
conceptual repository. Section B provides an overview of the Validation engine and the
different scenarios used to visualise the conceptual models and the last section describes

the different views provided by the Cinematographer.
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A. The ERT Database

The conceptual models and metamodels are stored in a common repository. The
metamodelling mechanism is used to define causal relationships between the models and a
set of fundamental operations which manipulate the instances of the models. The
conceptual modelling language which is used, for the task of application domain modelling
has been developed within the TEMPORA?® and ORES' projects and provides mechanisms
for three conceptual views namely a structural view, a dynamic view and an active view.
These three views are represented by the ERT, PID and CRL models respectively. Details
of these models can be found in [65] [66].

3 The TEMPORA project is a collaborative ESPRIT project between: BIM, Belgium; Hitec, Greece;
Imperial College, UK; LPA, UK; SINTEF, Norway; SISU, Sweden; University of Liege, Belgium and UMIST,
UK. SISU is sponsored by the National Swedish Board for Technical Development (STU), ERICSSON and
Swedish Telecomm.

4 The ORES project is a collaborative ESPRIT project between: 01 Plifororiki, GR; Clinica Puerta de
Hierro, E; Information Dynamics, GR; Royal Institute of TEchnology, S; UMIST, UK.
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ERT Schema PID Schema

CRL
ALL (patient[has name, has medrec_no]) ALL (Prothrombin_activity[>=0,<=100])

{name of recipient } 1S DISIOINT FROM AL L (Hematological{ = 'Posthemorrhagic
{ name of donor} anemia, ='| eukopenia, ='Hemolytic anemia})

ERT-SOL
SELECT medrecno
CREATEENIITY patient (11, YEAR) FROM Recipient
(VALUE, name, CHAR(20), has, 1.1, 0f , 1,1) WHERE TIMESTAMP EQUAL 11/1/1989, 1/1/1992)
(VALUE, medrec no INTEGER has,1,1,0f.1,1 LINION
(COMPLEX VALUE, relectionhasON,of 1N, SEI ECT medrecno
(TPL,YEAR) FROM Donor
WHERE TIMESTAMP EQUAL '[1/1/1989, 1/1/1992)

Figure 5. Example Conceptua Specification

Apart from the above mentioned models, a query language which operates on ERT
objects has been defined. The ERT-SQL language provides the means of manipulating
ERT data, i.e. queering and retrieving data. The language is based on the ERT Algebra
[67].

An example of the three models is given in Figure 5 and it is part of the ORES Case
Study. In this figure, two layers can be distinguished, namely the conceptua layer,
consisted of ERT, CRL and PID, and the ERT database layer consisted of the ERT-SQL
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data and schema definition language groups together with the data manipulation language

group which isused in the PID and CRL models.

The major reason behind errors detected by vaidation, is limited knowledge and ad hoc
use of the selected models [68]. The problem is compounded when, as is amost aways
the case, more than one modelling technique is used (for example using different
conceptual models for specifying structural and dynamic components). Browsing through
each model separately, is not of much help for the developer. Therefore, the models
should be interrelated and these relationships should be formally defined in order to check

for any contradiction or redundant specification.

Integration of different conceptual models can be effectively achieved through the use of
metamodelling [69]. A metamodel is a conceptual model of a modelling technique. A
metamodel is specification-independent and time-invariant and contains al the necessary
knowledge about the constructs and the semantics of the language/model used for
gpecifying requirements during the Requirements Engineering process. In essence, it
provides al the building blocks needed for describing an application model that pertain to

agiven modelling formalism.
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Conceptual Level
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I EXTERNAL
AGENT PROCESS

initiates

ERT database level

Figure 6. Interrelationships of the Conceptual Models

The three conceptual modelling formalisms used in CineVali, are strongly interrelated and
this interconnection is explicitly recognised and represented according to the metamodels
of these formadisms. The relationships between the three conceptual formaisms is
depicted in figure 6. In particular, the conceptual rule language can be used to constraint
and refer or affect ERT objects. A CRL rule can beinitiated by a process, or another rule,
or the system clock. A process could also refer to or affect an ERT object and can be
initiated either by another process, or an external agent. On the other hand, the ERT-SQL
language is a data manipulation language which operates on ERT objects. ERT-SQL

statements are part of the process and rule body.

B. The Validation Engine

The Validation Engine is the basis of the system and is responsible for gathering the

necessary conceptual information from the repository, form the validation scenarios and
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create and manipulate instances of ERT objects. The Validation engine also reports, all the

interesting conceptual events and information to the Cinematographer to be visualised.

The CineVali approach takes into account the very important relationships between the
conceptual modelling formalisms described earlier. The main idea is to follow these
interrelationships in order to demonstrate in a very detailed level the system’s behaviour.
The idea of using scenarios as a means of vaidating a specification is not new. Actualy,
this kind of validation support has been extensively used in the past, but its application has
been mostly of informa nature. Moreover, scenarios are usualy performed manualy, the
result of which isthat the method can only be used for small-sized applications where the

bulk of information allows the user to trace the specification without much effort.

The main idea behind the forming of scenarios liesin the fact that it would be desirable to
support reasoning about a developed specification. Scenarios aim at demonstrating how
the system will work once it isin operation. The most common form of scenarios that has
been applied to specifications is the human-computer dialogues. This technique can have
good results in determining whether the system under development will actually behave as

intended by the users, asfar as the interface between the system and its usersis concerned.

Scenario formulation, however, can be much more general than this. Many different kinds
of queries can form the basis of specific scenario formulation. In [70], a way of applying
scenario formulation to a specification developed using the ERT, PID, and CRL is given.
Questions like what if X, that is how the system will react if X happens, are processed by
the system according to the requirements that have been captured by the developer, and a
scenario is produced. Such a scenario actualy exhibits the kind of information that it is
present in the conceptual schema, as well as the potential behaviour of the system once it
is operational. The developed scenario is then examined by the users (or compared to a
smilar one prepared by them). If significant differences are found, then the captured

requirements do not reflect the actual wishes and intentions of the users and they have to
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be changed. An earlier system which explored the same initia idea, uses scenarios which
are prolog goals together with a semantic prototype to smulate the behaviour of the
system under development [71]. If a scenario fails, the tracing of the execution usudly

reveals the problem.

The results from applying scenarios in al the different phases of requirements engineering
are very encouraging and in most cases scenarios are enhancing the communication
between the user and the analyst. As Wexelblat asserts "it is clear that the effort required
to converse via scenarios will be more than repaid by drastically lowering the cost of failed

prototypes' [72].

1. TheCineVali Scenarios

The main innovation of the CineVali approach is that the scenarios are formal and
automatically generated, while at the same time their representation is one with which
both the user and the anayst are familiar. The scenarios could be both process and
explanatory scenarios and are more concerned with the way the system will achieve the
user objectives and goals. The approach does not address the managerial aspects of the

requirements engineering process.

In particular, a set of questions could be asked all having as a starting point one or more

concepts of one or more of the conceptual models used:

(1) What if event X arrives at the system, which attempts to show which processes
will be initiated if event X arrives at the system. This will be the main means of
demonstrating system's behaviour.

(2) What are the operations performed by external agent A, which attempts to show
what will be the tasks of an external agent. This could clarify the operations

performed by different groups of users.
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(5)

(6)

(7)

(8)

(9)

(10)
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Which processes or rules are initiated by process P, which gives dl the
processes or rules that could be triggered by the execution of process. This could
provide information on the general rules which apply to the organisation and their
relationship to specific processes. It can also be used in order to follow an
execution path and perform awalkthrough of a specification fragment.

Which rules constraint object E, which gives dl the rules that are related to
object E. This could be used by the user and analyst to check whether constraints
put on objects are valid, or too strict or too weak.

Which particular object instances violate rule R, which after checking the
triggering conditions of arule, gives a set of instances which will violate the rule.
This could be used to validate the triggering conditions of the rules.

Which object instances satisfy the preconditions of process P, which in a very
similar manner with the above question provides instances which will satisfy the
precondition of a process. This could be used to either automatically execute a
process scenario or to provide fragmentary explanatory information about a
process.

How does X affect Y, which will determine the kind of effect of a certain
specification item on other specification items (e.g. how a process affects certain
entities). This could be used to check interrelationships and side effects between
two or more specification items.

Which rules are initiated by rule R, which in a smilar manner with the above
guestion will demonstrate an execution path of rules.

Why X, which asks the system to explain how it reached the situation X, by
performing backward reasoning (starting from X it has to trace al facts that led
toit).

When rule R will be initiated, which answers questions concerning rule triggered
by temporal events. This could be helpful in checking tasks that are performed on

specific times within the organisation's structure.
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(11) Which processes or rules affect a particular object, which will determine the
effect rules and processes have on an object. This is particular useful when

checking the way objects are modified and changed by the system.

Most of these questions could be directly used to generate explanatory scenarios, while
others could be combined together to form process scenarios. All of these scenarios are
formal, since their source is the conceptual modelling formaisms in which the
specifications are described. The level of detail varies between them. In fact, the same
scenarios could be seen at a different level of detail, thus alowing the expert and non-
expert user to understand without been burden by more than the necessary information.
The process scenarios could be either passive or interactive. The way thisis achieved is by
accepting some assumptions and perform a passive execution of a scenario, or ask for
more details from the user to perform a more controlled execution. This type of scenario
is therefore reactive and could be changed aong its execution, in order to observe

different aspects of the captured requirements.

Scenarios can be expressed in three different levels of abstraction. The first very important
abstraction is that of the Conceptual and ERT database level. Secondly, scenarios could
be restricted only to one conceptual model or could be intermodel scenarios, to allow
intermodel checking of the specifications. Another level of abstraction is the one
concerned with explanatory scenarios or with process scenarios. Figure 7 summarises
these abstraction levels, with the less detailed ones closer to the conjunction of the three
axis. In what follows, scenarios are presented by a sequence of questions and include al

the possible levels of detail and all relationships between the different models.
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33
@@y 7

SingleMode | Intermodel

.
Conceptua
/ ERT Database
Figure 7. Levels of abstraction of CineVali Scenarios

Scenario 1

This scenario has the PID modd as the starting point and the first question asked is. what
if event X arrives at the system (question 1). Then the processes that would be initiated by
that event are found and the user could choose one to follow. In the highest level of detail
the user should provide al the necessary instances to satisfy any preconditions the process
has, that is the question "What ERT instances will satisfy the preconditions of the selected
process’ is asked (question 6). Then the process will be executed and the ERT objects
affected by it will presented (question 7). Also the rules or processes which are initiated
by the output events of the executed process are given to the user (question 3), who could
either terminate the scenario or continue by selecting a process or a rule from the new set

to follow.

Scenario 2
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This scenario is concerned with the user groups performing the tasks, and checks whether
tasks are assigned to external agents properly, or whether the user groups performing the
actual tasks within the organisation would be influenced by the system. The scenarios start
with the question : what processes are performed by external agent A (question 2). This
question will result a set of processes that could be initiated by a particular external agent.
There are two options, namely choosing one process and then use scenario 1, or terminate

the scenario.

Scenario 3

This scenario is concerned with the rules and their validation. The scenario starts with the
guestion: how is rule R initiated (question 9), and continues by asking which particular
object instances violate rule R (question 5). Then the scenario checks which ERT objects
are affected or constrained by this rule (question 7). The scenario proceeds by finding the
rules that could be initiated after the execution of the first rule (question 8), and the user

can choose which one to execute next.

Scenario 4

This scenario validates the temporal aspects of a specification by asking the question:
when isrule R initiated (question 10). The temporal event that would trigger the rule is
presented to the user. After that the scenario gives two options to the user, either to check
the ERT objects affected by the rule (question 7) and the rules initiated by it (question 8),

thus following a similar path with scenario 3, or to terminate the scenario at that point.

Scenario 5

This scenario has as starting point the ERT model and asks the question: what rules

constraint object E (question 4). Therefore, with this scenario the user is presented with a
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set of rulesthat apply to a particular ERT object and can assess their correctness in terms

of how weak or strong the constraints are.

Scenario 6

We use the same number for denoting a set of scenarios rather than a specific scenario. All
the scenarios of this set use backward reasoning to answer the question : Why X, that is
why process X is initiated, why rule X is triggered or why entity X is affected (question
9). This set of scenarios involves finding by backtracking the reason and then creating a
scenario of type 1, 2, 3 or 4 to demonstrate to the user the way the system arrive in

situation X.

C. The Cinematogr apher

The Cinematographer receives conceptual events and information and trandates them into
graphical ones. Therefore is has methods to create graphical objects which correspond to
aprocess, an ERT object or a CRL rule given their names, types or description, and a set
of graphica events that correspond to the interesting events reported by the Validation
Engine. It is aso responsible for generating a different View for every conceptual mode
and for updating the Views according to the graphical events reported. Instances should

also be visualised when thisis necessary.

1. Graphical Objects

The graphical objects of the Cinematographer, are one for every concept of the models.

For the ERT model, there are graphical objects that correspond to an entity, value class,

complex object, relationship and time stamped classes. For the PID model, there are
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graphical objects for representing a process and a Trigger and for the CRL there is a

textual object that presentsarule.

Conceptual Objects Graphical Objects
Entity class Entity_Class Name
Time stamped entity class Entity_ClassName| T
Simple value class Value_Class Nama
Complex entity class Complex_Entity Name
Complex value class Complex_Value Nama

: . a b
Relationship = || )
Timestamped Relationship _ma]__.jﬁ%—
ISA relationship N

SO
Trigger | Trigger Name |
Process

Figure 8. Concepts and their Corresponding Graphical Objects

Figure 8 lists al concepts of the models and their corresponding graphical objects. For
every graphical object, the Animator has a method to create it (i.e. create process object
P1).

2. Graphical Events

The Cinematographer also trandates the events reported by the Validation Engine to
graphical events which can be understood by the Views. For example the event "process
Pl is initiated" is trandated into "draw process object P1", or the event "Entity Class

Employee is affected by process P1" is trandated into "Colour Employee with the colour
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of P1". When dl the graphical objects of an interesting event have been created, the

corresponding graphical event is send to the Views to process.

3. TheViews

A View consists of awindow, a set of methods to respond to graphical events sent by the
Animator. Also a View has a set of general methods in order to automatically re-size or

re-draw its window either at user's request or whenever is needed.

A single View can be used to animate dl the information. However, this will result an
overloaded View and may confuse the developer by reporting too much information at
once. In our approach three different Views can be used, one for each conceptual
modelling formalism. Each View has a method for reacting in occurrences of events and
for displaying the relevant information. There exist three views, namely, the ERT, PID and
CRL Views.

V. Conclusions

The process of information systems development can be viewed as a sequence of model-
building activities. The quality of each set of models depends largely on the ability of a
developer to extract and understand knowledge about an application domain which needs
to be acquired from a diverse user population. This implies that developing an information
system and in particular capturing requirements is a knowledge intensive activity which
requires appropriate mechanisms for knowledge dlicitation, knowledge representation and

knowledge validation about the modelled application domain.

We have presented a way of vaidating a specification developed using the ERT, PID and
CRL models by animating information captured by the three models in a uniform way. A

first version of the prototype has been implemented and used on a number of case studies.



Page 31

However, our research efforts are focusing in providing a visua environment for
validating and symbolically executing conceptua specifications of an information system.
Therefore, the visual system envisaged, will graphically animate conceptual prototypes.
The term conceptual prototype is used to emphasise the difference between executing the
specifications and creating a prototype of the information system. In conceptual
prototyping there is no need to make any design decisions prematurely. By animating the
conceptual prototype, dl the actors of the reguirements engineering process can
understand and inspect the behaviour of the system under devel opment as early as possible

in the requirements engineering process.
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