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1 INTRODUCTION 

Requirements engineering (RE) provides the conceptual link between (information) systems 
and their environment; the state-of-art in RE is insufficient to deal with the new challenges 
posed by rapid and continuous change in technology and environment. The paper aims at 
presenting a conceptual framework developed during the NATURE* project to address these 
challenges in a coherent manner. The framework structures the context and products of RE. 
and helps to understand and guide the RE process. The paper develops these two aspects. 
namely understanding the REprocess and guiding the REprocess. It emphasises the process 
dimension, introduces the conceptual process meta-model, and shows how it can be mapped 
to a novel architecture for computer-aided and improvement-oriented requirements 
engineering. 

2 UNDERSTANDING THE REQUIREMENTS ENGINEERING PROCESS 

The framework (Jarke, 1993) proposes to define requirements engineering as a proce1·s (Jf 
establishing visions in context. The vision corresponds to some need for change perceived hy 
some agent in the organisation. A classical example is John F. Kennedy's "send a man w the 
moon before the end of the decade". There are various sources from which the need for 
change can originate; The framework identifies five of them : (1) statements of intent. (2 l 
problems, (3) examples of existing useful systems, (4) technological innovati;:~ns and 
enhancements, (5) legal regulations. 

The structuration of the context is based on the four worlds of information systems, namely 
the subject world (the application domain), the system world (the world of svstem 
specifications), the usage world (the organisational environment of the information system) 
and the development world (the world where the process of establishing the vision takes 
place). The origin of the change vision could be in any of these worlds. Since nllr focus is 
requirements engineering for change management, we shall describe the role of the different 
worlds from the viewpoint of the development world. 

There is a representation relationship between the subject and system worlds which has been 
pointed out ago by researchers in databases (Bubenko, 1990) and in knowledge representation 
(Mylopoulos, 1990). The relationship between the usage and system worlds corresponds to 
another meaning of the "system environment". The usage world is the individual, social, and 
organisational environment in which the system is intended to function. It has a pragmatic 
(individual) relationship and a semiotic (social) relationship with the &ystem world. 

*NATURE (BRAN" 5363) is an ESPRIT project funded by the European Commission from 08/92 
to 08/95. 
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Shortly speaking, the former relationship raises the question of reusable subject domain 
ontologies (Maiden, 1994). The latter introduces the need for goal-driven requirements 
engineering (Bubenko, 1994). 

The process of establishing the vision in context takes place in the development world. 
Looking at RE from a social perspective, the RE process starts with a vision holder who 
establishes his or her vision in the social context through communication with other people, 
typically drawing them into a project for certain periods of time. The team which becomes a 
distinguishable reality in the development world interacts with the other three worlds. From a 
conceptual viewpoint, the framework identifies three dimensions along which the process of 
RE can be characterised and supported (Pohl, 1994) : 

-The complexity of the individual/cognitive aspect of the RE process leads to the 
specification dimension which describes the degree of completeness of the requirements 
specification. 

-The social usage aspect leads to the agreement dimension which describes to what 
degree the members of the RE team agree on the requirements specification. 

-The system aspect leads to the representation dimension which describes how 
requirements are technically described, e.g. their degree of formal semantics. 
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Figure 1 The three dimensions of the RE process. 

As shown in Figure 1 the trace of the RE process is modeled as a curve within the three 
dimensions, starting from an initial incomplete, informal specification representative of 
individual viewpoints and ending with the desired output which is a complete, fully agreed 
and formally described specification of the intended system. 

3 GUIDING THE REQUIREMENTS ENGINEERING PROCESS 

Within the three dimensions of RE processes, we have described a way how the RE process 
can be defined, traced and guided. An important demand on the future RE methods and tools 
is that they address all the dimensions. An equally important demand is that process guidance 
is offered how to work with these methods and tools. 

In this section, we sketch the NATURE meta-model of RE processes which we have 
developed in the University of Paris-1 and experienced in large scale projects, some coarse
grained ways-of-working in RE, and the guidance centred tool environment for process
oriented engineering support. 
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3.1 NATURE process meta-model 

Figure 1 shows that only certain pieces of the RE process are well enough understood to be 
supported by software process models and workflow systems. Current workflow and software 
process models are not directly applicable as they assume broad coverage and fairly strict 
control of the process. Activity-oriented process models (Royce, 1970) come from an analogy 
with problem-solving and provide a frame for manual management of projects. This linear 
view is inadequate for methods which support backtracking, reuse of previous designs. and 
parallel engineering. Product-oriented process models (Finkelstein) represent the 
development process through the evolution of the product. They permit design tracing in 
terms of the performed transformations and their resulting products. Finally, decision-oriented 
models integrate more deeply the semantics attached to evolutionary aspects. The notion of 
design decision facilitates understanding of the designer's intention, and thus better reuse of 
results (Potts, 1989) but the flexibility and situatedness of REprocesses are not adequately 
covered in existing decision-oriented models. 

Process models in RE must first of all be contextual (Rolland, 1991 ). At any moment in time, 
each requirements engineer is in a subjectively perceived situation upon which he looks with 
some specific intention. His reaction depends on both the situation and the intention he has in 
mind i. e. it depends on the context he is placed in. In other words, we say that he reacts 
contextually, often by analogy with previous situations he has been involved. Situation and 
intention can change quickly under circumstances that are only partially known. The process 
model must therefore offer a very flexible approach in which requirements engineers can 
switch context at any time, and in which the knowledge about the process captured in the 
process prescription is used for guidance. 

The NATURE process meta-model (Rolland, 1993), (Rolland, 1994) addresses these issues 
by making the notions of situation and intention explicit as well as their combination in the 
notion of context, explicit. Figure 2 represents the meta-model in an Entity-Relationship 
notation. The central concept is the one of context which associates a situation to a decision 
made on it. 

Figure 2 Overview of the process meta-model. 

A situation is a part of the product it makes sense to make a decision on. Situations are, most 
often built from parts of the product undergoing the RE process. Moreover, situations can 
also be built from existing, reusable parts of previously developed products. (Schmitt, 1993) 
presents a generic model of RE products and details the building of situations from its parts. 
Situations in RE can be of various granularity levels; they can be either atomic like an 
attribute of an object class or they can be coarse-grained like the whole product under 
development. 
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A decision reflects a choice that an application engineer can make at a given point in time of 
the development process. A decision encapsulates two aspects, namely an intention and an 
approach. An intention expresses what the application engineer wants to achieve, it is a goal. 
It can be a very high level goal such as "Check_correctness_of_current_specification" or a 
fine-grained intention like" Define_key_of_entity". 

An approach characterises the way to carry out an intention. The approach is the "how" part 
of a decision whereas the intention is the "what". For instance, we currently recognise in the 
RE process two different and practised approaches, namely top-down and bottom-up. The 
former means to define first the composite elements and then their components, whereas the 
latter means that the components are defined first and then the composite elements. The same 
intention can be related to several approaches. 

A context is the association of a situation and a decision which can be made on this very 
situation. This association is meaningful. A decision is not sufficient in itself, it needs to be 
associated to the situation where it applies. For example, it does not make sense to specialize 
an entity if this entity does not exist. However a situation can be associated to several 
decisions. The model achieves the required flexibility by distinguishing three sub-classes of 
contexts which can be nested one with the others. 

-An executive-based context implements a decision, it is directly applicable by an 
action. An action performs a transformation of the product, it is the materialization. the 
implementation of a decision. Performing an action changes the product under development 
and may generate a new situation which is itself, subject to new decisions. 

-A choice-based context corresponds to a situation which requires the exploration of 
alternatives in decision making. Each alternative is an approach or a strategy for the 
resolution of the issue being faced by the requirements engineer in the current situation. By 
definition a choice-based context offers a choice among a set of strategies, all of them 
achieving the same purpose. In some sense, one can look upon the choice-based context as 
being goal oriented. There are two major differences between the choice-based context and 
the executive-based context : the first one lies in the absence of any alternatives in the latter 
and the second is that a choice-based context has no direct consequence on the product under 
development. 

In the process meta-model, the various alternatives of a choice-based context are represented 
in the alternative relationship (Figure 2). They are associated to choice criteria based on 
arguments. A Choice criterion is a combination of arguments which support or object to an 
alternative of a choice-based context. It may provide priority rules to select one altemative 
among several depending on the arguments. Alternatives of a choice-based context are 
contexts too, thus contexts may share an alternative relationship (Figure 2), leading to 
alternative based hierarchies of contexts. The alternative-based relationship among contexts 
allows the refinement of large-grained decisions into more fine-grained ones. 

-A plan-based context allows to decompose a context into a set of contexts. A plan
based context is an abstraction mechanism by which a context viewed as a complex issue can 
be decomposed in a number of sub-issues. Each sub-issue corresponds to a sub-decision 
working on a sub-situation. In the process meta-model the decomposition of a plan-based 
context into its more elementary contexts is represented (Figure 2) by the relationship 
dependency-graph between context and plan-based context. Decomposition of contexts can 
be made iteratively leading to hierarchies of contexts. The component contexts can be of any 
type i.e. executive, choice or plan-based contexts. 

The ordering of the contexts, within a plan, is defined by a graph named dependency [.:raph 
(Figure 2). There is one graph per plan-based context. The nodes of this graph are contexts 
while the links -called dependency links- define either the possible ordered transitions 
between contexts or their possible parallel enactment. Based on arguments, a condition may 
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be assigned to a link. The condition defines when the transition can be performed. It plays a 
role similar to choice criteria in choice-based contexts. 

Flexibility is introduced by allowing several sets of possible parallel or ordered transitions to 
be defined in the same graph. It also results of the implicit abort feature meaning that the plan 
can be aborted by the requirements engineer, during the process, at any moment. Plan-hased 
contexts provide another type of guidance than executive and choice-based contexts. They 
support the requirements engineer in performing long term transactions, providing advice on 
the ordering of component activities, whereas choice-based contexts help in making the 
appropriate choice in the situation in hand and executive-based contexts tell how to 
implement the decision taken. 

Each type of contexts influences the on-going process in a different manner : an executive 
context affects the product under development and generates a new situation, subject to 
decisions; a choice-based context does not change the product but helps to progress in the 
decision making process through the refinement of an intention while a plan-based context 
provides the means to handle the complexity of an intention by providing a decomposition 
mechanism. Performing decomposition and refinement iteratively allows to reach executable 
intentions and thus, to act on the product under development. 

With a very small number of concepts, the meta-model subsumes at least six earlier process 
modelling and guidance strategies : 

- As in decision oriented process models (Potts, 1989) intentions and actions are 
clearly distinguished. But, unlike these models which do not relate a decision to the context in 
which it could be/was taken, the NATURE meta-model gives the ability to model the 
influence of the context on the decision making process. 

-As in situated process modelling (Rolland, 1991) process knowledge is organised in 
individual chunks whose invocation sequence is not fixed in advance but is based on the 
situation which is partially determined by the product status. The NATURE meta-model 
extends this by offering a number of strategies to guide the requirements engineer in 
sequencing the invocation of process chunks, based for instance on past decisions. 

-As in activity centred process models (Royce, 1970) action plans can be defined. But, 
unlike the restricted linear and sequential view of process planning adopted in these models, 
the NATURE process model allows concurrent actions to be planned and permits multiple 
paths in carrying out a plan. 

- As in workflow models, dependency structures or control flow can be attached to the 
process model. These structures can be expressed in the NATURE process model at different 
levels of abstraction whereas this in done only at one level in the former approaches. In 
addition, NATURE dependency structures are composed of contexts, i.e. couples (situation. 
decision), while they are only composed of actions in workflow approaches. 

-As in product oriented process models (Finkelstein, 1990) actions are viewed as 
product transformations and therefore linked to the product. But additionally, the NATURE 
approach allows the modelling of the causality chain of product construction. This chain 
consists of actions on the product which generate situations on which decisions can be made. 
which, in turn, lead to new actions on the product. 

-Finally, the decomposition of a context in plan or choice subcontexts can be seen as 
an AND/OR graph, the traditional means of planning in Artificial Intelligence (Mylopoulos. 
1992). Enrichment of these graphs in the NATURE process meta-model is provided by 
arguments associated to choice contexts (the OR graphs) and conditions in plan contexts (the 
AND graph). 

Based on the meta-model, process models that we refer to as ways-of-working are formally 
defined, with a good level of genericity and modular enough to be easily updated and 
improved. The process of generating ways-of-working by instantiation of the process meta
model is supported by the automated tools of the NATURE process centred environment. 
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3.2 NATURE process centred environment 

The NATURE guiding approach introduced so far opens new opportumtles for 
methodological and technical support which leads to a Computer Aided Requirements 
Engineering (CARE) environment to support process definition, guidance, trace and 
improvement. The functional viewpoint of this CARE environment is shown in Figure 3. The 
CARE environment is composed of two sub-environments, the application engineering 
environment in which the process is guided, executed, and traced, and the method-engineering 
environment in which the process is defined and improved. These two environments use the 
process repository which contains the information necessary to provide the intended 
functionality. 

The NATURE process repository is organised in three levels of classification of process and 
product components where each level defines the structure for the level below. There are 
some similarities between the organisation of the NATURE repository and the one advocated 
in Information Resource Dictionary Framework Standard (IRDS, 1990) which also consists of 
three levels, the IRD level, IRD defmition level and IRD definition schema level respectively. 
However, whereas the IRDS deals with levels of product description, the NATURE 
repository deals with levels of product and process description. At the lowest level of the 
NATURE repository, process traces are recorded. A process trace records what actually 
happens during a development run, why it happens, when and on what it happens. A part of 
this trace are descriptions of the product like requirements statements and informal 
specifications There is one process trace for each process i.e. each application developed. 

application 
uses engineer 

Figure 3 The architecture of the CARE environment for process construction, trace. 
guidance, and improvement. 

At the second level, ways-of-working and traceability models are defined. A process is then. 
an instantiation of a process model which is executed. A way-of-working is a prescriptive 
process model oriented towards guidance whereas the traceability model is a descriptive 
model which offers a structure by which the trace of actual processes is to be organised. Part 
of the traceability and guidance models are links to descriptions of product-types (e.g. entity 
types or object types). The third level of the repository corresponds to the NATURE process 
meta-model. The process meta-model provides a set of generic concepts for describing 
multiple ways-of-working and traceability models which are therefore, instances of the 
process meta-model. Part of it are generic concepts for describing RE products (Schmitt. 
1993). 
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The application engineering environment caters to the need of the application engineer to be 
guided when performing a RE process. If a way-of-working has been defined for the actual 
RE process (in the method engineering environment, as we shall see later), then guidance can 
be provided in the application engineering environment. This facility helps the application 
engineer in making the right decision for the situation at hand in any of the three dimensions 
of RE (representation, specification and agreement), in monitoring for the application 
engineer the performance of plan contexts, in identifying the appropriate process prescription 
for the current state of the project, in automating the execution of actions changing the 
products, in recognising missing decisions and situations requiring decisions to be made. In 
addition to guiding the application engineer, the application engineering environment 
maintains a trace of the RE process performed. The process is traced according to the 
traceability model. Traces obtained within guidance could be used to guide further projects 
(Jarke, 1994). 

The method engineering environment deals with the constructability and changeability needs. 
This environment provides facilities to the method engineer to instantiate the given process 
meta-model and thereby construct the way-of-working. This instantiation is facilitated by the 
NATURE meta-way-of-working, which defines the method engineer's way-of-working for 
constructing ways-of-working to be used in the application engineering environment. To do 
this, the meta-way-of-working uses a library of method construction patterns. This approach 
has two beneficial effects: 
- It avoids the construction of ways-of-working focusing on specific product engineering 
activities and failing to cope with many other RE activities. 
- It speeds up the construction of a way-of-working and facilitates the construction of situated 
ways-of-working i.e. ways-of-working adapted to the characteristics of a given project. 
The method engineering environment guides the method engineer in defining ways-of
working. It helps the method engineer in making the right decision for the 'way-of-working 
situation' at hand, in identifying the appropriate prescription for the current state of the way
of-working, in automating the execution of actions changing the way-of-working, in 
recognising missing decisions and 'way-of-working situations' requiring decisions to be made. 

The method engineering environment also meets the changeability needs. The way-of
working is improved based on observation and analysis of process traces (Jarke, 1994). 
Application engineers will then be able to benefit from past experience. The tracing module 
handles traceability according to the traceability model. Again, since the improvement process 
is modelled just as any other process, a facility to guide the method engineer in this process 
improvement task is needed. It is to be noted that even though the tracing module and the 
guiding mechanism are independent, these two mechanisms must work together since a 
process is both, guided by a way-of-working and traced according to the traceability model. 

It can be seen that the application engineering and method engineering environments are 
related to each other through the information contained in the process repository. The 
application engineer cannot be guided unless the method engineer defines the way-of
working. Similarly, the way-of-working cannot be improved by the method engineer unless 
the trace of process performance in the application engineering environment is maintained. 
The CARE environment depicted in this section is implemented on top of the Object Oriented 
DBMS 02 at the University of Parisi. 
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