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Abstract. This paper examines the major issues and modes of interactions be-
tween a small number of agents, outlines the extension of these concepts to in-
ter-groups, and points to promising directions of research that are useful in
modeling dynamic organizations of agents.
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1 Introduction

Social elements of interaction have received considerable attention in multiagency [Jennings
and Campos 1997, Castelfranchi 1998]. This research formalizes such notions as norms,
roles, autonomy, delegation, control, trust, power, preference, and responsibility. It mostly
focuses on an agent-centric viewpoint and suggests how individual agents relate to one an-
other. Dynamic groups of agents like coalitions and teams follow well-known policies over
these elements. Organized groups of agents such as organizations may in addition have rules
over such policies that govern agent and group interaction. Beyond direct attitudes between

two agents, in groups of agents, there are also derived or indirect effects that are very pow-
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erful influencers of the individuals in the group. To capture the relationships among agents,
mathematical models of graphs or networks are commonly applied. In general, in such mod-

els, the nodes represent agents and the arcs represent relationships.

In this paper we will review salient features of social attitudes, both in direct form and as
derived or implied. We limit our interest to social models where relationships are among
agents. We believe examining scaling issues of social networks on inter-group interactions
is an important research effort that has been mostly addressed in isolated cases. We will

outline directions for theories that synthesize them into unified models.

The idea of networks is pervasive in many disciplines. There are a few that are beyond our
scope. First, intra-agent models have been modeled as in action selection networks [Maes,
1991]. Second, networks of bids as in contract net [Smith, 1980], communication as in
[Xiang, 1996], negotiation as in [Banerjee, et al, 2001], nodes are propositions instead of
agents. Third, the study of human social networks and organizations has been a long-
standing effort [Katz and Lazarsfeld, 1955, Scott, 1991, Garton, et al. 1999]. The aim in
social networks analysis is seeking to understand the ties among individuals and from that
suggest some properties about connectivity of the whole group or each individual [Garton,
et al. 1999]. Gathering survey data or automated means is used to perform this research in
sociology. The human issues are interesting and relevant, and by and large in our study of

multiagent systems we share the aim of understanding and improving interactions in agent
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networks. The difference in approach in multiagent systems is to understand and embody

intentional notions taken for granted in humans.

In recent years management sciences are also developing computational models of organiza-
tions and even consider agents [Carley, 1995]. The aim here is at a meso-level where “they
seek to explain and predict macro-level behavior, such as overall organizational perform-
ance, from micro-level actions, such as the interaction among agents, each of which are
‘cognitively’ limited” [Prietula, et al. 1999]. The research we describe generally fits under

the rubric of computational organizations, but has a decidedly micro-level orientation.

Let’s outline salient relationships among a group of agents. Figure 1 shows that an agent as
a member of a group is influenced by a set of group values. These values are terminal goals
that the group shares and each agent may help set forth. The values are things like rational-
ity principles of a society [Nozik 1993; Tuomela 2000]. The group contains a set of roles
that agents handle. There are complex relationships among roles, norms, and goals that an
agent weighs the alternatives to settle on a consistent set at any moment. Agents use the
relationships for collective predictability of behaviors of its agent members. The group of
agents might share a plan that is the result of complex trio-relations. The Figure is deliber-
ately simple to avoid confusion. The reality is much more complex and many of the rela-
tionships shown are part of research activities but our aim is to set the stage to discuss issues

at a high level.
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Figure 1. Inter-agent Relationship Ontology

A motivational element between two agents, such as power or autonomy can be understood
in terms of a relationship of one agent toward the other. This can be the basis of networks of
such relationships; e.g., social power networks [Castelfranchi, et al. 1992], and trust net-
works [Abadi, et al 1999]. Figure 2 shows a set of motivational and deliberative elements
that can be networked. In an organization there is usually a policy for setting up such net-
works. Generically, when we say a sortie as an Air Force operation, specific rules of com-
mand and control over networks are implied. Organizational agents are assigned or join
groups that obey rules of such networks. Agents, however, may defect from one group to

another when their internal preferences do not match the network requirements.
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There have been suggestions for using networks for coordination among agents, for example
in the supply chain domain [Barbeceanu 1997] and collaboration at the team level [Yen, et
al. 2001]. However, there are no general frameworks that extend the networks to organiza-
tions nor is there a theory that specifies the relationships among the networks. Such a gen-
eral theory can be used to monitor and forecast potential problems in organizations and it
can also be used for design or proactive measures. In the next section we will outline these

relationships.

Figure 2. Inter-group Relationship Ontology

2 Outline of known selected networks

2.1 Trust networks
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[Marsh 1992, 1994] is one the earliest works on trust in multiagency. Marsh clearly defines
trust as a function of (a) a basic trust attitude toward another agent, and (b) the value of the
object of trust. More recent theories of trust in multiagency are found in [Castelfranchi, Fal-
cone 2000]. However, Trust and security are mostly explored in mobile agents research.
We summarize the models presented in [Swarup and Fabrega, 1999]. Agents (called keys)
are represented as nodes of a graph. Statements are also nodes of such a graph. One type of
directed edge is between two agents (A - B) and it represents that A trusts B. Another type
of directed edge is between an agent and a statement (A - P), and it represents that agent A
states P. In a network of agents and statements, specific policies can be defined. For exam-
ple a policy that insists on two independent corroborating trust paths per statement can be
used to identify all agents that accept a given statement. The number of false positive and
negative statements in the trust graph can be used in ratios of these numbers over the num-

ber of statements to compare policies.

2.2 Responsibility and delegation networks

Agents are represented as nodes of a graph. One type of labeled directed edge is between
two agents (A t> B), and it represents that A delegates t to B or conversely B is responsi-
ble to A with respect to t. This is the approach taken in the CAST project [Yen, et al. 2001].
Yen and colleagues consider the delegation relationships to be non-reflexive, anti-
symmetric, and transitive. The transitive property can be used to establish implied relation-

ships.
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2.3 Individual dependence networks and power networks
In social dependence network defined in [Sickman, Conte, Demazeau, Castelfranchi, 1997], two
types of dependence are resources and action. In this work, dependence is in terms of one agent de-
pending on another agent and it is called individual dependence. A different conception is pre-
sented in [Mylopoulos, et al 1990]. The objects of dependencies between two agents here
are one of the following types: goal, task, resource, and softgoal. Using these types of de-
pendencies, they define several types of organizational structures [Chung, et al 2000]. They
claim that these patterns can be used to model interactions commonplace in organizations.
For instance, structure-in-5 is a network of 5 types of agents shown to be applicable in mo-

bile robot control software.

Power is a highly related notion and at times it is treated in the one network. In a group with
a plan with many actions (i.e., steps), an agent i is dependent on another agent j if and only
if an action (i.e., a plan step) of agent j is beneficial for agent i while agent i is not in a posi-
tion to carry it out, and the action is as good as any agent j would otherwise select. Con-
versely, in this scenario, agent j has power over agent i. There are versions of this given in
[Castelfranchi, Miceli, and Cesta, 1992, David, Sichman, and Coelho, 1999, Brainov, 1999].
2.4 Role networks

[Prasad, et al 1996] presents techniques for learning organizational roles. They describe a
distributed search problem and how agents need to learn to choose the most appropriate

roles. Networks of roles are more clearly seen in role-based access control. Role hierarchy
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and role grouping are useful for selecting subsequent roles [Moffett and Lupu, 1999, Na and

Cheon, 2000].

2.5 Preference networks

In a labeled directed graph, nodes are agents and an arc between agents i and j is agent i’s
attitude toward agent j [Barinov and Sandholm, 1999]. The attitudes are represented by the
differential utilitarian importance an agent places on the agent’s utilities. If this degree is
positive the agent is benevolent, if it is negative the agent is malevolent, and if this degree is
zero the agent is self-interested. Attitudes are propagated by multiplying the degrees on the
arcs. For example, if i’s attitude toward j is represented by the degree a, and j’s attitude
toward k is B, then agent i’s attitude toward agent k is o * . He then goes on to define the

main relationship in a coalition as a set of balanced benevolent relationships.

2.6 Autonomy and potential delegation networks

Autonomy can be considered as a potential for choices or permissions. When an agent con-
siders the potential for delegation toward another agent, a relationship for potential delega-
tion exists. When an agent considers the potential for sharing toward another agent, a rela-
tionship for potential cooperation exists. The author is proposing a network of such relation-
ships [Hexmoor, 2001]. In addition to binary relationships between two agents, the recipro-
cal autonomy relationships among agents can be characterized as joint autonomy [Beavers

and Hexmoor, 2001].
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3 Social structures and properties
Many social structures rely on a pattern over social attitudes. For instance, in a trust net-
work, we might expect each assertion to have at least two chains of trust support. We can
examine the valid assertions that fit this condition or find subset of agents who trust in a

given assertion.

A more complex example is coalitions that require a balance of benevolence relationships.
Unbalance exists whenever two agents have a non-reciprocal preference stance toward one

another.

Teams require individuals to have reciprocating (or joint) awareness, autonomy, and coop-
eration. A team functions best when there are adequate and reciprocal levels of these social
attitudes. An automated system might detect deficiencies in these levels in team members

and suggest remedies for improved teamwork.

Interesting graph-based results over referral social networks are reported in [Yu, et al,
2000]. For instance, they experimented with varying levels of expertise and sociality in
agents and found that the quality of the network had an inverse relationship with the density

of the network.

4 Research Directions
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Much remains to be explored. Chief among these are the concerns about the relationships
among networks of sociality under norms, roles, autonomy, delegation, control, trust,

power, preference, and responsibility.

4.1. Relationships among networks. There are some hints of relationships in the literature
among social notions. Relating the relationships among social notions is in its infancy. Rela-
tively little is written about the relationship among closely related common notions such as
control, power, trust, and autonomy. Conceptualizations of these notions should relate them
to more basic notions such as belief, desire, and intention. Comprehensive studies of the
relationships are needed both as ontological studies as well as logic-based representations. A
few of these relationships can be best explored in a formal framework called the correspon-
dence theory [Lomuscio, 1999, Wooldridge, 2000]. Yet other work is closer to social psy-

chology [Miceli and Castelfranchi, 2000].

4.2 Self-adaptive software. When attitudes such as autonomy belong to a whole group, in
addition to group members sharing these attitudes the attitudes can exist beyond a single
agent. This suggests construction of a Virtual Agent (VA) that possesses such group atti-
tudes and can interact with its counterparts. Such agents are different than middle agents of
multiagency, primarily since their life-times are limited by the group attitude. VA can be
very useful in (a) fault-tolerance in case one of the agents is disabled, and (b) forming larger
units of agents. These and other types of self-adaptation are explored in a series of recent

conference [Laddaga, 2001]. Traditional adaptation techniques in machine learning or con-
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trol theory are in regards to specific reference parameters and do not scale well. Methodolo-

gies are needed to explore adaptation such that mission objectives are preserved.

4.3. Multiagent software engineering. There is recent work in modeling agents and ex-
tending software engineering methods to account for multiagency [DelLoach, 1999;
DelLoach & M. Wood 2000]. More work is needed to extend the work to account for design
and maintenance of social networks of agents. By and large, social notions have dynamic
values and change over time. A related area is properties of coherent and harmonious inter-
action and validation. To this date, no techniques exist that provide analysis of interaction

among social agents and methods for assuring a desired pattern of interaction.

4.4. Empirical validation. The role of software agents in application domains such as de-
fense, business, and knowledge management are clearly useful. But to date little has been
done to empirically validate the extent of this benefit with quantified values of social rela-
tionships. [Ferran-Urdaneta 1999] presents hypotheses about the usefulness of a few differ-
ent structures. Simulations will be useful for gathering effectiveness of agent interactions in
a social network as shown in [Yu, et al 2000]. Research is needed to develop quantification
of social notions and how they change over time. For instance, an individual gains power by
merely standing in a line to wait for service but as the line grows, the individual near the
service rendering end of the line experience more power relative to the individuals farther

away. In this simple example, power appears to be proportional to the position in line.
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5 Conclusion
We discussed social attitudes between two agents, and reviewed how they can be extended
to larger units of interacting agents that form social networks of agents. This work is similar
to computational models of organizations, but is limited in scope to exploration of the social
intentional notions of norms, roles, autonomy, delegation, control, trust, power, preference,
and responsibility. We have outlined some work in this area and outlined some useful re-

search directions.
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