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��	�������(����	��)� ��� �� ����	��� ���*� ��� ��� ���� ��)����	��)� �����'������ ����
+�������)� ��� ���� ��� �,��'����-� .�� ����� /�	� +����	��)� '	�'�	����� ���	� �0�
+�������	����������//�	���������,��-�1���������������������������	��0�+������
�/� �	)���2�������� '	�3������ �����+�� ���� �	�������	��-� 4�� �� 	������� 5�� ����
'	�'������� /	�+�5�	*�5��� ��������6� ������+���+������/� �0� ������/����� ���
���+����� ���� 7����� ���+����8� �7�� �� /	�+�5�	*� /�	� ��� ��/�������� �/�+��	���8���
������������������/�+��	�������		����������	������	���������/���//�	��������	��7�����
5������/	�+�5�	*-�9������5�	*��5��'	�����������7����������'���������������
����''����7�������/�����''	���-�

���������������

(����	��)� ��� �� ����	��� ���*� ��� ��� 9�/�	+������ &����+�� �9&�� ������'+���� '	�����-�
&�+��+����	����	������������������������	�����7�����9&��/�	�����������7������7�����)�
������2������	���)� ��� �����+7�	��/����������	� �������/��������	�7�����*��)� ���� ���
	�������)������+�����+'������������� /����������	�:��	�+����� /����	���	����+����	��)�
���	��'�������+���	�/����	��	������+��)����	��-�;�5���	��+����	������������7����*���
��� �����	������)����/����9&�������'+����'	�������5�	����������5�'	�������)���+��
�/����:�������/����	���/���������+ �� 7�������'������)���		����������������/�������-�9��
����������+��	�����	��+��������/��������	�9&�+�������/���//�	����*���-�;����)�)����
��������/�+��	��������5������������������)�������	������:��������/���������������+������
7��� ����� ��+'�	��)� ��//�	���� ����	������� +������ 5��� 	��'���� ��� ��+�� '	�'�	����� ���
�	��	��������������+�����''	�'	���������	������-�

4+��)������+�������5��/��������0�/	�+�5�	*-�<����/�������	��)��������	��������6�
��������		����������������//�	���������'�������������	�:��	�+�������)����	��)��7��������
'	������ +�������)� ���� 	���)����	��)�� �	)���2�������� +�������)�� �	� �	�������	��
	�'	�������������+��)����	�-�9�������/�����������,��������0�+�����5����7�����������
5��� 	��'���� ��� ��//�	���� '	�'�	����-� .�� ���� �/� +��	���� +��� ��'� ��� �������� �����
��������-�.�	�/�	�����������/�	�/�	+������)�+��	��������	�����������//����������	����-�
9�� ���� '�'�	�� 5�� 	�'�	�� ���5�	*� �/� ����=&&9� )	��'� ��� ���� ��73����� '	�������)� ��
/	�+�5�	*� /�	� ��� /�	+�������� �/� ���� +��	���� ���� ��+�� '����7��� /������ �/�
�''��������-��
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<�	�5�	*�������/����5��)��73�������6�
• .��/�	+��������+���+�����/�	��0�+�������7���&?�����&@������5��)�����	�)�	����

��/���������/����+��	���������'��/������	����	���/�	+��/������+�����-�<�	�)�������
7����'	�'����)���+���+�������	�����������)����7�����'��7��������,�����7���������
��//�	���������������	���������/����/	�+�5�	*�����5��+���/��������������	���	�-�9��
��� ��� 7��'	�'�	��� ����� ��� �������� ��/�	+������ ����+��� ���/��� /�	� ��+��+��	����
��-)-����+�����'�	/�	+���+�����*�����������������������	����	�������/-�

• .����/������/	�+�5�	*�/�	�/�	+������)�+��	�������	��0�+�����-�.��/	�+�5�	*����
������������'	��������+��)���	���/�	+���/�+��	��������������/����)�����5�+��	���
7��������� +����� ������������)� ���� �	� +�	�� �/� ����� /�	+�� ��� �7����� ��� /�����
��/�������-�

• .�� 7����� �� ������)��� �/�+��	���� ����)� ��� /	�+�5�	*-�1�� 7��������� ���	���� �5��
��'��� �/� +��	���6� )���	�� '�	'����� �	� �����,� ��'������-� 
�	� �����,� ��'��������
5�� ������)���� �+��)� ��+��� �'���/��� ��-)-�� /�	� �)��� 7����� �����+��� ����7������
���-�� �	� �������� �'���/��� ��-)-�� /�	� �	�������	�� +�������)�� '	�3���� +���)�+�����
���-�-�

• .��'	�'����������5���//�	����������/����/	�+�5�	*-�1��+����������+��	�������
��+'�	������������5����,'��	��)���//�	��������	�������������'	�7��+���������������
+������/���)����������+�����-�

 ���!����������"���������	��

9�� A�B� 5�� /�	+������� �� +���+����� /�	� �0� ��'��	��)� ��� �'���/�������� �/� ��� ��+�����
'	�'�������@C������.@<�<&���	�������������5��'	�'�����	�/����	��)�����������:���
������'�� ���+���+����� �����'�	������	����-�@�+�	*�7���� ���+���+����� �������������
��� �����'��� ������� ��� 7����� &?� ���� &@� +�����-� %���)� �� �(C� +���+������ ���
����������/���/�	+���������+���������������/�	������+��/������������+�����3�����������
��+��)���	������	�7������������''	�'	������������-�

.�� /	�+�5�	*� 5��� /�	��� ��������� ��� A�B� ���� 	�/����� ��� A!B-� @�+�	*�7���� 5��
������)������ �� ��//�	���� �,��� ��� /�	+������ +��	���-� .�� 	���	���� ������ �,��� /�	�
��/����)��/���+��	������������/�	����*��)���+'����������)�����+��	������/�	�+����	��)�
��+�������'�����+�	�����+��	������	�����7����������	�+�	��+��������+���������/��/���
��+�� ���������� �+���� ���+���� +��	����-� .�� ��73���� �/� +����	�� �,��� ����7������
5���*�����/�+��������+�������+����	��6�5������+����	�����5����+������)��7���
+��	������ ��������������+����� ����������+�������	������)	��'���/���������������+�����
�)	��'� +��	������ �-)-� '��	�� �/� ����	��-� .�� ��+�� '	�'�	��� +��� 7�� +����	��� 5���
��//�	����+��	�������	�/�	��/�	���	���)����+'�	�������5��+�����������+�	�����+��	����
���+����	�������	���)����+'�	�������/���������	������)�����+��	����������*��/�����	��
�	�����	���)������	�������������+���� ���+����+��	��������7��������+������	���)���
����	-�9��A!B��5�������'	�'��������<�C����������)��)�����/�	+������+��	�������	����
+���+����-�

1������/�	+�������������������7�����������+'������������)����/�+��	���-�9��A!B�5��
'	������ �� ��+'	�������� �,�+'��� �/� )���	�� '�	'����� ��� �	������ +��	�����
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'	������7�����-� 9�� ���	� 5�	*��� 5�� ���� ���	������ �'���/��� ��+����-� 9�� A$B�� 5��
�,'��	��� 	���)����	��)� �/� ��/�5�	�� �	�������	��� ���	� �� ����+������ ����� ������
�;�+�� &�	�����@�7���� ���� /�	� ���� '�	'����5�� ��/����� ���	� ��� ��� /	�+�5�	*� �5��
����������+��	��������'���)������������-�9��A�B��5����	)�����	���)����	��)��/���/�5�	��
'	������������5��/�������+�����������/����)����/������������2���/�����/�5�	�������+�
��� ����<&(9� 

�� /	�+�5�	*� �����)� ���� �/�����<&(9�� /���������� ��2�� ������ ���
+��	����8� 5�� ����� ��������� ��+�� 	������� �7���� '	������ �)������ ���� ����� �/�
��++���������� ��� ��� �������	��� �	)���2�������� ����	�������-� <��	� +��	���� �	�� ����
��		������������7���������/�	+��/�'�7���������-�

�����	���)� ����� �/� ��� /	�+�5�	*�� ��	� /�	��� ����	���� 5��� ��� ��+'�	��)� ��//�	����
	�:��	�+���� �	������� ����	�������� �/� �<.& 7����� �	�������	��� A>B-� 4/��	5�	���� ���
+��������� �7����� 5�� ���� ����� �0 7����� +��	���� ��� ��� �+'�	����� �����'����� �����
5��� ��+'�	��)� ����	�������� ��� 	���)����	��)� �����+�-� 1�� ���� /�	+������� ��
�����+�2�7���	���)����	��)�/	�+�5�	*�ADB��������7���������+�2���7���/�	���/�5�	��
'	������	���)����	��)�A#B������	�������	��	���)����	��)�A$B-��

#���"��$�	��	�

.�������/�+��	���������	����++��������//�	������'���/�+�����-�
�	�������������	���	��
��+�� ������� �/� +��	���� ��� ��� /����� �/� �73��� �	������� +������)�� 5��� 	�/�	� ���
��	����	��� '	�'�	����� ��*�� �������� ���� ���'���)-� �	�'�	����� 	�/�		��)� ��� ��� �����+�
�����/�������������	������//���������	�������5���+������/����������������)�	���/���� 
/���������� �	� �	)���2�������� 	�:��	�+������ �''��	� 5��� �������	��)� +������ �/� ���
�����+� �	�������	�-� 
�	� ���� 	������� ����)� +��	���� ��/����� ���	� �0� +������ ��� ����
��	'	����)-� 9�� ����'�'�	��5����������+��� ���� /�������� ����'	�'������� /	�+�5�	*�
/�	� /�	+������)� +��	���� ���	� �0� +�����-� .�� +���� ��)��/������ ����	�7������� �/� ���
'	�'������	�6�
• 4���	���-�1�� ����'	������� ���(C�+���+����� ���� ��� ����� ��� �� 7���������'���

5������/	�+�5�	*����7����-�(��	�����	���,'	������5������<�C-�1�����������
��/�������+������@�&?�����7�����+����������������+�����5���AEB��5����������'��
���)���+�	������	����	������-�

• =,'	����������-� .�� ���� �/� ��� <�C� ����5�� �,'	�����)� +��	���� 7��� ��� ��
��+/�	��7��������,'	�������5���������)�<�C������+���+�����7���+�����-�

• &����������-�(��	���� ���� 7�� ��/�����+�	�� �	� ����� ����	������ ��'�����)� ��6� ��� ���
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Abstract. This paper reports on our work on three complementary di-
rections, aimed at developing: (i) a theoretical framework named UFO
(Unified Foundational Ontology) for (re) design, evaluation and integra-
tion of conceptual modeling grammars and models; (ii) the ARKnowD
agent-oriented software engineering methodology to develop knowledge-
centered systems and processes; and (iii) methodological contributions to
business process modeling and reengineering. The aforementioned the-
oretical framework is in the basis of our work. Here, we describe our
research agenda, along with its main scientific contributions and future
directions.

1 Introduction

Using agents as human abstractions is motivated by the fact that, for specific
problems, such as software engineering and business process modeling, agents
may aid the analyst to abstract away from some of the problems related to
human complexity, and focus on the important issues that impact the specific
goals, beliefs and tasks of agents of the domain. This often leads to a clear un-
derstanding of the current situation, which is essential for the proposal of an
appropriate solution. In the consideration of these cognitive and social concepts
lies the strength of Tropos/i*, which comprehend the analysis of agent’s mo-
tivations, tasks, applied resources, and so on. In the past few years, we have
often run into situations in which goal analysis is shown to be relevant in un-
derstanding the problem domain. This includes grasping the wants and needs
of Knowledge Management users [1] and visualizing business process models in
different abstraction levels, allowing the elicitation of different sets of business
and system requirements.

Although presenting clear benefits, it is a fact that the adoption of the agent-
oriented paradigm remains elusive in software engineering and business process
modeling practice. We claim that part of the adoption problem lies with the fact
that cognitive and social concepts underlying agents are subjective and complex
for the average practitioner. Specifically, although there are many efforts related
to the topic in the areas of philosophy, cognitive sciences and computer science,
a uniform and well-founded semantic view on these concepts is currently lacking.
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Our proposal for such a semantic view lies in a Foundational Ontology named
the Unified Foundational Ontology (UFO) [2]. This ontology has been success-
fully used to evaluate and interoperate two prominent agent-oriented languages,
namely, TROPOS and AORML. The combination of these two languages is
the core of the ARKnowD methodology [1], specifically targeted at developing
Knowledge Management systems. UFO is now being applied to guide the inte-
gration of Tropos/i* to organizational modeling languages focused on the process
modeling viewpoint (e.g., ARIS-EPC). This integration allows for establishing
a principled link between the composition structure of business goals, on one
side, and business events and activities, on the other. This integration enables
us to address some important issues in business process modeling, such as goal-
driven evolution of processes, and reasoning about processes on different levels
of granularity.

2 Objectives

Our research agenda can be summarized as follows. Our first objective is to
investigate the ontological nature of the social entities underlying the agent-
oriented modeling paradigm. By doing this with the help of an interdisciplinary
approach, we aim at defining a stable and sound formal theory which can
be used as a foundation for agent concepts. Having this theory at hand, we
intend to contribute to uncovering the concepts and viewpoints which are suf-
ficient and necessary for creating agent-oriented organizational models in
specific concern areas. In particular, we are interested in the areas of Knowledge
Management and Business Process Modeling. Thus, a second objective of our re-
search is to contribute to the language and methodology unification efforts of the
agent community. Finally, we intend to apply the languages and methodologies
which are the outcome of our evaluation, (re)design and unification processes in
industrial case studies. These case studies shall work as testbed and possibly
empirical support both for these languages/methodologies as well as for their
underlying ontological concepts. In the next section of this paper, we elaborate
on these objectives discussing the scientific contributions of our work to the
TROPOS/i* community. Our ongoing and future in these three research lines
are elaborated in section 4.

3 Scientific Contributions

3.1 Ontological Foundations for Agent-oriented Modeling

In recent years, there has been a growing interest in the application of Foun-
dational Ontologies, i.e., formal ontological theories in the philosophical sense,
for providing real-world semantics for conceptual modeling languages, and the-
oretically sound foundations and methodological guidelines for evaluating and
improving the individual models produced using these languages. In a number of
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publications (e.g., [2][3][1][4][5]), we developed a Foundational Ontology named
the Unified Foundational Ontology (UFO).

In the past years, UFO has been tested as a theoretical framework to eval-
uate, (re)design and integrate concepts from many different conceptual model-
ing languages (e.g. UML [2]), reference models (e.g., RM-ODP [6]) and domain
ontologies (e.g., the ODE Process Ontology [5]). Particularly in line with this
workshop, UFO has been successfully employed to evaluate, propose modifi-
cations and provide real-world semantics to TROPOS/i* modeling constructs.
Moreover, it has been used to promote the integration of TROPOS/i* with
the AORML modeling language [1]. This result is the core of the ARKnowD
methodology mentioned in section 3.2 and fits well with the on-going effort of
the agent-oriented community towards a unification of existing modeling lan-
guages and methodologies. Motivated by our interest in Tropos/i*, our research
has recently focused on the concept of goal, aiming at disambiguating its defi-
nition, discussing its different manifestations, and clarifying its relation to other
important agent-related concepts [4].

3.2 Agent-oriented Knowledge Management

In [1][7][8], we propose the ARKnowD methodology to develop Knowledge Man-
agement systems. ARKnowD is an integrated agent-oriented methodology, which
represents as agents all humans, organizations and information systems of the
domain. This enables the analyst to understand their relations and interactions,
guiding him on finding appropriate solutions to target the idiosyncrasies of that
particular environment. Note that ‘system’ is defined as a general set of inter-
acting entities, including but not being restricted to that of information system.
This opens the possibility to consider several outcomes resulting from the appli-
cation of our methodology, such as: changing organizational structures, modify-
ing business processes, and adopting technological or non-technological tools.

One of the main principles of ARKnowD is the realization that there is no
silver bullet when pursuing an agent-oriented engineering methodology, so the
best approach is combining existing work according to the given domain or
situation. This allows us to benefit from these works’ modeling concepts and
viewpoints, besides reusing modeling tools and other related developments. As
previously mentioned, ARKnowD results of the integration of two modeling lan-
guages which are used in different phases of the agent-oriented development
processes, namely, TROPOS/i* (for requirements engineering and architectural
design) and AORML (for detailed design). Moreover, ARKnowD applies Con-
structivist theories as a theoretical background to guide the proposal of Knowl-
edge Management solutions.

3.3 Business Process Modeling and (Re)Design

Business Process Modeling is about the description of sequence of business activi-
ties carried out in organizations in order to make them explicit. Hence, these pro-
cesses can be effectively analyzed, communicated and used as knowledge assets
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of documented enterprise practices and activities. Together with modeling, Busi-
ness Process Engineering also evokes two other areas of concern, namely process
evolution (or reengineering) and process abstraction (granularity). Reengineering
is about the modification of current enterprise processes in order to make their
results better fit to organizational strategies and goals. In a different perspective,
it is important that the same business process and its composing activities can be
seen in different levels of granularity in different phases of the process of analysis
and (re)design, or for the sake of carrying out different problem solving tasks.
For example, in a situation in which parts of an existing process are unstable,
the designer may choose to increase the abstraction level of the existing process
model before attempting at producing a redesigned model. The same can be the
case for the transition between a conceptual model to an implementation model,
i.e., for instance, one may choose to implement as a workflow specification a
more abstract version of the initial conceptual model.

In our research program, the establishment of systematic relations between
these aforementioned concern areas is made through the use of the UFO frame-
work. In a nutshell, this is accomplished via the formal understanding of the
semantic ties between, on one side, a viewpoint focused on the temporal order-
ing and compositional structure of processes and, on the other side, a viewpoint
focused on the compositional structure of goals and the relations between goals
and alternative activities that can fulfill those goals.

4 Ongoing and Future Work

In our first line of work, we intend to continue with the development of the onto-
logical theories that constitute UFO. Moreover, as result of these developments,
we expect to be able to provide real-world semantics to further agent-oriented
and organizational concepts as well as contribute to the principled unification of
additional agent-oriented modeling languages.

In our second line of work, currently, our efforts are focused on experiment-
ing with the methodology in the health care domain. This is being pursued
in the context of a project entitled Constructivist Knowledge Management in
Health Care [9], funded by FAPES (Fundação de Apoio à Ciência e Tecnolo-
gia do Esṕırito Santo). The project proposes the analysis of the public health
care sector in the state of Esṕırito Santo, with the main goal of enhancing the
knowledge and information flow within the involved organizations.

Finally, in our third line of research, besides continuing with the analysis
and integration of the process evolution (reengineering) and process abstraction
(granulariry) concern areas, our current and near future activities in this area
can be summarized as follows. Firstly, in the same spirit of section 3.2, we are
producing an integrated modeling language that covers the aforementioned view-
points by integrating TROPOS/i* (goal modeling viewpoint) with ARIS-EPC
(temporal ordering viewpoint). Additionally, we are currently applying this in-
tegrated modeling language in industrial cases within the Petroleum and Gas
industry [10].
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Abstract. Next to requirements engineering, business process reengi-
neering and organizational impact analysis have been discussed in Yu’s
original thesis as application areas of i*. In our research, we elaborate and
combine these three fields by aiming at continuous, requirements-driven
support for organizations, networks, and communities. While i* is well
suited to capture the static relationships and rationales in these cases, ex-
tensions have been introduced to cope with the dynamics of these forms
of organization, such as delegation discussions, evolution, the growth (or
shrinkage) of trust, etc. We integrate a dedicated speech act perspective
and provide a mapping to ConGolog, a logic-based high-level process
modelling environment, to enable simulations. Analysis means are ex-
tended furthermore to include dynamic social network analysis.

1 Introduction

Modern forms of organization such as networks or communities of practice as
well as traditional hierarchical ones do not automatically evolve smoothly and
well in a self-organized fashion. All types have varying pitfalls and shortcomings
that need to be addressed explicitly.

In organizations, strict processes tend to hinder effective interactions over
time. Business process reengineering was a first attempt to address this problem
and also one of the early application areas of i*. Currently, approaches that treat
interchangeable business rules explicitly are considered to be promising.

On the other hand, inter-organizational or strategic networks have emerged
as a new paradigm to address the requirements of nowadays volatile markets,
culminating in the idea of the virtual enterprise. Various partners are intended
to dynamically come together to temporarily join forces to answer market needs.
Instead of stable hierarchies dynamic, trust-based relationships are supposed to
provide the foundation of these networks thereby enabling flexibility and stability
at the same time. But trust needs to be built up and maintained.

And finally, communities of practice are a currently heavily investigated field,
mainly driven by the so called “Web 2.0” emphasizing the interaction of users
in wikis, blogs, etc. Again such communities where people with similar interests
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exchange ideas are not free from problems. Disturbances such as trolls, i. e. per-
sons that only interact in single-edge discussions they initiated themselves, need
to be considered and coped with, especially if it is as easy and “cheap” to enter
a community as in the web.

2 Objectives of the Research

All these forms of organization profit from a careful requirements-based inves-
tigation of conditions that influence their success or failure. But as research on
equilibrium analysis has shown, it does not suffice to analyse only a steady-
state, e. g. before the set-up. Continuous support that takes the dynamics and
transitions into account is required to ensure a sustainable success.

Thus, the objective of our research is to provide a foundational framework
for setting-up, managing, maintaining, and evolving organizations, networks, and
communities involving human as well as technological actors. i* has proven to be
suitable to capture the various relationships and rationales of the actors involved.
Our multi-perspective modelling methodology [2] furthermore integrates a ded-
icated speech act perspective as well as a planning and simulation perspective.
Additionally, we aim at a general integration of agent based approaches, includ-
ing actor network theory and social network analysis to capture these complex
problems by considering, resolving, and integrating multiple viewpoints. Build-
ing on earlier work, we use the knowledge representation language Telos, that
also underlies, i* as the integration platform.

In addition to enabling formalized modelling and simulation of the object of
investigation, we provide means to analyse situations and settings in order to
gain insight into the dynamics, for example, regarding trust relationships. Dy-
namic social network analysis allows to investigate the effect of measures on the
structure of the organization, network, or community as well as on other rela-
tionships, extending the currently available analysis support for i* and enabling
a comparison with the intended outcome.

3 Scientific Contributions

Multi-Perspective Modelling Methodology to Capture Trust Together with soci-
ologists we have developed a model of trust in networks that varies from existing
approaches in that it considers three kinds of ingredients: trust, confidence (sys-
tem trust), and distrust. Only a suitable balance enables the success of a network.
A multi-perspective modelling methodology [2] has evolved around this model
to provide support from a computer science perspective building on earlier work
to capture cooperative processes in enterprises.

i* Extensions Covering Dynamics to Enable Simulations i* has been extended
via a precondition/effect element and sequence links to operationalize the pre-
sentation in order to enable simulations. Furthermore, we provide a quantitative
interpretation of softgoal contributions that enables the agents within our sim-
ulations to autonomously reason about various alternatives at run-time [3].

48



Proceedings of the 3rd International i* Workshop - istar08

Mapping to ConGolog The above extensions aim at alleviating the automated
mapping to the simulation environment especially in regard to clarifying ambi-
guities. ConGolog is a logic-based process simulation environment that builds on
the situation calculus. The user of our SNet modelling and simulation tool starts
by modelling the relationships of the organization, network, or community in a
role based manner in i*. In the next step these generic roles are instantiated by
agents that vary in regard to some details such as duration or contributions. Af-
ter finally specifying the initial trust setting, simulations can be run that initiate
the proactivities of agents which themselves result in delegations, i. e. complex
interactions of the agents involved.

Combined Analysis Approach Although ConGolog has a formal foundation, it
still only allows for simulations and is thus complementary to other existing
approaches that build on model-checking (Formal Tropos) or Datalog axioms
(Secure Tropos) [10]. From our perspective, Formal Tropos and Secure Tropos
can be of help to analyse initial, intermediate, or final situations, i. e. snapshots
from the dynamic simulations. For example, the user can be supported in eval-
uating the outcome of simulations and in adapting a setting to investigate a
finding in more detail. The other way round, our simulation approach overcomes
the instantiation limitations of a model-checking based approach. Also, the abil-
ity to consider the dynamic process of how a “system-to-be” can earn the trust
of it users could be helpful to smoothly put the new or adapted system at work.

High-Level, Social Analysis Support Next to the above mentioned analysis means
via Formal and Secure Tropos, social network analysis opens up a broad field of
further analysis means that concern, for example, investigations on clustering,
centrality etc. including extensions that consider their dynamic evolution over
time. A graphical representation is often at the heart of these approaches and
a corresponding toolkit has been developed that eases the application of these
approaches [1]. Furthermore, we model our expectations in regard to emerging
structures with i* and enable a matching with the outcome of social network
analyses via a suitable pattern language [8, 9, 7].

4 Conclusions

We have applied our research approach in several projects. In a health care orga-
nization [6], trust relationships regarding the transfer of stroke patients between
an acute ward and a rehabilitation ward have been analysed. Already a static in-
vestigation revealed considerable trust problems. Entrepreneurship networks [5]
also involve trust relationships, but the dynamics are getting more important
here. Due to the many complex features that need to be available such as net-
work rules, agent evolution, monitoring, etc., it has not yet been possible to run
a complete real world case study but simplified examples hint already on the po-
tential of the approach. And finally, regarding communities disturbance patterns
such as trolls on mailing lists have been investigated. They were easily captured
in i* and the modelling was used to analyse large repositories of mailing lists.
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Altogether the extension towards capturing dynamics seems a valuable step,
that opens up new kinds of analysis. The means to cope with the large amount
of data that results from this are already at hand (social network analysis) and
currently integrated in our system (see next section).

5 Ongoing and Future Work

Current research concerns understanding and elaborating the intertwining of
the various agent related theories, i*, actor network theory, and social network
analysis and the potential of such an integrated methodology. Especially, the
integration of the developed simulation facilities with the analysis means from
dynamic social network analysis is currently targeted. Other areas include en-
hancing the modelling and simulation features by providing implementations for
agent evolution, explicit consideration of network rules, and enabling monitoring
to enable more realistic simulations [4]. Finally, we aim at applying our tool to
a real world evaluation example.
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Abstract. Many systems are being developed where components have
some form of autonomy and can adapt to change. However, it is not clear
how these aspects of autonomous systems can be modeled by existing
software development frameworks. How can we model how much auton-
omy an agent/component has? How can we specify when autonomous
behavior, reconfiguration, or reasoning/planning is triggered? How can
we model the constraints that control autonomy? We need a framework
and process for developing such systems. In this paper, these questions
are discussed and some possible approaches are outlined.

1 Introduction

More and more systems are being developed where components have some form
of autonomy, be it autonomic computing systems that reconfigure themselves
in response to changing conditions, workflow systems that adapt, multiagent
systems (MAS) that coordinate, or individual agents that perform planning, all
to better achieve their goals. In most of these systems however, when dynamic
reconfiguration or reasoning/planning occurs and what autonomy the system
has is constrained by the designer or user. For instance, planning is usually
constrained by control knowledge and behavior in MAS is usually constrained
by social rules. It is not clear how these aspects of autonomous/adaptive systems,
can be modeled by frameworks such as i

∗ [1], Tropos [2], Gaia [3], etc., either at
the requirements or design stages. How can we model how much autonomy an
agent has? How can we specify when autonomous behavior, reconfiguration, or
reasoning/planning is triggered? How can we model the constraints that control
autonomy? In this paper, these issues and questions are discussed and some
possible approaches are outlined.

In the development of such systems, a requirements-driven process as in Tro-
pos should be followed. The choice of how much autonomy and adaptiveness an
agent should have and constraints on it should be evaluated with respect to the
system requirements, functional and non-functional. The objectives of individual
agents should be derived from the system requirements, something that existing
approaches to adaptive/autonomous systems development, e.g. [4], often fail to
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address. The model should support requirements traceability. In this paper, we
discuss these questions and make some proposals for an appropriate development
process and associated models.

2 Background

Wooldridge [5] defines the notion of an autonomous agent as follows: “An agent
is a computer system that is capable of independent action on behalf of its
user or owner. In other words, an agent can figure out for itself what it needs
to do in order to satisfy its design objectives rather than having to be told
explicitly what to do at any given moment.” Adaptiveness is closely related to
“reactivity”, an attribute of agents that perceive their environment and respond
in a timely manner to changes. Autonomous action and adaptation may require
activities such as reasoning, planning, scheduling, optimization, coordination,
and negotiation, especially if the set of objectives and environment conditions
that the agents have to deal with cannot be enumerated in advance.

Some work has tried to identify conditions under which using an agent archi-
tecture is appropriate for an application [5, 6]. There have been many proposals
for agent-oriented software engineering methods, e.g. Gaia [3], Prometheus [7],
Tropos [2], etc. Some of these are closely tied to a particular type of agent
programming framework (e.g. BDI (Belief-Desire-Intention) agent programming
languages) or even a particular programming platform. Such models may implic-
itly assume a particular control regime, e.g. models of goal decomposition rules
in BDI agent programming languages.

i
∗ already has some features that support modeling autonomous agents. The

distinction between a goal dependency and a task dependency turns on whether
the delegatee has the autonomy to select the means to achieve a goal (rather
than being required perform a specific task). The presence of a goal in an SR
diagram may mean that the agent has the choice of how to achieve it. However,
it may be expected that the agent will use one of the tasks specified as means in
the model to achieve it. Generally, SR diagrams are not assumed to be complete,
and additional means to achieving a goal may be derived, even at runtime. But
there is often an implicit assumption that one of the specified means will be
used. It seems clear that in some cases, the modeler takes the intentional stance
[8] towards an agent, ascribing some goals (and beliefs) to it and expecting it to
behave rationally and attempt to achieve these goals. In other cases, the modeler
takes a design stance, expecting the agent to make decisions and act according
to the way it was designed. Which of these stances is taken typically depends on
how much of the agent’s design is known.

In i
∗, an agent is viewed as capable of achieving a goal if it has a “routine”

for achieving it. A routine is “an interconnected collection of process elements
serving some purpose for an agent” [1], i.e. a plan skeleton. It seems clear that
to support the specification of truly autonomous and adaptive agents and MAS,
one needs models that are much less restrictive.
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In previous work, our group has shown how i
∗ can be combined with Con-

Golog [9], a formal MAS specification/programming language, to support formal
analysis/verification. Complete ConGolog models are executable and can also be
validated by performing simulation. In this approach, i

∗ models are mapped into
ConGolog by using an intermediate notation, annotated SR (ASR) diagrams [10],
where process specification annotations are used to increase the precision and
level of details of SR models.

Ordinary ConGolog does not support the specification of the intentional fea-
tures of i

∗ models, i.e., the mental states of the agents in the system/organization
modeled; these must be operationalized before they are mapped into ConGolog.
But there is an extension of ConGolog called the Cognitive Agents Specification
Language (CASL) [11] that supports formal modeling of agent mental states,
incomplete agent knowledge, etc. Mapping i

∗ models into CASL gives the mod-
eler the flexibility and intuitiveness of the i

∗ notation as well as the powerful
formal analysis capabilities of CASL. We have extended the i

∗-ConGolog ap-
proach to combine i

∗ with CASL and accommodate formal models of agents’
mental states. Our intermediate notation has been generalized to support the
intentional/mental state modeling features of CASL [12], in what we call in-
tentional annotated SR (iASR) diagrams. With our i

∗-CASL-based approach, a
CASL model can be used both as a requirements analysis tool and as a formal
high-level specification for a MAS that satisfies the requirements. This model
can be formally analyzed using the CASLve [11] verification tool or other tools
and the results can be fed back into the requirements model. One of the main
features of this approach is that goals (and knowledge) are assigned to particular
agents thus becoming their subjective attributes as opposed to being objective
system properties as in many other approaches, e.g., Tropos [2] and KAOS [13].
This allows for the modeling of conflicting goals, agent negotiation, information
exchange, complex agent interaction protocols, etc. However, this work does not
support the modeling and analysis of many aspects of autonomous agent behav-
ior, such as planning and reasoning.

Lapouchnian et al. [14] proposed a requirements-driven approach for design-
ing adaptive systems with KAOS-like goal models (enriched with control flow
annotations) that captured the variability in the way high-level system goals
could be achieved. Various alternative ways of attaining these goals were ana-
lyzed with respect to their contribution to important quality criteria represented
by softgoals. The system at runtime supports some or all of these alternatives
and is able to switch from one alternative to another a) in response to changing
user preferences over softgoals; b) in attempt to improve quality of service; c)
as a result of a failure. This idea was further applied to the design and con-
figuration of business processes (BPs) [15]. In this approach, the adaptivity of
systems is limited to the alternative behaviors specified in the goal model. This
favors predictability and trust in the system over adaptivity and autonomy. This
technique may be a sensible choice for BP management and other applications
where limited adaptivity may suffice, but it is not flexible enough to be used in
a wide variety of adaptive systems.
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3 Objectives

Here are some objectives that a framework for developing autonomous/adaptive
systems should satisfy. First, it should support the specification of a wide range
of types of autonomy/adaptivity (or lack thereof) that agents may possess, of
what is known (and not known) about their design and decision making process,
of the conditions under which reasoning or adaptation is triggered, and of what
constraints apply to their decisions/behavior. This should rely on various mod-
els/stances that one can use to specify behavior while abstracting over design
details.

Secondly, it should support analysis, allow predictions about agent behavior,
and with a sufficiently detailed specification, formal verification, while remaining
abstract. For instance, BDI-style specifications of agents together with specifica-
tions of their capabilities should allow reasoning about what goals will eventually
be achieved under various conditions, even when the means cannot be specified
in advance.

Thirdly, the framework should support the analysis of the merit of various
alternative architecture designs with or without runtime reasoning and/or adap-
tation given the functional and non-functional requirements on the system. It
should be possible to understand the benefits of doing more runtime reasoning
in terms of increased robustness and improved solution quality, and its costs in
terms of increased reaction time and unpredictability. The method should be
requirements-driven. The objectives of individual agents and of the MAS itself
should come from system requirements and the method should support require-
ments traceability. This is where using an i

∗-based approach can help.

4 Some Proposals

There are two types of autonomy/adaptation that need to be modeled and an-
alyzed: autonomy in individual agents, for instance through planning and rea-
soning, and adaptation in groups of agents, for instance through negotiation
and coordination. Note that even the latter has an individual component as the
negotiating/coordinating agents generally make individual decisions.

Here are some modeling and analysis techniques that could be exploited in
a framework to achieve the objectives described earlier:

1. Tropos-style analysis of which parts of the system should be specified in
advance and which should be left to be reasoned about at runtime; there are
tradeoffs involved in making decisions about how much to specify, with effects
on quality attributes such as predictability, trust, responsiveness, robustness,
adaptiveness, autonomy, etc.;

2. extensions to the modeling language to support specification of actors or
components as black boxes with behavioral constraints derived from high-
level softgoals, and triggering conditions for reasoning and adaptation;
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3. modeling extensions to support incomplete system specifications, such as
weak constraints on the number of instances of an agent type and optional
agent types/roles, and coordinator actors that constrain autonomy;

4. modeling extensions to support specification of the information that agents
use to reason and make decisions.

In working on the design of the methodology/framework and its validation,
it would be useful to model and analyze the use of various existing platforms for
the implementation of autonomous agents, for instance:

– BDI agent programming languages that select plans to execute at runtime;
– agent programming languages that support runtime plan generation, such

as IndiGolog [16] and CanPlan [17];
– other agent programming frameworks that support decision-theoretic plan-

ning, game-theoretic planning, or the use of deontic rules to constrain be-
havior;

– negotiating agents frameworks.

Moreover, there are many common applications where autonomous agents
have been exploited that could be used to experiment with the framework:

– meeting scheduling systems;
– travel planning systems;
– systems that perform server load balancing or dynamic task allocation.

5 Conclusion

Autonomy and adaptiveness are qualities that are often required in state-of-art
computer systems. Agent technology has been used to implement such systems.
Agent-oriented software engineering methods have been proposed to help in de-
signing them. Requirements engineering frameworks have also addressed the
specification of such systems, while also incorporating agent notions such as
“goals”. Yet these development frameworks remain inadequate for modeling the
features associated with autonomy and adaptiveness in systems. What is needed
is a framework where these features and their connection with system require-
ments can modeled and analyzed. In this paper we have sketched how one might
try to address this problem.
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Abstract. One major obstacle to requirements engineering (RE) is the
growing complexity of today’s systems. Such a complexity can only be
fought efficiently by powerful abstraction mechanisms as incarnated by
goal-modelling techniques. Unfortunately, the research efforts in this area
are fragmented, which is a major impediment to a wide adoption by prac-
titioners. In this work, we describe our approach how to aim the frag-
mentation by adopting a rigorous and novel approach for comparing and
integrating goal modelling languages (GMLs). We investigate both syn-
tax (using the principles for the effective communication) and semantics
(using the UEML approach and the ISSRM reference model) and apply
GMLs to solve domain specific problems (e.g. for security risk manage-
ment). We hope to improve the coordination of research in this field, so
that a comprehensive, sound, efficient, standard and tool-supported goal
modelling language can emerge, be put into the hands of IS developers,
and that the overall quality of IS developments can be improved.

1 Introduction

Goal-modelling languages (GMLs) have been a subject of research and experi-
mentation for more than 15 years and have proved extremely valuable tools in a
great number of situations. We can observe a host of GMLs and their variants–
i*, GRL, Tropos, NFR and KAOS. However, each GML comes with its own
terminology, syntax, semantics, and process. In [1] Kavakli and Loucopoulos ex-
amined 15 GMLs and classified them along four dimensions: “usage”, “subject”,
“representation” and “development”. The authors identified that fragmentation
appears at all levels. The languages have constructs that force developers to
emphasise some aspects of the problem and neglect others. The more people
work with one particular language, the more their thinking is influenced by this
language, and their awareness of those aspects of the world that do not fit in,
may consequently be diminished thus resulting in incomplete specification of the
problem. Also, different issues within a problem situation may be relevant for
different people at the same time, however not supported by the same GML.

Due to this fragmentation, we have not yet observed a widespread adoption of
GMLs by practitioners. This is regrettable since RE is where GMLs are expected
to have the highest payoff. In [1] authors have stressed the importance of more
integration efforts to obtain a stronger GML that takes advantage of the many
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streams of goal-oriented research. In the literature we can find a number of
attempts to unify GMLs at different levels, as well as to compare the meaning
of their concepts following various approaches. However, none of them results in
the systematic approach relating different GML aspects into the unified view.

In this paper we propose to yield a comparison and integration of GMLs. We
present an on-going research, which analyses different GML quality aspects. The
purpose is to develop an integrated and tool-supported GML, which would help
improving the RE process. The structure of the paper is as follows: in Section
2 we introduce a research objective. Section 3 presents the recent contributions.
Section 4 summarises our work and points out some future work.

2 Research Objective

The overall objective is the comparison and integration of GMLs. The objec-
tive is divided into four subgoals shown in Fig. 1. Firstly (i) we intend to as-
sess the GMLs quality at the coarse-grained level using systematic evaluation
frameworks. Secondly (ii) we evaluate the GML quality at the fine-grained level
and define a precise syntax and semantics of GML constructs. Thirdly (iii) we
compare tools that support modelling with GMLs. Finally (iv) we use the re-
sults of our comparisons to determine rules for language integration and model
translation at both syntactic and semantic levels. The latter subgoal includes
development of the integrated GML supported by a (prototype) tool.

Fig. 1. Research method

3 Contribution

In this section we briefly present the contributions we achieved so far.

3.1 Coarse-grained GML Evaluation

In [2] we report on the experiment where two GMLs, namely i* and KAOS, and
models created using them are evaluated following the semiotic quality frame-
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work. This framework separates between different quality types (like semantic,
syntactic, pragmatic and others). The experiment showed that the quality of in-
dividual goal models depends on particular language characteristics with respect
to a given context. Even if one language is evaluated better than the other, this
does not guarantee that the quality of the goal model would be better. Model
quality much depends on the user’s experience, the effort spent for model cre-
ation and the evaluator’s subjective judgment.

3.2 Fine-grained GML Comparison

Definition of Ontological Semantics. In [3] we have applied the UEML
approach [4] to investigate meaning of the GRL and KAOS constructs. Here a
language construct can be described by (i) decomposing it to the represented
classes, properties, states and transformations and by (ii) mapping them to the
common UEML ontology. The study introduces a set of correspondences between
two analysed languages. These correspondences can be used to translate GRL
and KAOS models to each other based on their explicit semantics. This can help
improve the traceability between models and tools used at different development
stages. For instance, between early requirements elicitation using GRL, and late
requirements specification using KAOS (or Tropos).

GML for Security Risk Management. We also investigated how GMLs are
applicable for specific domains. We applied the reference model [5] of the infor-
mation system security risk management (ISSRM) in order to check if concepts
of Secure Tropos (which utilises security constraints) are adequate and sufficient
for security risk management. The results indicate that Secure Tropos, firstly,
has to be provided with guidelines as to when and how to use the constructs to
avoid misinterpretations of ISSRM. Secondly, it should be improved with addi-
tional constructs to cover ISSRM better. In addition to Secure Tropos we have
analysed Misuse cases [6]. We envision that after analysing a number of secu-
rity languages it will be possible to facilitate model transformation to represent
system security using different perspectives.

3.3 Investigation of GML supporting Tools

Tool support for GMLs. In [7] we have investigated goal modelling tools (e.g.
OME, TAOM4E). We have observed that most of them are prototypes, thus
requiring serious improvements before acquiring them to practice. To become
more mature tools should be able to prepare and maintain not only the goal
models, but the requirements specifications, too.

Model Visualisation. The problem with the goal models is that for the hu-
mans they quickly become difficult to comprehend the displayed information. In
[8] we considered how to reduce the complexity of KAOS models using princi-
ples for effective communication. The current ongoing research involves analysis
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of the i* framework languages and their supporting tools (TAOM4E, OME,
and ST-Tool). We investigate scenarios which modellers could apply to create
effectively communicating goal models. We also look for the visual cues (and
supporting tool functionality) that facilitate preparation of the effective goal
models and comprehension of the concepts provided in the i* framework faster.

4 Conclusion and Future work

This paper presents an on-going research which aims to create the integrated
GML. Currently we develop a metaCASE tool [9] using which we intend to
generate a prototype tool supporting the integrated GML. The overall expected
results of our study would contribute with (i) a thorough systematic scientific
investigation and comparison of GMLs; and (ii) an integrated and tool-supported
GML. The expected long-term benefits of GML analysis are improvement of the
quality of the RE process. We hope to drive the research community towards a
more rigorous way to define and extend (goal) modelling languages.

Acknowledgment. The author would like to acknowledge prof. Patrick Hey-
mans and all the Requirements Engineering group at the University of Namur
for contributing to and supporting this research.
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Abstract. Data warehouse design has been traditionally guided by an
in-depth analysis of the underlying operational data sources, thus over-
looking an explicit stage in which information requirements of decision
makers are addressed. This scenario has prompted that the deployed
data warehouse often fails in delivering the expected support of the deci-
sion making process. To overcome this problem, we propose to use the i*
framework for modeling goals and requirements within our model driven

architecture (MDA) approach for the development of data warehouses.
Our current and short term research also includes the reconciliation be-
tween information requirements and data sources, and the modeling of
quality-of-service requirements (e.g., security). Finally, an Eclipse-based
tool is being implemented as a proof of concept of our research.

1 Introduction

Data Warehouse (DW) systems are used by decision makers to analyze the sta-
tus and the development of an organization. These systems are based on large
amounts of data integrated from heterogeneous sources into multidimensional
(MD) models, which are special data models allowing data access in a way that
comes more natural to human analysts. Generally speaking, designers depict
data into facts and dimensions in a conceptual MD model. Facts are usually
measures of business processes (e.g., how many products are sold, how many
patients treated, how long something takes, etc.), and dimensions represent the
context for analyzing these measures (e.g., time, customer, product, etc.).

Since the DW integrates several operational data sources, the development
of conceptual MD models has been traditionally guided by their detailed anal-
ysis. However, several studies have pointed out that most of these conceptual
MD models fail to address the required information as a result of a poor com-
munication between DW developers and decision makers. Actually, information

⋆ This work has been supported by the ESPIA (TIN2007-67078) project and by the
grants AP2005-1360 and AP2006-00332 from the Spanish Ministry of Science, and by
the DADS (PBC-05-012-2) project from the Castilla-La Mancha Ministry of Science.
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needs cannot be understood by only analyzing the operational data sources,
and a requirement analysis stage is needed in order to model the information
requirements of decision makers. Moreover, from this requirement model, a suit-
able conceptual MD model can be derived and reconciled with the available data
sources. Importantly, this stage should be based on a goal-oriented requirement
engineering (GORE) framework since (i) the DW aims at providing adequate
information to support the decision making process, thus helping to fulfil goals of
an organization, (ii) requirements for DWs are difficult to specify from scratch,
since decision makers often only express general expectations about which goals
the DW should support, and (iii) DW systems have a lot of kind of stakehold-
ers with different interrelated goals that must be modeled to easily obtain a
conceptual MD model that satisfy them.

The remainder of this contribution is structured as follows: objectives of
our research are described in the next section. Our scientific contributions are
presented in section 3. Our conclusions are reported in section 4. Finally, in
section 5, ongoing and future work are sketched.

2 Objectives of the research

Our research is focused on defining a GORE approach, based on i*, for modeling
goals that the DW supports, thus easier obtaining information requirements. Fur-
thermore, this approach is combined with our model driven architecture (MDA)
framework for the development of DWs that has been described in [4]. This
framework is based on defining a computation independent model (CIM) which
addresses goals and requirements, a platform independent model (PIM) to specify
MD properties at the conceptual level, and a platform specific model (PSM) tai-
lored to a specific database technology. Therefore, i* is used for defining a CIM,
while a PIM for MD modeling is derived by establishing a formal transformation
between these models via the query/view/transformation (QVT) language. The
main advantage is that the conceptual MD model, represented in a PIM, meets
every goal and requirement defined in the CIM. Furthermore, this PIM obtained
from requirements is reconciled with data sources to obtain a hybrid PIM that
provides the adequate information to fulfil business goals without disagreeing
with data sources [3]. It is worth noting that combining i* and MDA in DW
development, via the use of the QVT language, assures the traceability between
goals, requirements and the necessary MD elements related to them. This is an
advantage of our proposal, since other works only propose informal guidelines
to obtain a conceptual MD model from information requirements which also
prevents the automatization of the process.

Finally, the DW is not just data but a whole system, where users require
that the information has some characteristics when it is provided (security, per-
formance tuning, etc.). These characteristics are constraints that the DW must
fulfil to satisfy user expectations. We have named them quality-of-service (QoS)
requirements, because they are additional issues that must be fulfilled by the
DW to add quality in the way that the information is supplied and used. Infor-
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mally speaking, information requirements answer what information the DW is
expected to provide, and QoS requirements answer how this information should
be provided for a right use. Therefore, these QoS requirements must be consid-
ered in the CIM by extending the i* notation. We have first focused on security
requirements, since the extreme importance of the information managed by DW
systems makes essential to specify security issues from the early stages of the
MD modeling process, and enforce them [5].

3 Scientific contributions

To fulfil our research objectives, the i* modeling framework and MDA have been
integrated via the profiling mechanism of the unified modeling language (UML).
In this way, i* has been adapted to requirement analysis in DWs, allowing us
to model both information [1, 2] and security requirements [6] at the CIM level
(see Fig. 1). Moreover, in [3], we have developed an approach for reconciling
data sources and requirements based on a set of multidimensional normal forms
which assure several desirable properties in the conceptual MD model.

Fig. 1. UML profiles for i* modeling in the DW domain.

This UML profile for i* has been implemented in an Eclipse-based tool that
provides support for our MDA-based approach for the development of DWs
(see Fig. 2). By using this tool we can define a CIM and apply a set of QVT
transformations to obtain the corresponding PIM.

4 Conclusions

DW projects overlook an explicit requirement analysis phase when MD models
are defined. Therefore, DW fails to give the adequate support to decision making.
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Fig. 2. Snapshot from our tool for i* modeling in the DW domain.

Our research aims to use the i* framework within our MDA approach for the
development of DW in order to avoid this important drawback.

5 Ongoing and future work

Our immediate future work comprises the improvement of our proposal by con-
sidering other further issues of GORE (e.g., more complex mechanisms for rea-
soning about goals or prioritization of goals). Furthermore, other QoS issues
(apart from security) should be considered.
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