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An Agent-Oriented Enterprise Model for Early
Requirements Engineering

Abstract. This chapter introduces an agent-oriented enterprise model for conducting
enterprise modeling during the early stages of information system requirements engi-
neering. The enterprise model integrates a set of concepts and relationships that the
analyst instantiates when building a model of the part of the organization in which the
future information system will operate. The aim is to allow the analyst to produce an
enterprise model which captures knowledge about an organization and its business
processes, and which can be used to build an agent-oriented requirements specification
of the future system and of its organizational environment. Compared to similar models,
the present one integrates concepts and relationships allowing the analyst to capture the
relevant intrinsic characteristics, such as autonomy and intentionality of human and
software agents that are to participate in the future system.

INTRODUCTION

Business analysts and IT managers increasingly recognize that the ability to correctly and
often extensively specify and analyze early requirements about an Information System (IS) is
critical for gaining organizational acceptance of the future system and achieving a close match
between the expected and observed quality thereof. Within the Requirements Engineering
(RE) effort which initiates and subsequently guides the development and deployment of any
IS within an organization, early RE is its first step, focusing on the representation and analy-
sis of the organizational environment before the future system is introduced, dealing with the
definition of desired behaviors and qualities of the future system that would fit this environ-
ment, and finally anticipating the effects that its introduction is likely to have on the perform-
ance of the organization. In order to analyze such organizational environments, it is necessary
to understand the objectives, organizational processes, roles and interdependencies of differ-
ent stakeholders. Although errors and misunderstandings at this level of requirements are fre-
quent and costly, early RE is usually done informally.
In this chapter, we propose to address this issue by suggesting a precisely and formally de-
fined enterprise model to facilitate the modeling and analysis of early requirements for IS.
This enterprise model allows the representation of the structures, organizational processes,
resources, actors, work roles, behaviors, goals and constraints of the organizational setting in
which the future 1S will function. It can be both descriptive and definitional, i.e., spanning
what is and what should be. One of its key characteristics is its support for the agent software
engineering paradigm which allows developers to handle the life cycle of complex, distrib-
uted and open systems required to offer open and dynamic capabilities in the latest generation
of enterprise IS (see, e.g., Castro et al., 2002). By instantiating the concepts and relationships
provided in the enterprise model, the analyst can:
- analyze the current organizational structure and business processes in order to reveal
problems and opportunities;
- evaluate and compare alternative organizational processes and structures;
- achieve common understanding and agreement between stakeholders (e.g., managers,
owners, workers, etc.) about different aspects of the organization;
- build a database along the structure of the enterprise model for use in collecting,
managing, and reusing the knowledge available in the organization.
The proposed enterprise model draws on research in RE frameworks (e.g., Yu 1994; Dar-
denne et al., 1993), management theory found to be relevant for enterprise modeling (e.g.,
Simon 1976; Johnson & Scholes, 2002; Brickley et al., 2001; Uschold et al., 1997) and agent



oriented software engineering (e.g., Castro et al., 2002). It aims to reduce the semantic gap
between enterprise and requirements representations, providing a conceptual foundation for
modeling organizational 1S. Through agent-orientation our proposal advances current research
results towards an integrative approach to the representation of human and organizational
issues found relevant to the RE of organizational 1S, all in the aim of arriving at a better un-
derstanding of the setting in which the IS will be used.

The following section motivates the use of the agent paradigm to model and design IS. Sec-
tion 3 gives an overview of related works. Section 4 introduces the enterprise model. In Sec-
tions 5 to 9, all elements of the enterprise model are defined and discussed, and, to increase
precision, specified using the Z specification language. Section 10 summarizes the results and
points to further work.

Agent-Orientation in Enterprise Models for Modern Organizational 1S

The characteristics and expectations of new application areas for the enterprise such as elec-
tronic and mobile commerce, supply-chain management, peer-to-peer computing, or web ser-
vices are deeply affecting IS engineering. Most of the IS designed for these application areas
are now concurrent and distributed. They tend to be open and adaptable, in that they exist in a
changing organizational and operational environment where new components can be added,
modified, or removed at any time.

Given these new needs, many researchers (e.g., Yu, 1994; Castro et al. 2002; Zambonelli et
al., 2003) have suggested and discussed novel paradigms that would enable more appropriate
conceptualization, design and implementation systems that can operate efficiently and effec-
tively in such circumstances. The paradigm of agent orientation is being increasingly applied
when the aim is to design complex yet flexible organizational IS that adapt to the changing
operating conditions of modern organizations. Such systems are composed of agents, i.e.,
open, modular, interoperable, and self-contained components, commonly characterized as
intelligent, in that they may be autonomous, proactive, and exhibit some degree of learning
and adaptation to operating environment conditions.

Agent orientation does not represent a radical departure from current software and IS engi-
neering thinking; instead, legacy system can be incorporated in agent systems under limited
cost. The cited benefits of agent orientation, along with the broad range of potential applica-
tions, lead to the conclusion that agent orientation does have the capacity to succeed as main-
stream software and IS engineering paradigm.

It appears relevant to enrich concepts and relationships employed in enterprise modeling with
those appropriate for representing information proper to an agent-oriented perspective. Fol-
lowing the established results in agent-oriented software engineering (e.g., Yu, 1994; 2001;
Zambonelli et al., 2003; Jennings, 2000) modeling constructs are introduced to enable the
representation of autonomy, intentionality, sociality, identity and boundary, of human and/or
software agents. In the paragraph below, the terms in italics refer to concepts or relationships
in the agent-oriented enterprise model proposed in the remainder of the chapter.

Actors are autonomous as their behavior is not prescribed and varies according to their de-
pendencies, personal goals and capabilities. They are intentional since they base their actions
and plans on beliefs about the environment, as well as on goals they have to achieve. Being
autonomous, actors can exhibit cooperative behavior, resulting from similar goals and/or re-
ciprocal dependencies concerning organizational roles they assume. The dependencies can
either be direct or mediated by other organizational roles. Actors can have competing goals
which lead to conflicts that may result from competing use of resources. Actors have varying
power and interest in the ways in which organizational goals contribute to their personal



goals. Boundary and identity are closely related to power and interest of actors. We model
variations in boundary and identity as resulting from changes in power and interest since these
vary with respect to the modifications in the roles an actor assumes and the dependencies in-
volving these roles. Actors can act according to their self-interest, as they have personal goals
to achieve. They have varying degrees of motivation to assume organizational roles, accord-
ing to the degree of contribution to personal goals these roles have in achieving organiza-
tional goals. Actors apply plans according to the rationale described in terms of personal
goals, organizational goals, and capabilities. The rationale of our actors is not perfect, but
bounded (Simon, 1976; 1979), as they can act based on beliefs that are incomplete and/or in-
consistent with reality.

RELATED WORK

The discussion is organized around five types of frameworks for enterprise modeling relevant
to the results presented in this chapter. There is no clear distinction of enterprise modeling
from requirements elicitation since their objective is similar: to improve the organization
through the representation of knowledge about its main constituents, processes, purpose, etc.
In addition, most frameworks that are clearly intended for RE involve the modeling of the
organizational context in which the future IS will be implemented. The relevant modeling
frameworks are distinguished on the basis of their main modeling concepts and their overall
purpose. Methodological issues related to how the modeling elements are instantiated are not
considered herein.

Activity-oriented Models

The various business process modeling techniques fall into activity-oriented modeling (for an
overview, see, e.g., Kettinger et al., 1997).

Activity-based frameworks such Activity Diagrams, DFDs, and IDEFO (see e.g., (Kamath et
al. 2003, Elmagarmid et al., 1998, Mentzas et al. 2001, Sheth et al., 1999) describe enter-
prise’s business processes as sets of activities. Strong emphasis is put on the activities that
take place, the order of activity invocation, invocation conditions, activity synchronization,
and information flows. Workflows have received considerable attention in the literature (for
an extensive overview, see, zur Muehlen, 2002).

In the generic Business Process Modeling (BPM) approach employed in (Kettinger et al.,
1997) to evaluate a range of available BPM techniques, BPM proceeds through stages, start-
ing, broadly, from the identification of a business process to change, process redesign, to-
wards change management to move in reality to the new process structure, and the monitoring
and evaluation of the performance of the new process. The variety of techniques that can be
applied (e.g., brainstorming, visioning, force field analysis, Delphi technique, Business Sys-
tems Planning, Critical Success Factors, etc.— more than 50 techniques are cited in Kettinger
et al., 1997) and their usually informal presentation makes it particularly difficult to elaborate
on the comparison with the enterprise model introduced herein. It can, nevertheless, be argued
that the enterprise model here has a double interest for the researchers and the practitioners of
BPM. First, it indicates that establishing sound conceptual bases is necessary for ensuring that
the methodology that can later be constructed is grounded in well understood foundations.
Basing a methodology on informal grounds can only entail difficulties in its use for lack of
clarity and precision is bound to increase the cost of applying it within realistic settings: dif-
ferent people will understand and use it differently, making cooperation difficult. Second, this
paper in itself indicates how the definition of conceptual foundations can be performed.



In activity-oriented models, agents have been treated mostly as a computational paradigm,
with focus on the design and implementation of agent systems. Compared to our enterprise
model, they do not incorporate social metaphors for agent systems and there is a limited
treatment of inconsistencies.

Ontology-driven Approaches to Enterprise Modeling

Ontological modeling is concerned with capturing the relevant entities of a domain in an on-
tology using an ontology specification language based on a small set of basic, domain-
independent ontological categories (Guizzardi et al., 2002). The ontology is used to share
common understanding of the structure of information among people or software agents, to
enable reuse of domain knowledge, to analyze domain knowledge, and so on.

The aim of the TOVE project (Fox and Grininger, 1997) is the creation of enterprise ontology
for creating deductive enterprise models. Such enterprise model build onto generic enterprise
models by adding axioms expressed in first-order logic and a deduction engine, so that the
model integrates some degree of deductive capability. Deductive enterprise models can be
used for extracting information about the organization using “common-sense” queries that
require limited deduction, in order to support functions such as accounting, forecasting, etc.
The Enterprise Ontology (Uschold et al. 1997) defines the ontology used in the Enterprise
Project (Uschold and Griininger, 1996; Stader, 1996). The overall aim of the project is to im-
prove and where necessary replace existing modeling methods with a framework for integrat-
ing methods and tools which are appropriate to enterprise modeling and the management of
change. The project resulted in a toolset which is used to modeling processes, supporting
agent development, matching agents with process tasks, and communicating among people
and software.

The main difference of our framework from both Tove and the Enterprise Project is that they
are not oriented towards RE. Tove intends to create a computable model of the organization
by using axioms defined in first-order logic and a deduction engine. Our aim is closer to engi-
neering software than creating computable enterprise models. Tove does not treat potential
inconsistencies in processes, has limited support for process modeling (Koubarakis and
Plexousakis, 2002), and does not treat the strategic dimension of agent interactions (i.e. it
does not integrate dependency relationships). Inconsistencies are not treated in the Enterprise
Ontology. In addition, our model provides more specific specialization of goals which is par-
ticularly useful in the context of open systems with self-interested agents. Even though the
aim of our model is different to some extent, these frameworks have served as a source of
inspiration for providing clear and unambiguous definitions of the terminology used in our
enterprise model.

Goal-driven Modeling

Goal-based modeling focuses on goals that the IS should achieve within an organization. The
concept of goal has been argued easy to understand and can be used at different activities of
the RE process (Kavakli, 1999).

The KAOS framework for RE (Dardenne et al., 1993) provides a specification language, an
elaboration method, and meta-level knowledge used for guidance while the method is applied
(van Lamsweerde et al., 1998). The KAOS specification language provides constructs for
capturing the various types of concepts that appear during requirements elaboration. The
elaboration method describes steps (i.e. goal elaboration, object capture, operation capture,
etc.) that may be followed to systematically elaborate KAOS specifications. Finally, the meta-



level knowledge provides domain-independent concepts that can be used for guidance and
validation in the elaboration process.

Enterprise Knowledge Development (EKD) (Kavakli and Loucopoulos, 1999) is used primar-
ily in modeling of business processes of an enterprise. Through goal-orientation, it advocates
a closer alignment between intentional and operational aspects of the organization and links
re-engineering efforts to strategic business objectives. EKD describes a business enterprise as
a network of related business processes which collaboratively realise business goals.

Other goal-based approaches have also been proposed. (Kavakli, 1999) provides an extensive
discussion of a number of other approaches.

Actors appear in EKD without explicit treatment of their autonomy and sociality (Yu, 2001).
In KAOS, actors (i.e. agents) interact with each other non-intentionally, which reduces the
benefits of using them as modeling constructs. They are considered as specialization of ob-
jects. In our approach, actors are considered clearly as autonomous and social entities which
exhibit intentional behavior. As noted in (Koubarakis and Plexousakis, 2002), an important
limitation of EKD is the lack of formal support for its conceptual models meaning that formal
specification of the IS cannot be derived without considerable additional effort. While KAOS
relies on an elaborated formalism, it does not integrate social concepts for multi-agent sys-
tems, such as organizational role, group, organization, etc. Consequently, it does not benefit
from the advantages of such concepts. Our framework integrates such social metaphors since
they aid in dealing with system complexity. They are also easy to understand by developers
and users and stakeholders, and help to reduce the concept distance between the systems in
the “real world” and models that are developed on the basis of these concepts (Mao and Yu,
2004).

Strategy maps proposed in management literature (Kaplan and Norton, 2000; 2004) can also
be categorized as goal-driven modeling: a strategy map is a diagram built to indicate how an
organization creates value. Strategic objectives are related through cause and effect relation-
ships with each other, and this within the four balanced scorecard perspectives (i.e., financial,
customer, internal, and learning and growth perspective). Compared to the enterprise model
proposed herein, a strategy map can be argued to feature only goals and cause and effect rela-
tionships as modeling primitives. As such, it is of very limited use in the RE of organizational
IS. The enterprise model herein does not integrate causal relationships per se, but the contri-
bution relationships. This kind of relationships is weaker, but more realistic knowing the
complexity of organizational environments and the difficulty in precisely understanding
causal links therein.

Role-driven Modeling

Roles seem to be a suitable concept for the development of agent-oriented IS, in particular for
the engineering of interactions between agents (Cabri et al., 2004). Roles are used to ab-
stractly model the participants of the organization, without considering their specific charac-
teristics. Roles promote the organizational view of the IS, which helps in understanding the
main functions of the system and can be translated in and agent-based design model.

Gaia (Zambonelli et al., 2003) is a methodology for agent-oriented analysis and design. The
Gaia process consists in orderly constructing a series of models aimed at describing both the
macro (societal) aspects and the micro (intra-agent) aspects of a multi-agent system, generally
conceived as an organized society of individuals (i.e., a computational organization of
autonomous entities) (Cernuzzi et al., 2004). Roles are specified in terms of permissions
(which express the resources available to it, i.e. what a role can or cannot use), responsibilities
(which specify the expected behavior of the role) and protocols and activities (which specify
interactions involving the role). Gaia integrates the concepts of organizational rule, which is



used to specify the responsibilities of the entire agent organization. Organizational structure
of the IS is defined through a role model that defines the topology of interaction patterns and
the control regime of organization activities (Zambonelli et al., 2003).

A number of other role-based approaches have been proposed, such as Aalaadin, Kendall,
RoleEP, TRUCE and ROPE. A comprehensive overview and critique of these is provided in
(Cabri et al., 2004; Ferber and Gutknecht, 1998; Ferber et al., 2003).

Compared to Gaia, our model integrates the possibility of competitive behavior that may lead
to conflicts, resulting from the pursuit of actor’s personal goals. In a recent paper, (Cabri et
al., 2004) affirm the need for treating roles as concepts in order to fully exploit the advantages
of the concept at analysis, design and implementation phases. In general, when compared to
Gaia, Aalaadin, Kendall, RoleEP, TRUCE and ROPE, our model is conceptually closer to
users, clients and domain experts, while remaining usable to software architects, software
developers, and development tools.

Agent-driven Modeling

Most of the discussed frameworks in this section incorporate the concept of agent. However, a
truly agent-base framework must consider an agent as its basic concept, both in the require-
ments elicitation and subsequent steps of the requirements and software engineering process.
Currently there seems to be only i* (Yu, 1994; 2001) and Tropos which are truly agent-based.
The i* modeling framework (Yu, 1994) has been proposed for business process modeling and
reengineering. Processes, in which IS are used, are viewed as social systems populated by
intentional actors which cooperate to achieve goals. The framework provides two types of
dependency models: a strategic dependency model used for describing processes as networks
of strategic dependencies among actors, and the strategic rationale model used to describe
each actor’s reasoning in the process, as well as to explore alternative process structures. In
this context, agent-based approaches provide significant advantages: agents are autonomous,
intentional, social, etc. (Yu, 1994) which is of particular importance for the development of
open distributed IS in which change is ongoing.

Tropos (Castro et al., 2002) uses i* in its early requirements phase of the software develop-
ment process. One of the significant differences between Tropos and the other methodologies
(such as e.g., Gaia) is its strong focus on early requirements analysis where the domain stake-
holders and their intentions are identified and analysed.

Our enterprise model makes it possible to combine the strengths of i* notably in terms of stra-
tegic dependency analysis among the process’ organizational roles, with the analysis of the
realization of the process as a series actions. i* includes neither concepts such as group or
organization, nor conflicts, which limits its expressivity. As Tropos uses i* during early re-
quirements, these same limitations are present.

OVERVIEW OF THE ENTERPRISE MODEL

The proposed enterprise model is built with a set of primitives common to business manage-
ment (that are comprehensible to clients, users, domain experts) and system development (that
are comprehensible to system analysts and developers). The set of primitives and their rela-
tionships are represented in Fig.1 using the UML (Bennett et al., 2002) notation. The rest of
this section overviews the enterprise model from the point of view of business managers (the
management perspective) and of systems developers (the information-system perspective). It
also presents and discusses the different kinds of primitive used to describe the enterprise
model.
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Fig.1: The Agent-Oriented Enterprise Model.
The Management Perspective

Our enterprise model provides common concepts used to describe strategic, behavioral, and
informational aspects of an organization. Goals represent the purposes of the organization and
of its processes. They are the responsibility of Organizational Roles which are defined as
Groups formed in the Organization for structural and/or functional reasons (i.e. to establish a
clear hierarchy and/or to accomplish specific, non-recurrent business projects). Organiza-
tional and Group Structure describe the internal structure of the Organization and of its
Groups in terms of strategic Dependencies that influence the interactions among their mem-
bers. Organizational Rules are enforced at the organizational and group levels, defining poli-
cies and constraining the behavior of Actors so that the expression of their self-interest (ex-
pressed with Personal Goals) does not limit the performance of the organization. Actors oc-
cupy Organizational Roles if they possess the required Capabilities. Actors discharge the
responsibilities assigned through organizational roles by executing Actions. Actions accom-
plished sequentially or in parallel, specify how processes are structured. Events affect the



goals of the organization making it responsive to changes in its internal or external environ-
ment.

The Information-System Perspective

Our enterprise model also provides widely-used concepts for specifying the architecture of
agent-oriented 1S. Software Agents are the components of the IS. They act according to their
Beliefs, Goals and Capabilities. Beliefs represent their information about the environment in
which they exist. Goals determine the desired states of the environment. Capabilities, Plans
and Actions represent the intentional state of an agent, i.e. means for satisfying its external
and internal stimuli. Objects are non-intentional entities that are manipulated by agents and/or
that influence their behavior, and that are significant for the organization. Organizational
Roles provide the building blocks for agent social systems and the requirements by which
agents interact. Each agent is related to other agents by the roles that it occupies and accord-
ing to the responsibilities that these roles assume. When related organizational roles are as-
sembled, agent Groups can be created, according, e.g., to a specific and reusable (patterned)
group structure. Groups can be characterized as single agents (i.e., “agentified”) to benefit
from synergies in capabilities of its member agents. An Organization of agents can be seen as
a framework which is open and dynamic, integrating cooperative and self-interested agents
(i.e. those pursuing also Personal Goals). The Group and Organization concepts aid in in-
creasing the modularity of the system and in managing its complexity. Organizational Rules
are applicable to agent organizations and govern the running of the whole multi-agent system,
expressing how the organization is expected to work.

Kinds of Primitives

The enterprise model uses different kinds of primitives: concepts (Goal, Actor, Object, etc.),
relationships (possess, require, pursue, etc.), attributes (Power, Interest, Motivation, etc.), and
constraints (e.g., “an actor occupies a position if and only if that actor possesses all the capa-
bilities required to occupy it”).

Concepts represent abstractions of real-world entities significant to model the “inner* and
“outer” aspects of an IS. Relationships define interaction among concepts. Attributes describe
significant properties of concepts. Finally, constraints impose restrictions upon concepts, rela-
tionships and attributes.

For consistency, any primitive of the enterprise model has two mandatory attributes:

— Name, which allows unambiguous reference to the instance of the concept;

— Description, which is a precise and unambiguous description of the corresponding instance
of the concept. The description should contain sufficient information and be precise so that,
if required, a formal specification can be derived for use in requirements specifications for
a future 1S.

Fig.1 shows only concepts and relationships. Attributes and constraints are specified using the
Z state-based specification language (Spivey, 1992; Bowen, 1996). We use Z as it provides
sufficient modularity, abstraction and expressiveness to describe in a consistent, unified and
structured way an agent-oriented 1S and the wider context in which it is used. It has a prag-
matic approach to specifications by allowing a clear transition between specification and im-
plementation of software (Faulkner, 2004; Bowen, 1996). In addition, it is widely accepted in
the software development industry and has been used in large-scale projects.



In the following sections, we provide definitions of primitives, and discuss their relevance for
enterprise modeling and early RE. For clarity, we have subdivided the enterprise model into

five sub-models:

e QOrganizational sub-model, describing the organization in terms of the actors, their or-
ganizational roles, groups that they constitute, and their responsibilities and capabili-

ties;

e Goals sub-model, describing enterprise and business process purposes, i.e. what the ac-
tors are trying to achieve and why;

e Conflict sub-model, representing inconsistencies in the business process;

e Process sub-model, describing how actors achieve or intend to achieve goals;

e Objects sub-model, describing non-intentional entities and assumptions about the envi-
ronment of the organization and the business processes.

ORGANIZATIONAL SUB-MODEL

The Organizational Sub-Model is presented in Fig. 2. It is used to specify the Groups in
which Actors coexist and interact, by occupying diverse Organizational Roles. Each Actor
occupies one or more Organizational Roles according to the Capabilities that are required by
these roles, and that the Actor possesses. The following sub-sections provide details on each

of the elements of the sub-
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Fig. 2. Organizational Sub-Model.

Fig. 3 shows the Z formal specification of the Actor concept. The first part of the specification
represents the definition of types. A given type defines a finite set of items. The Actor specifi-
cation first defines the type Name (which represents the Name attribute) by writing [Name].

10



Such a declaration introduces the set of all names, without making assumptions about the type
(i.e., whether the name is a string of characters and numbers, or only characters, etc.). Note
that the type Actor_Type is defined as being either a Human_Actor or Software_Agent. Defining
types in such way indicates either that further detail about the type would not add significant
descriptive power to the specification or that a more elaborate internal representation is not
required.
More complex and structured types are defined with schemas. A schema groups a collection
of related declarations and predicates into a separate namespace or scope. The schema in Fig.
3 is entitled Actor and is partitioned by a horizontal line into two sections: the declaration sec-
tion above and the predicate section below the line. The declaration section introduces a set of
named, typed variable declarations.
The predicate section of the schema provides predicates that constrain values of the variables,
I.e., predicates are used to represent constraints. In order to clarify the Z formal specifications
of the concepts, we will refer in the text to specific Z schema predicates by using identifiers
placed left of the schema in the form e.g., “(c1)” to refer to predicate, i.e., constraint (c1) of
the schema.

[Name]

[Informal_Definition]

[Actor_Type]:= Human_Actor | Software_Agent

[Organizational_Role]

[Goal]

[Interest_Value]
[Power_Value]

Actor

name : Name

description : Informal_Definition
isa : Actor_Type

occupy : set Organizational_Role
possess : set Capability

has : set Belief

own : set Resource

pursue : set Goal

interest : Interest_Value

power : Power_Value

(c1) (occupy # &) A (possess = J) A (pursue = &)

(c2) (V act: Actor) act.isa = Human_Actor = act.interest = & A act.power = &

Fig. 3. Formal specification of the Actor concept.

An Actor is either a Human Actor or a Software Agent. A Human Actor is used to represent
any person, group of people, organizational units or other organizations that are significant to
the organization, i.e., that have an influence on its resources, its goals, etc. A Software Agent
represents a software component of the multi-agent IS for which the requirements are being
specified.

Whenever an Actor enters the system, its Capabilities must be known (c1) so that it can oc-
cupy at least one Organizational Role. There can be no Actor in the system that does not oc-
cupy at least one role, since the Organizational Role defines the purpose of the Actor in the
Organization, through the responsibilities it carries.

A Human Actor is characterized with two specific attributes (c2): Interest and Power (John-
son & Scholes, 2002). Interest is the degree of satisfaction of an actor to see Organizational
Goals positively contributing to its Personal Goals. Power is the degree to which the actor is
able to modify the objectives of the organization or its business processes through its Capa-
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bilities. For instance, when automating a business process, the values of Interest and Power
attributes of Human Actors change: in the new configuration of the process, some actors will
gain decision power while maintaining the same level of interest; others that previously bene-
fited from high power in the initial process structure might become less powerful. It is crucial
to take these changes into account when eliciting software requirements. It may lead other-
wise to introducing Goals not identified during the initial requirements analysis, and/or
changing the priority of already specified Goals. Interest and Power help to find Human Ac-
tors that will play a crucial role in the software-to-be.

Organizational Role

An Organizational Role is an abstract characterization of expected behavior of an Actor
within some specified context of the organization. An Actor can occupy multiple roles, and a
role can be occupied by multiple Actors.

The concept of Organizational Role is important to abstractly model the agents in an agent
system and helpful to manage system complexity without considering the concrete details of
agents. Roles enable the separation between different functionalities of software agents (e.g.,
mobility from collaboration), or between different phases of the development process (e.g.,
functions in the design from methods in the implementation). Fig. 4 shows the Z formal speci-
fication of the Organizational Role concept.

[Goal_Control_Status]:= Fulfilled | Unfulfilled
[Belief]

Organizational Role

name : Name

description : Informal_Definition

require : set Capability

leave_condition: set Belief

responsible : set Goal

control : set (Organizational_Goal, Goal_Control_Status)
authority_on : set Organizational_Role

(c3) (require = @) A (leave_condition # @) A (responsible = &)

(V act: Actor ; r: Organizational_Role) r € act.occupy = r.require c act.possess
(c4) /IAn Actor act that occupies the Organizational Role r possesses the Capabilities re-
quired by the Organizational Role r.//

(V act: Actor ; r: Organizational_Role)

(c5) act.has c r.leave_condition = r ¢ act.occupy

//1f the Leave Condition is true, than the Actor act no longer occupies the Organiza-
tional Role r.//

(V r: Organizational_Role ; g: Goal)

(c6) g e r.responsible = g.sec_isa = Organizational_Goal
//1f Organizational Role r is responsible of Goal g, then g is an Organizational Goal.//
) (V r: Organizational_Role; g: Goal)

(g.prim_isa = Operational_Goal A g.sec_isa = Organizational_Goal A

g e r.control A g.status = Fulfilled)

= (3 b!: Belief ) (g.status = Fulfilled) € b.term A (g, Fulfilled) e r.control)

//If an Organizational Operational Goal g is fulfilled, then the Organizational Role r
which controls the fulfillment of g outputs a new Belief b which indicates that the Goal
g has been fulfilled.//

(V rq, ro: Organizational_Role ; g: Goal ; a4, a;: Actor) (g.sec_isa =

(c8) Organizational_Goal A g € ri.responsible A g € r,.control Aty #r, ATy €
act.occupy A I, € act.occupy ) = aq# ax

/[There can be no Actor a which occupies both the Organizational Role r; which is
responsible for Organizational Goal g, and the Organizational Role r, which controls
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the fulfilment of Organizational Goal g.//

Fig. 4. Formal specification of the Organizational Role concept

Each Organizational Role requires a set of Capabilities to fulfill or contribute to Organiza-
tional Goals for which it is responsible. An Actor can occupy the Organizational Role only if
it possesses the required Capabilities (c4)'. In addition to entering Organizational Roles, Ac-
tors should be able to leave roles at runtime. The attribute Leave Condition is used to specify
the Belief that has to be true in order for the Actor to leave the Organizational Role (c5).
Organizational Roles are responsible for Organizational Goals (c6) and can control their ful-
fillment. In case an Organizational Goal has been fulfilled, the Actor, occupying the Organ-
izational Role which controls that Goal, executes a Plan in which an Action outputs a new
Belief to mark the goal fulfillment (c7). This control procedure requires that a single Actor can
never occupy distinct Organizational Roles that are responsible of and control the fulfillment
of the Organizational Goal (c8).

Organizational Roles can have different levels of authority. Consequently, an Organizational
Role can have authority on other Organizational Roles. The authority on relationship speci-
fies the hierarchical structure of the organization. For instance, in the context of multi-agent
systems, it can be used to define security policies that differ according to authority attributed
to software agents.

Capability

A Capability specifies the behaviors that Organizational Roles should have in order to be
responsible for or to control their Organizational Goals. An Actor possesses Capabilities. The
formal specification in Fig. 5 shows that a Capability can be structured as a set of Plans
and/or other Capabilities. This increases system modularity as libraries of capabilities can be
built up and then combined to provide complex functionalities.

When exploring possible alternative business processes or organizational structures, newly
identified Organizational Roles can require Capabilities that no Actor possess. These Capa-
bilities have to be confronted to those available in the organization (Capabilities that the Ac-
tors possess, see (c10)), in order to evaluate the proposed alternatives with respect to the cur-
rent Roles and the way they use existing Capabilities. This is significant to determine which
and how proposed Capabilities and Roles will be finally introduced through the system-to-be.
The availability of a Capability is formally expressed through the availability attribute, as
indicated in the Capability schema.

[Cap_Atom]:= Plan | Capability
[Cap_Availability]:= Available | Unavailable

Capability

name : Name

description : Informal_Definition
composed_of : set Cap_Atom
availability : Cap_Availability

(c9) composed_of = &

(V cap: Capability)
(c10) 3 act: Actor ; cap € act.possess = cap.availability = available
//1f there is some Actor act that possesses Capability cap, then cap is available.//

13



Fig. 5. Formal specification of the Capability concept

Group and Group Structure

A Group is an aggregation of Organizational Roles. Each Organizational Role is part of one
or more groups. In its most basic form, the Group is only a way to tag a set of Roles. In a
more developed form, in conjunction with the Actor definition, groups can be used for parti-
tioning the organization and organizing actors with some common goals together.

Groups are formed or dissolved according to the states of the environment described in
their Formation Condition and Dissolution Condition attributes. For example, a group can be
formed if some specific goal has not yet been achieved, and may be dissolved as soon as the
goal has been achieved. Whenever a Group is formed, a series of Organizational Roles will
be added to it. The Access Condition specifies diverse criteria for granting access to an Or-
ganizational Role to a Group. For example, an Organizational Role can be granted access to
the Group if it possesses the Capabilities required and not available to the Group. Another
example is the constitution of a Group containing only similar Organizational Roles.

[Group_Structure]
[Group_Type]:= Agentified_Group | Non-Agentified_Group
[Organizational_Rule]

Group

name : Name

description : Informal_Definition

isa : Group_Type

composed_of : set Organizational_Roles
formation_condition : set Belief
access_condition : set {Capability, Belief}
dissolution_condition : set Belief
described_by : Group_Structure

enforce : set Organizational_Rule

(c11) (composed_of # ) A (access_condition = &)

(V act: Actor ; r : Organizational_Role ; gr :Group ; sb: Organizational_Rule)
(c12) r € act.occupy A r € gr.composed_of A sb e gr.enforce = sb e act.has

//1f an Actor act occupies an Organizational Role r which composes the Group gr and if
Organizational Rule sb is enforced by gr, then act has sb.//

3 r: Organizational_Role A (—3 act : Actor | r € act.occupy) A

(c13) (3 acty,...,act,: Actor | r.require < acty.possess U ... U act,.possess)

=3 gr!:Group (rl4l,..., rl,!: Organizational_Role A rly U acty.occupy A ... Atl,
U act,.occupy) A gr.composed_of = {rl,...,rl,} A agentify_group(gr)

//1f there is no single Actor act which can occupy the Organizational Role r, and if there
is a set of Actors act;,...,act, which together do possess the capabilities required to
occupy r, then a Group gr is formed, as composed of this set of Organizational Roles
rly,...,rly, attributed to Actors acty,...,act,. Group gr is agentified.//

Fig. 6. Formal specification of the Group concept

Whenever an Actor becomes a member of a Group, it must conform to the constraints for the
Group. The Group thus enforces a set of Organizational Rules upon every Actor that is its
member (c12).
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The constraint (c13) is used for the agentification of a group. Its use will be clarified in the
next sub-section.

Agentified and Non-Agentified Groups

An Agentified Group posses all the features that any Actor might have (Odell et al., 2004).
Such a group can be considered by other Actors in the organization as a single Actor. This
pushes further the modularity and encapsulation principles in the organization. It facilitates
interaction between groups and between a group and individual actors, by establishing stan-
dard interaction points for each group.

An Agentified Group can occupy an Organizational Role, and have all features that are asso-
ciated with it. This makes it possible to combine the individual capabilities of an actor in or-
der to constitute more complex actors which can occupy highly important roles in the organi-
zation. Fig. 7 is an axiomatic description of the agentify_group function, used to agentify a
group. It indicates that the Actor formed by agentifying a Group possesses all the Capabilities
that the individual Actors composing the Group possess (c14). This function has been used in
the constraint (c13) to agentify a group formed in order to fulfil responsibilities associated
with an organizational role still unoccupied by a single actor can be fulfilled.

agentify_group : Group — Actor

(c14) (Vi=1,...,nact: Actor ; j = 1,...,m r;: Organizational_Role ; gr : Group)

31 € act.occupy A gr.composed_of = {ry,...,Im}

agentify_group(gr) = (gr.isa = Agentified_Group A

actr! | actr.possess = acty.possess U ... U act,.possess)

/IA Group gr is agentified into an Actor actr that possesses all the Capabilities that
individual Actors composing the Group gr possess.//

Fig. 7. Axiomatic description of the agentify_group function

A Non-Agentified Group is any group that is formed for purposes such as intra-group syner-
gies or to partition the organization. When an actor wishes to interact with such group, it must
interact directly with one of its members, i.e. actors which occupy organizational roles that
compose the group.

Group Structure

A Group can be established according to a specific Group Structure. The Group Structure is
the abstract description of a Group in terms of Organizational Roles that compose it and De-
pendencies that exist among these Organizational Roles. Its aim is to define generic structures
that can be reused in the formation of groups.

The Composed Of attribute in Fig. 8 explicitly identifies the set of roles that compose the
Group Structure. On the basis of identified Organizational Roles, the Dependencies among
them can be derived. They define the Internal Structure of the group (c16). A Dependency
among Organizational Roles exists when some of these roles depend on the other ones to
provide a Dependum, which can be an Object, a Goal or an Action. The Dependum concept is
further discussed in Section 4.6.

In the simplest case, the Group Structure will specify only the Organizational Roles which
compose the group (c15). That means that a Group Structure might be instantiated in a partial
form in the actual moment: group dynamics might imply that not all roles defined in the group
structure will be present at a given moment.
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[Dependum]
[Dependency]:=
(set Organizational_Role) x Dependum x (set Organizational_Role)

Group Structure

name : Name

description : Informal_Definition
composed_of : set Organizational_Role
internal_structure : set Dependency

(c15) composed_of # &

(V gs: Group_Structure ; d: Dependency ; ry, rp: Organizational_Role A ri# r; A

(c16) dpd: Dependum) {ry, rz} € d A (d=r; x dpd x ) A {ry, 2} € gs.composed_of
= d € gs.internal_structure

//1f Organizational Role r; depends on r, and if they both compose the Goal Structure

gs, then the Dependency d among these Organizational Roles defines the Internal

Structure of the Group Structure.//

Fig. 8. Formal specification of the Group Structure concept
Organization and Organization Structure

An Organization is a collection of Groups that have certain relationships to one another and
take part in systematic institutionalized patterns of interactions with other Groups. This con-
cept specifies the macro organization information needed to describe the Organization struc-
ture and the Organizational Rules that must be satisfied by all Groups in the organization.
The main differences between Group and Organization concepts are:

¢ An Organization cannot be agentified;

¢ An Organization cannot be part of another Organization. An Agentified Group can be

part of another Group, by playing some Organizational Role in that other Group.

Relationships among Groups that compose an Organization are determined by Dependency
relationships among their component Groups. In order to enable open and dynamic systems, it
is not necessary to specify a priori the Dependencies in a Group. However, this is necessary
when defining Organizational Structures as discussed below.

[Organizational_Structure]

Organization

name : Name

description : Informal_Definition
composed_of : set Groups
access_condition : set {Capability, Belief}
described_by : Organizational_Structure
enforce : set Organizational_Rule

(c17) (composed_of # &) A (access_condition = &)

(V gr :Group ; org: Organization ; sb: Organizational_Rule)

(c18) gr € org.composed_of A sb e org.enforce = sb e gr.enforce

/A Organizational Rule sb that is enforced in the Organization org is enforced in every
Group gr that compose org.//

Fig. 9. Formal specification of the Organization concept
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Actors that enter the Organization must have adequate Capabilities and Beliefs, as specified
in the Access Condition attribute in Fig. 9. For example, it can be used to forbid entry to ac-
tors that have beliefs which are contradictory to some organizational goals in order to avoid
conflicts in the organization.

As for Groups, an Organization can be an instance of a specific Organizational Structure.
The Organizational Structure provides an abstract description of the architecture of an Or-
ganization. As discussed above, the structure of an Organization can be entirely specified as a
set of Groups and inter-group Dependencies, as shown in Fig. 10.

Further analogy with Group Structure can be made as the intention with Organizational
Structure is to use it to define generic reusable organizational structures. In this respect, work
on organizational patterns (Kolp et al., 2003) in the context of TROPOS can be reused here.

Organizational Structure

name : Name

description : Informal_Definition
composed_of : set Group
internal_structure : set Dependency

(c19) composed_of # &

Fig. 10. Formal specification of the Organizational Structure concept
Dependum and Dependency

It has been widely accepted (see the literature on i*, e.g., (Yu, 1994; Liu & Yu, 2004; Yu,
2001) that the representation of dependencies among members of an organization makes it
possible to provide a better understanding of its strategic and social dimensions. Indeed,
members of the organization are involved in numerous interactions: as they have limited ca-
pabilities and limited access to resources, they will depend on one another in order to realize
their responsibilities.
The Dependency relationship was defined in Fig. 8 as involving Organizational Roles that
depend on other Organizational Roles for a Dependum. A Dependum can be an Organiza-
tional Goal, an Object, or an Action. In a Dependency, the Organizational Role that expect-
sthe Dependum is called the depender, While the Organizational Role that is expected to sup-
ply the Dependum is called the dependee (c21). We define the following dependency types:
¢ Organizatonal-Goal dependency: the depender depends on the dependee to fulfill
and/or contribute to an Organizational Goal.
e Action dependency: the depender depends on the dependee to accomplish some spe-
cific Action.
e Object dependency: the depender depends on the dependee for the availability of an
Object.

Object dependency allows us to represent any specialization of the Object concept as a De-
pendum. For example, an Organizational Role r; might depend on another Organizational
Role r, for an Authorization. This has implications on the authority on relationship, as this
dependency means that r, must have authority on ry (c22).

[Dependum_Type]:= Organizational_Goal | Object | Action

Dependum

name : Name
description : Informal_Definition
type : Dependum_Type
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depender : set Organizational_Role
Dependee : set Organizational_Role

(c20) (type # @) A (depender = J) A (dependee = &)

(V d: Dependency ; dpd: Dependum ; ry, rp: Organizational_Role)
(c21) r#rz A (d=ry x dpd x r;) = (depender = r, A dependee = ry)

(V d: Dependency ; dpd: Dependum ; ry, r;: Organizational_Role ) ri#r; A
(c22) (d=ryxdpd xr) A (dpd.type = Authorization) = ry € rp.authority_on
//1f the Dependum is an Authorization, then Dependee r, has authority on Depender ry.//

(V obj: Object ; a4, az: Actor ; cap+, capz: Capability ; ply, pl2: Plan ; actny, actny:
Action ; ry,rp: Organizational_Role)

(a1 # ap A capy # capz A pli # pla A actny = actny A

(actny e ply.composed_of A ply € caps.composed_of A caps € as.possess) A
(actn, e pl,.composed_of A pl, € capy.composed_of A cap; € a,.possess) A

obj e actn,.postcondition A obj e actn,.input A ry € aj.occupy A r; € az.occupy A
{r1,r2} & {as.occupy N az.occupy}) < (3 dm: Dependum A dm.type = Object A
dm.name = obj.name A dm.depender = r, A dm.dependee = ry)

//Suppose that there are two different Actors a; and a, that respectively occupy two
different Organizational Roles r; and r,. These Actors possess respectively two different
Capabilities cap; and cap,, which respectively contain distinct Plans pl; and pl,. These
plans enable them to execute respectively the distinct Actions actn; and actn,. If Action
actn; has Object obj in its postcondition, and Action actn, outputs obj, then Organiza-
tional Role r, depends on the Organizational Role r; to provide the Object obj.//

(c23)

Fig. 11. Formal specification of the Dependum concept

The constraint (c23) in Fig. 11 shows that the existence of an Object Dependum among Or-

ganizational Roles has implications on the Input and Postcondition of Actions accomplished

by Actors that occupy these Organizational Roles. This constraint provides a mapping rule

between depend and input/output relationships. Its interest (c23) is twofold:

¢ If we know Object dependencies existing among several organizational roles, we can de-
rive the activity diagram and the collaboration diagram (such as the ones in UML) without
difficulties: actions that are related by dependencies (through their respective in-
puts/outputs) can be either sequential or parallel, which is sufficient to define the activity
diagram.

¢ If we know the sequence of activities in a process, we can derive the dependencies among
roles that participate in the realization of the process. Dependencies can then be analyzed
for vulnerabilities and alternative process structures can be evaluated.

Constraint (c23) makes it possible to combine the strengths of the i* dependency representa-
tion with the analysis of the realization of the process as a series of sequential and/or parallel
actions, that can be realized using e.g., UML activity and collaboration diagrams or scenario-
based approaches.

GOALS SUB-MODEL

The aim of the Goals sub-model illustrated in Fig. 12 is to explicitly show the purpose of the
process that is being modeled. It allows to describe the actual or desired state of the process in
terms of the goals that it should satisfy. The process is then analyzed according to its per-
formance in the fulfillment and contribution of goals, and modified so that its performance is
improved.
- Goals have been recognized as an essential component of the RE process (see van
Lamsweerde, 2001 for an overview). They are used in a number of RE frameworks:
e.g., i* (Yu, 1994), KAOS (Dardenne et al., 1993), NFR (Chung et al., 2000). In man-
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agement, their importance has been recognized in frameworks such as Management
By Objectives, the Balanced Scorecard (Kaplan & Norton, 2000) and Enterprise
Knowledge Development (Kavakli & Loucopoulos, 1999).
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Fig. 12. Goals and Conflicts Sub-Models
Goal

A Goal describes a desired or undesired state of the environment. The environment is the con-
text where actors live and interact with other actors. A state of the environment is described
through the states of Objects (Beliefs, Resources etc.).

In addition to standard attributes, a Goal is characterized by the optional Priority attribute
(van Lamsweerde, 2000), which specifies the extent to which the goal is optional or manda-
tory. The values and the measurement of priority are domain specific.

To support qualitative and formal reasoning about goals, we classify them along two axes:
Operational Goals vs. Softgoals and Organizational Goals vs. Personal Goals. In addition,
we use patterns to specify the temporal behavior of Goals. These classifications are treated in
more detail below.

Operational Goal vs. Softgoal

An Operational Goal describes a desired or undesired state of the environment that can be
achieved by applying Plans. An Operational Goal has been fulfilled if the state of the envi-
ronment described by the Operational Goal has been achieved by a Plan. An Operational
Goal has State and Status optional attributes (see Fig. 13). State describes the state of the en-
vironment in which the Operational Goal is fulfilled (c25). Status indicates whether the State
of the Operational Goal has been achieved, i.e., whether the Goal has been fulfilled or not
(c26).

A Softgoal also describes a desired or undesired state of environment, but its fulfil criteria
(i.e., how achieve the desired state) may not be formally specified. A consequence of this is
that Plans that are otherwise applied to fulfil Operational Goals can only contribute (posi-

tively or negatively) to Softgoals. For example, “increase customer satisfaction”, “implement
a flexible 1S”, “improve productivity of the workforce”, are Softgoals.
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Organizational Goal vs. Personal Goal

An Organizational Goal describes the state of the environment that should be achieved by
cooperative and coordinated behavior of Actors. An Organizational Goal is either a Require-
ment or an Expectation (c27). A Requirement is an Organizational Goal under the responsi-
bility of an Organizational Role occupied by a Software Agent (c28). An Expectation is an
Organizational Goal under the responsibility of an Organizational Role occupied by a Human
Actor (c29). This distinction between a requirement of the 1S and the expectation of its human
users contributes to the successful accomplishment of a process that generally involves inter-
action among them.

Organizational Goals can solve Conflicts (c30) by specifying the state of the environment in
which the Conflicts cannot be true.

A Personal Goal describes the state of the environment that an Actor pursues individually
(i.e., without cooperative and coordinated behavior). It can require competitive behavior with
other Actors.

We distinguish what is expected from the participation of the Actor in the process (through
the Organizational Role it occupies), from what the Actor expects from its participation in the
process (fulfilment of or contribution to its Personal Goals). In reality, consistency between
the Organizational Goals and Personal Goals is not necessarily ensured. Consequently, it is
important to reason about Conflicts that may arise between Personal and Organizational
Goals, as well as about the degree to which an Organizational Goal assists in the pursuit of
Personal Goals. We use fulfil and contribute relationships to show how Plans fulfil and con-
tribute to both Personal Goals that the Actor pursues and Organizational Goals for which its
Organizational Roles are responsible.

Temporal Behavior of Goals

A behavioral pattern is associated to each Goal. The possible patterns are: achieve, cease,
maintain, and avoid (Dardenne et al. 1993). For example, organizations tend to avoid “con-
flict of interest” (Softgoal) and achieve “replenish stock” (Operational Goal). When we asso-
ciate a pattern to a Goal, we restrict the possible behavior of the Actors concerning the Goal:
achieve and cease generate behavior, maintain and avoid restrict behavior.

[Primary_Goal_Type]:= Operational_Goal | Softgoal
[Secondary_Goal_Type]:= Organizational_Goal | Personal_Goal
[Org_Goal_Type]:= Requirement | Expectation

[Goal_Pattern]:= Achieve | Cease | Maintain | Avoid

[Object]:= Resource | Authorization | Belief | Event
[Goal_Status]:= Fulfilled | Unfulfilled

[Refinment_Alternative]

[Priority_Value]

[Conflict]

Goal

name : Name

description : Informal_Definition
prim_isa : Primary_Goal_Type
sec_isa : Secondary_Goal_Type
org_isa : Org_Goal_Type
pattern : Goal_Pattern

state : set Object

status : Goal_Status

refined_by : set Refinement_Alternative
priority : Priority_Value

resolve : set Conflict
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(c24)

(c25)

(c26)

(c27)

(c28)

(c29)

(c30)

(prim_isa # J) A (sec_isa = J) A (pattern = &)

(V g: Goal) g.prim_isa = Operational_Goal = g.state # &
/If Goal g is an Operational Goal, then g must have a specified state, i.e. the environ-
ment in which g is fulfilled must be specified as a set of Objects.//

(V g: Goal) g.prim_isa = Operational_Goal A 3 oset = {oby,...,0b, : Object} A
g.state c oset = g.status = Fulfilled

//1f there is a set of Objects oset, such that the state of Goal g is a subset of oset, then g
is fulfilled.//

(V g: Goal) g.sec_isa = Organizational_Goal < g.org_isa # &
//1f the Goal g that is an Organizational Goal, then g must be either a Requirement or an
Expectation.//

(V g: Goal; r: Organizational_Role ; act: Actor)

(g.sec_isa = Organizational_Goal A r € act.occupy A g e r.responsible A

act.isa = Software_Agent) = g.org_isa = Requirement

/IAn Organizational Goal g is a Requirement, if there is some Software Agent Actor act
which occupies the Organizational Role r which in turn is responsible for g.//

(V g: Goal; r: Organizational_Role ; act: Actor)

(g.sec_isa = Organizational_Goal A r e act.occupy A g € r.responsible A

act.isa = Human_Actor) = g.org_isa = Expectation

/IAn Organizational Goal g is an Expectation, if there is a Human Actor act which
occupies an Organizational Role r which in turn is responsible for g.//

(V g: Goal) g.sec_isa # Organizational_Goal = g.resolve = &
//If Goal g is not an Organizational Goal, then g cannot resolve Conflicts.//

Fig. 13. Formal specification of the Goal concept

Goal Refinement Alternative

Refining a goal consists in identifying a set of sub-goals that, when achieved, imply that the
refined goal has been achieved. As a goal can often be refined into alternative sets of goals
that may lead to its achievement, we introduce Goal Refinement Alternative in order to better
organize goal refinement information, which is significant when evaluating alternative proc-
ess structures. Each set of alternatives is identified through goal refinement and represented as
a Goal Refinement Alternative.

(c31)

(c32)

[Status_Value]:= Complete | Incomplete

Goal Refinement Alternative

name : Name

description : Informal_Definition
contains : set Goal

status : Status_Value

contains # &

(V gra: Goal_Refinement_Alternative ; gs,...,gn: Goal ; gi: Goal)
(AMs<i<n@i-prim_isa = Operational_Goal) A gk.prim_isa = Operational_Goal A
gra.contains = {g+,...,9n} A Gk £ {91,...,0n} A gra € gi.refined_by A (A1«ingi.status
= Fulfilled) = gra.status = Complete

/NIf some Goal Refinement Alternative gra composed of Operational Goals gi,...,gn
refines Operational Goal gy and if all Goals gs,...,g, are fulfilled, then Goal Refinement
Alternative gra is complete.//

Fig. 14. Formal specification of the Goal Refinement Alternative concept
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A Goal Refinement Alternative contains a set of Goals (c31). Its Status indicates whether the
alternative is sufficient or not (i.e. complete or incomplete) to fulfil the refined Operational
Goal (c32).

CONFLICT SUB-MODEL

Identification and resolution of inconsistencies is a necessary condition for successful devel-
opment of a system. From the management perspective, the representation of Conflicts makes
them clearly visible to stakeholders, serving as a basis for the negotiation among stakeholders
that would lead to the introduction of Organizational Goals that resolve Conflicts. The con-
flicts sub-model is shown in Fig. 12.

Conflict

The Conflict concept represents inconsistencies that may exist in a business process and/or in
the system to build. Conflicts may result from Goals that cannot be concurrently fulfilled
and/or contributed to (e.g., when a Goal is fulfilled and/or contributed to, other Goals cannot
be fulfilled and/or contributed to), and/or from inconsistencies among Objects (e.g., Beliefs
that cannot be true in the same state of the environment, Resources that are concurrently input
into several Actions).

The concern relationship identifies the Objects, Goals and Boundary Conditions that are in-
volved in the Conflict.

In addition to standard attributes, we further characterize Conflict with a degree of Criticality
(which describes the severity of consequences of the Conflict), and Likelihood (which de-
scribes how likely the Conflict occurrences are). Their values are domain-specific.

Taking inspiration from the work on inconsistencies in the context of the KAOS framework
(Dardenne et al., 1993; van Lamsweerde, 1998; Spivey, 1992) we consider three types of
Conflict: Object Inconsistency (which exists whenever several Objects cannot be considered
true together (c34)), Divergence (existing whenever a set of Objects and a Boundary Condi-
tion cannot hold true together (c38)), and Obstruction (which is a particular case of diver-
gence where a single Object and a single Boundary Condition cannot be true together (c39)).
After Conflicts have been identified, diverse methods for their resolution can be applied (see
e.g., (van Lamsweerde A., Darimont R. & Letier E., 1998)). In the Conflict schema, we pro-
vide two resolution methods. When a Boundary Condition is source of Conflict, we can intro-
duce some Operational Organizational Goal which eliminates the possibility of the Boundary
Condition being true after such Goal has been fulfilled (c36). In case a Goal Refinement Al-
ternative is source of Conflict, we can substitute that alternative with another one which does
not lead to Conflict (c37).

The constraint (c35) is used to derive goals that are concerned by the conflict from objects
that have already been identified as involved in the conflict, since goals are specified as sets
of objects that describe the desired state of the environment.

[Boundary_Condition]

[Conflict_Type]:= Object_Inconsistency | Divergence | Obstacle
[Criticality_Value]

[Likelihood_Value]

Conflict

name : Name
description : Informal_Definition
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(c33)

(c34)

(c35)

(c36)

(c37)

Boundary Condition

concern : set Object U set Goal U set Boundary_Condition
isa : Conflict_Type

criticality : Criticality_Value

likelihood : Likelihood_Value

concern # &

(V obj,..., objn: Object) =3(A1<in0bji) A (=3 obji | =3(A0bjj))

= Jcfl: Conflict A cfl.concern = {objs,..., obj, } A cfl.isa = Object_Inconsistency
//1f there is a set of Objects objy,..., obj, which is minimal — i.e. there is no Object obj;
such that its elimination from the set results in maintaining the inconsistency — and if it
is impossible that all Objects in the set be true together, then there is an Object Incon-
sistency Conflict cfl which concerns the set of Objects objy,..., obj,.//

(Vg1,..., gm: Goal ; cfl: Conflict) Vi=1,...,m gi.state  cfl.concern A Vi#j g; # g

= cfl.concern == cfl.concern U {g1,..., gm }
I11f there is a set of different Goals g,,..., gn Such that the set of Objects that defines the
state of each Goal g; of the set is a subset of Objects that are concerned by Conflict cfl,
then the Conflict concerns also the set of Goals gy, ..., gm.//

(V bc: Boundary Condition ; cfl: Conflict) bc e cfl.concern = (3 g: Goal A
g.prim_isa = Operational_Goal A g.sec_isa = Organizational_Goal A

(g.status = Fulfilled = —bc) A cfl € g.resolve)

/[For any Conflict cfl which contains a Boundary Condition bc exists an Operational
Organizational Goal g which, when fulfilled, resolves Conflict cfl, by eliminating the
Boundary Condition bc.//

(V g: Goal ; gra;: Goal_Refinement_Alternative ; cfl: Conflict)

(g.refined_by = gras A gras.status = Complete A cfl.concern = gra.contains)

= (3 grax: Goal_Refinement_Alternative A g.refined_by = gra; A

cfl.concern # gra.contains)

//Whenever a Goal Refinement Alternative gra; of Goal g generates Conflict cfl, there
exists another Goal Refinement Alternative gra, of Goal g which does not generate
Conflict cfl.//

Fig. 15. Formal specification of the Conflict concept

A Boundary Condition leads to Conflict. We use this concept to represent specific circum-
stances (in terms of conditions specified on Objects) which make Goals and/or Objects con-
flicting. Consequently, in situations other than those described in a Boundary Condition, the
Conflict does not exist. The state of the Boundary Condition specifies the circumstances un-
der which the Conflict exists.

(c38)

(c39)

Boundary Condition

name : Name
description : Informal_Definition
state : set Object

(V objy,..., obj,: Object ; bc: Boundary_Condition)

—|E|((/\1gignobji) A bC) A EI((/\1gignobji) A —|bC) A (—a Obji I —|E|((/\j¢i0bjj) A bC)))

= 3 cfl: Conflict A cfl.concern = {objs,..., obj,, bc} A cfl.isa = Divergence

//1f there is a set of Objects objy,..., obj, which is minimal — i.e. there is no Object obj;
such that its elimination from the set results in maintaining the inconsistency — and for
which there is a Boundary Condition bc such that both the set of Objects and the
Boundary Condition can never be true together, then there is a Divergence Conflict cfl
which concerns the set of Objects obj,..., 0bj, and the Boundary Condition bc.//

(V obj: Object ; bc: Boundary_Condition) —3(obj A bc) A 3(obj A —bc)

= 3 cfl: Conflict A cfl.concern = {obj, bc} A cfl.isa = Obstruction
//If there is an Object obj and a Boundary Condition bc such that obj and bc cannot be
true together, then there is an Obstruction Conflict cfl which concerns the Object obj
and the Boundary Condition cfl.//
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PROCESS SUB-MODEL

Fig. 16. Formal specification of the Boundary Condition concept

The process sub-model describes how goals of the organization are achieved through trans-
formation of objects. To fulfil and contribute to goals, actors apply Plans. Plans are com-
posed of Actions, which realize the transformation of inputs into outputs, according to their
specific internal procedures.
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Fig. 17. Process and Object Sub-Models

An Action is a transformation of an input Objects to an output Objects. It has the following

mandatory attributes:

— PreCondition, describes the necessary Objects (Beliefs, Resources, etc.) required by the
input in order to apply the Action.

— Trigger describes the sufficient Objects required by the input in order to apply the Action.
— PostCondition describes the Objects being output after the Action has succeeded.
— Contingency describes the Objects being output after the Action has failed.

PreCondition differs from Trigger in the sense that an Action may be applied when the Pre-
Condition holds, whereas it must be applied when the Trigger holds (e.g., a stock-trading
agent might sell some company’s stock if it starts to fall, but must sell it if it falls under some

threshold value).

[Action_Outcome]:= Succeeded | Failed

[Cost_Value]

[Duration_Value]

Action

name : Name

description : Informal_Definition
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precondition : set Object
trigger : set Object
postcondition : set Object
contingency : set Object
status : Action_Outcome

input : set Object
output : set Object

precedent : set Action
concurrent : set Action
alternative : set Action

cost : Cost_Value
duration : Duration_Value

(c40) (trigger = &) A (postcondition = &)
(V a: Action)
(ca1) 3 obj,...,0bj,: Object A {objs,...,0bj, } = a.postcondition = a.status = Succeeded

//1f the set of Objects {objy,...,0bj, } is the postcondition of an Action a, and if this set
exists, then the Action a has succeded. Otherwise, the Action a has failed.//

(V a: Action A obj: Object)

(c42) obj € a.input < obj e a.precondition U a.trigger

//Any Object obj that is input into Action a is in the precondition or trigger of that
Action.//

(V a: Action A obj: Object)

(c43) obj € a.output < obj € a.postcondition U a.contingency
/IAny Object obj that is output from Action a is in the postcondition of that Action.//
(ca4) (V a4, az: Action ; obj: Object)
obj € as.input A obj € a,.output = (a; € as.precedent)
/1f Action a, outputs Object obj and obj is input into Action a; then Action a, precedes
Action a.//
(c45) (V a4, az: Action)

as.trigger = ay.trigger = a, € as.concurrent A a; € az.concurrent
/IAny two Actions a; and &, that have identical triggers are concurrent.//

(V a1, az: Action ; obj: Object) obj € as.output A obj e az.output

(c46) = ((a2 € aj.alternative) A (a; € az.alternative))

/IAny two Actions a; and a, that can both output the same Object obj are alternative to
one another.//

Fig. 18. Formal specification of the Action concept

Whenever an Action has been applied, its Status attribute indicates if it has succeeded (c41),
resulting in either Postcondition or Contingency being achieved.

Relations between Actions can be explicitly modelled by using the optional attributes Prece-
dent, Concurrent, and Alternative. Respectively, Actions can be accomplished sequentially
(when an Action precedes some other Action (c44)), concurrently (when they are accom-
plished in parallel (c45)), and can be alternative to one another (when they output identical
Objects (c46)). This is of particular interest since activity diagrams, (such as those in e.g.,
UML (Bennett et al., 2002)) can be derived directly from the model.

An Action may also be described using the following optional attributes: Cost (which speci-
fies the material cost of applying the Action), and Duration (which specifies time necessary to
apply the Action). These attributes can be used to evaluate each alternative in terms of cost
and time necessary to fulfil Goal or achieve a process, which helps in alternative selection
when specific budget and performance constraints apply.
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Plan

A Plan represents a way of doing something (e.g., a sequence of Actions). It can fulfil and/or
contribute to a Goal. An Actor selects Plans according to the Goals that it pursues and Beliefs
that it follows. An Actor can select only among Plans which compose the Capabilities that it
POSSESSES.

When a Plan is applied, each of the Actions that compose it can either succeed or fail. Conse-
quently, we say that a Plan has succeeded only if all Actions that compose it have succeeded
(c50). When a Plan has failed, the Action of that Plan which has failed outputs the set of Ob-
jects specified in its Contingency attribute (c51).

[Plan_Outcome]:= Succeeded | Failed

Plan

name : Name

description : Informal_Definition
composed_of : seq Action

fulfil : set Goal

contribute : set Goal

status : Plan_Outcome

(c47) composed_of # &

(V pl: Plan A g: Goal) g e pl.fulfill = g.prim_isa # Softgoal
(c48) //1f a Goal g can be fulfilled, then g is not a Softgoal./

(V pl: Plan A g: Goal) g € pl.contribute_to = g.prim_isa = Operational_Goal
(c49) //1f Plan pl contributes to Goal g, then g is not an Operational Goal.//

(V pl: Plan) V¥ ay,...,as: Action A (as,...,a,y = pl.composed_of A

(c50) At<isndi.Status = Succeeded = pl.status = Succeeded

/1f some Plan pl is composed of a sequence of Actions (a;,...,a,) and if each of the
Actions in the sequence has been succeeded, then the Plan pl has succeeded.//

(Vpl: Plan) V aj,...,an: Action A (as,...,a,) = pl.composed_of A 3 a; € (a4,...,an) A
a;.status = Failed = pl.status = Failed A 3 objcont! = {objy,...,0bj,: Object} A
objcont = a;.contingency

/1f some Action a; which is in the sequence of Actions that compose Plan pl has failed,
then the Plan pl has failed and the Action a; outputs the set of Objects objcont, which
belong to its contingency meta-attribute.//

(c51)

Fig. 19. Formal specification of the Plan concept

OBJECT SUB-MODEL

The Object sub-model describes the Objects in the environment relevant for the process and
the organization. An Object is a non-intentional entity of interest for the organization or in-
volved in its business processes. Objects can be input and output of Actions. An Object can be
a Resource, a Belief, or an Event. Contrary to Actors, Objects exhibit neither intentional nor
social behavior.

Resource
A Resource is an Object that can be used or consumed during the performance of an Action.

Resources can be owned by actors and can be assigned to organizational roles. As the charac-
teristics of a resource can change with its utilization and/or with time, the state of a resource

26



is used to specify how and when changes occur. The state of the resource is specified as a

Belief concerning the resource.

Usually the resources are needed when organizational roles intend to fulfil and/or contribute

to organizational goals. They are often rare and used by a number of organizational roles. The

exchange of rights to use resources is done through Authorizations: whenever an organiza-

tional role requires the resource, it must receive the authorization to use it from the organiza-

tional role occupied by the owner of the resource.

We distinguish Informational Resources from Physical Resources. An Informational Re-

source is a piece of data or information used as input in or produced as output by one or more

Actions. We can characterize an Informational Resource with two optional attributes:

— Relevance describes the degree to which the informational resource aids the Action.

— Information Quality describes the quality of the informational resource in terms of domain-
specific quality criteria.

A Physical Resource is a tangible Resource used as input in Actions or produced by them as

output. We do not propose specific attributes for Physical Resources as they are domain-

specific (e.g., different sets of attributes would be used to describe resources used in steel in-

dustry than those used in pharmaceuticals).

[Resource_Type]:= Informational_Resource | Physical_Resource
[Relevance_Value]
[Information_Quality_Value]

Resource

name : Name

description : Informal_Definition

isa : Resource_Type

state : Belief

relevance : Relevance_Value
information_quality : Information_Quality_Value

(c52) isa =

Fig. 20. Formal specification of the Resource concept
Authorization

An Authorization is a specific type of Informational Resource. It is assigned to Organiza-
tional Roles and enables them to use the Resource that it concerns. It is similar to the concept
of permission in Gaia (Zambonelli et al., 2003) since:

¢ It identifies the resources that can legitimately be used to carry out a role as it is as-
signed to organizational roles.

o |t states the resource limits within which a role must operate, since an authorization has
limited validity: it “expires” as soon as the belief specified in its Valid Until attribute
becomes true. An authorization may last until e.g., the resource has been consumed to a
certain level or up to some point in time.

As indicated in Fig. 3, an Actor may own a resource, and that resource may be required by
other actors in order to fulfil their responsibilities. Consequently, the owner of the resource
must be capable of providing authorizations to organizational roles that require the execution
of actions that use or consume that resource (c54).
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Authorization

name : Name

description : Informal_Definition
assigned_to : Organizational_Role
concern : Resource

valid_until : Belief

(c53) (assigned_to = &) A (concern = &)

(c54) (V act: Actor ; res: Resource) res € act.own

= J actn: Action , pl: Plan , cap: Capability , azn: Authorization |

(azn e actn.postcondition A actn e pl.composed_of A pl € cap.composed_of A
cap e act.possess)

/If an Actor act owns the Resource r, then act is capable of executing an Action actn
that has an Authorization azn as postcondition.//

Fig. 21. Formal specification of the Authorization concept
Belief

A Belief corresponds to true or false information that an actor carries about the environment
in which it exists. The environment is described through Terms which are variables or func-
tions defined over other Terms. A Term can be an Object, Actor, Organizational Role, Group
or Organization.

[Term]:= Function(Term,...)
| Object
| Actor
| Organizational_Role
| Group
| Organization

Atomic Belief

name : Name
description : Informal_Definition
terms : seq Term

[Belief]:= Atomic_Belief
| = Atomic_Belief
| Atomic_Belief Connective Atomic_Belief
| Temporal_Pattern Atomic_Belief
[Connective]:=A | v | =
[Temporal_Patternl:=o |e |0 | ¢ |o|m| W| U

Fig. 22. Formal specification of the Belief concept

A Belief is specified either as an Atomic Belief, a negated Atomic Belief, a series of Atomic
Beliefs connected using logic connectives, or an Atomic Belief characterized with a temporal
pattern. We use the following temporal patterns (van Lamsweerde et al., 1998): o (in the next
state), @ (in the previous state), ¢ (some time in the future), ¢ (some time in the past), o (al-
ways in the future), m (always in the past), %/ (always in the future unless), and U (always in
the future until).

Organizational Rule
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Organizational Rules are a specific type of Belief which defines global constraints in the
group or organization. They govern interactions among actors and specify how the group or
the organization is supposed to work.

Organizational rules are of particular importance in the context of open systems. They con-
strain the behavior of self-interested actors as they make it possible to distinguish legitimate
from illegitimate expression of self-interest (Zambonelli et al., 2003).

Organizational rules are enforced both in groups and in the entire organizations. As indicated
in (c18), an organizational rule specified for the organization is enforced in every group of the
organization.

Event

An Event is a change of Goals. It is either output of an Action, or exogenous to the organiza-
tion, resulting from an action not accomplished by actors in the organization (e.g., for a com-
pany, a change in the currency exchange rate is such an Event). An Event affects Goals, by
dynamically adding, removing, or modifying them.

[Affect]:= Add | Remove | Modify

Event

name : Name
description : Informal_Definition
affect : set (Affect, Goal)

(c55) affect = &

Fig. 23. Formal specification of the Event concept

CONCLUSION

Modeling the organizational and operational context within which a software system will
eventually operate has been recognized as an important element of the engineering process
(e.g., Kolp et al., 2003). Such models are usually founded on primitive concepts such as those
of actor and goal (e.g., Yu, 1994). Unfortunately, no specific enterprise modeling framework
really exists for engineering modern corporate IS. This chapter proposes an integrated agent-
oriented enterprise model for enterprise modeling. Moreover, our approach differs primarily
in the fact that it is founded on ideas from in RE frameworks, management theory concepts
found to be relevant for enterprise modeling and agent oriented software engineering.

We have only discussed here the concepts that we consider the most relevant at this stage of
our research. Further classification of, for instance, goals is possible and can be introduced
optionally into the enterprise model. For example, goals could be classified into further goal
categories such as Accuracy, Security, Performance, etc. We also intend to define a strategy
to guide enterprise modeling using our model as well as to define a modeling tool a la Ra-
tional Rose to visually represent the concepts.
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