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1. Introduction

An important aim in the field of multiagent systems is
to study emergent social structures, such as sets and collec-
tives.

Castelfranchi [5] introduces concepts like groups and
collectives from social theory in agent theory, both to en-
rich agent theory and to develop experimental, conceptual
and theoretical new instruments for the social sciences. In
this paper we contribute to this project by addressing the
following questions:

1. How to relate conceptual models based on the mind,
power [4], dependence [6], or coalitions [7]?

2. How to use these models and relations in agent theory?

3. How to formalize these models and relations between
them?

2. Hierarchy of structural views on MAS

We distinguish four structural viewpoints on multiagent
systems in an abstraction / refinement hierarchy, as visual-
ized in Figure 1.

Roughly, the most refined view describes the structure of
the mind of cognitive agents including at least their action
repertoire and goals. The power view abstracts from the ac-
tions of individual agents and describes only the goals (sets
of) agents can reach. The dependence view is a relational
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variant of the power view, that describes how agents de-
pend on each other to fulfill their goals. Finally, the coali-
tion view describes which agents can cooperate to see to
their goals.

Consider for example the left side model in Figure 2, in
which agent a; can see to goal g, of agent a», agent as can
see to goal g3 of agent a3, and agent as can see to goal g; of
agent a;. We say that agent a; has the power to see to goal
go, that agent as depends on agent ay for fulfillment of its
goal go, and, if all the three agents cooperate, then they can
form a coalition {ay, as, a3} that can see to all goals.

Figure 1 is an abstraction hierarchy, because some sys-
tems which can be distinguished at a more refined level, be-
come indistinguishable at a more abstract level. Consider
for example the right side model in Figure 2, in which the
dependence between each pair of agents has been reversed:
agent a; can see to goal gs, agent a, can see to goal ¢,
and agent a3 can see to goal go. In the three most refined
views, these two models can be distinguished. E.g., in the
first model agent a; depends on agent as, whereas in the
second model agent a, depends on agent a;. In the coali-
tion view they are indistinguishable, because in both mod-
els the set of agents {a1, a2, a3} cansee to {g1, g2, 93}

Each structural view can be related to a behavioral view,
but we do not suggest that such behavioral views can be
structured in an abstraction / refinement hierarchy too.
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Figure 1. Abstraction / refinement hierarchy
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3. Implications for agent theory

A formalization of the hierarchy consists of four differ-
ent formal theories, together with abstraction and refine-
ment procedures. Castelfranchi shows how the hierarchy
can be used to deal with the micro-macro dichotomy by
giving a micro explanation of complex social phenomena
(emergence), and by describing how macro phenomena in-
fluence micro behavior (immergence). Moreover, it has two
important uses in agent theory.

First, mechanisms and algorithms defined in abstract the-
ories can be used in more refined ones, and vice versa, the
abstraction of agent theories leads to new theories to be
studied. For example, Castelfranchi [5] introduces a theory
of goal-based coalitions, which extends the usual notion of
coalitions [7]. Moreover, he suggests that coalition theories
based on social agents can be distinguished from coalition
theories developed in classical game theory.

Secondly, phenomena studied in agent theory, such as
cooperation, coordination, authorization, delegation, trust
management systems, et cetera, can be analyzed at vary-
ing abstraction levels using distinct conceptual models.

For example, in previous research [1] we use norms to
define obligations of BDI agents, that like desires are used
to generate goals, but the role of norms in power structures,
dependence networks and coalition theories remains mainly
unexplored. As a more complicated example, we have pro-
posed a model of the creation of a new norm [3] based on
the three steps of merging individual desires into a group
goal, individualizing the group goal into norms (together
with sanctions), and acceptance of the norm in case the
agents recognize that it leads to fulfillment of their desires.
At other abstraction levels, we can for example character-
ize the generation of the group goal as a struggle for power,
and the acceptance relation as a recognition of a coalition.

4. Towards formalization

The starting point of the following four theories is the
rule based multiagent system we have developed in earlier
work. [1, 2, 3] First we define the four views, then we de-
fine the abstraction / refinement relation.

Mind view (A, G, X,goals : A — 29 skills : A —
2X R : 2% — 29) consists of a set of agents A, a set
of goals GG, a set of actions X, a function goals that re-
lates with each agent the set of goals it is interested in, a
function skills that describes the actions each agent can per-
form, and a set of rules R that relate sets of actions with the
sets of goals they see to.

Power view (A, G, goals, power : 24 — 229) does not
contain actions or skills, but contains a function power that
relates with each set S C A of agents the sets of goals
GL,...,G2.
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Dependence view (A, G, goals, dep : 24 x 24 — 229)
does not contain powers, but it does contain a function dep
that relates with each pair of sets of agents all the sets of
goals on which the first depends on the second.

Coalition view (A, G, goals, coal : 24 — 22%) contains
a function coal that relates sets of sets of goals with sets
of agents. A set of agents corresponds to a potential coali-
tion and the related sets of goals are the outcomes they can
assure themselves.

Since the abstraction / refinement relation between the
dependence view and the coalition view is quite compli-
cate, we first show the relation between the mind view and
the power view and then directly the relation between the
power view and the coalition view.

In the power view a set of agents S C A has the power
to see to the sets of goals Gy, . .., G'Z if, in the mind view,
forany 1 < i < m, S has a joint set of actions able to see to
all goals in G% independently from the actions of the other
agents A\ S.

In the dependence view the set of agents S; C A depends
on the set of agents S, C A for the set of goal G' C G if, in
the power view, all the members of S are interested in G’,
S1 does not have the power to see to G', but S; U S5 has.

In the coalition view, for S C A we have coal(S) C
power(S), and moreover (1) any coalition is self-interested
in the sense that if G € coal(S) then for any goal of G
there exists a member of S interested in it and (2) the union
of two coalitions is not a coalition if they are not correlated,
in the sense that the formation of one of them cannot influ-
ence the formation of the other one.

There are many ways in which the hierarchy can be fur-
ther exploited. For example, we can attribute mental atti-
tudes to coalitions [2], and define the power of coalitions,
dependencies between coalitions, et cetera.
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