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Abstract. Support for new forms of organization and social inter- has power over the other role. We distinguish between hierarchical,
action requires understanding the influence of structure on behavionetwork and market social relationships between roles. Although role
Goal dependencies indicate some relationship between roles, througiierarchies can be thought of in terms of hierarchical organizations,
which actions can be coordinated. Social relationships determine difwe argue that the reason to call an organization hierarchical is not just
ferent types of power links between roles. Efficient coordination re-because the roles are structured in some kind of a hierarchy (or tree),
quires that goal dependency and power structure are well tuned tout has more bearing on the type of coordination used between roles
each other. In this paper, we will investigate what is the exact natur¢hat are related. A tree shaped organization usually also indicates that
of this relationship between roles in an organization and what ar¢he roles coordinate in a hierarchical way (through commands), but
the consequences of different structure forms. We will also see whahis is not necessarily so. Even in such an organization, each role
is the difference if the relations are not hierarchical but organizednight offer a task to its "subordinates” (using something like contract
through a market or network structure. net and a market mechanism) instead of delegating it.

The paper is organized as follows. In sections 2 and 3 we intro-
duce both perspectives on coordination: from Organizational Theory
as the representation of the social structure, and from MAS as the
One of the main issues in agent organizations is the specificatiospecification of task relationships. In section 4, we describe how the
of coordination mechanisms between agents playing roles in a regwoncept of role can integrate both views, by means of role depen-
lated social environment. Coordination can be defined as the procesencies and coordination types. Section 5 shows the consequences
of managing dependencies between activities [17]. One way to coowf this integration for the semantics of the role-based coordination
dinate is to manage functional dependencies. In this sense, which model. Finally, we present our conclusions and directions for future
the most commonly used in Multi-Agent Systems (MAS) researchresearch in section 6.
coordination refers to the allocations of tasks to agents, such that
common goals are achieved. Coming forth from Organizational The- .
ory, another way to manage dependencies, considers the supervisién Social Structure
and collaboration relations between actors. In this sense, coordina-

tion refers to the specification of power and authority relations be->0cial structures are the medium for human activities. Support for

tween agents. Although the two perspectives are interrelated, the@pwforms of social interaction and organ_ization req_uires understand-
are based on different concepts and views on organizations, and thdifd the influence of structure on behavior. Behavior and structure
differences are not explicitly accounted for in most MAS models. &€ interleaved; people go through a socialization process and be-

Both in Organizational Theory as in MAS, the conceptrole come dependent on the existing social structures, but at the same
plays an important role in the specification of coordination. welime structures are modified by their activities. Giddeststictura-

present a role-based model for organizations that integrates boffP" theoryoffers an account of social life in terms of structure and
views. Role hierarchieslefine the links through which one role can agency [13]. Qlddens argues that pr_der, or s_tructur_e, 1S pnmarlly_cre-
exercise power over, or otherwise influence, other roles. This mearfd€d @s @ medium for practical activity. This instantiation of practical
that a role can demand the realization of a goal from another role, ofCtiVity is not based on a even distribution of power and resources,
request goals from another role. In organizational contexts this caRUt @8ymmetry and domination are, in fact, part of the natural or-
also mean that the responsibility of some tasks lays with the role iff€"- Different power relations between actors and the utilization of
the top of the hierarchyRole dependencigadicate how the goals different resources are at the basis of the development of particular
of different roles depend on each other, and how interaction is to%tructural princip!es. Itis usefl_JIto considergr_oups and organizations
be achieved. Each role dependency indicates a need for coordinatidfP™ @ structuration perspective becausg _do_lng so: (a) helps one un-
between those roles. The way interaction is to be organized betwe rstand the relative balance of deterministic influences and willful
the roles, depends on the organizational power structures between thBOICes that characterize groups; (b) suggests possibilities for how
roles. members may be able to exercise more influence than they otherwise
In this paper, we discuss the implications of the coordination typnink themselves capable of [4]. _ ,

to the dependencies between roles. Given that one role depends onCrdanizational science and economics have since long researched
another to achieve a goal, the realization of that goal will dependhese organizational structures [24, 21]. Drawing on disciplines such

on the social relationship between the roles, that is, whether the rol@S SOciology and psychology, research in organization theory focuses
on how people coordinate their activities in formal organizations. An

1 Utrecht University, The Netherlands, emdftirginia, dignun} @cs.uu.nl organizational structure has essentially two objectives [9]: First, it
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facilitates the flow of information within the organization in order to since these identify which roles (and hence which agents) are enabled
re duce the uncertainty of decision making. Secondly, the structure b perform which actions.
the organization should integrate organizational behavior across the
parts of the organization so it is coordinated. S

Relationships between and within organizations are developed fo‘?' Coordination in MAS
the exchange of goods, resources, information and so on. WilliamsoRiulti-agent coordination, defined as managing interdependencies
argues that the transaction costs are determinant for the organizBetween activities, addresses the special issues arising from the de-
tional model [24]. Transaction costs will rise when the unpredictabil-pendency relationships between multiple agents tasks. Task coordi-
ity and uncertainty of events increases, and/or when transactions r@ation in MAS has concentrated on developing coordination mech-
quire very specific investments, and/or when the risk of opportunisticanism which facilitates dynamic collaboration between agents, with
behavior of partners is high. When transaction costs are high, socthe goal of satisfying in some specified sense both local and global
eties tend to choose a hierarchical model in order to control the transsystem objectives. The coordination structure must support the task-
action process. If transaction costs are low, that is, are straightforsolving process using a generic mediation mechanism and should
ward, non- repetitive and require no transaction-specific investmentgrovide communication protocols to link the agents having common
then the market is the optimal choice. Powell introduces networks agterests.
another possible coordination model [21]. Networks stress the in- |n Distributed Artificial Intelligence (DAI), coordination ap-
terdependence between different organizational actors and pay a Iptoaches are often based on contracting. The most famous exam-
of attention to the development and maintenance of (communicativejle of these is the Contract Net Protocol (CNP) [23] for decentral-
relationships, and the definition of rules and norms of conduct withinized task allocation. CNP was designed to handle applications with
the network. At the same time, actors are independent, have their owg natural spatial distribution. It assumes a network of loosely cou-
interests, and can be allied to different networks. That is, transagled asynchronous nodes (agents), each containing a number of dis-
tion costs and interdependencies in organizational relationships dénct knowledge sources. The agents are interconnected so that each
termine different models for organizational coordination. The char-agent can communicate with every other agent by sending messages.
acteristics of the different forms of organization are summarized inagents can either execute tasks or have tasks that need to be exe-
table 1. cuted. CNP provides a simple language to describe contracts for task

execution in messages between agents.

Market Network Hierarchy . ) ) . .
Coordination | Price mecha-| Collaboration Supervision By employing standard interaction mechanisms, the agents in the
_ nism _ _ MAS can expect certain behavior. The behavior of each individual
fRemlon Competition | Mutual interest | Authority is determined to a great extent by the requirements of these interac-
om__ : — : tion patterns. Roles provide both the building blocks for agent social
Communi- Prices Relationships Routines . . .
cation systems and the requirements by which agents interact. Each agent
Climate Precision- Mutual benefits | Formal- is linked to other agents by the roles it plays by virtue of the appli-
i suspicion . bureaucratic cations functional requirements which are based on the expectations
Cooperation | None ex- | Negotiation of | Absolute ex- that the application has of the agent [19].
pected cooperation pected o AR [ struct in MAS be defined as that "what
Conflict Hagging Reciprocity- Supervision - rganizational structure in can be defined as that "what per-
re-solution Reputation sists when agents enter or leave an organization, i.e. the relationships

that makes an aggregate of elements a whole” [11]. A social struc-
ture may be explicitly implemented in the form of a social artifact
existing independently of the implementations of the agents, may be
realized as part of the implementations of the agents, or may ex-
ist only intangibly, in the form of the policies or organizational rules
Furthermore, in human organizations and societies, norms antpllowed by the agents during interaction [18]. In the same way as or-
conventions are usually used to cope with the challenge of social oganization theory researchers, MAS researchers have proposed sev-
der, as to decide on a course of action when unexpected or undesirél classifications of MAS structures. A good overview is provided
events occur. Norms and conventions specify the behavior that socit [15]. Much of this work has strong roots on the organizational
ety members are expected to conform to and are suitable means fisirms identified in organization theory [8]. Basically the same three
decentralized control. Several researchers have recognized that tharadigms as in Organizational Science have proved to be most pop-
design of agent societies can benefit from abstractions analogous #War among MAS developers: hierarchy, market-oriented and team-
those employed by our robust and relatively successful societies arfgéntric, or network, organizations. Hierarchies are very effective at
organizations. There is a growing body of work that touches uporddressing issues of scale, in particular if the domain can easily be
the concepts of norms and institutions in the context of multi-agenélecomposed along some dimension. Market models that typically
systems (cf. [5, 10]). arise in e-business applications allow agents to coordinate activities
Central in the way coordination is described is the concept of roleWithout ceding authority to other agents. Teams or networks are effi-
Role theory bridges social psychology, sociology, and anthropologgient when working on large-grained tasks which require coordinated
[1], and recently has interested agent researchers. Its central conceg@pabilities of more that one agent, but require higher communica-
has been with patterns of conduct, that is, expectations, identitie$ion capabilities.
and social positions; and with context and social structure. Fox et al.
introduce an organizational taxonomy which includes organizations4
organizational goals, roles, and authority [12]. Agents can play roles,
which potentially give them authority over other agents playing otherCoordination in MAS, as shown above, is mainly taken care of by
roles. Empowerment and authority are recognized as critical aspectgsing standard interaction mechanisms, task allocation and planning.

Table 1. Comparison of organizational forms

Roles and dependencies



Global goals and requirements of users and stakeholders are conandmarks determines the degree of freedom the actors have about

pletely implicit in the way task allocation is implemented, and theretheir performance.

is no direct way to validate them. Organizational theory and social Role objectives are thus states of affairs expected to be achieved in

economics have devoted a great deal of research to the analysis thie environment. Once a society model is animated, the objectives of

the motivations and implications of coordination structures, whicha role are expected to be executed by the agent(s) enacting that role,

can be of value for the improvement of coordination issues in MAS that is, role objectives should become part of the goals of the enacting

An ongoing approach to this issue is to be found in attempts to modedgent. Intuitively, role objectives enable the ‘link’ between society

MAS as agent societies. objectives and agent goals. At this level of abstraction, role objectives
The idea of Agent Societies is that interactions occur not just bydo not have a fixed semantics since roles are not performative entities

accident but aim at achieving some desired global goals. Global goalsut mere ‘placeholders’ for actors. The actual semantics of objectives

are external to each individual participant (or agent) but can only belepend on the way objectives are treated and assumed by the agent

reached by the interaction of those participants. The design of ageaicting the role and on the semantics of agent goals in the agent model.

organizations must capture on the one hand, the structure and re-

quirements of the society owners, and on the other hand, must a®efinition 1 (Role Objective) A role objective, represented lyis

sume that participating agents must be available that are able ar&lpredicate describing an ideal state (or set of states) for the igle.

interested in enacting society roles. The OperA Model for agent sociis the set of objectives of rote O

eties [7] integrates a top-down specification of the society objectives

and g|0ba| structure, with a dynamic fulfillment of roles and inter- Roles are identified by their Objectives, that iS, different roles have

actions by independent participants. That is, the model separates tHéferent objectives and all roles must have at least one objective.

description of the structure and global behavior of the domain fromFormally:

the specification of the individual entities that populate the domain

Agents are actors that perform role(s) described by the society dé; Vriraim =ra & Py = P

sign. The agent’'s own capabilities and aims determine the specific vr: P {}

way an agent enacts its role(s). An OperA model can be thought A role objectivep can be further described by specifying a set of

of as a kind of abstract protocol that governs how member agents,p_gpjectives that must hold in order to achieve objegtivEub-

should act' according to social requ|rem§nts: In this paper, we W"bbjectives give an indication of how an objective is to be achieved,

only describe a few elements of the organizational model. In the nexa¢ is, describe the states that are part of any plan that an agent en-

sections, we discuss how this model for agent coordination, based Qfyting the role can specify to achieve that objective. Sub-objectives

organizational theory, can be used for social and task dependenciggstract from any temporal issues that must be present in a plan, and

between roles. as such must not be equated with plans. Intuitively, sub-objectives are
objectives that contribute to the realization of another objective. That
4.1 Roles is, if II, = {p1, ..., pn } is @ set of sub-objectives fpr the realization

of all sub-objectives ifdl, yields the realization op. Furthermore,

Roles identify the activities and services necessary to achieve sder each objective, the trivial set of sub-objectivesis defined.
cial objectives and enable to abstract from the specific individuals For example, in a Conference Organization, the objective of the
that will eventually perform them. From a society design perspectivePC-member role is to review papers submitted to the conference, that
roles provide the building blocks for agent systems that can perfornis, to be in a state in which there are review reports for all the papers
the role, and from the agent design perspective, roles specify the erssigned to her. Sub-objectives of that objective are (a) to have read
pectations of the society with respect to the agent’s activity in thethe paper, (b) to have written the review report, and, (c) to have sent
society. Roles also define normative behavioral repertoires for agentbe report to the organizers. How an actor of the PC-member role is
[20]. That is, a role is the abstract representation of a policy, servicgoing to achieve this, and indeed if she herself will do it (e.g. she can
or function. ask a student to read the paper and make the review report) is not, in

In OperA, roles are described in terms albjectivesand sub-  this situation, a concern of the society.
objectives(that is, what is an actor of the role expected to achieve)
andnorms(that is, how is an actor expected to behave). Furthermore4
role descriptions also specify thights associated with the role and ™
thetypeof enactment of the role, that is, whether it is an institutional Different application contexts exhibit different needs with respect to
role (which behavior is controlled by the society) or an external role.coordination, and the choice of a coordination model will have great

The specification of objectives and sub-objectives can be more dmpact on the design of the agent society. The implications of the co-
less restrictive on the actor performance. The more the aspects thatdination type to the architecture and design of agent societies have
are fixed in the specification, the less the freedom an agent enactingsually not been considered. In this paper, we distinguish between
the role has to decide on how to achieve the role objectives and intethree coordination types: hierarchies, markets and networks, which
pret its norms. Following the ideas of [16], we call such expressionsesult in different frameworks for agent societies.
landmarks Formally, landmarks are conjunctions of logical expres- Global objectives of a society are domain dependent, but the way
sions that are true in a state. Intuitively, landmarks provide a descripagents coordinate to achieve those objectives depends on the coor-
tion of a place or situation, which is enough to identify it but without dination requirements and socio-cultural characteristics of the soci-
prescribing any specific process. Several different specific actionsty. Societies depend on a facilitation layer that provides the social
can bring about the same state, and therefore, landmarks represdrsickbone of the organization [3]. Facilitation activities deal with the
actually families of protocols. The use of landmarks to describe acfunctioning of the society itself and are related to the underlying co-
tivity, enables the actors to choose the best applicable actions, aordination model.On top of this facilitation layer, an operational layer
cording to their goals and capabilities. The level of specification ofis needed that implements the objectives of the society. Operational

2 Coordination types



activities are directly related to the objectives and aims of the socion the child role for more than one of its objectives. The root of the

ety. The social coordination model is used to specify the facilitationgraph is the society itself, represented as a super-role, and contains

framework for an agent society. the global objectives of the society, which are then decomposed into
The chosen coordination model determines the facilitation styleole objectives distributed along the role tree. The dependency graph

of the society. Irmarkets, agents are self-interested (i.e. determine for the Conference Organization is displayed in figure 1. For exam-

and follow their own goals) and value their freedom of associationple, the arc labellegaper—reviewed, r, between nodeBC'chair,

and own judgement above security and trust issues. Openness is ths and PCmember, M, represents the role depender@y-, M.

a feature of markets. Facilitation in markets is, in the most extremeNote that this graph does not have to be a tree. It should only be

case, limited to identification and matchmaking activities, but usuallypartially ordered (to avoid circular dependencies).

also includes the specification of some trusted third party, such as a

bank. Interaction in markets occurs through communication and ne- ch‘fe.'etnce
gotiation.Network organizations are built around general patterns of octey

interaction or contracts. Relationships are dependent on clear com- confermce_w_wbm'ned
munication patterns and social norms. Agents in a network society

are still self-interested but are willing to trade some of their freedom Organizer Author

to obtain secure relations and trust. Therefore, agents need to enter a program-organized local-organized

social contract with the network society in which they commit them-

selves to act within and according to the norms and rules of the soci- PC-chair  Local-chair

ety. The society is responsible to make its rules and norms known to paper_reviewed \session_organized
potential members. Coordination is achieved by mutual interest, pos-
sibly using trusted third parties, and according to well-defined rules PC member  Session_Chair

and sanctions. Finally, in kierarchy, interaction lines are well de-
fined and the facilitation level assumes the function of global control
of the society and coordination of interaction with the outside world. Presenter
In a hierarchy, agents are cooperative, not motivated by self interest
and all contribute to a common global goal. Coordination is achieved
through command and control lines.

The coordination model determines interaction patterns and func-
tionality of the facilitation layer of the society, that is, the interaction

primitives and agent roles necessary to implement the facilitation Considering that dependencies require interaction between two ac-
layer that are specific to each type of society (market, network ofors in order to establish how to pass the objective from one actor to
hierarchy). Moreover, coordination models provide a framework toihe other, it is necessary to describe how this interaction occurs. In
express interaction between the activities of agents and the behavigypera, this is determined by the three coordination types discussed

paper_presented

Figure 1. Role dependencies in the conference society.

of the system [2]. in the previous section: hierarchy, market and network. The way the
objective p in a dependency relation; >, r» is actually passed
4.3 Dependencies between roles betweenr; andr, depends on the coordination type of the society:

The notion of role is C|Ose|y related to those of Cooperation and co® In hierarchies, the parent role demands the realization of its sub-
ordination. The way tasks, or objectives, are allocated to roles deter- objectives from its children. In this case, the enactor of a children
mines the dependencies between them. These dependencies describole can not decide which objectives it will get but must accept
how agents enacting the roles should interact and contribute to the re- Whichever objectives are delegated to it by its parent role. Hierar-
alization of the objectives of each other. That is, an objective of arole chical dependencies are representedby ;' ro.

can be delegated to, or requested from, other roles. The dependentyln markets, a parent role can request the performance of objec-
relation between roles, andr, for objectivey of r1, represented by tives by the child role; the child role decides whether it will offer

r1 =, ro, indicates that objective can be passed te, that is, that to perform it and the parent role will then decide whether allo-
r2 can realize objective for ;. cation is desired and which instance of the child role will get to
realize the objective. In this case, the enactors of a child role can
Definition 2 (Role dependency)A dependency relation; =, 72 choose which objectives of its parent they will offer to perform,
describes the fact that role; depends on rolery to realize such that it best fits its own private goals. Market dependencies
(sub)objectivep. The relation>,€ R x R is reflexive and transi- are represented by tf,” ro.
tive. Thatis, for allri, 72,73 € R, e In a network, both situations can happen. That is, an objective
can either be delegated by the parent role or offered by the child
lorm=pm o role, which defines a kind of equivalence relation between related
2. 11 zp rz@ndrz =, 3 impliesry =, 3. U roles in a network. This can depend on prior agreements between

the agents, or be negotiated for each specific situation. Network

In OperA, roles are organized as a partially ordered set, repre- dependencies are representedbtff ro.

sented a& = (R, >) that reflects role dependencies. A dependency
graph represents the dependency relations between roles. Nodes inRole dependencies illustrated in figure 1 are therefore interpreted
a dependency graph are roles in the agent society. Arcs are labelléad different ways depending on the coordination type holding in
with the objectives of the parent role for which realization the parenthe society. For instance, in the case of an hierarchy, the relation
role depends on the child role. There can be more than one arc bé&* >, M, indicates that agents enacting the r@€ chair, C,
tween two nodes, representing the fact that the parent role dependsll delegate the objectiveaper—reviewed, r, to an enactor of



role PCmember, M. In a market dependency relation, enactors of On the other hand, authorization relations can be created by negotia-
PCmember can bid for objective review-paper to the enactor of tion between agents; that is, an agent can decide to authorize another
PC'chair, that is, a PC member can choose which papers they wardgent to request from it a certain action or resource. In the following,
to review and apply for those to the Program Chair. In a network, ave describe the implications of power and authorization relations
dependency relation represents a request that can be initiated eith@rer the interaction behavior of the agents. For a complete descrip-
by the parent or the child roles. tion of the semantics, we refer the reader to [7]. Charity relations do
not have a specific operator, since such relations are completely de-
pendent on the ‘personality’ of the agent establishing such relation,
and cannot thus be influenced or negotiated.

Qne of the main issue'_s in OperA is the specificatipn of qurdinaDefinition 3 (Power relation) Given agents, j and rolesr,, s:

tion between role enactlng.agents ina regqlated society enwrpnmer@,i’j’ r1, 72 : rea(i, 1) Area(j, r2) ATy zﬁ rs — power(i, j, ¢)
Therefore, the representation of relationships between roles is one gf

crucial importance. Role dependencies indicate the relations between

roles through which objectives can be passed. In this section, we dighe above definition just states that =2 r, the hierarchical de-
cuss in more detail what are consequences of the type of coordinatiqsendency relation between rolesandr, gives rise to a power rela-
mechanism to the interaction between roles, and how they influencgon power(i, j, ) between agentsand; wheneverrea(i,r1) and
the semantics of the communication between agents. rea(j, r2). Where the role enacting agent relatioaq (¢, 1), means
that agent performs roler;.

. . The expressiopower(i, j, ) means informally that has the
5.1 Relationship Types power to forcej to achievep. Power relations areeflexive i.e. each
In organizational systems, it is usual to organize roles in a inheri29€nt has power over itself, and often, but not always, telsitive
tance, ofis-a, hierarchy. In such hierarchies, child roles inherit the that is, if power (i, j, ¢) a”dp‘_’wef(jv k, ¢) then power (i, k, ¢).
characteristics (attributes, rights, norms) of its parent roles. HowMoreover, power to demang implies power to demand all what
ever, other relationships can hold between roles. Dependency r&&n be derived fronp. Formally, the following axiom holds for the
lations in OperA are not inheritance relations, but define the links?OWer relation:

thrgugh which (.)bje.:ctlves.can be delegated to other.roles. Coo.rd'Definition 4 (Properties of power relation) Given expressiony
natlon of beha_wor is relatively easy wherl dependencies are deflneghd a rolei, the following axiom holds:

hierarchically, in which case when an agéenacts a role that is su-
perior to the role that agertenacts, a request froimwill result in
an obligation forj. In networks and markets, however, coordinationl. |= Vi : power(i, i, ).

requires some more effort. Hierarchical organizations are thus ved. = Vi, j : power(i, j, ) A (¢ — ¥) — power(i, j, 9)
efficient, in that, task allocation occurs with no need for negotiation,

given the power relations between agents. On the other hand, ne@

works are more flexible, in that agents can negotiate task allocation ainorization relations describe situations when power can be
between them so that they can attempt to obtain a most preferred agamporarily) effective. Informally, an authorizationyth(i, j, ¢)
signment of obJectlyes fitting with their own goals. In ge_neral, ON€means that has the authorization to ordérto achievey. In fact,
can identify three different reasons for an aggetd commititselfto 5 ,tnorization establishes an agreed power relatianovkr j for .
arequest from another ageirfe]: Consequently, authorization relations always hold in the case of a

. ) o power relation. That is, if an agehhas power with respect to over
e Power. j accepts a request froinbecause of some domination , . . . ;
agentyj, then agent is also authorized to requegtto achieveyp.

relationship betweenand ;. This type of relation is standard in . . .
- . e S ! Formally, the following axiom holds for the power relation:
hierarchical societies, but can also be explicitly defined between
two specific roles, in other types of societies. Power relations ar¢efinition 5 (Authorization relation) Given expressiony and
represented byower(i, j, ¢), indicating that has power ovej agentsi and 7, the following axiom holds:
for . = Ve,1,7 : power(i, 7, ) — auth(i, j, request (s, j, ). O
e Authorization : whenj has committed itself té for a certain ser-
vice, a request froni leads to an obligation when the conditions (We will more formally introduce theequest speech act in the next
are met. This relation is established by mutual agreement, e.g. igection.)
a (previous) interaction, for a certain time and under certain con- As we saw above, in hierarchical dependencies between roles, the
ditions. Although authorization relations can happen in any typepower relation is implicit in the dependency. Unfortunately, in the
of society, they are typical of networks (e.g. where participantscase of markets and hierarchies one cannot specify ways to define
can negotiate different approaches to goal realization in each siuthorization relations in similar ways. Authorization relations can
uation). Authorization relations are representecubyh(s, 7, ¢), still be defined between roles but this requires a communicative pro-
meaning that has the authorization to requesto dop. cess between those roles in order to establish such authorization and
e Charity: j will answer a request from without having any ex-  its implications. In the following section we will describe these com-
plicit relation toi that forces it to do so. An obligation arises when munication processes.
agentj communicates its acceptance of the request.

5 Role Dependencies and Coordination

The main difference between power and authorization relationshipg'2 Realizing Coordination

is that power is structurally determined and, for a great extent, statidt is usual to describe communication between agents fulfilling roles
thatis, power relations are not influenced by the actions of the agents terms of speech acts [22]. The illocution of a speech act is the



content of the message that the speaker intends to be recognized byThe above axioms can be combined with the definitions of the
the hearer as what the speaker intends to be doing (informing, regrevious section to reflect that in hierarchical dependencies, power
guesting, agreeing, etc.) Many different illocutions can be definedrelations define authorization relations and therefore imply the real-
however for the purpose of this paper, we ass@aoeepf propose ization of the intended state of affairs. That is:
andrequestto be basic illocutions that can be uttered by agents ful- 71 = r2 Area(i,r1) A rea(j,r2) — [request(i, j, ¢)]Oj.ip
filling roles in an agent society. The illocutionary force of a speech This explains the efficiency of hierarchical organizations on get-
act depends on the social relationship between the agents. That iig things done. In networks and market organizations authorization
speech acts have different effects depending on the type of social des not automatically granted between different roles and must be es-
pendency between the agents. For example, a request toaabgaat  tablished by a (more or less) complex communicative process. This
another force whether it is done by an agent with power ayéinan  process can be described by a sequence of proposals and contra-
by any other agent. proposals between the interested parties in order to determine the
conditions of authorization. Such proposal acts can be seen as a kind
Definition 6 (Syntax of Communicative Acts) Given a domain  of conditional commitment, in which each party says "I'll commit to
languageL  the set of all communicative actSpmmp, onLp,is  achieve X for you (or commit to do X) provided that you give me
defined as: authorization to request you to achieve Y (or you commit to do Y
upon request)”.

Different market mechanisms have been designed in order to de-
scribe how a proposal process should run. A well known standard is
the Contract Net Protocol that basically says that an agent should put
forward a call for proposals (request for X) which can be answered by
any other agent. By accepting one of these proposals, the requesting

The request is intuitively used to get another agent to realize &Jent is establishing an obligation to the proposing agent to fulfil X.
certain statep. The propose is used to offer to rea“wn return The process of achieving role dependencies in market organizations
for the other agent realizing. This can be seen as a kind of con- is basically as follows:
ditional commitment. The accept is used to positively answer a re- (1 =3 2 Area(i,r1) A (V) € G : rea(j,r2))) —
guest without authorization (as in the charity relation) or to accepta [request(i, G, ¢); propose(j € G, i, p, true);
proposal. The intended effects of communicative acts are described accept(i, j, propose(j, i, , true))|Oj,ip
more formally in definition 7 by means of deontic operators, and us- 1he above formula contains some liberal notation to avoid compli-
ing the dependency relations between agents. These axioms descrigtions necessary to correctly express speech acts directed to a group
how obligations can arise for an agent: by means of a request baséd answers from members of that group. Notice also that the for-
on a power or authorization relation, or by (conditionally) commit- Mula above only describes the state of affairs necessary to achieve
ting itself through a propose action. We do not formally introduce &n obligation to realize goat and abstracts from price issues. These
the dynamic deontic logic used in this semantics, but only mentiorfan be thought to be part of the formutawhich should then be
the intuition behind the basic constructs of the dynamic and deontiéead asp = ¢ A gave(i, j, price), and ignores negotiation iterations
operators. In dynamic logifn]y indicates that the performance of between the agents enacting rolesandrs.
actiona leads to a state in which holds. The deontic logic uses a Whereas hierarchies follow strict power relations and markets usu-
conditional obligation operatad;; (¢|v) indexed by the debtor and  ally are guided by well defined interaction standards, as the one ex-
creditor of the obligation. The debtois obliged towards the creditor emplified above, network organizations are traditionally fairifor-

j to establishy under the condition that holds. We refer the reader Mal’ in the way relations are established between different roles. On
to [6] for a more formal semantics of these operators. the other hand, once arelation between different roles is formed those

tend to last for some time and often be intensified as more (success-
Definition 7 (Axioms for communicative acts) The formal seman-  f,]) goal delegations occur between those roles. Trust and a common
tics of baS|'c gpeech agtg are. o desire to realize certain global objectives are the drive of networks,
1. | auth(i, j, request(i, j, ¢)) — [request(i, j, ¥)]Ojip which see different roles as equals in power to establish relations. In

e ili(i,j,p) € Commp, whereill € {request,accept}, i is the
speaker; is the hearer and € Lp.

e propose(i, j, p,v¥) € Commp, wherei is the speaker; is the
hearer andp, ) € Lp.

e If v € Commp then alsaill(i, j,¢),ll(i, 5, ) € Commp.

2. = [request(i', J: ¢); accept(J, i,reqyes't(i,jv w))]%“" practice, interactions in a network function in terms of exchange of
3 E [pmposeuu,‘soi $)]0s; («P\auth‘(z‘,J, request‘(lijv ¥))) favors, or promises to exchange favors. That is, agent A agrees to do
4. [=  Ipropose(i, j, ,); accept(j, i, propose(i, j, », ¥))I(Oize A X for agent B, expecting to be able at some time to request B to do

auth(i, j, request(i, j, ¥))) something else for A. Proposal negotiations are often more complex

The first axiom states thatifis authorized than its request tdo than in markets because both parties must agree on the needs of each

achieve, leads to an obligation ofto achievep. The second axiom ~ Side. F(I)Vrmally, this can be seen as:

states that a similar result can be achieved by a requeégbbéwed 1= r2 Area(i,ri) Area(j,r2) —

by an accept of. In this case no authorization is necessary. [request(i, j, p); propose(j, i, ¢, ¥)]

The propose leads to a conditional obligation for the proposer. In (a“th(jvivT?queSt(J'v“/’)) — 0;,i¢) _

fact, this formalization of the propose is the most simple form to 1€ crux in the above formula is of course the part:
establish a contract betwegandj. It leads possibly to an obligation @t/ (J; i request(j, i, )). This authorization has to be established
on one side and a potential obligation (an authorization to create afy 29€nti. SO, it needs at least another communication step here.
obligation) on the other side. Through nesting of operators we car] NiS ¢an be a simple accept by agéntiowever, the establishment
incorporate a whole set of conditional authorizations for both sidef this authorization might also involve a more intricate negotiation
in . between andj.

The last axiom states that if a proposal is accepted than the obligation 10 illustrate the effect of communication between roles in differ-
and authorization become reality. ent organization types, we will use the example of the dependency



for the objective paper review, between agent enacting the role  other (parallel messages to or from a group count for one)). How-

of Program Chair(C, and agentn enacting the role of PC mem- ever, from an organizational perspective we are, of course, mainly

ber, M. Different social dependencies give rise to different attitudesinterested in getting the actual task done. So, we should also take a

concerning the communication: look at the costs of performing the task once it is delegated to the

agent that should actually perform it. In our formalism (as in reality)

e In a hierarchical relationC >~ M, the power relation the task delegation, no matter which mechanism is used, results in
power(c,m,r) holds. Therefore, aftetequest(c, m, r) the obli-  an opligation. There is therefore no absolute guarantee that the task
gationO, o7 holds. will indeed be done, as the agent is free to not fulfil its obligations.

o In a market relation = M, afterrequest(c,m,r)) an ex-  The requesting agent should be able to evaluate the capabilities and
plicit proposal fromvn to dor and its acceptance layis necessary  ayailability of the requested agent in order to maximize the certainty
in order to have the obligation. That is, the following (minimal) of task achievement. Moreover, mechanisms for controlling the real-
dialog must occur: ization of tasks are needed. We will not go into the latter aspect here
¢ request(c, M,r) but see [14] for further discussion.

In a hierarchy the requesting agent needs to have all the informa-
tion available to determine the best possible agent for a task. So, it
c: accept(c,m,r) needs to know the capabilities, efficiency, capacity and current work-
O ot load of all agents. When task requirements and agent capabilities are
’ ) fairly stable, then it is quite feasible for the delegating agents to main-

e In a network relationC = M, not onlym has to accept the  ain this information. In this case the requesting agent just needs to
request, but alse has to agree to a counter request from(in  getermine the best agent for the task and a request leads to the obli-
a conference setting, this would typically be a request to extendyation to do it. However, if tasks and agents change rapidly, or if the
the review deadline). This can be represented by the following yequesting agent does not have the capability to evaluate either the
dialog: task requirements of the capabilities and availability of the agents,
c: request(c, M,r) then the obligation that follows the request may stay unfulfilled and

the requesting agent is then forced to perform the task itself or nego-

tiate realization with other agents, as in the market or network cases.
c: accept(c, m, propose(m, c,r,e)) The decision for a certain coordination type is dependent on the char-

. Om.or A auth(m, ¢, request(m, c, ¢)) acteristics of the agents and of the environment.
Itis exactly for situations where the delegating agent cannot main-
The main difference between the market and network situations ifain all information about the other agents that market mechanisms

the amount of deliberation needed to reach the obligation. Whereaare meant for. The proposals of the agents answering a request (im

in a market relation, the program chair agent just has to evaluate thalicitly) carry the information that the agent needs to make the best

proposals on the exact paper review request it had made, in a netwopossible choice for delegating the task. If an agent is not capable to
situation, the program chair agent will also need that capability toperform the task it will not answer with a propose. If it is already
evaluate the new proposal, and possibly enter a negotiation on theery busy it will propose to perform the task later, or slow. The del-
deadline extension parameter as well. egating agent only needs to compare the proposals to find the best
one every time. Because the resulting obligations only hold for the

. L current transaction, the agents are capable to choose the best option

5.3 Impllcatlons of Coordination every time, based on the most up-to-date information. So, the over-

In the previous section, we have introduced the differences in tasR€ad in coordination costs might be paid back through more efficient

delegation that result from different types of coordination in orga-distribution of the tasks. _ _ -

nizations. From a coordination perspective hierarchical relations are AS be]‘ore, the networks have an |ntermgd|ate position between

most efficient in achieving the delegation of tasks. They need oniyjli€rarchies and markets. In networks, besides the agreement con-

one message to achieve the delegation. It seems that the network typgMing the initial request, usually further interaction will happen

is the least efficient to achieve the delegation of a task, basically, baconcerning the realization of the counter request). The interest in

cause it allows for some more negotiation on counter-activities. HowMaintaining such long-time relation with the requested agent is often

ever, as remarked before the final agreement usually encompass@ae of the reasons for the requesting agent to enter a negotiation on
more than one interaction. In the example above it could e.g. resuff!® counter proposal (see the example above). In this way long-time

in authorization for the PC chair to ask the PC member to review pa[elatlons between agents are achieved, without the inflexibility of a

pers on his favorite topics for the next 3 years, while not giving himhierarchy.'However, if one foresee_s that the environment will change

more than 3 papers each time and at least 5 weeks for reviewing. A@pidly, this longer term relationships may not be very useful. E.g. if

a consequence of this agreement the PC chair only needs to send'§ topics of the conference change every year it is no use to make

request in the next 2 years (just like if there would be a power re-2n agreement for a PC member to review papers on a fixed topic for

lation) to achieve the obligation to review a paper. This means that€veral years (because he might have nothing to do next year). The
the costs of the current coordination effort should be spread over 38twork mechanism is especially suited for situations where agents
years to compare with the other mechanisms. Most likely the averag@ight not always be available (the system is not (completely) closed
coordination costs per year will then be lower than that of the marke" @gents have multiple tasks for different organizations) while the

mechanism that requires the explicit propose and accept part evefflvironment s relatively stable. _ _
time. In the previous paragraphs we analyzed the properties of hierar-

Note that in the above we only considered the coordination COstghical,_ market and network relations. Often organizations as awh_ole
(in terms of the number of messages that have to be send after eafff S&id to be of one of these three types. Although often the relation-

m : propose(m,c,r,true)

m : propose(m,c,r,e)



ships within an organization tend to be of the same kind it is worth10]
observing that we did not assume that all relations within an organi-
zation are of the same kind. One could e.g. have hierarchical relatior%l]
between the general chair role and the PC chair role and local orga-
nizer role, while the relation between the PC chair role and the PC
member role is of a market type. In this way one can optimally com{12]
bine the coordination mechanisms for optimal efficiency and utility

of the organization.

[13]

6 Conclusion [14]

In this paper we have argued that organizational structures are impor-
tant for MAS. In line with other current research we think that these
structures need to exist outside the individual agents in order to entd]
sure the achievement of objectives of the organization that rise above
the individual agent level. By having explicit organizational struc-[16]
tures we also ensure the stability of the organization over a longer
period of time.

We have shown that the organizational structure consists of severd’]
inter-related elements. We have concentrated mostly on the role dgrg;
pendencies that arise from the dependencies between the objectives
of those roles. These dependencies seem to indicate the basic needs
of coordination between the roles. Moreover we have shown that the]
basic coordination types from organizational theory (market, hierar-
chy and network) are also very useful for MAS design. Starting from20]
the dependencies between roles that follow from their objectives,
these coordination types determine how the interaction between the
dependent roles is shaped. The coordination type of the organization
also influences the type of facilitation roles that are needed in thgby;
organization, such as a matchmaker for a market and a gate keeper
for a network organization. [22]

In the last section we made a start on determining how some ch 53]
acteristics of the coordination types and the environment determin
the best structure to be used for a MAS in a particular environment.
Although we base our theory on the formal theory underlying the24]
OperA model, we will use simulations to check for the organizational
characteristics that will benefit the organization best in a certain en-
vironment.
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