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ABSTRACT
Open systems are characterized by heterogeneous partici-
pants which can enter or leave the system at will. Typical
examples are e-commerce applications or information agent
systems. Agents (e.g. personal assistants for buying things
on the Internet) will only temporarily take up roles (e.g. a
buyer in on-line auctions). This creates the need to define
precisely what it means that an agent ”takes up” a role and
”enacts” it. In this paper we present ongoing research on the
determination of the conditions under which an agent can
enact a role and what it means for the agent to enact a role.
We define possible relations between roles and agents and
discuss architectural and functional changes that an agent
must undergo when it enters an open agent system.

Categories and Subject Descriptors
I.2.11 [Artificial Intelligence]: Distributed Artificial In-
telligence—multi-agent systems ; D.2.10 [Software Engi-
neering]: Design—methodologies

General Terms
Design, Languages, Theory

Keywords
Role, Organization, Norm, Goal, Conflict, Enacting Role

1. INTRODUCTION
In the emerging model of electronic business, a variety of
open electronic societies and marketplaces will be competing
with one another for participants. Independently developed
agents enter and leave marketplaces at will, in pretty much
the same way that human investors enter and leave different
financial markets today [4]. This situation illustrates the
need for systems that are open to the participation of differ-
ent, heterogeneous agents. Open systems are characterized
by heterogeneity of participants, limited trust, conflicting
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individual goals, and a high probability of non-conformance
to specifications [1]. Multi-Agent Systems (MAS) is one of
the most promising approaches to create open systems be-
cause of their ability to dynamically reorganize themselves
as their problems and constituent agents change [10]. Nev-
ertheless, most existing MAS architectures are closed, in the
sense that participating agents must be designed following
a given internal architecture. In our opinion, the effective
design of open agent societies requires the following aspects
to be considered. First, formal frameworks are needed that
specify the society structure and goals with verifiable and
meaningful semantics in a way that is independent from the
participating agents. Second, we need to specify mecha-
nisms through which prospective participants can evaluate
the characteristics and objectives of society roles, in order to
decide about participation. Third, the tools for individual
agents to adapt their architecture and functionality to the
requirements of an assumed role must be provided.

The importance of the first point has been widely acknowl-
edged. Society structure is often determined by organiza-
tional design which is independent of the agents themselves.
Agent Societies emerge from the idea that agent interac-
tions occur not just by accident but aim at achieving some
desired global goals. That is, there are goals external to each
individual agent that must be reached by the interaction of
those agents. Desired behavior of a society is therefore exter-
nal to the agents. Currently, several formalisms have been
presented concerning the first point above [1, 5, 6]. Such
formalisms describe the intended organizational structure
of the society and the laws that govern interaction among
agents in the same way as institutions are used in human
societies to lend legitimacy and security to its members by
establishing norms. With respect to the second and third
points, considerable work is needed and many research areas
are open.

The second point refers to the need to match agent and
role objectives and functionality. At the moment most ap-
proaches to this problem simply design agents from scratch
so that its behavior complies with the behavior described by
the role(s) it will take up in the society. This applies espe-
cially to closed MAS where all agents are designed centrally
and with a pre-intended purpose. In this case the design
of the agent follows from the requirements specified for the
role(s) the agent is fulfilling. See e.g. Gaia [13] for a good
example of this perspective. Comprehensive solutions for
this problem require complex agents that are able to reason
about their own objectives and desires and thus decide and
negotiate their participation in a society. A first step on



the road to this solution (taken in this paper) is to have a
formalism to compare the specifications of agents and roles
and determine whether an agent can enact a role. In the
future, agents themselves will be able to use this mechanism
to automatically evaluate their participation in a society.

Finally, the third point above indicates that, once a deci-
sion has been reached that an agent will indeed enact a role,
there must be ways to modify that agent in order to include
the characteristics of the assumed role. A possible solution
for this point has been proposed in [12] in which agents are
extended with an interface to the society. This interface
prevents any action not allowed by the role definition. How-
ever, it does not facilitate proactive behavior expected from
the agents while playing the role. We think that the conse-
quence of an agent adopting a role is more drastic than this.
The actual agent behavior must be changed according to
the objectives, norms and capabilities specified by the role.
In [2] it is assumed that agents have to adopt the goal (or
responsibility) of the role once they take up that role. Our
proposal allows for different approaches to such modification
of an agent which result in different role performances. For
instance, some agents will only attempt to achieve the goals
of its adopted role and forget its own private goals, while
others will only attempt to achieve the goals from the role
after its own goals have been satisfied. The consequences of
taking up a role are also discussed in [7]. Here the roles are
characterized by a set of norms that the agent should obey
when playing that role. Although we also assume the role
to contain a set of norms, we also associate a set of goals
with the role. The main difference is that a goal (stemming
from the role that the agent plays) represents an intrinsic
motivation of the agent enacting the role to pursue a course
of actions, while a norm is an extrinsic motivation [3].

In this paper we describe initial research concerning the
consequences of role-assignment using a fixed society de-
scription as presented in section 2. In section 3 we present
a formal abstract definition of agents and roles based on
the formal agent programming language 3APL. Section 4 is
about agents enacting roles. This section starts by defining
coherent agents and coherent roles, and goes on describing
how an agent can be modified to allow for the enactment
of a role. In section 5, we discuss open issues and future
research. Finally, in section 6 we present our conclusions.

2. AGENT SOCIETIES
In [5] a model for agent societies is introduced that takes an
organizational perspective. This model describes an agent
society in three levels.

1. Organizational model (OM): it describes the de-
sired or intended behavior and overall structure of the
society from the perspective of the organization in
terms of roles, interaction scripts and social norms.

2. Social model (SM): it populates the organizational
model with agents that are mapped to roles through
a social contract. Social contracts describe the agreed
behavior for an agent within the society in terms of
externally observable events. Agents enacting a role
are called actors.

3. Interaction model (IM): it specifies interaction agree-
ments between actors and describes the actual behav-
ior of the society.
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Figure 1: Agent society model

The relation between these models is depicted in figure 1.
For the purpose of this paper, we will be referring only to
the OM. The OM can be more or less elaborate, depending
on the type of society. It must describe the different roles
participating in the society and the way interaction between
roles is expected to happen in order for the society goals to
be realized. In general, roles interact with each other in dif-
ferent interaction scenes. For the sake of simplicity, in this
paper we assume that an organizational model consists of
only one interaction scene. That is, the society structure is
completely defined by a set of roles. Typically, interaction is
described using ”landmarks” that specify the main features
(conditions, obligations, and possibly partial plans) of inter-
actions between roles. It is left to the agents how to achieve
these landmarks. For a complete specification of the society
model we refer the reader to [5]. In the rest of this section,
we will informally describe the concepts of role and agent as
used in the Agent Society Model and introduce the working
example which will be used in the rest of the paper.

2.1 Organizational roles
Roles are one of the basic components of an organizational
model. A role is the abstract representation of a policy,
service or function. Role descriptions in the organizational
model identify activities and services necessary to achieve
society goals and enable us to abstract from the individuals
that eventually will enact the role. Furthermore, roles must
describe the necessary capabilities that must be performed
by any agent enacting that role. Roles are organized into a
role-relationship network.

In our model, roles can be seen as place-holders for agents
and represent the behavior expected from agents by the so-
ciety design. Roles are specified by goals, norms, and inter-
action rules. The goals of a role describe the results that the
role enacting agent must seek to obtain. They are equal to
what in other approaches such as [13] are called the respon-
sibilities of the role. Norms of a role specify the obligations
and prohibitions of the role enacting agents. Interaction
rules describe the interaction between roles and specify how
role enacting agents should interact with each other. A for-
mal description of a role will be given in section 3.3.

2.2 Agents
In our model, agents are active entities that are able to enact
roles described in the Organizational Model of a society.
Agents join a society by adopting some of its roles. In order
to be able to take up a role in the society, it is necessary for
an agent to alter (extend, modify or limit) its own behavior



such that it will react within the society in ways that are in
accordance to the expectations of the role.

We assume that agents are designed outside the scope of
the society, and have their own goals, beliefs, capabilities,
and reasoning rules. An agent will seek admittance to the
society at a given moment of its life cycle (the reasons for
which we do not consider here). We have kept our formalism
as close to current agent implementations as possible. Be-
cause most existing agent architectures do not provide (yet)
the possibility to specify normative agents we choose not to
include norms in our formalism for the agent (but only in-
clude them in the role definition). A formal description of
an agent will be given in section 3.2.

2.3 Working Example
In the remaining of this paper, we will illustrate role re-
lated concepts using an example of conference organization.
The process of organizing a conference can be modelled
as an agent society whose global goal is the realization of
a conference. This goal is achieved through the interac-
tion of several roles which are specified in the Organiza-
tional Model. We assume that this society contains the roles
of Organizer, Submitter, PC−member, Author, Presenter
and Participant. The goal of Organizer is to realize a
successful event for which it will need to rely on the PC-
members whose goal is to review the papers submitted. The
Author goal is to get its submission accepted, in which case
an author becomes a Presenter during a conference session.
The Participant goal is to attend a high quality conference.

3. AGENTS AND ROLES
In the following we present an abstract formal language to
specify cognitive agents and roles. We assume that a transla-
tion between any cognitive agent description language and
this formalism is possible. For the sake of illustration we
have based this formalism on the 3APL language [8].

3.1 3APL: Syntax and Semantics
In this section, we assume an agent model which we be-
lieve to be adequate for enacting roles in agent organiza-
tions. Such agents, also called 3APL agents, have beliefs
and goals. In order to achieve their goals 3APL agents rea-
son about their beliefs and goals, and execute actions. We
believe that this agent model is adequate for three reasons.
The first reason is that 3APL agents have the necessary in-
gredients (concepts and tools) to specify a role that can be
assigned to them. The second reason is that 3APL agents
have a formal syntax and semantics such that they can be
specified unambiguously. The third reason is that the pro-
posed formal syntax and semantics is computational such
that agent organizations (i.e. a set of agents each of which
plays a role) can be implemented. Since the formal syntax
and semantics of 3APL is already introduced in [8], we only
present a brief summary in order to make this paper self
contained.

3APL agents consist of four modules. These modules are
beliefs, basic actions, goals and reasoning rules. Each mod-
ule can be specified by means of expressions of a language.
Below is an overview of the languages for each module. The
first language is the belief language the expressions of which
specify the agent’s information about its environment.

Definition 1. Given a set of domain variables and func-
tions, the set of domain terms TD is defined as usual. Let
t1, . . . , tn ∈ TD, Predb be the set of belief predicates, and
p ∈ Predb. The belief language LB is defined as:

LB = φ ::= p(t1, . . . , tn) | ¬φ | φ ∧ ψ

All variables in φ ∈ LB are universally quantified with max-
imum scope. The beliefbase module of a 3APL program is a
set of belief formulae.

The set of basic actions is a set of (parameterized) actions
that can be executed if certain preconditions hold. After ex-
ecution of an action certain postconditions must hold. These
actions can be, for example, physical actions or belief update
operations.

Definition 2. Let t1, . . . , tn ∈ TD, Action be a set of
action names, A ∈ Action, and φ, ψ ∈ LB. Then, the action
langauge LA is defined as:

LA = α ::= 〈φ, A(t1, . . . , tn), ψ〉
The belief formula φ is called the pre-condition of the action
and must hold before performing the action. The belief for-
mula ψ is called the post-condition of the action and must
hold after performing the action. The basic action module
of a 3APL program is a set of basic actions.

The set of goals consists of different types of goals: Basic
action goals (BactionGoal), predicate goal (PredGoal), Test
goal (TestGoal), skip goal (SkipGoal), sequence goal (Seq-
Goal), if-then-else goal (IfGoal), and while-do goal (While-
Goal).

Definition 3. Let t1, . . . , tn ∈ TD, α ∈ LA, φ ∈ LB , P redg

be the set of goal predicates such that Predb∩Predg = ∅ and
q ∈ Predg. Then, the goal language LG is defined as follows:

LG = π ::= α | q(t1, . . . , tn) | φ? | skip | π1 ; . . . ; πn |
IF φ THEN π1 ELSE π2 | WHILE φ DO π

The goal base module of a 3APL program is a set of goals.

It is important to note that the notion of goal here is
a kind of to-do-goal which is closely related to the notion
of task or plan. Moreover, predicate goals, which play an
essential part in this paper, should be seen as task names.
Predicate goals should not be confused with belief formulas
and therefore should not be considered as denoting a state.
For example, unlike a belief formula, a predicate goal cannot
be composed with other predicate goals by means of logical
operators to form more complex predicate goals.

In order to define practical reasoning rules, a set of goal
variables, GV AR, is introduced. These variables are differ-
ent from the domain variables used in the belief language.
The goal variables may occur in the head and the body
of practical reasoning rules and will be instantiated with a
goal. Note that domain variables are instantiated with the
belief terms. We extend the language LG with goal vari-
ables. The resulting language LGv extends LG with the
following clause: if X ∈ GV AR, then X ∈ LGv .

Definition 4. Let πh, πb ∈ LGv and φ ∈ LB, then a
practical reasoning rule is defined as: πh ← φ | πb.
This practical reasoning rule can be read as follows: if the
agent’s goal is unifiable with πh and the agent believes φ,
then πh is replaced by πb. The practical reasoning module of
a 3APL program is a set of practical reasoning rules.



A practical reasoning rule can be applied to a goal by uni-
fying the head of the rule with the initial part of the goal.
Since goal variables may occur in the head and the body of
practical reasoning rules, the unification results in a substi-
tution for goal variables. The resulting substitution will be
applied to the body of the practical reasoning rule and the
resulting goal will replace the initial unified part of the goal
to which the rule was applied. For example, consider the
practical reasoning rule X; B() ← > | X; X and the goal
π = A(); B(); C(). The application of the rule to π results
in the substitution [X/A()] which, when applied to the body
of the rule, gives the goal A(); A(); C(). Of course, there are
many different choices for how to unify the head of a rule
with a goal. A discussion of this issue is out of the scope of
this paper.

Practical reasoning rules are used for various reasons. They
can be applied to revise agents’ goals that are not achiev-
able, to actions that are blocked, to optimize agents’ goals,
to generate goals, or to plan a goal. In the context of this
paper we are only interested in the rules for goal generation
and planning.

• Goal generation rule: A goal generation rule is a
practical reasoning rule that has the form > ← φ | g,
where φ ∈ LB and g is a predicate goal. A goal gen-
eration rule indicates that the goal g can be adopted
if the agent believes φ. A goal generation rule will be
noted as φ ⇒ g. The set of goal generation rules is
denoted by Sg.

• Planning rule: A planning rule is a practical reason-
ing rule of the form g ← φ | π, where g is a predicate
goal, φ ∈ LB , and π ∈ LG. The goal g can be achieved
by plan π if φ is believed. The set of planning rules is
denoted by Sp.

Finally, two strict orderings are associated with each agent.
The first ordering indicates the preference of the agent with
respect to its goals and the second ordering indicates the
preference of the agent with respect to its planning rules.
In a 3APL program, these ordering are implemented by the
order of occurrences of goals and practical reasoning rules
respectively. In [8] an operational semantics for the 3APL
language is proposed which is defined by means of a tran-
sition system. Since the semantics of the 3APL language is
not the focus of this paper, we do not present it here.

3.2 Agent Definition
For the objectives of this paper, an agent is defined as a set
of predicate goals, a belief base, and a set of planning rules.
Furthermore, we use two orderings: one on the goals of the
agent and another on its reasoning rules.

Definition 5. A 3APL agent is a tuple 〈Π, σ, Γ,Âg,Âr〉,
where Π ⊆ LG is a set of predicate goals, σ ⊆ LB, Γ ⊆ Sp is
a set of planning rules, Âg is a complete ordering on Π, and
Âr is a partial ordering on Γ such that Âr is complete for
each subset of Γ that consists of rules with unifiable heads.

The ordering on the goals is needed to prioritize which goal
the agent tries to achieve next. This ordering has to be
complete because the agent must always be able to make a
choice between two goals. The chosen goal determines which
rules are applicable. Ordering between rules is therefore only
necessary for rules related to the same goal.

3.3 Role Definition
Similarly to the agent definition, we define a role through its
set of predicate goals, and its interaction rules which must
also be ordered. For the moment we assume the interaction
rules to have the same format as the planning rules of agents.
Furthermore, the definition of role includes the norms asso-
ciated with the role, which are split into obligations and
prohibitions.

Definition 6. A role ρ is a tuple 〈Ω, Λ, Υ, Θ,Âg,Âr〉,
where Ω is a set of predicate goals that should be achieved
when enacting the role, Λ ⊆ Sp is a set of planning rules that
specifies how goals should be achieved, Υ ⊆ Sg is a set of
obligations that needs to be satisfied when enacting the role,
Θ ⊆ Sg is a set prohibitions, Âg is a complete ordering on Ω
and Âr a partial ordering on Λ such that Âr is complete for
each subset of Λ that consists of rules with unifiable heads.

In the context of this paper, obligations are modelled as goal
generation rules and prohibitions specify goals that the role
enacting agent must avoid. We are aware that there are
more accurate theoretical definitions of obligations and pro-
hibitions but the above definition suffices for the purpose
of the paper. Although the formal definition of a role is
very similar to that of an agent there is a fundamental on-
tological difference between the two concepts. Whereas an
agent eventually has an operational semantics, a role con-
sists solely of a set of patterns to be taken up by the agents
fulfilling the role. So, the goals and rules that constitute
a role only get an operational semantics indirectly through
the agents that take up the role.

3.4 Conflicts between Goals
In the previous sections we have explained and defined agents
and roles. The first step in the process of enabling agents to
enact roles is to verify whether the agent is ”consistent” with
the role. In this section we introduce the notion of conflict
between goals and formally define it. Some of the intuitions
of this section are derived from work on conflicting goals in
[9]. The basic notion of conflict is defined between goal-rule
units that consist of one predicate goal and a set of rules.
The rules in the units can be seen as planning rules for the
goal.

Definition 7. Let Γ ⊆ Sg∪Sp and g ∈ LG be a predicate
goal. The pair 〈g, Γ〉 is a goal-rule unit.

Two goal-rule units can conflict if they have conflicting goals.
For example, the goal-rule units 〈g, ∅〉 and 〈¬g, ∅〉 conflict
since g conflicts with ¬g. Obviously, two goal-rule units
may be conflicting even when their goals are not conflicting,
because conflicting goals can be generated by applying the
rules. For example, 〈g, ∅〉 can conflict with 〈>, {> ⇒ ¬g}〉
since applying the rule of the second goal-rule unit gener-
ates the goal ¬g which conflicts with g. Two goal-rule units
can also conflict when they do not contain any goals at all.
For example, 〈>, {b ⇒ g}〉 and 〈>, {b ⇒ ¬g}〉 conflict be-
cause the involved rules generate conflicting goals g and ¬g.
In order to define conflicts between arbitrary pairs of goal-
rule units, we introduce the notion of necessary and possible
subgoals of a goal relative to a set of planning rules [9].

Definition 8. Let α ∈ LA be a basic action, φ ∈ LB

be a belief formula, g ∈ LG be a predicate goal, R ⊆ Sp,
and π, π1, . . . , πn ∈ LG. Let also plani

R(g) be the body of a



planning rule i from R that has g as the head, plani
R(g)− g

be the same as plani
R(g) except that all occurrences of g

are removed, and m be the number of rules in R that have
a unifiable head with g. The necessary subgoals of goal π
relative to the set of planning rules R, denoted by sgnec

R (π),
can be inductively defined as follows:

• sgnec
R (α) = ∅

• sgnec
R (φ?) = ∅

• sgnec
R (g) = {g} ∪ (

⋂
i=1,...,m sgnec

R (plani
R(g)− g))

• sgnec
R (π1; . . . ; πn) =

⋃
i=1,...,n sgnec

R (πi)

• sgnec
R (IF φ THEN π1 ELSE π2) = sgnec

R (π1)∩ sgnec
R (π2)

• sgnec
R (WHILE φ DO π) = sgnec

R (π)

For possible subgoals of π relative to R, written as sgpos
R (π),

we need to replace ∩ for the IFgoal with ∪.

A possible way to define a conflict between a pair of goal-
rule units is when their goals together with their possible
subgoals are conflicting. This is a very strong notion of
conflict as it takes all possible subgoals into account. Al-
ternatively, a pair of goal-rule units may conflict when their
goals together with their necessary subgoals are conflicting.
This is a much weaker notion of conflict as it takes only the
necessary subgoals into account.

Definition 9. Let u1 = 〈g, Γ〉 and u2 = 〈g′, Γ′〉 be two
goal-rule units. The strong conflict between goal-rule units
u1 and u2, written as u1\u2, is defined as follows:

u1\u2 ⇔ ∃h ∈ sgpos
Γ (g) ∃h′ ∈ sgpos

Γ′ (g′) (h = ¬h′)

The weak conflict between units u1 and u2, written as u1]u2,
is defined as follows:

u1]u2 ⇔ ∃h ∈ sgnec
Γ (g) ∃h′ ∈ sgnec

Γ′ (g′) (h = ¬h′)

The above definitions can be extended to conflicts between
sets of goals. For this purpose, we introduce the notion of
goalset-rule unit. A goalset-rule unit is a pair 〈Π, Γ〉 for
Π ⊆ LG and Γ ⊆ Sg ∪Sp. In the following, we consider only
the strong notion of conflicts between goals. To look at other
types of conflicts between goals would mean an explosion on
the number of possible combinations, which would take too
much space to describe and explain. The stronger notion
we look at, is the most restrictive case, that is, indicates a
’real’ conflict between goals that cannot be ignored.

Definition 10. Let u1 = 〈Π, Γ〉 and u2 = 〈Π′, Γ′〉 be
goalset-rule units. The strong conflict between units u1 and
u2, written as u1\u2, is defined as follows:

u1\u2 ⇔ ∀g ∈ Π ∀g′ ∈ Π′ (〈g, Γ〉\〈g′, Γ′〉)
The weak conflict between units u1 and u2, written as u1]u2,
is defined as follows:

u1]u2 ⇔ ∃g ∈ Π ∃g′ ∈ Π′ (〈g, Γ〉\〈g′, Γ′〉)
Note that we could have defined two more notions of con-
flicting goalset-rule units by changing the quantifiers in the
definition. We could also have varied by changing between
strong and weak conflicting goals. Together, this would have
given us 8 possible gradations of conflicts between goalset-
rule units. Although interesting in themselves we have lim-
ited ourselves to the extremes defined above which seem to
be the more useful (necessary) ones for the moment.

4. AGENTS ENACTING ROLES
In order to define when an agent can play a role without

being in conflict with or violating a norm, we first need
to consider if an agent or a role is internally coherent, i.e.
if the goals and plans of an agent are conflicting or if the
goals, plans, and norms of a role can conflict. Moreover, we
assume that the internal coherence of an agent or a role also
depends on whether goals and subgoals, associated with an
agent and a role, are achievable, i.e. whether they can be
planned by the planning rules associated to the agent and
the role, respectively.

Definition 11. An agent A = 〈Π, σ, Γ,Âg,Âr〉 is inter-
nally coherent if and only if:

• The goals of an agent are not conflicting, i.e.

¬(〈Π, Γ〉 ] 〈Π, Γ〉)
• The goals of an agent can be planned and reached, i.e.

∀g ∈
⋃

g′∈Π

sgpos
Γ (g′) ∃b ∈ LB ∃π ∈ LG (g ← b | π ∈ Γ)

Moreover, an internally coherent agent is called effective if
and only if:

• All planning rules are applicable, i.e.

∀ γ ∈ Γ (γ = g ← b|π ∧ g ∈
⋃

g′∈Π

sgpos
Γ (g′))

For a role the internal coherence means that goals, plans,
obligations and prohibitions do not conflict with each other
and the goals are achievable.

Definition 12. A role R = 〈Ω, Λ, Υ, Θ,Âg,Âr〉 is inter-
nally coherent if and only if:

• Goals of a role are not conflicting, i.e.

¬(〈Ω, Λ〉 ] 〈Ω, Λ〉)
• Goals of a role can be planned and reached, i.e.

∀g ∈
⋃

g′∈Ω

sgpos
Λ (g′) ∃b ∈ LB ∃π ∈ LG (g ← b | π ∈ Λ)

• Goals and obligations of a role do not conflict, i.e.

¬(〈Ω, Λ〉 ] 〈>, Υ〉)
• Goals and prohibitions do not conflict, i.e.

∀g ∈
⋃

g′∈Ω

sgpos
Λ (g′) ∀b ∈ LB (b ⇒ g 6∈ Θ)

• Obligations and prohibitions of roles do not conflict,
i.e.

∀g ∈
⋃

b⇒g′∈Υ

sgpos
Λ (g′) ∀b′ ∈ LB (b′ ⇒ g 6∈ Θ)

Moreover, an internally coherent role is effective if and only
if:

• All planning rules are applicable, i.e.

∀ λ ∈ Λ (λ = g ← b|π ∧ g ∈
⋃

g′∈Ω

sgpos
Λ (g′))

Before we can discuss how an agent takes up a role we must
discuss the relationship between roles and agents.



4.1 Matching agents and roles
In the following we consider two different relations be-

tween an agent and a role. The first relation is called com-
patibility, which is based on the subset relation between
components of the agent and the role. Informally, an agent
is compatible with a role if and only if the agent (sub)goals
are a subset of (sub)goals of the role. That is, the agent
(naturally) fulfills the goals of the role. Conversely, a role
is compatible with an agent if and only if the (sub)goals of
the role are a subset of (sub)goals of the agent.

Definition 13. Let A = 〈Π, σ, Γ,Âg
A,Âr

A〉 be a 3APL
agent and R = 〈Ω, Λ, Υ, Θ,Âg

R,Âr
R〉 be a role. Agent A is

compatible with role R iff Π ⊆ Ω and Γ ⊆ Λ. Conversely,
role R is compatible with agent A iff Ω ⊆ Π and Λ ⊆ Γ.

For example, if an agent A has the goal of reading a certain
paper and there is a role of PC-member according to which
one must review that same paper, agent A is compatible
with the role of PC-member since the subgoals of review-
paper includes goal read-paper. Compatibility indicates that
the agent is highly suitable to fulfill a role. However, such a
match between agents and roles is not always possible. We
therefore introduce a weaker relation between agents and
roles. This relation, consistency, indicates that the goals of
the agent and the goals of the role do not conflict.

Definition 14. Let A = 〈Π, σ, Γ,Âg
A,Âr

A〉 be an inter-
nally coherent agent and R = 〈Ω, Λ, Υ, Θ,Âg

R,Âr
R〉 be an

internally coherent role. Agent A is consistent with role R
if and only if:

• The goals and rules of the agent and the role do not
conflict:

¬(〈Π, Γ〉]〈Ω, Λ〉)

• The goals and rules of the agent do not conflict with
the obligations of the role:

¬(〈Π, Γ〉]〈>, Υ〉)

• The goals and subgoals of the agent do not conflict with
the prohibitions of the role:

∀g ∈
⋃

g′∈Π

sgpos
Γ (g′) ∀b ∈ LB (b ⇒ g 6∈ Θ)

For example, agent A with the goal of submitting a paper
is consistent with the role of PC-member since both goals
do not ’interfere’ with each other. We can now define the
concept of role enabled agents.

Definition 15. Given an internally coherent agent A and
an internally coherent role R:

• A is strongly enabled to enact R iff A is compatible
with R

• A is weakly enabled to enact R iff A is consistent with
R

4.2 Taking up the role
Given an internally coherent agent A and an internally

coherent role R, we can now consider what it means for
agent A to enact the role R appropriately. In this paper, we
consider that when an agent A enacts role R, A will adopt all

the goals and the rules associated with R. A will also include
the obligations of the role as rules in its rule base. These
will trigger the agent to fulfill the obligations of the role. In
addition, the agent can keep some or all of its own goals and
rules, as long as it keeps its internal coherence. Furthermore,
in order to achieve its goals, an agent must select and plan
them. This selection mechanism is based on the ordering
on goals and planning rules. When A adopts the goals and
rules of a role R, A must also extend its orderings to include
the goals and rules of the role. Of course, this can be done
in many different ways which indicate how the agent enacts
the role. For instance, this ordering can give preference to
the agent’s own goals (a selfish agent), or to the goals of
the role (a social agent). In the most simple case, such
ordering will be imposed on the agent by the society. In the
future, agents should be able to reason and negotiate about
combining these orderings. See also [11] for some possible
mental consequences for agents when taking up a role.

Definition 16. Let A = 〈Π, σ, Γ,Âg
A,Âr

A〉 be a 3APL
agent and R = 〈Ω, Λ, Υ, Θ,Âg

R,Âr
R〉 be a role. The role en-

acting agent R(A) is an agent, enabled to enact role R, such
that R(A) = 〈Ω ∪ sub(Π), σ, Λ ∪Υ ∪ sub(Γ),Âg

R(A),Âr
R(A)〉

where sub(Π) and sub(Γ) respectively represent subsets of Π
and Γ, and Âg

R(A),Âr
R(A) are ordering relations on the goals

and reasoning rules for R(A). Besides the usual structural
constraints on these orderings, they should preserve the goal
and rule orderings of role R.

For example, consider agent1 A = 〈{gA}, σ, Γ,Âg
A,Âr

A〉 where
gA = read-paper. A is enabled to enact the PC-member
role specified as PC-member=〈{gpc

1 , gpc
2 }, Λ, ∅, ∅,Âg

pc,Âr
pc〉,

where gpc
1 = review-paper and gpc

2 = announce-conference
such that gpc

1 Âg
pc gpc

2 . The role-enacting agent pc(A) is

specified as 〈{gpc
1 , gpc

2 , gA}, σ, Λ ∪ sub(Γ),Âg
pc(A),Âr

pc(A)〉.
According to definition 16, the ordering relation Âg

R(A) must

preserve the ordering of goals in the role, i.e. gpc
1 Âg

pc gpc
2 .

How the order between goals of the role and goals of the
agent is to be specified is up to pc(A). For this example the
following orders are possible:
read-paper Âg

pc(A) review-paper Âg
pc(A) announce-conference

review-paper Âg
pc(A) read-paper Âg

pc(A) announce-conference

review-paper Âg
pc(A) announce-conference Âg

pc(A) read-paper

Note that the ordering taken by the role enacting agent in-
dicates the attitude of the agent to the role it is taking up.

It is clear that an appropriate enacting relation presup-
poses both compatibility and consistency relations. An agent
that is neither compatible nor consistent with a role has ap-
parently goals and planning rules that, when enacting the
role, may violate some norms that are associated with the
role. A critical case is when an agent is consistent with a role
but not compatible. In such a case, the agent has apparently
some additional goals or planning rules that are not asso-
ciated with the role. Although this agent will not violate
any norms associated with the role, the agent may use its
own preference ordering to achieve its own goal preferably
and thus ignore the goals that are prescribed by the role. It
is clear that in such a case, the agent enacts the role inap-
propriately. The same situation can also occur even when

1To save space, we only mention the elements of an agent
definition that are relevant for the example.



the agent and the role are compatible. In such situations,
the appropriate enacting relation is not guaranteed since the
enacting relation depends on the ordering on goals and roles
as well. An agent can in fact use its own preference relation
and thereby never achieve the goals associated with a role.

Definition 17. Given the above discussion we can dis-
tinguish at least the following types of role enactment by the
agents:

• selfish enactment: The enacting agent includes a
subset of its own goals and rules, and gives priority to
its own goals and rules.

• social enactment: The enacting agent includes a
subset of its own goals and rules, but gives priority
to the goals and rules of the role.

• maximally social enactment: The enacting agent
only uses the goals and rules from the role, and adopts
the orderings of the role.

Of course it is easy to see that many more combinations
could be made. The above classification is based on the as-
sumption that the ordering on goal and rules of the enacting
agent is in accordance with the ordering that is prescribed
by the role. This assumption can be relaxed in which case
the agent can either use its own ordering, the ordering of the
role, or a combined ordering. Moreover, we may assume an
ordering on the obligations and prohibitions associated to
the role. In general, the possible choices to use these order-
ing result in a variety of agent types. We leave it for further
research, which other types of enactment might be useful in
practice. However, we would at least like to mention two
prototypical examples of agents:

Definition 18. An agent that follows its own preference
orderings rather than the orderings associated with the role
is called a selfish agent. An agent that follows the order-
ings associated with the role rather than its own orderings is
called social agent.

Thus, in the case of conflicting orders, a social agent will
adopt the order associated to the role and not its own. In
contrast, a selfish agent will use its own order rather than the
order associated to the role. We finish this section with the
following proposition that indicates some relations between
the different concepts that we have defined in the previous
sections.

Proposition 1. Let A = 〈Π, σ, Γ,Âg
A,Âr

A〉 be an inter-
nally coherent agent and R = 〈Ω, Λ, Υ, Θ,Âg

R,Âr
R〉 be an

internally coherent role such that Âg
A⊆Âg

R and Âr
A⊆Âr

R.
Then,

• A is compatible with R implies A is consistent with R.

• If A and R are effective and A is consistent with R,
then the enacting agent R(A) is internally coherent
and effective.

• If A is compatible with R and A is a social agent, then
agent R(A) enacts role R maximally social.

• If A is consistent with R and A is a social agent, then
the enacting agent R(A) enacts R socially.

We leave the proofs out due to space limitations. Most of
them follow directly from the definitions given before.

5. FURTHER RESEARCH
Ideally the paper would continue with a section on how the
agent exits from a role. It is obvious that an agent should
not be allowed to exit a role at any time the agent wishes
to do so. Enacting a role creates the expectation that the
agent will fulfil the goals and norms associated with the role,
and an agent should not exit the role before those goals are
achieved, or otherwise it should pay some penalty. Some of
this notions could be modelled by specifying so-called exit
states/goals of the role. That is, an agent can exit the role
whenever it fulfills one of these pre-defined goals. Of course,
this raises the question whether an agent cannot exit a role
anymore when it genuinely tried to fulfill the goals, but is
not capable of doing so (due to special circumstances).

Another question that has to be answered is the state of
the agent after it exits the role. If the agent had given up its
own goals and rules for those of the role it enacted, then it
has to recover them somehow. Also it might have to return
to a particular goal it tried to fulfill before taking up the role.
However, it should then determine how the role enactment
contributed to the fulfilment of that goal in order to check
which subgoal to pursue next. In an extreme case the role
enactment was forced upon the agent and can be considered
as a kind of interrupt after which the agent can continue
where it left of. Normally, however, enacting the role served
some purpose for the agent and it should check whether the
purpose was (partially) reached. It might be clear that these
issues still need thorough investigation and cannot be dealt
with in the little space available at this point.

Another point for further research concerns the types of
relations between agents and roles. In this paper the no-
tion of role enacting agents is based on the assumption that
the agents and the roles that they enact are not conflicting.
Clearly, this is a strong limitation for agents to enact roles.
In general we believe that agents should be able to enact a
role even when they are conflicting. However, agents will
probably not fulfill the role optimally or efficiently when
they conflict with the role. An interesting issue is in this
case the level of role fulfillment when certain conflict exists.
Therefore, possible conflicts and their properties should be
identified and classified. For each class of conflicts the level
of role fulfillment should be determined. Another related
issue is the partial fulfillment of a role by an agent. The
question is which parts of a role can be fulfilled by an agent
that conflict with the role.

Concerning the compatibility relation itself there are also
some areas for further exploration. Up to now the com-
patibility relation was defined based on set inclusion and
identity. However, we may extend the notion of compati-
bility by considering goals and plans that are not based on
identity and inclusion. We may also consider the case where
the agent not only adds goals and rules to its components,
but it also adds basic actions in order to be enact a relation.

Finally, there are some areas for further research related
to the specification of the agents and roles themselves. The
notion of goal as discussed in this paper is a kind of to-do-
goal, which is related to the notion of task or plan. These
goals do not denote states and cannot be composed by means
of logical connectives. As a consequence, the agent can rea-
son about goals only by means of practical reasoning rules
and not by means of logical relations between goals. We are
developing an extension of 3APL in which the concept of
to-be-goal is available. In order to realize this extension we



consider two sets of state formulae. The first set contains the
belief formulae, which denote the current state of the agent.
The second set of state formulae contains the goal formu-
lae, which denote the states to be reached. Of course, we
demand that a goal formula should not be a belief formula
since such a case indicates that a goal (a to-be-reached state)
is already reached. Using this notion of goal, most of the
proposed definitions in this paper should be reformulated
and explained in terms of goal formulae. The preference of
agents can then be defined in the standard way in terms of
the orderings on states.
Another logical extension of the agent specification is of
course adding norms to the agents themselves. Normative
agents will have their own set of norms that should be com-
pared to the goals and norms of the role in order to check
whether the agent is consistent with the role and is likely to
fulfill it in a satisfactory way.

6. CONCLUSIONS
Given the importance of open agent systems and the fact

that in these systems agents will no longer be designed for
one particular role, but are rather developed independently
and have their own goals and rules, it becomes imperative
to design mechanisms to check the compatibility of certain
agents with roles in the agent system. In this paper we have
presented on going research on the determination of some
necessary conditions under which an agent can enact a role
and what it means for the agent to enact a role. We have
shown that agents can be more or less ’suitable’ to fulfil a
role depending on the relation between an agent’s own goals
and the requirements of the role. Besides the suitability
of an agent, there are also a number of ways an agent can
enact the role. For example, whether the role gets priority
or not. Each of those choices can be represented as a specific
architectural adaptation of the agent. An important point
for further research is to formally describe how an agent can
exit the role.
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