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A b s t r a c t  : In this paper, we present the Computer Aided Requirements Engineering (CARE) 
environment named MENTOR. This environment offers various viewers, editors and tools and 
can be customised by a method engineer to any existing requirements engineering 
methodology. The core component of the environment is the "Guidance Engine". It executes - 
or enacts- in a flexible manner any process model -that we call way-of-working. A way-of- 
working is defined as an instance of a process meta-model. We illustrate, through a 
comprehensive example, how MENTOR provides support and guidance based on the execution 
of process models to both application engineers (who construct system specifications) and to 
method engineers (who construct ways-of-working) in a flexible and efficient way. 

1, INTRODUCTION 
Requirements Engineering (RE) refers to that part of the system development life- 
cycle in which application engineers investigate the needs and requirements of the 
users community and abstract from those requirements the formal specification of the 
system to be built. Therefore, RE is a very intellectual and creative activity. As we see 
it, guidance plays a crucial role in the RE process [Rolland94, Rolland95]. Providing 
guidance for this activity is far more knowledge intensive than for any other system 
development activity. The required support is based, for example, on suggestions on 
how to proceed in a certain situation, and on providing alternatives to solve the 
problem raised by this situation. It is clearly beyond the simple automated control of 
sequences of activities provided by most methods in practice and, also, by process 
software engineering environments, Application engineers need to be guided and 
advised, locally to handle the particular situation they are faced to, and globally, to 
monitor the flow of decisions they have to make. 
Process representations must take into account the guidance requirement. This 
requirement is not fulfilled by existing process representation formalisms. The 

~Information Systems Engineering (ISE) community has been involved with 
prescriptive methods as a means for process representation. Methods most often use 
large-grained life cycle descriptions and provide guidance at a high level of 
granularity (i.e. it mostly consists of a step-wise organisation of  the system 
development life-cycle). They do not contain the know-how needed to make the 
application engineer efficient in practice. These process descriptions are informal. 
This eases their use but makes difficult their control. Conversely, new software 
process modelling notations emerging from the Software Engineering (SE) 
community are formal enough to allow correctness checking of process 
representations but allow only process programs [Tominaga94] restricted to 
enforcement of constraints [Finkelstein94] and are thus, limited in their use 
[Curtis92]. 
CASE tools supporting current ISE methods and SE centred software environments 
are unable to provide today the kind of heuristics and experience based guidance 
required in the early phases of system development. Current CASE tools are 
essentially passive, they help in capturing, storing and documenting IS products but 
do not support application engineers in their creative development activities 
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[Martiin93]. Most process centred software environments [Belkhatir94, Bandinelli93, 
Lonchamp93, Kaiser88] are used to describe the activity of tools and to allow 
automatic invocation of tools [Tominaga94]. They are essentially enforcing the 
process performance that conforms to some perceptive software process definition 
[Dowson93]. They guide the usage of tools but are similar to CASE tools in that they 
do not support the engineer in the performance of his intellectual activities. 
We claim that providing guidance to application engineers relies on : 
- an accurate definition of the RE processes described at different levels of 
granularity, 
- a tool environment allowing the definition of such processes and their execution in a 
flexible manner. 
In this paper, we present the Computer Aided Requirements Engineering (CARE) 
environment  MENTOR [Grosz94, Si-Said95] which complies with these 
requirements. It offers means : 

to define process models as instances of a situation and decision based process 
meta-model [Rolland94, Rolland95]. Such process models combine within a single 
representation both a global description of activities and a fine grain description of the 
different steps to be performed. The underlying process theory has been developed in 
the NATURE 1 project. 

to dynamically execute process models. Execution is seen as model interpretation 
to allow flexibility and non-determinism in human-machine interaction. Flexibility 
and non-determinism are mandatory because RE cannot be fully automated in a pre- 
defined sequence of actions. 
The current prototype of the environment is implemented on top of the 02  
O.O.D.B.M.S. [02] and comprises about 150 02  classes, 600 methods and 13400 
O2c lines of code. 
The 02  D.B.M.S. has been chosen because we needed a flexible object oriented data 
model allowing to store and manipulate classes as instances of others classes and 
therefore to implement the process meta-model based on a specialisation of generic 
concepts provided by 02, process models as instances of the process-meta model, and 
enacted process models as instances of process models. 

The paper is structured as follows. The next section presents the general architecture 
of the MENTOR environment. The different tools together with the repository of this 
CARE environment are also described. Section 3 is the core of the paper. Through a 
scenario, we present both, the concepts underlying our approach and the manner in 
which guidance is provided. Conclusions are drawn and future work is identified in 
section 4. 

2. THE MENTOR ENVIRONMENT 
2 . 1  P R O C E S S  T E R M I N O L O G Y  

Before introducing the architecture of the MENTOR environment, we shall clarify the 
terminology used in the rest of the paper. 
Process : we follow the definition proposed by [Feiler93] : a process is defined as "a 
set o f  partially ordered steps intended to reach a goal". A process step is "an atomic 

1 NATURE (BRA N ~ 5363) is an ESPRIT project funded by the European Commission from 
10/92 to 10/95. NATURE reports are available via anonymous ftp on ftp.informatik.rwth- 
aachen.de in/pub/NATURE 
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action of  a process that has no externally visible sub-structure. The process step is the 
basic process abstraction". 
Product : the output of a process is a product, it can be a requirements specification or 
a conceptual schema. A process keeps track of how the product has been constructed 
in a descriptive manner. If the product comprises an entity type "User" with the 
attribute "name", the process comprises elements stating that "User" has been 
identified first and then, the attribute "name" has been identified and attached to the 
entity type. 
A process and its related product are application dependant. 
Process model �9 A process model is a description of processes at the type level. Most 
often a process model is used for a prescriptive purpose i. e. to prescribe "how things 
must/should/could be done" in contrast to the process itself which is really what 
happens. A process model is more or less a rough anticipation of what the process 
will look like. What it will be in detail is, however, determined during actual system 
development. Following [Seligmann89], we refer to process models as ways-of- 
working. 
Product model  : In any RE process model, the structure of the product plays an 
important role. The product model defines the concepts used for building the product 
and their relationships. For instance, the product model of ER [Chen76] specifies that 
an ER diagram comprises a set of entities and relationships, an entity-type has a key 
and a set of attributes, a relationship may have attributes, entities and relationship are 
related through the concept of role, cardinalities are associated to a role, etc.. 
A process model and its related product model are methodology dependent. 
Process recta.model : a process recta-model provides a set of generic concepts to 
represent process models. This ensures the genericity of the process representations 
constructed from the meta-model and, when combined with the product meta-model 
(see below), makes for methodology independence. The process meta-model 
implemented in MENTOR is described in [Rolland 95 and Grosz96]. 
Product meta-model : it is a set of generic concepts to represent product models. The 
product recta-model implemented in MENTOR is described in [Schmitt93 and 
Plihon96]. 
A process meta-model and its related product meta-model are methodology 
independent. 

2.2 GENERAL ARCHITECTURE 
In this section, we introduce the architecture of the CARE environment along with the 
functionalities of the different components that will be used in the scenario described 
in section 3. 
Figure 1 illustrates the different components of the Computer Aided Requirements 
Engineering (CARE) environment MENTOR. It intends to provide guidance to both 
method engineers and application engineers. Method engineers are in charge of 

�9 defining ways-of-working whereas application engineers are in charge of defining 
systems specifications. Despite the fact that MENTOR is guidance-centred, the 
environment includes tool such as editors and viewers allowing the method and 
application engineers to work freely, without the support of the guidance facility. In 
this respect, MENTOR offers similar functionality -i.e. product and process models 
definition and construction - as existing Meta CASE tools (e.g. MetaEdit 
[Smolander91], RAMATIC [Bergsten89], etc.) 
As shown in figure 1, the environment is organised in four main components : 
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the repository to store both ways-of-working and product models as shown in 
figure 2. 

the method engineer environment for guiding method engineers. 
the application engineer environment for guiding application engineers. 
the guidance mechanism composed of the guidance engine as the kernel for the 

whole CARE environment, and the session manager to co-ordinate access to all tools. 

Method 
Engineer 

Method 
Engineedng 
Environment 

Viewers for 

�9 Meta WoW 
�9 Ways-of-working 
�9 WoW Construction 
patterns 

Editors 

�9 product model 
�9 Way-of-working 

Too l  

�9 Way-of-working 
Generator 

Guidance 
Engine 

4 
Session~Manager 

t 

WoW : Way-of.Working 

Fig. 1. MENTOR : general architecture 

Application 
Engineedng 
Environment 

Product 

Too/s 

�9 Traceability 

�9 Dynamic Change 
Manager 

=t 
Application 
Engineer 

Data flow 

In the rest of this section, we consider each of these components in detail 

2.2.1 The repository 
The repository uses the 02 O.O.D.B.M.S. to store and manage data. 
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As shown in figure 2, it is structured in three levels : 
the meta level corresponding to the implementation as 02 classes of both process 

and product meta models. 
the model level corresponding to ways-of-working and product models related to 

different methodologies. We distinguish a special way-of-working called the meta 
way-of-working which aims at guiding the method engineer while defining a way-of 
working. It is described as any other way-of-working. This level also comprises the 
way-of-working construction patterns for rapid ways-of-working generation. These 
patterns will be exemplified in section 3. 

the work space level, composed of ways-of-working and product under 
development. When a way-of-working iscompleted and validated by a method 
engineer, it is integrated in the model level. An application is composed of a product 
corresponding to the specification under development and a process trace resulting 
from the enactment of a validated way-of-working. 

These three levels are interrelated. Indeed, the ways-of-working and the product 
models of the model level are instances of the process and product meta model 
contained on the meta level. Similarly, specification and process traces of the work 
space levels are instances of product models and ways-of-working of the model level. 

2.2.2 The Method engineering environment 
It includes viewers, editors and tools. They are introduced in turn. 
Three viewers for visualising the current state of any type of product are available to a 
method engineer. The way-of-working viewer provides facilities for displaying the 
description of any way-of-working contained in the repository, be it under 
development or validated. Select and copy facilities are available, which allow the 
engineer to construct ways-of-working out of existing ones. The meta way-of-working 
viewer is used to display the current state of the process of defining a way-of- 
working. The way-of-working construction patterns viewer offers means to browse 
through the graphical description of the generic knowledge related to method 
definition (see [Plihon 96 and Rolland96] for details). 
The way-of-working viewer offers means for scrutinising the complete repository of 
ways-of-working and provides facilities for reducing the search space through filters. 
It eventually uses the way-of-working viewer. 
The two editors, namely the way-of-working editor and the product model editor 
support the method engineer in the description of both the product model and the 
way-of-working related to a specific methodology. This is done through graphical 
notations 
The way-of-working generator offers a means for accessing the library of generic 
way-of-working construction patterns and embedding facilities for quickly generating 
chunks of ways-of-working out of the construction patterns. 

2.2.3 The Application engineering environment 
The Application engineering environment includes a set of specific graphical product 
editors and product viewers to develop specifications. A traceability tool and a 
process change manager are also available. They are described in the following. 
A product viewer allows an application engineer to display the current state of a 
product in a window whereas aproduct editor provides him means to directly modify 
the product under development (in the current version of the prototype, tools are 
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available for ER and static OMT [Rumbaugh91] specifications, these can easily be 
extended). These tools are developed within the 02  environment. The traceability 
tool offers means for keeping track of product and process traces. The generated trace 
can be used for documentation purposes but can also be used as the raw material 
necessary for later improvement of ways--of-working. 
The process change manager aims at keeping coherent the elements used during the 
enactment of a way-of-working after modifications of the way-of-working. Assume 
an application engineer aborts the execution of a way-of-working and asks a method 
engineer to modify it. When he resumes guidance then the state of the enacted way- 
of-working is not anymore coherent towards the updated way-of-working. In this 
case, the process change manager is automatically triggered. 

2.2.4 The guidance engine 
The guidance engine is the set of enactment mechanisms able to guide any process 
governed by a way-of-working [Si-Said95]. We use the term enactment, as in the 
software community, to refer to the fact that the process is performed not only by 
machines but by the symbiosis of human beings and computers [Armenise93]. 
However whereas software centred environments look at process enactment as 
program execution we take the view of process enactment being model interpretation. 
This provides more flexibility in human-machine interaction and permits non- 
determinism. 

interprets 

interacts Guidance 

Engine ~upports construction& 

7uides improvement 

transformation 
Method ~ .:::~ 

Application 
Engineer 

Fig. 3. The guidance engine 

As illustrated in figure 3 the guidance engine interacts with the process agent to 
whom it provides guidance based on the process knowledge stored in the way-of- 
working. In so doing, it controls the incremental construction of the product under 
development. The guidance engine can be viewed as an active object which interacts 
with three other kinds of objects : the product under development, the process agent 
and the process model. 
The guidance engine is generic in the sense that it can guide the enactment of any 
process modelled in terms of the process meta-model we propose. For example, the 
process leading to the construction of a way-of-working (represented in a meta way- 
of-working) is guided in the same way as the process for constructing a specific 
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application. Obviously the objects interacting in each case are different. During the 
process of constructing a specific application, the guidance engine interprets the way- 
of-working to provide advice to the application engineer (the agent) and to support 
the construction of the requirements specification. The input is a way-of-working and 
the output is the RE specification. When the guidance engine guides the construction 
of a way-of-working it uses the meta-way-of-working as an input and the way-of- 
working is the output. It interacts with an agent who is, in this case, the method 
engineer and monitors the construction of a way-of-working. 
The various functionalities of the MENTOR environment are illustrated in the next 
section through a comprehensive example. 

3. AN EXAMPLE OF A M E N T O R  SESSION 
The scenario presented in this section aims at illustrating how the MENTOR 
environment provides guidance to both method engineers and application engineers. 
The scenario comprises two parts. The first one illustrates how a method engineer can 
retrieve and customise a way-of-working stored in the MENTOR repository. Thus, 
this part emphasises the support provided to a method engineer for constructing a 
way-of-working. The second part shows how an application engineer can be guided 
during an application engineering. It looks at the support provided by a way-of- 
working and its enactment by the guidance engine. The presentation is based on 
simple examples extracted from the construction of the E/R schema describing a 
lending system in a library. 

3.1. ILLUSTRATING THE METHOD ENVIRONMENT 

Fig. 4. The session manager windows 
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The first contact with MENTOR is made through the session manager window to 
select the working mode, i.e. guided mode or free mode (see figure 4).We will see 
later on that the engineer is able to switch at any moment from one mode to the other. 
Selecting a mode activates the suitable set of tools and opens the corresponding 
window as depicted in figure 4. 

�9 Retrieving and editing a way-of-working 
Using the application engineering window, the user can browse through the list of 
ways-of-working stored in the repository, the associated editors and existing 
applications (columns "Methods", Tools" and "Applications" in figure 4). The current 
version includes the description of several E/R ways-of-working,  an OMT 
[Rumbaugh91] and an O* [Brunet91] ways-of-working. A temporal version of OMT 
developed within the TOOBIS [TOOBIS95] project as well as a scenario-based OMT 
ways-of-working are under development. When needed, the user can edit a way-of- 
working using the way-of-working editor. This is exemplified in figure 5 with an E/R 
way-of-working. 
As shown in figure 5, we view a way-of-working as a forest of  process trees. Each 
tree represents an independent piece of process knowledge related to a specific goal. 
For example, Tree 1 describes one way to fulfil the intention of constructing an ER 
schema, Tree 2 describes how to refine a relationship-type whereas Tree 3 and 4 are 
related to schema validation. 

Fig. 5. A partial ER way-of-working 
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The description of a tree is based on the contextual paradigm defined as part of the 
NATURE process theory [Rolland94, Rolland 95]. The key concept of this theory is 
the one of a context, the basic block used to model processes. A context is a 
meaningful association of a situation and a decision. A situation is a part of the 
product it makes sense to make decision on and a decision is the expression of the 
intention the engineer has in mind, it is a goal. For example in figure 5, the context 
<(Relationship-Type); Historize_Relationship-type> of Tree 2 describes the fact that 
an application engineer can make the decision of historizing a relationship-type. 
Tree 2 expresses the fact that there are several alternative ways for refining a 
relationship-type : one can historize or retype the relationship-type or specialise the 
participating entity-types. When the decision of a context can be fulfilled in different 
ways, it is called a choice context. Alternatives of a choice context are also contexts, 
they are related to the choice context through links labelled "refined-by". To support 
the application engineer in the selection of the most appropriate alternative, choice 
criteria have been associated with each alternative. A choice criteria expresses 
heuristic knowledge. 
In Tree 2, we assume that historizing, retyping a relationship-type, or specialising the 
participating entity-types are process steps which do not necessitate any decision to be 
made. Following the process theory, such process steps are represented by executable 
contexts. Executable contexts are the leaves of trees. They cannot be decomposed any 
further and implement the decision through a deterministic action. 
There exists a third type of context for describing a way-of-working, namely plan 
contexts. They help in expressing the fact that in order to fulfil a decision, an 
application engineer has to follow a plan composed of a set of sub decisions to be 
made on sub situations. Similarly to the alternatives of a choice contexts, the 
components of a plan context are also contexts of any of the three possible types 
(plan, choice and executable). The components are related to the plan context through 
links labelled "composed-of'. For example in Tree 1 of figure 5, the definition of an 
ER schema is described as a plan context composed of three component contexts : 
<(Problem_Statement); Construct_Relationship-Type> for the identification of a 
relationship-type and the identification of  its structure, <(Relationship-Type); 
Define_Relationship-Type> for the definition of the elements of the structure (i.e. 
participating entity-types) and <(Relationship-Type); Describe_Relationship-Type> 
for the description of its properties, constraints. A precedence graph is associated 
with each plan context. It defines either the possible ordered transitions between 
component contexts or their possible parallel enactment. 
Let us assume that the method engineer in charge of the development of the lending 
system wants to provide application engineers with E/R guidance and to that end he 
selects the way-of-working depicted in figure 5. The way-of-working editor becomes 
active (blacken zone in figure 4). 

�9 Customis ing  an exist ing way-of -working  
However, the method engineer is not satisfied with this existing way-of-working and 
would like to complete it by adding guidance for the description of  Entity-types 
(which in not included in Trees 1,2,3 and 4 at the moment). In order to do so, he has 
to activate the Method Engineering Window. Within this environment he can be 
supported in two ways : using the meta-way-of-working and the way-of-working 
construction patterns. The meta-way-of-working aims at guiding a method engineer in 
the construction from scratch (i.e. from a set of method requirements) of a new way- 
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of-working (see [Rolland96] for more details). The meta-way-of-working is modelled 
as any way-of-working - i.e. as a forest of process trees - and therefore can be enacted 
under the control of the guidance engine. The way-of-working construction patterns 
are generic and reusable ways-of-working fragments which are modelled as process 
trees with parameters. They can be used with the Way-of-Working generator. Figure 
6 gives one example of such a construction pattern - which is applicable to the 
description of any concept (denoted C) - and its use for the generation of a process 
tree dealing with the description of the concept of Entity-Type. The construction 
pattern uses a classification of concepts into constructional concepts and definitional 
concepts. The former participate to the structure of the product whereas the latter are 
used for the definition of the constructional concepts. In the E/R approach, an entity- 
type is a constructional concept while a domain is a definitional concept. Definitional 
concepts are further subtyped into property (denoted Prop), constraint (denoted 
Const) and Cd-concepts (denoted Cd) which are concepts to define other concepts. 
The valuation of an attribute is a property, the key of an entity-type is a constraint and 
the attribute is considered as a Cd-concept participating in the construction of an 
entity-type. 

Fig. 6, Instantiating the Describe Construction Pattern with the concept of Entity-type 

The Describe_Pattern illustrated in figure 6 is a plan context which predefines the 
way any. concept C is described. It consists in attaching its properties, its constraints 
and its Cd-concepts which, in turn, are described by recursively applying the same 
pattern. Based on this pattern and on the types of concepts of the product in the 
method under construction, the way-of-working generator generates automatically 
one Describe Tree for each of the concepts of the way-of-working product. This is 
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exemplified in figure 6 for the entity-type concept. An entity-type does not have any 
properties, has one constraint - the key constraint - and is a constructional concept 
whose definition is based on the attribute concept. Therefore, the description of an 
entity-type is a plan context composed of three component contexts for the attachment 
of attributes <(Pb St, Entity-Type)i Attach_attribute>, the description of each 
attribute <(Attribute); Describe_Attribute>and the attachment of the key <(Pb_St., 
Entity-Type); Attach_Key>. The context <(Pb_St, Entity-Type); Attach_attribute>, 
for the attachment of the attribute, is its itself a plan context which suggests that the 
attachment of the attribute shall be argued. The <(Attribute); DescribeAttribute> 
context takes into account that the concept of attribute is a Cd-concept which has one 
property, the valuation property and the concept of Domain as a Cd-concept 
participating to its definition. 
The library of way-of-working construction patterns currently includes patterns for 
the Construction of a structure of concepts, its Definition based on the Description of 
concepts, its Checking and Refinement. 
Let us now move to the illustration of the Application Environment based on the 
assumption that the application engineer who specifies the lending system will be 
guided by the E/R way-of-working we just described. 

3.2. ILLUSTRATING THE APPLICATION ENGINEERING ENVIRONMENT 
The core of the application engineering environment is the guidance engine which 
guides the RE process based on the enacUnent of a way-of-working. The guidance 
engine offers two types of guidance : 

strategic guidance to help the application engineer in controlling the flow of 
situations and decisions he has to handle; i.e. to control the flow of contexts. 

tactical guidance to provide guidance to the application engineer based on a 
process tree which matches the situation and intention in hand; i.e. to monitor the 
enactment of a context. 
In the latter, the guidance engine guides the application engineer by interpreting the 
process rules captured at the type level in a context description, i.e. within a process 
tree. It acts in a manner similar to that of an inference engine of an expert system 
which executes rules matching with the current set of facts. In the former, it helps the 
application engineer in (a) selecting a strategy for progressing and (b) by retrieving a 
process tree to be used in the next steps of the process. Strategic guidance allows 
progression in the forest of trees in a non predefined manner introducing thus more 
flexibility in the enactment of ways-of-working. 
We illustrate these two aspects of guidance within the library scenario in the next 
paragraph. 

�9 Requesting for guidance "a posteriori" 
Let us consider the following situation : while the method engineer was working on 
the customisation of the E/R way-of-working retrieved from the library, the 

application engineer started working in a free mode and designed the library E/R 
schema depicted in figure 7. He captured problem-statements given by the users 
community using the window dedicated to natural language statements capture (figure 
7). He considered some and still has to work on the rest. The pending problem 
statements are shown in figure 7. 
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Fig. 7. The current status of the E/R schema 

The need of the application engineer at this stage is to be guided "a posteriori". The 
guidance engine offers three strategies (figure 8), namely the intention driven 
strategy, the situation driven strategy and the context match strategy. They aim at 
retrieving a set of candidate contexts for which the guidance engine is able to provide 
guidance corresponding to respectively, the intention the application engineer would 
like to fulfil, the situation to be handled, and the contexts which match the contexts of" 
process trees. Finding contexts which can guide for further description is an example 
of the first type, selecting contexts whose situations are entity-types for further 
guidance is an example of the second strategy and retrieving all contexts for  which 
guidance can be provided by the whole way-of-working is an example of the third 
strategy. 
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Fig. 8. The different strategies offered to the application engineer 

In figure 8, the application engineer has chosen an intention driven strategy and 
selected the Describe intention. In response to this selection MENTOR calculates the 
list of candidate contexts. This is done by matching the situations of the trees' top 
level contexts having the selected intention with the elements of the specification 
under development. The result is shown in figure 9. The description of the entity- 
types belonging to these contexts will be guided by the tree shown in figure 6. Let us 
examine in more detail the guided enactment of the first of these contexts, namely 
<(ET 1 :Copy_of_.Book);Describe-Entity-Type(Copyof_Book)>. 

Fig. 9. The list of candidate contexts 

�9 E n a c t i n g  a p r o c e s s  tree  
The guidance engine monitors the enactment of a process tree as shown in figure 10. 
We use a spiral analogy to represent the incremental nature of the RE process where 
tactical and strategic guidance are alternatively performed. The input of each turn is a 
context selected in quadrant 1 according to the strategy selected in the previous turn. 
Quadrant 2 supports the decomposition and refinement of the input context until an 
executable context is reached and executed in quadrant 3. This is tactical guidance. 
Based on the presentation of possible strategies and computed candidate contexts, a 
strategy is selected in quadrant 4. The two lower quadrants implement tactical 
guidance whereas the two upper quadrants correspond to strategic guidance. Both 
pairs of quadrants include a selection phase and an execution phase. 

1 ET stands for Entity-Type and RT for Relationship-Type 
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Quadrant 4 Strategic guidance 
Quadrant 1 

<(ET:Copy_of_Book); [ 
Describe-ET-(Copy_of._Book)> 
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EXECUTION I REACHING THE EXECUTABLE CONTEXT 

- ] generation of the Attribute 
"sequence-number" 

Quadrant 3 Tactical guidance 

Identify-Attribute> 

Quadrant 2 

Fig. 10. The spiral view of a way-of-working execution 

In quadrant 1,the context <(ET:Copy of Book);Describe-ET(Copy_of_Book)> is 
selected. 
In quadrant 2, following the hierarchy of figure 6 from the root to the leaves, the 
guidance engine advises the engineer step by step. In the current example, the 
description of an entity-type starts by the attachment of its attributes. This is a plan 
context. The guidance engine computes the set of executable contexts and proposes 
the first one to the agent. Quadrant 2 ends with the selection of the executable context 
<(ET:Copy_of_Book); Identify-Attribute>. 
Quadrant 3 is concerned with the implementation of the executable context resulting 
from the refinement and decomposition performed in quadrant 2. The guidance 
engine automatically executes the corresponding action on the product. Guidance at 
this point is process automation. This corresponds in the example at hand to the 
creation of the attribute "Sequence-Number" in the E/R schema. 
As illustrated by this example, the product under construction is systematically 
modified at the end of quadrant 3 A step in the process has been performed and a 
strategy for proceeding further must be selected. This occurs in quadrant 4. There 
exists a strategy called "the follow-up" strategy which is implicitly applied by the 
guidance engine when it monitors the execution of a plan context. According to this 
strategy, the guidance engine starts a new step automatically by selecting the context 
corresponding to the next component context of the plan. In the example on hand, this 
corresponds to the selection of the context <(Attribute (sequence-Number)); 
Desc ribe-Attribute-( sequence-Number )>. 
At any moment the application engineer can display the process window which shows 
the progress in the performance of the plan (see figure 11). He is also authorised to 
suspend the process enactment (we will see an example later on) and to move to a free 
mode i.e. without guidance. 
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Fig. 11. Displaying process execution 

The iterative enactment o f  the Describe process tree to each of  the candidate contexts 
presented in figure 9 leads to a more complete E/R schema as shown in figure 12. 

Fig. 12. The current ER specification 
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At the end of the last step, since the follow-up strategy is not applicable anymore, the 
application engineer is asked to select one of the proposed strategies to proceed 
further in the process. Let us assume he selects the intention driven strategy with the 
Check intention (figure 13). 

Fig. 13. The list of proposed strategies 

�9 Guiding the E/R schema checking 
The guidance engine selects the trees of the way-of-working matching the Check 
intention (Trees 3 and 4 in figure 5) and then identifies the set of candidate contexts in 
the product under construction matching the context types of these trees. In figure 14, 
we limit ourselves to the candidate contexts matching Tree 4. 

Fig. 14. List of candidate contexts matching the Check intention 

The Check tree (Tree 3 in figure 5) detects inconsistent, incomplete and inaccurate 
situations and proposes ways to solve the detected problems. In the example outlined 
figure 14, the check permits the detection of two entity-types with the same key, the 
external subscriber and the internal subscriber, Tree 4 proposes three alternative ways 
of correcting the situation : merging the entity-types, generalising them, or renaming 
at least one of the keys. Each alternative is supported by and objected to by a set of 
arguments. During the enactment process the three alternatives are proposed to the 
application engineer (quadrant 2) together with the attached arguments. The selection 
of one of the alternatives by the engineer, say, the generalisation of the two entity- 
types "External-Subscriber" and "Internal-Subscriber", leads to the execution of a 
composite action (quadrant 3) which changes the current E/R schema as shown in 
figure 15. This action asks the engineer to name the generic entity-type, creates the 
IS_A hierarchy and attaches the attributes common to the specialised entity-types to 
the generic one. The execution of this action results in the E/R schema depicted in the 
partial screen dump shown in figure 15. 
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Fig. 15. Correction of the Library specification 

Now, the guidance engine again proposes to the application engineer to select a 
strategy to proceed further. Let us suppose that the engineer wanted to work on the 
Borrows relationship. This means that he selects a situation driven strategy and the 
Borrows situation. 

�9 I m p r o v i n g  a selected s i tuat ion 
Then, the guidance engine computes all contexts having a relationship-type as 
situation part. Based on the way-of-working presented in figure 5, the guidance 
engine proposes the candidate context <(RT" Borrows)); Refine>. to the application 
engineer. This context is a choice context and the engineer is requested to select one 
of the following alternatives : 

Fig. 16. Selecting an alternative 

However, none of these alternatives corresponds to the intention the engineer has in 
mind, which is to differentiate regular loans - corresponding to loans that respect all 
the conditions (loan duration, number of loaned books, etc.) with problematic loans - 
loans in which some of these conditions are violated. A possible action is first to 
suspend the process (the tool environment keeps track of this suspension" in order to 
be able to resume it), second to change dynamically the way-of-working for including 
a fourth alternative in tree 3 presented in figure 5 and third to resume to process with 
the updated way-of-working. This corresponds to a dynamic improvement of a way- 
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of-working in use. This improvement is performed on the fly. Let us examine this 
option in more detail. 

�9 Changing  the way-o f -working  on the fly 
The engineer selects the way-of-working editor through the method engineering 
window and loads Tree 2 in the working space of the editor. Using the graphical 
facilities, he adds a new alternative to the choice context <(Relationship-Type), 
Refine> : <(Relationship-Type);Decompose_Relationship-Type> as shown in figure 
17. This alternative is about decomposing a relationship-type into several ones with 
distinct semantics. To complete the definition of the new alternative context, a choice 
criterion based on arguments has to be provided. 

Fig. 17. The modified way-of-working 

The application engineer can now resume enactment of the suspended process. 

�9 Resuming  a suspended process  
This requires the intervention of the process change manager which helps in 
maintaining coherence between the way-of-working and its enacted version. In the 
case at hand, this leads to the dynamic modification of the window (see figure 17) in 
order to change the instantiated choice context <(RT:Borrows); Refine> according to 
the change performed on the way-of-working. This results in the addition of the new 
alternative <(RT: Borrows); Decompose_Relationship-Type> to the initial list of 
alternatives presented in figure 16. 
We can assume that the application engineer selects the new alternative in order to 
decompose the Borrows relationship-type into two relationship-types, namely the 
regular_loan relationship-type to manage loans satisfying all the lending rules 
established by the librarian and the problematic_loan relationship-types to manage 
problematic loans. The selection of this alternative leads to the execution of the 
composite action which changes the E/R schema as shown in figure 18. 
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Fig. 18. Managing the way-of-working change 

4. C O N C L U S I O N  
In this paper, we have presented MENTOR, a Computer Aided Requirements 
Engineering (CARE) environment which aims at providing flexible and effective 
guidance to application engineers while constructing system specifications (e.g. ER, 
OMT, etc.) as well as to method engineers while defining ways-of-working. 
Using a scenario, we have illustrated : 
- the construction of a way-of-working and its usage by an application engineer 
- various types of guidance : 

- tactical guidance based on the execution of process trees, and 
- strategic guidance driven by intention, situation, and context matching 

- the manner in which ways-of-working can be dynamically changed on the tly, 
executed and customised based on a set of generic way-of-working construction 
patterns 
The tool we propose can be related to at least three different classes of software 
environments : 
- (1) CASE environments. Traditionally, these environments have been product- 
oriented. However, they have a restricted view of a product and are not able, for 
instance, to treat a way-of-working as a product. In MENTOR, the guidance engine 
treats all products in the same way. Thus, even the way-of-working is just another 
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product for the meta way-of-working. This allows us to use the same software 
facilities to support both, the process of developing an application and the process of 
constructing a way-of-working. CASE environments [Oquendo92] have been strong 
in offering documentation and validation support but have been deficient in providing 
guidance. MENTOR has been developed to provide guidance in both the creative and 
the routine parts of the RE process. 

(2) Process centred software engineering environments(PCSEE). In these 
environments, the idea of supporting the development process rather than using 
individual tools within a process is an important concept [Finkelstein94]. Most of the 
PCSEEs are articulated around a model or a language to describe processes and a 
mechanism to execute them [Fuggetta92, Fernstr6m92, Arbaoui93, Belkhatir94, 
Lonchamp94]. In MENTOR, plan contexts subsume the activity centred process 
models of PCSEEs. In addition choice contexts and the strategies for context flow 
make process enactment more flexible, more interactive and more rationally guided. 
- (3) CAME environments. These environments support method engineers in adapting 
and constructing methods [Saeki94, Harmsen94, Smolander91]. As in situated 
methods [Harmsen94], the meta-way-of-working uses the notion of way-of-working 
construction patterns which is similar to the notion of process fragments. However, 
these patterns are defined at a higher level of abstraction and, therefore have more 
potential to be reused. In [Smolander91] and [Saeki94] CAME environments have 
been defined to support the improvement and customisation of existing methods and 
help in the specification of a new method, respectively. In these environments, the 
underlying assumption is that the way-of-working of method engineers is 
conceptually so different from that of application engineers that special CAME 
environments are needed. We have shown that it is possible to treat the meta-way-of- 
working as any other way-of-working. This brings about a conceptual unification of 
the application and method engineering environments. As a result, it is possible to use 
the same software facilities to provide guidance in these two environments. 
Future work concerns (1) the improvement of the first version of the MENTOR 
environment, (2) the application of the process theory to real-world case studies and 
(3) the extension of the theory to deal with co-operative processes, (4) the 
development of techniques to support learning from process traces.. 
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