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ABSTRACT The attribution of mental attitudes to roles is partially supported

also by other authors; e.g., Sichman and Conte [30] propose “to use
the same mental attitudes (goals, plans, actions and resources) to

according to the agent metaphor: we attribute to roles mental atti- characterize the agent endogenous mental attitudes (which we call

tudes, like beliefs, desires and goals, we relate them to the agent’sgerslon‘fjll m(ra]ntal Iatt'tuﬁ_eﬁ) and tne cl)nes Wh'?h h_e '; en"dowed W!th
required expertise and responsibilities, and we model role behavior 2 Playing the role (which we call role mental attitudes)”. Dastani

in game theoretic terms. Analogously, the organization is modelled et a_‘" [14] attrlb_ute to roles not only goals, but, as we propose, also
as an agent which acts as a normative system: it imposes obliga-be“efS; the beliefs of roles have the form planning rules: these rules
tions to roles and to the agents playing the roles: specify how a goal can be achieved in a certain context. We show

in the next section why and how it is possible to attribute to roles
also other forms of beliefs and how they are used in the evaluation
1. INTRODUCTION of the behavior of an actor.

Multiagent systems are often proposed as a solution for the or- A consequence of the agent metaphor is that in the organiza-
ganizational design of open systems [2, 14, 17] among which thosetional design roles are modelled as a kind of abstract agent, to-
for e-trade. A key notion in the structure of an organization is that gether with its capabilities and beliefs (the role’s expertise) and its
of role. Roles allow to specify the activities delegated by the or- goals (its responsibilities). The attribution of motivations and of an
ganization to achieve its overall goal while abstracting from the autonomous behavior to roles implies that the autonomy of the ac-
individuals which will eventually play them. The description of a  tors of roles must be regulated. The control of autonomy requires
role is usually given in terms of normative descriptions [28], ex- obligations associated with sanctions. As we discuss in the paper
pectations [24], standardised patterns of behavior [17], social com- Obligations addressed to roles must be distinguished from those ad-
mitments [13, 18], goals and planning rules [14]. The normative dressed to actors. For dealing with obligations we model the orga-
description specifies the obligations an agent who plays the role Nization as a normative system defined as in [4].

(called the actor) should obey. Goals are his intrinsic motivations.  In this paper, we do not consider the problem of the creation of
Roles, thus, seem to be strictly related to the notion of agent: they the obligations related to roles, e.g., by means of a trade contract,
are described using notions like actions, goals and obligations. ~ and we do not discuss here the problem of the interaction among

The research questions we address in this paper are: how carflifferentroles, see, e.g., [16, 17].
the roles in an organization like the ones for e-trade be considered In the next section we discuss the use of the agent metaphor for
and described as agents? How are obligations associated to actorgles. In Section 3 we introduce the conceptual model. In Section

and roles? Finally, how do the actors take a decision under the 4 we summarize our model of obligations. In Section 5 we present
obligations related to their roles? the games which can be played with roles, together with a detailed

The methodology we use in this paper is to use a logical multia- €xample in a e-trade scenario. Related work, discussion and sum-
gent framework based on a qualitative game theory to model social mary close the paper.
entities as agents; using again the agent metaphor, the organization
is an gge_nt to which mental attltl_Jdes are attributed, too. ane th_e2_ ROLES ARE AGENTS
organization and roles are described in terms of mental attitudes it )
is possible to consider the decisions they take in a certain situation. Why and how do we adopt the agent metaphor? In the life-cycle
Thus, we apply the methodology we use for describing and reason-Of an organization we can distinguish three phases: 1) organiza-
ing about other social entities like groups [9], virtual communities tional design, 2) role assignment, 3) organizational governance.

[5], contracts [7] and normative multiagent systems [4, 11]. The attribution of mental attitudes to roles is useful in all these
three phases.

If we design an organization in terms of roles by attributing men-
tal attitudes to them, we can design it like we would design an or-
ganization in terms of agents. However, roles are not agents with
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Copyright 2002 ACM X-XXXXX-XX-X/XX/XX ... $5.00. sions. Thus roles can be delegated tasks which are reached with

In this paper we address the problem of defining roles in organiza-
tions like e-trade ones. The methodology we use is to model roles



a greater flexibility: it would be not sufficient to describe roles as
machines. On the other hand, the autonomy implies that actors can
depart from the goals of the roles. So, roles are often defined in
terms of or associated with obligations to balance its autonomy.

If we consider the problem of assigning roles to actors and we
attribute mental attitudes to roles, then the problem becomes find-
ing a match between the beliefs representing expertise of the role
and the beliefs of the actor. Moreover, as also Dastaai. [14]

discuss, it is possible to understand whether an agent is suited forf

a role from the fact that he already possesses the goals required b
the role, or these goals are compatible with his private goals, or the
incentives (i.e., the sanctions associated with his obligations) are
enough to resolve the conflicts between the agent’s private goals
and the goals of the role.

Finally, if we consider the governance of organizations, then the
attribution of mental attitudes to roles makes it easier to verify
whether an agent is acting according to the overall plan of the orga-
nization: if he is acting according to the role’s beliefs and achieving
the role’s goals, then he is fulfilling his responsibilities.

Which beliefs and goals are attributed to a role? Not all the be-
liefs of the organization are beliefs of a role due to the role assign-

ment problem: the less beliefs a role has, the easier it becomes to

assign agents to this role. Similarly for goals - not all the goals of
an organization are the goals of a role due to the governance prob-
lem: to distribute responsibilities over the agents, and to control
the running system. Consequently, the organizational design aims
at defining roles with minimal beliefs and goals. In reality, how-
ever, the picture is more complicated than this, because not only
the beliefs and goals of an organization may not be goals of the
role, also vice versa a goal of a role may not be a goal of the or-
ganization. These more complex phenomena are the topic of the
following subsections.

2.1 Beliefs of roles

Why are the actor’s beliefs and those of the organization not suf-
ficient to model roles? Beliefs should be attributed to roles if they
can be different from the beliefs of the agent playing the role or
from those of the organization the role belongs to.

First, Tuomela in his analysis of beliefs attributed to groups [32]
suggests that the actor (holder of a position in his terminology) can
have beliefs different from the role’s:

“Positional beliefs (or positional views) [...] are
beliefs or views that a position-holder has
gua a position-holder or has internalized and accepted
as a basis of his performances of [...] social tasks. |
will assume that the correct social and normative cir-
cumstances C will implicitly partially define positional
beliefs. Accordingly, | will explicitly speak of posi-
tional beliefs as distinguished from mere personal be-
liefs. A position-holder can naturally have his own
personal beliefs at the same time with his positional
beliefs, some or even all of which may contradict his
personal ones [...]. To take a fictitious example, we
may think that the Flat Earth Society secretary has the
positional rule-based belief that the earth is flat. Her
having that belief is based on the general presupposi-
tion underlying the existence and characteristic or con-
stitutive rules of that society, viz. the assumption that
the earth is flat. But her personal belief might be differ-
ent. [...] Generally speaking, positional beliefs rely on
the presuppositions embodied in the statutes, by-laws,
and other constitutive rules as well as (possibly) on

various informal rules and proper social norms char-
acterizing a collective.”

Differently from Tuomela, we do not claim that positional beliefs

should be beliefs of the actor, rather, the actor should act as if he

had such beliefs. Since agents are autonomous their beliefs and
motivations cannot be changed by the fact of playing a role.

A clear example where roles have beliefs which may be different
rom those of the actors, as suggested by Gordijn and Tan [20], can

Ye found in the legislation of international trade (the UN Conven-
tion on International Multimodal Transport of Goods):

“Suppose we have a seller in Hong Kong and a
buyer in the Netherlands. [...] On the one hand the
seller does not want to ship the goods onto the car-
riers vessel without first receiving payment from the
buyer. On the other hand the buyer does not want to
pay the seller before the goods have been shipped. To
solve this deadlock situation banks introduced the let-
ter of credit; which is an agreement that the bank of the
buyer will arrange the payment for the seller as soon
as the seller can prove to the bank that he shipped the
goods. The bill of lading is issued by the carrier in re-
turn for the goods that he received from the seller. [...]
According to Article 10 of the CIMTG the Bill of Lad-
ing as shipment document reliably indicates that the
goods have been shipped in international trade proce-
dures. Note that this article has a nhormative element.
Whether the Bill of Lading is evidence does not de-
pend so much on whether a person is psychologically
convinced by it, but the law simply stipulates that ev-
erybody involved in a letter of credit procedure should
consider this document as sufficient evidence.”

We use this example of a trading organization which defines the
roles of buyer and seller as a running example in the rest of the
paper assuming the perspective of the buyer. The role of buyer has
a belief attributed by the trading organization: if he believes that
the bill of lading has been issued, then he believes that the good
has been shipped. Moreover the role of buyer has a goal: when
the good has been shipped, he wants to pay the fee for the good.
However, the agent who plays the role may not believe that the
good has been shipped, and he could even claim that he has not to
proceed with the payment.

Moreover, it is necessary to attribute beliefs to roles since they
can be different from the beliefs of the organization the role belongs
to. E.g., as suggested by Goffman [19], in foreign affairs, ambas-
sadors are not entitled to know effectively which are the beliefs and
goals of the nation they represent. Their government can use the
ambassadors to mislead another nation by obliging them to pro-
pose some deal or manage a negotiation in a way which is different
from real beliefs of the government. For instance, the government
can communicate to the ambassador a false reservation price for a
negotiation. It is neither necessary nor even useful that the person
playing the role knows which are the real beliefs of the organiza-
tion. Because being unaware of the real state of affairs the agent
can play his role in a more spontaneous way, or because in this way
the organization avoids the risk of a security violation, or even be-
cause the beliefs of the organizations are too complex for the actor,
so that he would be overwhelmed by information. Moreover, the
organization may not want to the actor to discover its real beliefs,
since it is violating the law.



2.2 Obligations of roles and of actors is the behavior of the actors. In Section 5, we introduce games

Besides beliefs, also motivational attitudes like desires and goals between actors and organizations. When an actor takes a decision,
are attributed to roles. Itis clear that the motivations of the role can e has to consider what is considered obligatory, not only from his
be different from those of the actor (e.g., an employee can fuffill own_point of view but also from the point of view of the role he is
his role for his salary, not for the sake of the organization); but, Playing. ) _
as for beliefs, the goals attributed to the role can be different from  Consider the international trade example. The actor knows that
those of the organization, e.g., a role can be attributed the goal of the trade organization considers him obliged to pay the fee in case

proposing some deal to another agent just because his organizatiodhe bill of lading has been issued, since this means that the good has
wants to mislead this agent about its true intentions. been shipped. So, when the actor decides what to do, he has to con-

In order to motivate an actor to fulfill the goals attributed to his Sider the fact that his actions are not evaluated according to his own

role and to act as if he possessed the role’s beliefs, obligations arebeliefs: he could believe that the good has not been shipped, de-
associated to roles. In our example, the agent playing the role of SPite the bill of lading, so, from his point of view, he is not obliged
the buyer has to pay when the good is shipped. Under this regard,to pay. But according to the beliefs gttnbut(_ed to the role, he_ls
however, we partially depart from most current proposals and we 0bliged to pay (the good has been shipped since the bill of lading
do not associate obligations with the definition of roles. Obligations Nas been issued). Hence, the actor has to act as if he had the role’s
are addressed to the actors playing the roles: they provide thembeliefs, or else he violates his duties; when he takes a decision, he
additional motivations. Obligations provide motivations only since figures out which beliefs the organization attributes to his role.
they are associated by sanctions or rewards. When we consider the Note that the obligations are directed towards the actor's actions
motivational role of obligations, it appears that the obligations we @nd not towards his beliefs, even if there is a deontic component in
are discussing are addressed only to actors and not to roles. As wdhe assertion that the bill of Iading should be considered as evidence
discuss in [6], a precondition of obligations is that the addressee Of the shipment. The reason is that an autonomous agent cannot be
fears the sanction (or desires the reward). So it is not possible thatcompelled to change his mental attitudes: he can be persuaded or
the same obligation is addressed both to the role and to the actor:motivated, but not coerced. Moreover, his mental states are not ac-
the actor does not necessarily have the same desires and goals z&ssible. What can be punished is only his behavior: if he does not
the role. Indeed, the role of obligations is to make the agent adopt act in the same way as the role would have done, he is punished.
the desires and goals of the role. This is the rationale underlying the fact that in the recursive mod-
Moreover, since the obligations are addressed to the actor andelling the organization considers the actor behavior from the point
not to the role, these obligations must be created not at the momentof view of the role.
of the definition of the role in the organization, but at the moment
an agent starts playing a role; e.g., when he becomes enrolled in an3. THE CONCEPTUAL MODEL
organization by signing an employment contract. The obligations  |n order to provide a formalization of roles inside an organiza-
are created starting from the goals specified in the definition of a tion we first delineate the conceptual model we adopt. First of all,
role. If in our example the role has the goal to pay when the good the structural concepts and their relations. We have to describe the
has been shipped, then when the actor enters the role, the obligatioriifferent aspects of the world and the relationships among them.
that agent pays when the good is shipped is created. Sanctions ofve therefore introduce a set of propositional variabtesnd we
rewards associated to the new obligations are chosen according taextend it to consider also negative states of affalreX) = X U
the policies of the organization to which the role belongs. E.g., an {-z | = € X}. Moreover, forz € X we write ~ z for -z
employee can be fired for not fulfilling an obligation or payed for and~ (—x) for . The relations between the propositional vari-
having done his work or rewarded with some additional benefit. ables are given by means of conditional rules writterR4X) =
Finally, since organizations and roleg are modell_ed as agents, oL (X)  1,(X): the set of pairs of a set of literals built from and
nothing prevents that they are subject to obligations t00. j jiteral built from.X, written asly A ... Al, — [ or, whenn = 0,
As Pacheco and Carmo [28] notice, an organization is con5|der§dT — 1. The rules are used to represent the relations among propo-
as a legal person by the law. However, the role obligations are dif- sjtional variables existing in beliefs, desires and goal of the agents.
ferent from those addressed to the actor. Consider the rules of soc+t js well known that desires are different from goals, and we can
cer. A player (arole) is sanctioned with an expulsion if he touches aqopt distinct logical properties for them. For example, goals can
the ball with his hands: the sanction is against the role, who is at- he adopted from other agents, whereas desires cannot. In this paper
tributed the desire to play and score goals; but the sanction is notye do not make any additional assumptions on desires and goals,
necessarily against the actor (he can even do the fault on purpose tgynd we thus do not formally characterize the distinction between
stop playing since he is tired). In contrast, an obligation addressed desires and goals, because it is beyond the scope of this paper.
to the actor is not to use illegal drugs: the sanction (e.g., a fine)  Then there are the different sorts of agedtsve consider. Be-
is against the agent and not the role (which has no money). How- sides real agent®A (either human or artificial) we consider as
ever, the obligation holds only as long as he remains in the role of agents in the model also socially constructed agents like groups,

football player. normative systems, organizatiofst and rolesRO. These agents
Analogously to obligations, roles can be subject to prohibitions, do not exist in the usual sense. Rather, they exist only as they are
permissions, rights, e.g., to use some resources. attributed mental attitudes by other agents (either real or not). By
. mental attitudes we mean beligis desiresD and goal<.
2.3 The behavior of roles and actors Coming to the relations existing between these structural con-

The roles are modelled as autonomous agents who act to achieveepts, mental attitudes are represented by rules, even if they do not
their goals. Thus, one advantage of the agent metaphor is that wecoincide with them:MD : BU D UG — R(X). When there is
can model the interaction between actors, organizations and rolesno risk of confusion we abuse the notation by identifying rules and
with the usual game-theoretic machinery. How is the behavior of mental states. To resolve conflicts among motivations we introduce
a role evaluated? Roles act via the actions of the actors, who area priority relation by means 0f: A — 2™ x 2* a function from
subject to obligations. So what is evaluated by the organization agents to a transitive and reflexive relation on the powerset of the



motivations (/ = D U G) containing at least the subset relation. 4. OBLIGATIONS
We write >, for > (a). Moreover, different mental attitudes are  Opligations are defined in terms of desires and goals of the ad-
attributed to all the different sorts of agents by the agent description gresseea and of the organization in the normative multiagent
5 BUD A 5 . . . .

relation AD : A — 2PYPYCUA We write B, = AD(a) N B, systemN M AS. The definition of obligation to de in contexty’
Aq = AD(a) N Afora € A, etc. _ _ with sanctions denoted byO..(z, s | Y) contains several clauses.

Also agents are in the target of theD relation for the following  The first one is the central clause of our definition and defines obli-
reason: normative systems, organizations and roles exist only asgations of agents as goals of the normative agent, following the
profiles attributed by other agents. So groups, normative systems,-your wish is my command’ strategy [4]. The first clause says that

organizations and roles exist only as they are described as agentshe obligation is implied by the desires of agenimplied by the
by other agents, according to the agent description relation. The goals of ageno, and it has been distributed by agertb the agent.

AD relation induces an exists-in-profile relation specifying thatan The Jatter two steps are represented®(a)

agenth € SA U RO exists only as some other agents attribute to it
mental attitudes{a € A | b € A,}. The setRO N A, defines the
role structure of the organizatienc S A.

The second and third clauses can be read as “the absence of
is considered as a violation”. The association of obligations with

Roles are described as agents but they are also associated witlyiolations is inspired to Anderson [1]'s reduction of deontic logic

agents playing the rolé? L : RO — RA. An agent can play more

to alethic logic. The third clause says that the agent desires that

than one role. Finally, the different sorts of agents are disjoint and there are no violations.

are all subsets of the set of agett RA U SA U RO C A.

We introduce now concepts concerning informational aspects.
First of all, the set of variables whose truth value is determined
by an agent (decision variables) [23] are distinguished from those
which are not (the parametef?). Besides, we need to represent
also the so called “institutional factd” They are states of affairs
which exist only inside normative systems and organizations. As
Searle [29] suggests, money, debts, marriages exist only as part
of social reality; since we model social reality by means of the
attribution of mental attitudes to social entities, institutional facts
are just in the beliefs attributed to these agents [11].

DEFINITION 1
RO,X,P,B,D,AD,MD,PL,>,1,0,N,V,GD) be a norma-

The fourth and fifth clauses relate violations to sanctions. The
fourth clause assumes that the normative system is motivated not to
count behavior as a violation and apply sanctions as long as their
is no violation, because otherwise the obligation would have no
effect. Finally, for the same reason, in the last clause that the ad-
dresseea does not like the sanction, so that the sanction can work
as as a motivation.

(OBLIGATION). Let NMAS = (RA,SA,

As concerns the relations among these concepts, we have that pative multiagent system.

rametersP are a subset of the propositional variahldésThe com-

Agenta € A is obliged to decide to de € L(Xa U P) with

plement of X and P represents the decision variables controlled sanctions € L(XoUP)ifY C L(XaUP)in NMAS, written
by the different agents (their capabilities). Hence we have to asso-as NMAS = Oao(x, s|Y), if and only if:

ciate to each agent a subsetf\ P by extending again the agent
description relationdD : A — 2BYPYGUALIXAP) - \We write
Xo=AD(a)NX.

Moreover, the institutional fact§ are a subset of the parame-
ters P: I C P. Since the institutional fact exist only in the
beliefs of a normative system or an organization, we need a way
to express how these beliefs can be made true. As we discussed
above, the relations among propositional variables are expressed as
rules. In this case we have rules concerning beliefs about institu-
tional facts. We thus identify a subset of the rules expressing the
relation among propositional variables and institutional facts of an
organizatioro € SA: a belief ruleC U {z} — y € B,, called a
constitutive rule, expresses the fact that a literal L(X) in con-
textC C Lit(X) has the institutional facy € L(I) as a conse-
guence; using Searle [29]'s terminology,counts as” in context
C for institutiona.

Before introducing obligations in the next section, we define
a multiagent system a8/ AS = (RA,SA,RO,X,P,B,D,G,
AD,MD, > I) and a normative system to model organizations.
Let the normative ageni € S A be an agent describing the orga-
nization. Let the norm¢n.,...,n.n} = N be a set. Let the norm
descriptionV : N — X, U P be a complete function from the
norms to the decision variables of the normative agent together with
the parameters: we writ€(n, a) for the decision variable which
represents that there is a violation of normfy agenta € A. Fi-
nally, let the goal distributioiD : A — 2%° be a function from
the agents to the powerset of the goals of the normative agent, such
thatif L — [ € MD(GD(a)), thenl € L(X, U P) fora € A.

The tuple (RA,SA, RO, X,P,D,G,AD,MD,PL,>,1I,o0,
N,V,GD) is called the normative multiagent systeévi/ AS

1. Y — 2 € DoNGD(a): if agento believesY” then it desires

and has as a goal that, and this goal has been distributed
to agenta.

YU {~z} - V(~z,a) € Do N Go: if agento believes

Y and ~zx, then it has the goal and the desi
recognize it as a violation by ageat

~z,a): to

. T — =V (~z,a) € D,: agento desires that there are no

violations.

YU {V(~z,a)} — s € Do N Go: if agento believesy’

and decided’( ~z, a) then it desires and has as a goal that
it sanctions agena.

.Y — ~s € Do: if agento believesy then it desires not to

sanction ~s. This desire of the normative system expresses
that it only sanctions in case of violation.

.Y — ~s € Dy if agentabelievesy’, then it desires~s: it

does not like to be sanctioned.

As discussed in [4], sanctions or rewards are not the only pos-
sible motivations to stick to obligations, but they are necessary to

cope for the worst cases.



5.

GAMES BETWEEN ACTORS AND OR-

GANIZATIONS

In this section we formalize the games played between the agen

aplaying the role and the organizatioo.

First of all, to incorporate the belief rules, we introduce a simple
logic of rules calledbut: it takes the transitive closure of a set of

rules, called reusable input/output logic in [25]:

DEFINITION 2

(CONSEQUENCES$. out(E, S) be the closure

of S C L(X) under the rulest:

out®(E,S) = S

out' " (E,S) = out'(E,S)U{l | L — 1 € E,L C
out*'(E,S))fori >0

out(E, S) = U5 (E, S)

When agent takes its decision, it has to minimize its unful-

filled motivational attitudes. But when it considers these attitudes,

it must not only consider its decisiafy and the consequences of
this decision: it must consider also the decisignof the orga-
nization o and its consequences:t(Ba, da U do), for example,
that it is sanctioned by agent So agenta recursively consid-
ers which decisiomw will take depending on its different decisions

Ja.

Moreover, when agera considers how the organizatian

evaluates the consequences of its decisignit must use the be-
liefs B, of the roler it is playing, rather than its own belief8,
(out(Bo, 6o U out(Br,da))). As we discussed in Section 2, the
performance of agemtis judged according to beliefs of the rale

We can now

introduce decisions consistent with

consequences of beliefs according to the two ageatsdo.

DEFINITION 3

(DEeCISIONY). The set of decisiona is the

set of subset§ = d. U do C L(X) such that their closures un-
der the beliefeut(Ba, §) and out(Bo, do U out(Br, da)) do not
contain a variable and its negation.

Given a decision,, a decisiony, is optimal for agent if it min-
imizes the unfulfilled motivational attitudes B, andG, accord-
ing to the>,, relation. The decision of ageatis more complex:
for each decision, it must consider which is the optimal decision
0o for agento.

DEFINITION 4

(RECURSIVE MODELLING). Let:

the unfulfilled motivations of decisiahaccording to agent

a € A be the set of motivations whose body is part of the filled motivational attitudes: U({—cheque},a) =

the

5.1 Example
We return to the example about international trade and we for-

tmalize it (see Figure 1). We have three agent®§il/ AS: the actor

a € RA, the organizatiom € SA and the roler € RO. Agenta
attributes mental attitudes to the organizatinfe € A,) and the
organization attributes mental attitudes to the rofe € A,).

The agenta can give a chequeckeque € X,), it desires not
to give its money away { — —cheque € D,) and not to be
sanctioned by ageiw(T — —s € D,).

The organizatioro believes that if agena gives a cheque this
counts as payingpey € I): cheque — pay € Bo. Moreover,
it does not desire to consider a violatdf (—pay,a) € X,) and
to sanction agera by doings € X, without motivation: {T —
=V (-pay,a), T — —s} C Do.

The role of buyer is attributed by the organization the belief
that the bill of lading §ill € P) has been issued(— bill € By)
and that it means that the good has been shipgegbped € I and
bill — shipped € By). Moreover it is attributed a goal: when
the good has been shipped, then the role pays the fee for the good
(shipped — pay € Gy).

However, the agena may not believe that the good has been
shipped:{T — bill, T — —shipped} € B,.

The agenta enters the role by signing a contract. The legal
effects of the contract are, first, that the role playing relatiti
is extended with the paifr,a) € PL; second, that the obliga-
tion to pay when the good is shipped is introducéds (pay, s |
shipped). Note that the obligation is not directed towards the role
r, but towards the agera who is playing the role: agera fears
the sanctiors, while the role is indifferent to it. The obligation is
defined by a set of desires and goals: the normative goal distributed
to agenta and desire that shipped goods are pay&dipped —
pay € Do N GD(a). The goal and desire to consider the lack
of payment for shipped goods as a violatiehipped A —pay —
V(—pay,a) € Do N Go. And finally, the goal and desire to sanc-
tion violations: V' (—pay,a) — s € Do N Go; Note that avoiding
the sanctionl — —s is a desire of agen@ando as requested by
the definition of obligation.

We adopt the perspective of agemvho has to decide whether
to give a cheque for paying its fee or not. Personally, it does not
believe that the good has been shipped, the bill of lading notwith-

standing. The consequences of its decisions are:
out(Ba, {cheque}) = {bill, cheque, —shipped} and
out(Ba, {—cheque}) = {bill, ~cheque, —shipped}. Its unful-

¢, and

closure of the decision under the belief rules but whose head U ({cheque},a) = {T — —cheque} otherwise.

is not.
U@,a) = {m € M | MD(m) = L1 A ... ANl —
LA{li,...,ln} C out(Ba,d) andl & out(Ba,0)}.

the unfulfilled motivations of decisiahaccording to agent

o0 be the set of motivations whose body is part of the closure
of the decision under the belief rules but whose head is not,

but considering the consequences of the decigidom the
role r's point of view:

U@b,0) = {m € M | MD(m) = L A ... Nl —

Ll ) - out(Bo,00 U out(Br,da)) and

1 & out(Bo, 6o U out(Br, da))}-

A decisiond (whered = da U do) is optimal for agento
if and only if there is no decisioti, such thatlU(§,0) >o
U(6aU4}, 0). Adecision is optimal for agena and agenb

if and only if it is optimal for agend and there is no decision
Ja such that for all decisiond’ = §, U6, anddaUJ, optimal
for agento we have that/ (§',a) >, U(da U 0y, a).

However, this reasoning is not sufficient to take a decision: agent
a must recursively model the organizatia’s decision. Agent
a takes the decision whose consequences minimize its unfulfilled
motivational attitudes given the decision of the organization and its
consequences. Moreover, the decision of the organizatisras-
sumed to be taken considering the consequenceds diehavior
from the point of view of the role it is playing and not from agent
a’s own point of view.

The organizatioro has to decide whether's behavior respects
the obligation or not; in the latter case agertonsiders agerd’s
behavior as a violation and sanctions it. So, given the deciica
{—cheque}, the consequences for the organization of its decision
do = {=V (—pay, a), ~s} and its unfulfilled mental attitudes are:

e from agent@’s point of view:
out(Bo, {=V (—pay, a), s} U out(Ba, {—cheque})) =
{bill, —~cheque, —pay, ~shipped, =V (—pay, a), ~s}

U({=V (—pay,a),—s} U {—cheque},0) N (Do UGo) = 1



da
cheque,

do
V(..),s wpay,V(.),s
out(Br, {cheque}) shipped <:
/ —|V(--')7—\s pay, “V("')"'S
cheque
V(.),s »V(.),s
cheque,
ﬂshipped<:
V() ms

out(Ba, {chequef)
=V(..),—8

V(..),s V(..),s
—chequé™—cheque,
"B h }) —shipped
ou( a:{_‘c equs —\V(...),—‘S —\V(...),—!S
—cheque
\ V(.),s V(.),s
cheque,
out(By, {—cheque}) shipped
—|V(A,,)7—‘s “V("')aﬁs

out(Ba,{V(...), s} U {cheque})

out(Ba, {—V(...), s} U {cheque})
out(Ba, {V(...), s} U {—-cheque})

U(8a U §0,3) N (Da U Ga)

out(Bo, {V(...), s} U out(Br, {cheque}))

out(Bo, {—V(...), s} U out(Br, {cheque}))

T — —cheque, T — —s

T — —cheque

T — —s

out(Ba, {-V(...), 7s} U {—cheque})
out(Bo, {V(...), s} U out(Br, {~cheque}))

out(Bo, {—V(...), s} U out(Br, { —cheque}))

Figure 1: The game between the actor a and the organization o.

e from the point of view of the role:

out(Bo, {—=V (—pay, a), ~s} U out(Br, {—cheque}))
{bill, shipped, —cheque, —pay, =V (—pay, a), ~s}

U({~V (~pay, a), s} U {~cheque},0) N (Do U Go)
{shipped — pay, shipped A\ —pay — V (—pay,a)}

Only from the point of view of the role the organization can un-

o if 0o = {—cheque}, thendo = {V (—pay, a),

out(Ba, {~cheque} U{(—pay, a), s}) =
{bill, —cheque, —pay, —~shipped, V (-pay, a), s}

s}

U({V (<pay, a), s} U {~cheque}, a) N (Da U Ga) =
{T — =s}
o if 0o = {cheque}, thendo, = {=V (—pay, a), —~s}:

out(Ba, {cheque} U {=V (-pay,a), ~s}) =
{bill, ~shipped, cheque, pay, =V (—pay, a), =s}

derstand that some desires and goals remain unfulfilled: the agent

a is not respecting the obligation related to the role it is playing;
the organization judges agea's behavior not from the point of
view of what it believes, but from the point of view of what it
should believe while playing its role: ageathas not acted as if
the good has been shipped, as it would follow from the rdde
beliefs: out( By, {—~cheque}) = {bill, shipped, ~cheque}

We assume that fulfilling the set of motivatiofshipped —
pay, shipped A ~pay — V (—pay,a)} is preferred, according to
the ordering >, on motivations, with respect to fulfilling
{shipped — pay, T — =V (-pay,a), T — —s}.

So the optimal decision for the organization is to consier
behavior as a violation and to sanctiordit = {V (—pay, a), s},
as the unfulfilled motivations are:

U({V (—pay, a), s}U{—cheque}, 0)N(DoUGo) = {shipped —
pay, T — V(-pay,a), T — —s}

Instead, given the decision to give the chedue= {cheque},
the optimal decision of the organization is not to consider as a vi-
olation the behavior of agertand not to sanction it. The conse-
quences for the organization of its decision
0o = {—V(—pay,a), s} and the unfulfilled mental attitudes are
(from roler’s point of view):
out(Bo, {—=V (-pay,a),-s} U out(Br,{cheque}))
{bill, shipped, cheque, pay, =V (—pay, a), ~s}

U({~V (=pay, a), =s} U {cheque}, 0) N (Do U Go) =

Note thatpay is for the organization the consequence of giving
the chequeheque: cheque — pay € Bo; we say thatheque for
the organization counts asy. So there is not a violation of the
obligationOac (pay, s | shipped).

How does agena take a decision between giving and not giv-

U({—V(—pay,a), s} U {—cheque},a) N (Da U Ga) =
{T — —cheque}

If cheque is preferred to being sanctiondd ——s} >a
{T—-cheque}, agenta decides fowl, = {—cheque}.

6. RELATED WORK AND DISCUSSION

According to Zambonellet al. [33] “a multiagent system can be
conceived in terms of an organized society of individuals in which
each agent plays specific roles and interacts with other agents”. For
this reason in the last years many proposals on roles and organiza-
tions appeared in the multiagent field.

With respect to Sichman and Conte [30], we do not only attribute
mental attitudes to roles, but we also consider them as autonomous
agents. With respect to Dastaatial. [14, 15] we attribute to agents
beliefs and we consider the problem of decision making when play-
ing a role also in the situation in which the private goals of the ac-
tor are incompatible with those of the role. With respect to Pacheco
and Carmo [28], we attribute beliefs and motivations to institutional
agents. The representation and mandate problem is addressed in
[11]. Moreover, the problem of the transmission of obligations is
solved by considering obligations which are created at the moment
an agent becomes an actor according to the goals attributed to the
role. Finally, since we model roles as agents, we distinguish be-
tween obligations addressed to roles and obligations addressed to
actors: the difference rests in the agent who is sanctioned.

In our model obligations are associated with roles since the spec-
ification of an organization cannot assume that all agents will stick
to their role, as, in contrast, it happens in groups. This choice means

ing the cheque? From its own point of view, the consequences of that we identify organizations with burocracies in the classification

beliefs and its unfulfilled motivations are:

proposed by Ouchi [27], while the notion of group in our model is
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