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1. Introduction

1.1. Context

Information systems are taking a more and more important place in our life. From applications that
we are using every day to connected objects that are becoming more and more the norm (GPS,
connected watches, vocal assistants, etc.), information are generated always faster in large numbers.
In an era when some terms like big data, business intelligence or 5G became frequent in our
vocabulary, we have to take care about all the systems (from the simplest to the most complex) that
surround us. Information systems need to constantly response to their performance, otherwise they
become immediately has-been.

All these technologies and informatic tools that make part of our daily life need different
development phases in their life cycle: from idea to conception/implementation, by passing through
requirements elicitation. Requirements elicitation is a crucial phase. Its objective is to bound the
scope of the system, to understand it, to explain it and to imagine its future. It is important to think
as well as the future user as the developer during elicitation. There exists several techniques and
mechanisms to capture requirements. It is essential to consider this phase that consists to create a
list of all the requirements we will deal with. It is often easier when these requirements are
modelled.

It is now commonplace to be able to systemize things, that touch to informatics or no. A simple
example to prove it is the construction area. Do you know someone who is building a house without
making plan?

But what is concretely an information system? An information system can be defined as a set of
resources (staff, software, processes, data, material, informatic and telecommunication equipment,
...) allowing the collect, stockage, structuration, modelling, management, handling, analyse,
transportation, exchange, and dissemination of information (texts, pictures, songs, videos, ...) in an
organization. Nowadays it is of paramount importance to distinguish information system and
computer system. An information system may be considered as an “automatable” view of
organization’s businesses and as a functional view of informatics. The information system is thus
independent of the technical implementation. (Universalis, 2020)

1.2. Requirements Engineering
First, it is interesting to mention what is concretely a requirement. IEEE (Institute of Electrical and
Electronics Engineers) gave a threefold definition in 1998. A requirement is: (IEEE, 1998)

1) “a condition or capability needed by a user (person or system) to solve a problem or achieve
a goal.”

2) “a condition or capability, which has to be provided by a system or part of system, to fulfil a
contract, a standard, a specification or any other formal documents.”

3) “adocumented representation of a condition or capability.”

Getting a good requirements documentation is therefore very important. A good requirement must
include some quality criteria like unambiguity, understandability, completeness, consistency,
verifiability, traceability, relevancy, and feasibility.



The process of Requirements Engineering can be divided in four main phases (Marcelino-Jesus,
Sarraipa, Agostinho, & Jardim-Gongalves, 2014) :

e Elicitation: It is the first phase of Requirements Engineering and corresponds to the act to get
all the relevant requirements of a system.

e Analysis: This second phase is obviously related to the first one. It consists in analysing the
elicited requirements to clarify, organize, characterize, and document them before obtaining
the specifications of the system.

e Specification: It consists in grouping requirements in a suitable form. It means that this
phase must provide a readable and understandable requirements document, even for people
who was not involved in the first phase.

e Validation: This last phase of Requirements Engineering is a phase of review and validation,
in order to clarify and make consistent and complete the requirements. Potential faults will
be detected here.

A prevalent issue in Requirements Engineering (RE) is the acquisition of the requirements. According
to Eric Yu, “Requirements Engineering serves the crucial interface between the world of the
application domain and the world of computing technology” (YU, Social Modeling and i*, 2009). The
Requirements Engineering analysis is the most critical step in software lifecycle. It is very important
not to make mistakes to avoid large effects on many outcomes. To formalize them, a first step is to
know them. But the elicitation (“the process of seeking, uncovering, acquiring, and elaborating
requirements” (Zowghi & Coulin, 2005)) and the acquisition are very difficult. Clients are not always
able to express themselves well, to formulate their problems well or just do not know sufficiently
things they are dealing with. Tough acquisition/elicitation is not an easy step, some techniques have
been put in place to facilitate it (Lamsweerde, Dardenne, Delcourt, & Dubisy, 1991). The first one is
the requirements specification. It is a technique where “we are learning”. It is a cooperative learning
process between clients and analysts. They contribute together to build the architecture of a future
model, both with their own expertise and experience. It consists in describing in a rich language all
the various concepts (objectives, agents, responsibilities, ...). It must be formal enough for the
elicitation but not too much coded for the analysts. The goal is to precisely describe the environment
and the components to get knowledge about the application domain. Another technique is the
formal specification of the requirements where “we are structuring”. Here the composite system is
automated, and we rework the specifications, we formalize them in a formal language. With this
method we will get knowledge about the sophisticated formalism. (Dardenne, Lamsweerde, & Fickas,
April 1993)

Another view of Requirements Engineering consists in dividing all the process in two main phases:
the early-phase and the late-phase.

Early-phase of Requirements

The first one explains the why and the how questions. It is very important to show some
interests for this phase because it is a complex issue to well define the requirements, the
constraints, the environments, the domain, etc. It allows to have a powerful general idea of
the system and to better understand it and the domain in which the system takes place. The
early-phase will meet organizational goals, different possible alternatives, various
stakeholders, etc.



Late-phase of Requirements

The second phase is focus on the question: What the system should do? This phase aims to
provide a requirements document, destined to the developers, in order to well specify and
understand the system to implement. Most of the existing requirements techniques are
modelled for the later phase of Requirements Engineering. Fortunately, some modelling
frameworks and languages (e.g. i*) were afterwards developed for the earlier phase which is
as important. (YU, Towards Modelling and Reasoning Support for Early-Phase Requirements
Engineering, 1997)

Another important distinction in RE is about the types of requirements, that can be either functional
or non-functional. (QRA, 2020)

Functional Requirements

Functional requirements of a system explain the what. They define basically the behaviour
of the system. They are what the system does and must not do, and how it answers to inputs.
Functional requirements include if/then behaviours, computation, data management and
business processes.

Functional requirements correspond to features of a system that allow it to work as
intended. Therefore, if functional requirements are not satisfied, then the system will not
work. They are mostly focus on user requirements.

Non-functional Requirements

Non-functional requirements explain the how. It means that their goals are to explain how
the system will work, how it does what it is intended (i.e. functional requirements). Non-
functional requirements do not affect the functionality of the system. Even if they are not
met, the system will do what it is intended to do. It is nevertheless not a reason to make
them less important. Non-functional requirements define the system behaviour as well that
features which affect the user experience. The way they are defined and executed specify the
system's ease of use and performance. Non-functional requirements correspond to the
product properties and are more focus on user expectations.

For example, let us take a website. Where a functional requirement would be to load a web
page, a non-functional requirement would be the time to load this page. If it takes 1 second
or 10 seconds, the functional requirement will always be satisfied. However, the customer
satisfaction and the performance of the system depend on the non-functional requirement.

Functional Requirements Non-functional Requirements

Product Features Product Properties

User Requirements User Expectations

Figure 1: Functional vs. Non-functional Requirements (QRA, 2020)

But why it is important to differentiate the requirements? It is mainly due to the impact that they can
have on a system or a project. Functional requirements are the best way for the client to express its



needs to the staff. It allows to keep the development team in the right scope and direction. The
functional requirements, listed in a clear document, are then very important to ensure that the final
product respects well the target. Providing a bad scope is a big problem and causes other ones. It
leads to extra time, that costs some money and consumes more resources. If time or money are not
available, the client will get a product with some quality defaults. If the client is in trouble after
knowing the cost of its needs and wants, he can obviously ask to reduce the scope. It is here, during
the scope reduction that non-functional requirements interact. Excessive non-functional
requirements can lead to cost increasing, while insufficient non-functional requirements lead only to
poor user experiences. Understanding the differences between functional and non-functional
requirements will be an advantage for the client and for the developer. They will be able to better
understand the system in its depth and better define the scope and the cost estimation, to lead to
better customer satisfaction.

It is important to differentiate a language, a technique, and a framework in Requirements
Engineering. A language explains how to express the model/system. A technique shows how to
construct a model, how to do something (with steps, guidelines, etc.). A framework is more
complete because it consists in a language and a methodology to use it. In a framework there are
rules, steps to construct a model, etc.

1.3. Modeling Languages

Since we are still in an information revolution that carries on growing in every domain, we have to
cope with a multitude of information, data, and knowledge (YU, Social Modeling and i*, 2009). The
term of BigData is taking more and more importance and we are completely in transition to the web
4.0, an intelligent web which demands still more devices. And when we are talking about devices, we
are talking about data. New technologies and new services that are emerging for few years requires a
right understanding of the requirements (from software and clients). Requirements Engineering is
very broad and multi-disciplinary. It is then very difficult to have uniforms notions to model a system
and understand it. Therefore, modelling languages are multiples. There exist different kinds of
languages, approaches and ontologies. Ontologies can be static or dynamic but also social or
intentional for example (YU, Social Modeling and i*, 2009). Some languages are useful for the early-
phase of Requirements Engineering while others are useful for the late-phase. Approaches can be
based on a specific concept like the goal or be focused on the whole process. Social modeling was
imagined because a lot of models for software and information systems were often based on
relationships (for example entity-relationships, class diagrams, etc) with behavioural properties like
abilities, capacities, behaviour, etc. Such aspects are integrated in the i* modeling language (see
section 3) (YU, Social Modeling and i*, 2009).

1.3.1. GORE: Goal-Oriented Requirements Engineering
With the information revolution and the growing multitude of modeling languages, the number of
appearances of the goal notions also grew. This approach of Requirements Engineering places the
concepts of Goals in the centre of the model(s). “Goal-oriented Requirements Engineering is
concerned with the use of goals for eliciting, elaborating, structuring, specifying, analysing,
negotiating, documenting and modifying requirements” (Lamsweerde A. v., Goal-oriented
requirements engineering: A guided tour, 2001). In response to the growing complexity of the
systems, this approach has been developed. The objective is to have a better understanding of the
(high-level) requirements and the whole process thanks to the goal concept. Because traditional
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modelling and analysis methods do not allow certain configurations of systems for certain
functionalities, it is a real issue that GORE is trying to solve. GORE puts the attention both to the
activities that precede a goal, and the goals themselves (goal elicitation, goal refinement, goal
analysis, etc.) (Lapouchnian, 2005). A goal can thus characterized an activity or a real objective of the
system. It plays either a central role or is supporting the system. (Yu & Mylopoulos, 1998)

There exist lots of different definitions of a goal because it depends on the language. For example, in
KAOS, van Lamsweerde defines it as an objective that the system should achieve thanks to a
cooperative balance between agents of the system and its environment (Lamsweerde A. v.,
Requirements engineering in the Year 00 : A research perspective, 2000). In addition to KAOS, GORE
approach also contains iStar and Tropos language. The goal-oriented modelling languages are
explained and developed with further explanations in section 2 to 4.

Using a goal modelling approach to model a system and its environment includes some benefits.
Lapouchnian cites some of the most important ones in his paper (Lapouchnian, 2005) :

e The perspective used by GORE are larger than for the typical methods. Goals are prescriptive
assertions, domain properties and the environment are explicitly captured during the
requirements elaboration process, and goals justify the reason that make them operational.
It allows to easily support the early phase of requirements analysis.

e Thanks to the use of goals, the specifications are more complete if they can be achieved by
respecting the domain and the system properties.

e In addition to completeness, the use of goals also brings some pertinence in the model if the
goal is well achieved.

e A hierarchy in the activities and a differentiation between high-level and low-level goals can
be made. It is the traceability feature of goal modelling. It also helps when we are dealing
with complex requirements to structure them.

e Both quantitative and qualitative analysis are possible because a goal model can capture the
variability of a domain thanks to alternative goals and goals refinement.

e Goal modelling allows a good communication with the customers thanks to the use of goals.
Decision makers are more involved because they need to make some choices about the goals
and the goals refinement.

e Since goals are more stable than other low-level modelling concepts in Requirements
Engineering, it allows to better understand the requirements. Generally, a goal is more stable
higher the level it is.

Traditional methodologies only consider requirements as the processes and data. They do not try to
understand why the system work by a certain way, there are any why and how about the system.
Goal-oriented methodologies will understand the system and put the emphasize on the how and why
guestions. Goals allows to clarify requirements that are not always very clear when the clients or the
stakeholders communicate them to the analysts, overall, in the case of nun-functional requirements.
Moreover, goals provide a useful way to deal with intern conflicts because 2 goals can interfere
together. It is important to differentiate here the satisfaction (i.e. the action to satisfy a need) and
the satisficing (i.e. the decision-making strategy that aims for a satisfactory or adequate result, rather
than the optimal solution). (Yu & Mylopoulos, 1998)



1.3.2. Agent-Oriented Requirements Engineering

For several years now, software and software engineering have changed of state in the mind of
developers. They need now to be based on open architectures to continuously contain changing and
evolving dimensions to accommodate new system components and requirements. Software must
also be operational on different platforms, considering then new constraints and users’ needs.
Therefore, software needs to be more robust, autonomous, and able to serve end-users with the
minimum of overhead and interference as possible. All these new requirements generate a turn to
new concepts, tools and support techniques for the software and Requirements Engineering. Agent-
oriented was imagined to response to these issues and gained quickly in popularity in contrast to
traditional methods (e.g. structured and object-oriented techniques). Agent-oriented modelling
allows an open and evolving design of the system that takes into account new agents and their
services. Moreover, agent-based approach allows agents to deal with unforeseen situations because
the software design includes some concepts like goals linked to a planning of the capability to meet
them. (Giorgini, Kolp, Mylopoulos, & Pistore, 2004)

Such an approach is used in i* and then derived and used in Tropos.

Now that Requirements Engineering is introduced, six modelling languages and frameworks will be
described. Section 2,3 and 4 will describe GORE with KAQS, iStar and Tropos. A more formal language
called Z is described in section 5. Section 6 covers BPMN which represents dynamic systems. The last
model, UML, is described in section 7. Finally, section 8 will provide a conclusion and comparative
table, aiming to bring some recommendations of use to business analysts.
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2.KAOS

2.1. Description

KAOS means Knowledge Acquisition in autOmated Specification (Dardenne, Lamsweerde, & Fickas,
April 1993) but van Lamsweerde at al. also interpret the acronym as Keep All Objectives Satisfied
(Lamsweerde & Letier, From Object Orientation to Goal Orientation : A Paradigm Shift for
Requirements Engineering, 2003). « KAQS, is a goal-oriented software requirement capturing
approach in Requirements Engineering. It is a specific Goal modeling method; another is i*. It allows
for requirements to be calculated from goal diagrams. » (Lapouchnian, 2005) It is born from an idea
and a cooperation of several professors from University of Louvain (Belgium) and University of
Oregon (USA) in 1990. It is become a university reference to capture software requirements since its
creation. A lot of requirements software are more based on the specifications of the solution instead
of the problem itself. The current issue is then that most of the existing specifications languages are
oriented to the functional requirements (i.e. what the software is expected to do) and let the non-
functional requirements (i.e. operational costs, responsibilities, interaction with an external
environment, reliability, integrity, flexibility,...) besides (Mylopoulos, Chung, & Nixon, 1992). It is the
main idea behind the KAOS methodology which has 2 forces, that is the reuse of domain knowledge
and the application of machine learning technology.

KAOS is a Requirements Engineering framework (i.e. a language and a methodology) that involves
both analysts and the client. It contains a graphical part because KAOS relies on the construction of a
requirements model. It is this model that is the contract between analysts and the client. As a goal-
oriented language, KAOS describes goals (high-level and subgoals) in order to structure them.

2.2.  Approach
The KAQOS approach is composed by 3 main components: a conceptual model, acquisition strategies
and an acquisition assistant (called GRAIL). KAOS has 3 levels of modelling from domain-independent
abstractions to specific case of domain-level concepts. It is the meta-level, the domain level and the
instance level.

2.2.1. Conceptual Model
The conceptual model delivers some abstractions in terms of requirement models to be acquired, it
is the meta model. The meta model is a conceptual graph where nodes are representing abstractions
and where edges are representing the structuring links of the model (see figure 1). The KAOS
conceptual meta-model considers both functional and non-functional requirements.

11
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Figure 2 : a portion of the KAOS conceptual meta-model (Dardenne, Lamsweerde, & Fickas, April 1993)

The KAOS approach based on this conceptual meta-model considers 3 levels of requirements
acquisition as shown in figure 3. The first one is the meta-level. That is the largest level and refers to
domain-independent abstractions. In this level, we can find the meta-concepts (i.e. agents, actions,
relationships, ...), the meta-relationships (i.e. Is a, performs, input, ...), the meta-attributes (for
example the cardinality) and the meta-constraints. The intermediate level is called the domain-level
and describes the specific concepts according the domain application of the system. Here a concept
is an instance of a meta-concept. The more specific level is the instance-level. It corresponds to the
particular instances of the domain-level. The representation of the conceptual meta-model shows
well how KAOS allows to go from generic to specific requirements and information through the
acquisition strategy.
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Figure 3 : the meta, domain and instance level (Dardenne, Lamsweerde, & Fickas, April 1993)

2.2.2. Acquisition Strategies

The KAOS methodology contains a set of strategies to elaborate the different opportunities of
requirements models. The role of the strategies is to well describe the different steps to acquire the
components of the requirements models as specific instances of the meta model and to detail how
to go to the meta model. It is important to notice that each step in a strategy is itself composed from
finer different steps. Dardenne at al. (Dardenne, Lamsweerde, & Fickas, April 1993) provides an
acquisition strategy specific to the KAOS meta model. This strategy is a learning-by-instruction one to
put the emphasis on the acquisition step. The principle is to browse the meta model backwards from
the goal nodes through the adjacent links. The strategy provides a path for which at each node the
corresponding meta-level knowledge is used to guide instance acquisition. That allows to give more
importance to the high-level goals. Instead of starting from the low-level subprocesses as it is usually
the case, we start from the system level and the organizational objectives from which will
progressively arise lower-level descriptions.

This strategy suggested by Dardenne at al. gives a lot of importance to the goals, such as
(Lamsweerde, Dardenne, Delcourt, & Dubisy, 1991):

e Goals incorporate the requirements components

e Goals justify why there are requirement components (not necessarily understandable to
clients)

e Goals may be used to represent specific responsibilities of agents from the system

e  Goals may explain and define why such an agent should perform such an action, according to
the system criteria

e Goals provide information in order to detect and solve some conflicts that come from
divergent and multiple viewpoints among human agents (Robinson, 1989)
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Like the goals, the meta-model itself plays an important role in the acquisition strategy discussed by
Dardenne at al. (Dardenne, Lamsweerde, & Fickas, April 1993).

e The instances of the concepts (meta-relationships, meta-concepts, meta-constraints, etc.)
gives the requirements components of the system.

e Those same concepts and meta-concepts determine the general structure of the acquisition
language.

e Also, from the concepts and meta-concepts, the system inherits features that are defined
only once.

e The meta-model explains how to conduct the acquisition process. For example, by starting
from goals. It is important to remember that better we know about the environment, better
we can guide the acquisition process.

e The meta-model is very useful when basic tools do not know a lot about the application
domain by providing a base for the system application domain (Lamsweerde, Delcourt,
Delor, Schayes, & Champagne, 1988)

To briefly summarize how works the meta model, it is necessary to start from the most general
aspect, the objects (i.e. something which can be involved in requirements). All the entities,
relationships, events, or agents are objects. (see in figure 3)

“An entity is an autonomous object; its instances may exist independently from other object
instances.” For example, it is a borrower, a book, a bookcopy or a library.

“A relationship is a subordinate object; the existence of its instances depends upon the existence of
the corresponding object instances linked by the relationship.” For example, it is Input, Performs,
CopyOf, etc.

“An event is an instantaneous object; that is, its instances exist at the instance level in one state
only.” An example of an event could be a Reminderlssued when a certain borrower gives a book later
back.

“An action is a mathematical relation over objects. Action applications define state transitions.” They
include precondition, triggercondition and postcondition.

“An agent is an object which is a processor form some actions; agents thus control state transitions.”

All these features allow the KAOS meta-model to be very powerful because it can structure both
complex objects and actions into requirements components. It can also support repetitive scenarios
thanks to the different concepts or handle conflicts. Finally, the mapping meta-relationship allows to
easily link some objects or actions. (Dardenne, Lamsweerde, & Fickas, April 1993)

2.2.3. Acquisition Assistant (GRAIL)
The third and last component of the KAOS approach is the acquisition assistant. It consists in an
automated support to help to follow a specific acquisition strategy. The assistant is divided in 2
different bases that are structured according to the components of the meta model: a requirements
data base and a requirements knowledge data base. The second one is composed by a domain-level
knowledge (i.e. the concepts and the requirements) and a meta level knowledge (i.e. the properties
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(for example, a constraint that can be temporarily violated and that has to be handled by some
appropriated actions) and the ways to conduct the strategy).

The acquisition assistant had been imagined responding to 4 main functions. It suggests issues to
focus on and/or to come back on. It proposes requirements components to be included in the model
thanks to the use of learning techniques. It provides explanations and summaries to support the
global model. Finally, it supports multiple user viewpoints and their collaboration. Its knowledge
based is organized by product-level knowledge (i.e. the general concepts), process-level knowledge
(i.e. acquisition operators that can be applied for making progress in the acquisition state space) and
rational-level knowledge (i.e. tactics and strategies that govern the application of acquisition
operators). (Lamsweerde, Dardenne, Delcourt, & Dubisy, 1991)

GRAIL is a tool that can automate the production of the KAOS models (see section 2.4.). The GRAIL
environment provides adequate support for goal-driven elaboration. It combines a graphical view, a
textual view, an abstract syntax view, and an object base view of specification. The current version of
GRAIL includes textual editor, a graphical editor, a hypertext navigator, a Latex report generator and
an object base. The textual editor supports requirements acquisition and incremental both at
declaration and assertion level. The graphical editor complements the detailed textual view with a
high-level graphical view of the specification. The graphical view of the specification is easier and
quicker to understand thanks to a powerful and automatic layout. The hypertext navigator allows
specifiers to browse the entire specification in hypertext mode. The object base uses queries to make
checks on the requirements specification. (Darimont, Delor, Massonet, & Lamsweerde, 1998)

2.3. A Goal Directed Acquisition Strategy

A main preoccupation of a system is that all the requiremets and instances have to always satisfy
meta-constraints (like cardinality or other meta-constraints previously specified). As explained in
section 2.2., the acquisition process progressively capture requirements by following the structure
established in the meta-model. The acquisition processes are then drived by different strategies and
domain models. A strategy define the specific way to acquire requirements and each step is itself
divided in finer steps. An acquisition session consists in traversing the meta-model to acquire
corresponding instances by using acquisition operators. The order of the traverse is determined by
the employed strategy (Lamsweerde, Dardenne, Delcourt, & Dubisy, 1991). Domain models and
requirements are described and defined in the same acquisition language. They are also organized
like IsA inheritance hierarchies and supported by the acquisition assistant. The acquisition strategy
suggested by Dardenne at al. is a goal-oriented one, and is composed by 7 steps (Dardenne,
Lamsweerde, & Fickas, April 1993). While the following steps are ordered, they may overlap and the
strategy may be retroactive.

1) Acquisition of Goal structure and identification of Concerned Objects

This 1% step which makes interact the analysts with the client(s) is decomposed in 3 main parts. The
first one is to identify SystemGoals and their features (patterns, categories, ...) and afterwards to
associate them to the parent goal(s) from which they arise. The objective is to also formalize
subgoals according to what it has been specified before. It consists in reduce the goals.
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Once the reduction is done (i.e. goals are operational), we must identify the concerned objects and
define their features. Pay attention that the reduction must minimize the number of agents that will
proceed the goals/actions, the costs, and the number of potential conflicts.

Then, the last sub step is to identify the possible conflicts between SystemGoals (i.e. conflict meta-
relationship). Conflicts have to be prioritized and handled by priority.

2) Preliminary identification of potential Agents and their capabilities

This step includes both the identification of the agents in the system and the identification of the
actions they are able to do (i.e. capability meta-relationship between a concept and an agent). It is
important to always satisfy the constraints. For each action, we will list the human agents able to
perform this action, and the possible automated agent available. It is important to well
operationalize and instantiate the goals to achieve this step.

3) Operationalization of Goals to Constraints

The leaf goals and goals from step 1 will here be transformed into system objectives in terms of
concepts. The reduction is used to transpose the constraints. The objective is to get as few as
possible actions to handle and restore conflicts. An example of a constraint should be the limit period
to borrow a book in a library.

4) Refinement of Objects and Actions

New objects and actions which arise from step 3 can induce some new constraints. It is also
important to complete what was already identified (description, features, ...).

5) Derivation of strengthened Actions and Objects to Ensure Constraints

Actions and objects do not necessarily guarantee that constraints will be met, though it is essential
for the system. Strengthened actions are put on precondition, postcondition, invariants and
sometimes on trigger conditions. It allows to ensure that the constraints are satisfied, while
minimizing restrictions on actions.

6) Identification of alternative Responsibilities

This 6™ step consists in linking agents and constraints by responsibilities according to their
capabilities, description, features, etc. All potential responsibility links are identified and evaluated
according to a cost value, motivation value and reliability value.

7) Assignment of Actions to responsible Agents

The last step of the strategy consists in assigning the actions to the agents, based on performs links
elaborated in step 2 and 4 and responsibility link from step 6. A mistake to not produce is to assign
powerful agents to an action which would prevent satisfying other constraints. The assignment starts
from actions/constraints of high priority goals and must maximize reliability of the system while
minimizing costs of performance. It is also important to avoid overloading agents. An agent is
responsible of an action only if he is capable of it.
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2.4. KAOS Models

KAOS methodology is composed of 4 types of models, that are inter-correlated (see figure 5).
Modeling components are specified as shown in figure 4.

T

/softgoal/ <agent>
///////////1//—%—C/D<(-O—C>

OR-decomposition AND-decomposition Potential conflict

Responsability assingment

Figure 4: Modeling constructs of the KAOS methodology (Teruel, Navarro, opez-Jaquero, Montero, & Gonzalez, 2012)

2.4.1. Goal Model
The goal model represented goals and assign them to agents. It is the set of interrelated goal
diagrams that have been put together for solving a particular problem. The top goal represents the
strategic objective of the system and each goal is refined as a collection of subgoals. Achieving all
subgoals consists in achieving the parent goal. In this modeling method, conflict relationship, and-
relationship and or-relationship are modellable.

2.4.2. Responsibility Model
The KAQOS Responsibility Model is the set of responsibility diagrams derived from the Goal model. A
responsibility diagram describes for each agent the requirements and expectations that he is
responsible for, or that have been assigned to him.

2.4.3. Object Model

The KAOS Object Model is used to define and document the concepts of the application domain
already identified to satisfy the known requirements. It makes it easier for analysts to create and
maintain a glossary section. When some new objects are identified while traversing the Goal Model,
the analyst defines them in an object diagram and links them to the existing concepts. They can work
on the glossary progressively and simultaneously during goals and requirements definition and
acquisition. The glossary is built by browsing the Object Model and listing all the concepts that are
inside. The KAOS Object Model can be compared to an UML Model in which KAOS entities are UML
classes and KAOS associations are UML binary associations.

2.4.4. Operation Model
The operation Model sums up all the behaviours that agents need to have to fulfil their
requirements. Behaviours are expressed in terms of operations performed by agents. In KAOS, the
Operation Model is connected to the Goal Model. The analysts justify operations by the goals they
“operationalize”. A requirement ca be operationalized by some objects, some agent behaviours, or a
combination of both.
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Figure 5: KAOS meta-model and 4 submodels (RESPECT-IT, 2007)

2.5. Benefits and critics
The use of the KAOS methodology has some benefits and motivations. (RESPECT-IT, 2007)

e Completeness: Requirements documents elaborated with KAOS tend to be more complete.
The KAOS completeness can be explained by the fact that the models let no space for wishful
thinking, no space for requirement for which we do not know who is responsible for, no
space for unjustified operations and no space for operations for which we ignore who will

execute what and when.

e Traceability: A major benefit of KAOS resides in the fact that it provides continuum between
the problem description and the expected solution description. As the system requires
frequent changes to follow market trends, it would be very interesting to keep the initial
requirements document up to date with respect to the current state of development. In

KAOQS, the requirements document is derived from a KAOS model, so it is possible to modify

the KAOS model and generate a consistent requirements document.

e No ambiguity: On the one hand, the completeness contributes to less ambiguity in
requirement documents because we know who is responsible for which actions and who
performs what. On the other hand, the Object model contains all the information useful to
produce the requirements document glossary. The glossary validation forces the

stakeholders to agree on the domain and application relevant concepts even if they generally

have different background.

e (Conflict management: Goals can be used to detect and manage conflicts among

requirements.
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The KAOS methodology has also limitations. The main limitation is the time to develop a system
according to the KAOS methodology. A KAOS requirements study is justified as soon as the project
man power is more than 100-man days. For medium and big-size projects a cost reduction of 30%
can be expected. For other projects, the probability to get a positive return-on-invest is very low
because the construction of a KAOS requirements models consumes lot of times. (RESPECT-IT, 2007)

2.6. Study Case

The following model is derived from a study case about Expert Committee, initially built in I* models
(Oliveira, Cysneiros, Leite, Figueiredo, & Lucena, 2006).
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3. I Star (i*)

3.1. Description

iStar was developed by Eric Yu (from University of Toronto) in 1995 and means Intentional Strategic
Actor Relationship modeling. | STAR is also used as i*. Although his author mentioned it as a
framework, it is not really the case. i* is more a modeling language than a framework because Yu do
not explain a certain method to use it. i* will express something, a system. It will look to it, identify
stakeholders and agents, and will represent all with his own concepts. The objective of i* is to be a
support in the reflection of the environment of an organization and the system. i* is an attempt to
integrate some aspects from social modeling and reasoning in Requirements Engineering and its
different methods and techniques. i* has the difficult task to well combine both agents’ interests
(goals, beliefs, abilities, commitments) and system’s interests. It will then adopt a social modeling
ontology for its main modeling concepts by taking actor as the central modeling construct. (YU, Social
Modeling and i*, 2009)

3.2.  Approach

First, I* is very useful and important for the early phase approach of Requirements Engineering
because the language answers to the why and how the system takes place in an organization. Eric Yu
developed the i* framework to support modelling and reasoning about organizational contexts and
their information systems. Several numbers of levels of analysis for early-phase of Requirements
Engineering, in terms of ability, workability, viability and believability are possible thanks to i*
models. Tough KAOS framework also uses the notions of goals and agents, it provides a good
methodology for requirements acquisition but makes any difference between early and late phase of
Requirements Engineering, in contrast to i*. (YU, Towards Modelling and Reasoning Support for
Early-Phase Requirements Engineering, 1997). The general approach of the i* language is both goal
and agent-oriented.

It is a goal-oriented modeling language because the concep