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Abstract

In this paper we address the problem of how the auton-
omy of agents in an organization can be enhanced by means
of contracts. Contracts are modelled as legal institutions:
systems of legal rules which allow to change the regulative
and constitutive rules of an organization. The methodology
we use is to attribute to organizations mental attitudes, be-
liefs, desires and goals, and to take into account their be-
havior by using recursive modelling.

1. Introduction

One of the main challenges in multi-agent societies is
the coordination of the autonomous agents. Coordination
can be achieved finding a trade off between a bottom-up
view and a top-down view of the problem. In the former,
the MAS is an aggregation of autonomous agents interact-
ing with each other, where their emergent behavior is not
necessarily the desired one. In the latter, the system’s objec-
tives are achieved without requiring specific agent’s inter-
nal design, by means of organizational design together with
roles and norms as incentives for cooperation.

As Dignum et al. [11] note, however, the interaction
structure of the organization should be not be completely
fixed in advance. The autonomy of the agents should be
preserved even if within limits. For this reason, some ap-
proaches like [9, 11, 18] introduce the possibility for agents
to stipulate contracts. A contract can be defined as a state-
ment of intent that regulates behavior among organizations
and individuals. Contracts have been proposed as means
to make explicit the way agents can change the interaction
with and within the society: they create obligations, permis-
sions and new possibilities of interactions. From a contrac-
tual perspective, organizations can be seen as the possible
sets of agreements for satisfying the diverse interests of self
interested individuals [9].

Social order, thus, emerges from the negotiation of con-
tracts about the rights and duties of participants, rather than
being given in advance. But the organization itself speci-
fies the possible contracts and enforces the obligations cre-
ated by them as they were issued by the organization it-
self. As Ruiter [19] shows, however, from the legal point
of view, legal effects of actions of the members of a legal
system (as an organization is) are a difficult problem. Con-
tracts do not concern only the regulative aspects of a leg-
islation (i.e., the rules of behavior specified in obligations),
or the constitutive part of it (i.e., the rules introducing insti-
tutional facts such bidding in an auction). Rather, contracts
are legal institutions: “systems of [regulative and constitu-
tive] rules that provide frameworks for social action within
larger rule-governed settings” [19]; in our case the larger
setting is represented by organizations.

This systemic view of legal institutions emerged only
recently in legal studies [19], since legal positivism [14]
mainly focused on the regulative aspects of law and its justi-
fication. For this reason is necessary to address the problem
of contracts being aware of the peculiarities of legal institu-
tions.

The research question of this paper is: how can be legal
institutions, like contracts, be formalized? and, as subques-
tions, how can agents modify the behavior of the organiza-
tion via contracts? Which games can agents play when they
are allowed to make contracts?

As methodology we use the agent metaphor: we attribute
to organizations mental attitudes, beliefs, desires and goals,
and we take into account their behavior by using recursive
modelling [12]. We apply to organizations the methodology
we adopted for social entities like groups, virtual communi-
ties [4] and normative multiagent systems [3, 6].

In the next section we discuss constitutive rules and how
legal institutions are created. In Section 3 we discuss the
conceptual model, with the definition of obligations and
contracts. In Section 4 we present the games which can be
played with contracts, together with a detailed example. Re-
lated work and summary close the paper.



2. Legal institutions

Normative multiagent systems, like organizations, are
“sets of agents [...] whose interactions can be regarded as
norm-governed; the norms prescribe how the agents ideally
should and should not behave. [...] Importantly, the norms
allow for the possibility that actual behavior may at times
deviate from the ideal, i.e., that violations of obligations, or
of agents’ rights, may occur” (Jones and Carmo [15]).

In [3] we formalize the relation between multiagent sys-
tems and normative systems by attributing mental states
to agents as well as to normative systems, as proposed by
Boella and Lesmo [2]. The agent metaphor may be seen as
an instance of Dennett’sintentional stance[10] and is in-
spired by the interpretation of normativemultiagentsystems
as dynamic social orders. According to Castelfranchi [7], a
social order is a pattern of interactions among interfering
agents “such that it allows the satisfaction of the interests of
some agent”. These interests can be a shared goal, a value
that is good for everybody or for most of the members. But
the agents attribute to the normative system, besides goals,
also the ability to autonomously enforce the conformity of
the agents to the norms by means of sanctions. In this ap-
proach the obligations of the agents can be formalized as
desires or goals of the normative agent. This representation
may be paraphrased as “Your wish is my command” be-
cause the desires or wishes of the normative agent are the
obligations or commands of the other agents.

Most formalizations of normative systems, however, in-
cluding [3], identify norms with obligations, prohibitions
and permissions. This is not sufficient in complex norma-
tive multiagent systems for the following three reasons.
First of all, these norms, called regulative norms, specify
all the conditions when they are applicable. It would be
more economic that regulative norms could factor out par-
ticular cases and could refer to more abstract concepts only.
Hence, the normative system should include mechanisms to
introduce new legal categories of abstract entities for clas-
sifying possible states of affairs. Second, the dynamics of
the social order is due to the fact that the normative system
evolves over time by introducing new norms and abrogating
outdated ones. So the normative system itself must specify
how it can be changed by introducing new regulative norms,
new legal categories and by whom the changes can be done.
Third, the dynamics of a normative system includes the pos-
sibility that not only new norms are introduced by the legis-
lators, but also that ordinary agents create new obligations
and permissions concerning specific agents. This feature
is fundamental to preserve the autonomy of agents inside
an organization. In particular, it allows modelling contracts
which introduce new normative relations among agents, like
the duty to pay a fee for a service.

We therefore introduce a formal framework for the
construction of normative multiagent systems, based
on Searle’s notion of the construction of social real-
ity. Searle [21] argues that there is a distinction between
two types of rules, a distinction which also holds for for-
mal rules like those composing normative systems:

Some rules regulate antecedently existing forms
of behaviour. For example, the rules of polite
table behaviour regulate eating, but eating ex-
ists independently of these rules. Some rules, on
the other hand, do not merely regulate an an-
tecedently existing activity called playing chess;
they, as it were, create the possibility of or define
that activity. The activity of playing chess is con-
stituted by action in accordance with these rules.
The institutions of marriage, money, and promis-
ing are like the institutions of baseball and chess
in that they are systems of such constitutive rules
or conventions ([21], p. 131).

For Searle, institutional facts like marriage, money and
private property emerge from an independent ontology of
“brute” physical facts through constitutive rules of the form
“such and such an X counts as Y in context C” where X is
any object satisfying certain conditions and Y is a label that
qualifies X as being something of an entirely new sort. E.g.,
“X counts as a presiding official in a wedding ceremony”,
“this bit of paper counts as a five euro bill” and “this piece
of land counts as somebody’s private property”.

Like we formalize obligations in terms of desires and
goals, in the next section, we formalize the constitutive rules
as belief rules of the normative agent. E.g., consider a soci-
ety which believes that a field fenced by an agent counts as
the fact that the field is property of that agent. The fence is
a physical “brute” fact, while being a property is an institu-
tional fact attributed to the beliefs of the normative system.
Regulative norms which forbid trespassing refer to the ab-
stract concept of property rather than to fenced fields. As the
system evolves, new cases are added to the notion of prop-
erty, without changing the regulative norms about property.
E.g., if a field is inherited, then it is property of the heir.

Searle’s analysis of constitutive rules has focused mainly
on the attribution of a new functional status to entities, as in
the examples above: marriages, money, property. Searle’s
idea is that constitutive rules “create the possibility or define
that activity”. We believe, however, that the role of constitu-
tive rules is not limited to the creation of an activity and the
construction of new abstract legal categories. Constitutive
norms specify both the creation of legal categories and the
evolution of the system: the normative system itself spec-
ifies by means of constitutive rules (included in its belief
rules) how its beliefs, desires and goals can be changed, who
can change them, and the limits of the possible changes. In



this way, complex normative systems achieve a legal regime
that includes rules conferring legal powers on certain par-
ticipants: an agent is turned on a “private legislator” (Hart,
[14]): “he is made competent to determine the course of law
within the sphere of his contracts, trusts, wills and other
structures [...] which he is enabled to build”. Agents become
able to design “relatively independentinstitutional legal or-
derswithin the comprehensive legal orders” (Ruiter [19]).

The regime of a legal institution can be defined as the set
of legal consequences that flow from the existence of the
institution. However, the meaning of “legal consequences”
differs from what is normally understood by the term. Usu-
ally, since obligations have a conditional nature, when the
conditions of an obligation are satisfied, as a legal con-
sequence the addressee of the obligation is categorically
obliged to fulfill it. Legal institutions, like contracts, mar-
riages and properties, refer to a different kind of legal con-
sequences; e.g., the legal rule “in a marriage parents have
the reciprocal obligation to take care of and support their
children” is not a conditional rule: it expresses the fact that
when a legal institution of marriage comes into existence
(say between Amy and Bob) only then the obligation that
the spouses (Amy and Bob) take care and support their chil-
dren is created. The same happens with the legal institution
of contracts: when a contract comes into existence it creates
obligations for the parties, i.e., new regulative rules which
the normative system considers as its own. E.g., the Ital-
ian Civil Code art. 1173 (sources of obligations) specifies
that obligations are created by contracts and art. 1372 (effi-
cacy of contracts) that a contract has the strength of law (a
contract is an agreement among two or more parties to reg-
ulate a juridical relationship about valuablesexart. 1321).

Moreover, contracts as legal institutions bring with them
not only new regulative rules, but also constitutive ones
which create new institutional facts and also new obliga-
tions; in this way, it is possible to specify in a contract new
procedures for the interaction between parties, for specify-
ing the evolution of the contract and how new obligations
are created later. As Dignumet al. [11] notice, a contract
specifies the events that alter the status of the contract. It
is necessary to specify an interaction structure which indi-
cates the possibility of an agent and the consequences of its
choices; the contract must specify how to proceed if a norm
is violated and what the violator is expected to do; e.g., if
some payment deadline is not respected, the agent is obliged
to pay a double fee. Since we model contracts as legal insti-
tutions, we are now aware that this rule is not a conditional
obligation: it is an obligation created by some event spec-
ified in the contract, in the same way as the contract itself
can create obligations. This is possible because we consider
a contract as a legal institution, i.e., a normative system in-
side the main normative system: as a normative system it
specifies who has the power to introduce obligations.

3. The conceptual model

In order to provide a formalization of contracts as legal
institutions in organizations we first delineate the concep-
tual model we adopt.

First of all, the structural concepts and their relations. We
have to describe the different aspects of the world and the
relationships among them. We therefore introduce a set of
propositional variablesX and we extend it to consider also
negative states of affairs:L(X) = X ∪ {¬x | x ∈ X}.
Moreover, forx ∈ X we write∼ x for ¬x and∼ (¬x)
for x. The relations between the propositional variables are
given by means of conditional rules written asR(X) =
2L(X) ×L(X): the set of pairs of a set of literals built from
X and a literal built fromX, written asl1 ∧ . . . ∧ ln → l,
and, whenn = 0, > → l. The rules will be used to repre-
sent the relations among propositional variables existing in
beliefs, desires and goal of the agents.

Then there are the different sorts of agentsA we con-
sider. Besides real agentsRA (either human or artificial)
we consider as agents in the model also socially constructed
agents like groups, normative systems and organizations
SA. These latter agents do not exist in the usual sense of
the term. Rather, they exist only as they are attributed men-
tal attitudes by other agents (either real or not). By mental
attitudes we mean beliefsB, desiresD and goalsG.

Coming to the relations existing between these structural
concepts, mental attitudes, even if they do not coincide with,
are represented by rules:MD : B ∪ D ∪ G → R(X).
When there is no risk of confusion we will abuse the nota-
tion by identifying rules and mental states. To resolve con-
flicts among motivations we introduce a priority relation by
means of≥: A → 2M×2M a function from agents to a tran-
sitive and reflexive relation on the powerset of the motiva-
tions containing at least the subset relation. We write≥a for
≥ (a). Moreover, different mental attitudes are attributed to
all the different sorts of agents by the agent description re-
lationAD : A → 2B∪D∪G∪A. We writeBa = AD(a)∩B,
Aa = AD(a) ∩A for a ∈ A, etc.

Also agents are in the target of theAD relation for the
following reason: groups, normative systems, and organiza-
tions agents exist only as profiles attributed by other agents.
So groups, normative systems and organizations exist only
as they are described as agents by other agents, according
to the agent description relation. TheAD relation induces
an exists-in-profile relation specifying that an agentb ∈ SA
exists only as some other agents attribute to it mental atti-
tudes:{a | b ∈ Aa}.

Finally, the different sorts of agents are disjoint and are
all subsets of the set of agentsA: RA ∪ SA ⊆ A.



We introduce now concepts concerning informational as-
pects. First of all, the set of variables whose truth value is
determined by an agent (decision variables) [16] are distin-
guished from those which are notP (the parameters).

Besides, we need to represent also the so called “insti-
tutional facts”I. They are states of affairs which exist only
inside normative systems and organizations. As discussed
in the previous section, Searle [20] suggests, money, prop-
erties, marriages exist only as part of social reality; since
we model social reality by means of the attribution of men-
tal attitudes to social entities, institutional facts are just in
the beliefs of these agents. Similarly, we need to represent
that social entities like normative systems and organizations
are able to change themselves. The actions determining the
changes are called creation actionsC. Finally, we introduce
contractsCT : they are agreements between agents in nor-
mative systems or organizations which have legal conse-
quences; they are defined in Section 3.2.

As concerns the relations among these concepts, we have
that parametersP are a subset of the propositional vari-
ablesX. The complement ofX andP represents the de-
cision variables controlled by the different agents. Hence
we have to associate to each agent a subset ofX \ P by ex-
tending again the agent description relationAD : A →
2B∪D∪G∪A∪(X\P ).

Moreover, the institutional factsI are a subset of the pa-
rametersP : I ⊆ P . And the creation actionsC are a sub-
set of the institutional factsC ⊆ I: they do not exist outside
the mind of agents and they have effects on the mental atti-
tudes of agents only as far as the agents believe they have.

Since social entities depend on the attribution of mental
attitudes, we represent their modification by means of the
modification of their mental attitudes expressed as rules. So
the creation action relationCR : {b, d, g}×A×R(X) → C
is a mapping from rules (for beliefs, desires and goals) to
propositional variables, whereCR(b, a, r) stands for the
creation ofm ∈ Ba, CR(d, a, r) stands for the creation
of m ∈ Da, and CR(g, a, r) stands for the creation of
m ∈ Ga, such that the mental attitude is described by the
ruler ∈ R(X): r = MD(m). For space reasons, in this pa-
per we consider only the creation of new rules and not their
deletion from the mental attitudes of an agent.

Since institutional factsI and the creation actionsC ex-
ist only in the beliefs of a normative system or an organi-
zation, we need a way to express how these beliefs can be
made true. As we discussed in the previous section, the rela-
tions among propositional variables are expressed as rules.
In this case we have rules concerning beliefs about institu-
tional facts: they are called constitutive rules and represent
the “counts as” relations introduced by Searle [20] (see pre-
vious section). We thus identify the subsetCN of the belief
rules which express the relation between propositional vari-
ables and institutional facts: rulesC ∪ {x} → y ∈ R(X)

expressing the fact that a literalx ∈ L(X) in context
C ⊆ Lit(X) counts as the institutional facty ∈ L(I).

Finally, we have to model the effect of the creation ac-
tions on the mental attitudes of agents. For this reason we
introduce an update relationUP from creation actions and
mental attitudes to set of rules representing the new men-
tal attitudesUP : {B, D,G} × C → 2{B,D,G}. Since
a decision of an agent can make true some creation ac-
tions, the consequences of these actions must be considered
in the subsequent reasoning of the agent. The update func-
tion can be used to define the history of the multiagent sys-
tem representing its evolution. Note that in this paper we do
not consider the problem of the belief (and goal) revision.
While this problem is sometimes addressed when dealing
with normative systems, we consider here only the prob-
lem of introducing we rules and not of deciding which rules
are necessary to get a certain revision.

We can now define a multiagent system asMAS =
〈RA,SA, X, P, B, D, G, C,AD, MD,≥, I, CT 〉.

We need to introduce normative multiagent systems
to model organizations which are able to issue and en-
force obligations: let the normative agento ∈ SA be
an agent representing the organization. Let the norms
{n1, . . . , nm} = N be a set. Let the norm descrip-
tion V : N → Xo ∪ P be a complete function from the
norms to the decision variables of the normative agent to-
gether with the parameters: we writeV (n, a) for the de-
cision variable which represents that there is a violation
of norm n by agenta ∈ A. With these elements we de-
fine sanction based obligations in the next section. The tuple
〈RA,SA, X, P, B, D, G, C,AD, MD,≥, I, CT,o, N, V 〉
is a normative multiagent systemNMAS.

As concerns the behavior of agents, in Section 4, we in-
troduce the games that can be played between two agentsa
ando. Before games, we have to introduce two further no-
tions: consequences of beliefs and decisions of agents.

To incorporate the consequences of belief rules, we in-
troduce a simple logic of rules calledout: it takes the tran-
sitive closure of a set of rules, called reusable input/output
logic in [17]; out(E, S) be the closure ofS ⊆ L(X) un-
der the rulesE:

• out0(E, S) = S

• outi+1(E, S) = outi(E, S) ∪ {l | L → l ∈ E,L ⊆
outi(E, S)) for i ≥ 0

• out(E, S) = ∪∞0 (E, S)

We can now introduce decisions of agents; they
must be consistent with the consequences of be-
liefs according to the two agentsa (out(Ba, δ)) and o
(out(Bo, δo ∪ out(Bo, δa))). The set of decisions∆ is the
set of subsetsδ = δa ∪ δo ⊆ L(X) such that their closures
under the beliefsout(Ba, δ) andout(Bo, δo∪out(Bo, δa))
do not contain a variable and its negation.



3.1. Obligations

Since contracts affect the obligations of an agent, we
must first summarize their definition given in [3]. Obliga-
tions are defined in terms of goals of the addressee of the
norm a and of the organizationo. The definition of obli-
gation contains several clauses. The first one is the central
clause of our definition and defines obligations of agents as
goals of the normative agent, following the ‘Your wish is my
command’ strategy [3]. The first clause says that the obli-
gation is implied by the desires of agento, implied by the
goals of agento.

The second and third clauses can be read as “the absence
of p is considered as a violation”. The association of obli-
gations with violations is inspired to Anderson [1]’s reduc-
tion of deontic logic to alethic logic. The third clause says
that the agent desires that there are no violations.

The fourth and fifth clauses relate violations to sanctions.
The fourth clause assumes that agento is motivated not to
count behavior as a violation and apply sanctions as long
as their is no violation; otherwise the norm would have no
effect. Finally, for the same reason, we assume in the last
clause that the agent does not like the sanction.

Definition 1 (Obligation) LetNMAS = 〈RA,SA, X, P,
B, D, G, C,AD, MD,≥, I, CT,o, N, V 〉 be a norma-
tive multiagent system.

Agenta ∈ A is obliged to decide to dox ∈ L(Xa ∪ P )
with sanctions ∈ L(Xo∪P ) if Y ⊆ L(Xa∪P ) in NMAS,
written asNMAS |= Oao(x, s|Y ), if and only if:

1. Y → x ∈ Do ∩ Go: if agento believesY then it de-
sires and has as a goal thatx.

2. Y ∪ {∼x} → V (∼x,a) ∈ Do ∩ Go: if agento be-
lievesY and ∼x, then it has the goal and the desire
V (∼x,a): to recognize it as a violation by agenta.

3. > → ¬V (∼x,a) ∈ Do: agento desires that there are
no violations.

4. Y ∪ {V (∼x,a)} → s ∈ Do ∩Go: if agento believes
Y and decidesV (∼x,a), then it desires and has as a
goal that it sanctions agenta.

5. Y → ∼ s ∈ Do: if agent o believesY , then it de-
sires not to sanction∼s . This desire of the normative
system expresses that it only sanctions in case of vio-
lation.

6. Y → ∼s ∈ Da: if agenta believesY , then it desires
∼s, which expresses that it does not like to be sanc-
tioned.

Permissions and prohibitions can be defined in terms of
motivational attitudes, too [4].

As discussed in [3], sanctions or rewards are not the only
possible motivations to stick to obligations, but they are nec-
essary to cope for the worst cases.

3.2. Contracts

Contracts are part of the beliefs attributed to the organi-
zationo: this fact makes it possible that they change the be-
liefs of the organization according to what specified by the
organization itself.

A contractct ∈ CT is created (a fact represented by the
institutional factc ∈ I) only if the organization believes that
some other fact has as a consequence thatc is true. More
precisely, if there is some fact which counts asc for the or-
ganizationo. This fact can be a brute fact in the world or an-
other institutional fact. E.g., since contracts are created by
agreements, the contractc is created by the signatures of
two agents, two decision variablese andf : a constitutive
norm in the belief rules of agento (e ∧ f → c ∈ Bo). One
reason why the creation of the contractc is introduced as
an intermediary between the agreement and its legal effects
is that, as many other institutional facts, it allows decou-
pling the conditions of the creation of the institutional facts
from its legal effects. In this way, e.g., it is possible to spec-
ify new ways of creating the contract (for instance using an
electronic signature) maintaining the same rules specifying
its legal effects.

The effect a contract achieves is to modify the mental at-
titudes of the normative system. Usually, it adds more than
one rule to the beliefsBo, the desiresDo, or the goalsGo

by making true some creation actions inC. Again, the cre-
ation actions are institutional facts: they are made true only
if the organizationo believes that they are made true by the
creation of the contract: e.g.,c → t ∈ Bo, is another consti-
tutive rule, read asc ∈ I counts as the creation actiont ∈ C.
Since a contract counts as several creation actionst ∈ C,
the conclusion is thatc works as an abstraction: rather than
connecting the signatures of the agents with the creation ac-
tions, the contract unifies all the legal effects.

Finally, we consider which mental attitudes are changed.
A contract modifies the mental attitudes of the normative
system: since both regulative rules like obligations and con-
stitutive ones like those composing contracts are themselves
defined in terms of mental attitudes of the normative sys-
tem, a contract can have legal effects.

By making true some creation actions, a contract is able
to create regulative norms as the obligations of an agenta
to pay (pay ∈ Xa) in case the requested good has been
shipped to him;Oao(pay, s | shipped) is defined by the
normative goal and desire that shipped goods are payed:
shipped → pay ∈ Do ∩ Go; the goal and desire to con-
sider the lack of payment for shipped goods as a violation:
shipped ∧ ¬pay → V (¬pay,a) ∈ Do ∩ Go. And finally,
the goal and desire to sanction violations:V (¬pay,a) →
s ∈ Do ∩ Go; avoiding the sanction> → ¬s is a desire
of agentsa ando, thus, it is a precondition of the obliga-
tion [5].



The creation of the contract achieves these effects on the
mental attitudes of the organizationo since it counts as a
series of creation actions: that the goals and desires defin-
ing the obligation are added. Since the counts as relation
is described by constitutive rules in the beliefs of agento
we have (as concerns goals):{c → CR(g,o, shipped →
pay), c → CR(g,o, shipped∧¬pay → V (¬pay,a)), c →
CR(g,o, V (¬pay,a) → s)} ⊆ Bo.

Also constitutive rules can be created by contracts: they
are defined by belief rules of the normative systemo, so
they are created by a creation actionCR(b,o, t) ∈ C.

First of all, the contract may specify some institutional
fact which should be used in the interaction. E.g., the
shipment of the exchanged good is an institutional fact
shipped ∈ I; the fact that the good has been shipped is not
a brute fact of the world (the buyer cannot check it), rather
it is a fact which holds if there is some document like the so
called bill of lading (bill ∈ P ) issued by a third party [13]:
bill → shipped is the rulet added to the beliefs of the or-
ganizationo by the creation actionCR(b,o, t) ∈ C; the
creation action is a consequence of the contractc: the con-
stitutive rulec → CR(b,o, bill → shipped) ∈ Bo creates
another constitutive rule.

Second, constitutive rules created by contracts will in-
troduce new obligations and new constitutive rules. In this
way a contract can specify how new obligations may arise
during the interaction of the parties. We return on [11]’s
example: if an agent does not pay the fee for a shipped
good, it is obliged to pay a double sum of money (pay2):
Oao(pay2, s′ | shipped ∧ ¬pay). This obligation is not
a preexisting conditional obligation: it is created as a le-
gal consequence of an event, the sanctions for not having
payed the fee. The sanctions, in this case, rather than being
a direct punishment for agenta, counts as the action of cre-
ating a second obligation. Note that this obligation does not
exist until the normative system recognizes a violation and
applies the sanctions. This part of the contract is thus repre-
sented by the constitutive rules which create further consti-
tutive rules about goals (wheres′ ∈ Xo is a sanction both
feared by agenta and not desired by agento): e.g.,{c →
CR(b,o, s → CR(g,o, shipped ∧ ¬pay → pay2)), c →
CR(b,o, s → CR(g,o,¬pay2 → V (¬pay2,a)))} ⊆ Bo

In summary, a contract is defined as:

Definition 2 (Contract) A contractct ∈ CT is a triple:

1. An institutional factc ∈ I representing that the con-
tract ct ∈ CT has been created.

2. A constitutive rule which makes true the institutional
fact c: Y → c ∈ Bo whereY ⊆ L(X)

3. A set of constitutive rules having as antecedent the cre-
ation c of the contractct and as consequent creation
actions modifying the mental attitudes of the organiza-
tion o: c → CR(E,o, r) ∈ Bo whereE = {b, d, g}.

4. Games

The advantage of the attribution of mental attitudes to
organizations is that standard techniques developed in deci-
sion and game theory can be applied to reasoning on con-
tracts. Here we consider a simple form of games of two
stages only where an agenta takes the normative agento
into account by playing games with it.

When agenta takes its decisionδa it has to minimize
its unfulfilled motivational attitudes. But when it considers
these attitudes, it must not only consider its decisionδa and
the consequences of this decision; it must consider also the
decisionδo of the organizationo and its consequences, for
example that it is sanctioned by agento. So agenta recur-
sively considers which decision agento will take depend-
ing on its different decisionsδa. Note that here we assume
that o is aware of agenta’s decision: hence, agento takes
its decision considering the legal effects of agenta’s deci-
sion on its beliefs and motivations using the update func-
tion UP and the creation actions made true by the decision
δa.

Given a decisionδa, a decisionδo is optimal for agento
if it minimizes the unfulfilled motivational attitudes inDo

andGo according to the≥o relation. The decision of agent
a is more complex: for each decisionδa it must consider
which is the optimal decisionδo for agento.

Definition 3 (Recursive modelling) Let:

• the unfulfilled motivations of decisionδ according to
agenta ∈ A be the set of motivations whose body is
part of the closure of the decision under the belief rules
but whose head is not.
U(δ,a) = {m ∈ M | MD(m) = l1 ∧ . . . ∧ ln →
l, {l1, . . . , ln} ⊆ out(Ba, δ) andl 6∈ out(Ba, δ)}.

• the unfulfilled motivations of decisionδ accord-
ing to agento be the set of motivations whose body
is part of the closure of the decision under the be-
lief rules and whose head is not, but considering the
consequences of agenta’s decision on agento’s be-
liefs and motivations. We writeO = out(Bo, δa) ∩ C
for the set of creation actions which follow fromδa:
U(δ,o) = {m ∈ UP (Do ∪ Go, O) |
MD(m) = l1 ∧ . . . ∧ ln → l, {l1, . . . , ln} ⊆
out(UP (Bo, O), δo ∪ out(Bo, δa)) andl 6∈
out(UP (Bo, O), δo ∪ out(Bo, δa))}.

• A decisionδ (where δ = δa ∪ δo) is optimal for
agento if and only if there is no decisionδ′o such that
U(δ,o) >o U(δa ∪ δ′o,o). A decisionδ is optimal for
agenta and agento if and only if it is optimal for agent
o and there is no decisionδ′a such that for all decisions
δ′ = δ′a ∪ δ′o andδa ∪ δ′′o optimal for agento we have
thatU(δ′,a) >a U(δa ∪ δ′′o ,a).



4.1. Example

We now return to the example about trade contracts. For
space reasons, we formalize it as concerns only the obliga-
tion Oao(pay, s | shipped) and the constitutive rule saying
that the bill of lading counts as the good has been shipped.

We have two agents: the agenta ∈ RA and the organi-
zationo ∈ SA. Agent a attributes mental attitudes to the
organizationo (o∈ Aa).

The agenta can perform the actions of signing a contract
and paying ({sign, pay} ⊆ Xa), it believes that it has al-
ready signed the contract and the bill of ladingbill ∈ P has
been issued{> → sign,> → bill} ⊆ Ba, it desires not to
give its money away (> → ¬pay,∈ Da) and not to be sanc-
tioned by agento (> → ¬s ∈ Da).

The organizationo does not desire to consider a violator
(V (¬pay,a) ∈ Xo) and to sanction agenta (s ∈ Xo) with-
out motivation:{> → ¬V (¬pay,a),> → ¬s} ⊆ Do.
It believes that if agenta signs (sign) the contract, this
counts as the creation (c ∈ I) of the contract (ct ∈ CT ):
sign → c ∈ Bo. It believes that the contract has been
signed and the bill of lading (bill ∈ P ) has been issued
{> → sign,> → bill} ⊆ Bo (as agenta does) and also
the constitutive norms concerning the effects of the contract.

The first effect is that the new obligation to pay when
the good is shipped is introduced:Oao(pay, s | shipped).
The obligation is defined by a set of desires and goals: the
normative goal and desire that shipped goods are payed:
shipped → pay ∈ Do ∩ Go; the goal and desire to con-
sider the lack of payment for shipped goods as a viola-
tion: shipped ∧ ¬pay → V (¬pay,a) ∈ Do ∩ Go. And
the goal and desire to sanction violations:V (¬pay,a) →
s ∈ Do ∩ Go; note that the desire> → ¬s of agents
a ando are requested by the definition of obligation. The
contract achieves these effects on the mental attitudes of
the organizationo since it counts as a series of creation ac-
tions: that the goals and desires defining the obligation are
added. Since the counts as relation is described by constitu-
tive norms, i.e., belief rules of agento, we have:
{c → CR(g,o, shipped→pay), c → CR(d,o,
shipped→pay), c → CR(g,o, shipped ∧
¬pay→V (¬pay,a)), c → CR(g,o, V (¬pay,a)→s), c →
CR(d,o, shipped ∧ ¬pay→V (¬pay,a)), c →
CR(d,o, V (¬pay,a)→s)} ⊆ Bo

The second effect is that the bill of lading (bill) is con-
sidered as the proof that the good has been shipped; the con-
tract creates a constitutive rule in the beliefs of the norma-
tive systemo: c → CR(b,o, bill → shipped) ∈ Bo.

We adopt the perspective of agenta who has to decide
whether to pay its fee or not. To take a decision agenta
must recursively model the organizationo’s decision. Agent
a takes the decision whose consequences minimize its un-
fulfilled motivational attitudes given the decision of the or-

ganization and its consequences. Moreover, the decision of
the organizationo is assumed to be taken from the point
of view which considers the legal effects in the conse-
quencesout(Bo, δa) of agenta’s decision. Agenta has al-
ready signed the contract, so its signature counts as the cre-
ation of the contract with its legal effects,c ∈ out(Bo, δa):
O = out(Bo, δa) ∩ C = {CR(g,o, shipped →
pay), CR(d,o, shipped → pay), CR(g,o, shipped ∧
¬pay → V (¬pay,a)), CR(g,o, V (¬pay,a) →
s), CR(d,o, shipped ∧ ¬pay → V (¬pay,a)),
CR(d,o, V (¬pay,a) → s), CR(b,o, bill → shipped)}.

The updated beliefs and motivations are:
UP (Bo, O) \Bo = {bill → shipped}
UP (Do, O) \ Do = UP (Go, O) \ Go = {shipped →
pay, shipped ∧ ¬pay → V (¬pay,a), V (¬pay,a) → s}

The organizationo has to decide whether agenta’s be-
havior respects the obligation or not; in the latter case agent
o considers this as a violation and sanctions it.

The creation of the new constitutive rule has a fur-
ther consequence, that the good has been shipped
since the bill of lading counts as such:shipped ∈
out(UP (Bo, O), {¬V (¬pay,a),¬s} ∪ out(Ba, {¬pay})

Thus, the new obligationOao(pay, s | shipped) has its
condition satisfied. If the agent decides not pay it violates
its duty. Agento’s unfulfilled mental attitudes are:
U({¬V (¬pay,a),¬s} ∪ {¬pay},o) ∩ (Do ∪ Go) =
{shipped → pay, shipped ∧ ¬pay → V (¬pay,a)}

We assume that fulfilling the set of motivations
{shipped → pay, shipped ∧ ¬pay → V (¬pay,a)}
is preferred, according to the ordering≥o on motiva-
tions, with respect to fulfilling{shipped → pay,> →
¬V (¬pay,a),> → ¬s}: sanctioning violations worths its
cost.

So the optimal decision for the organization is to con-
sider a’s behavior as a violation and to sanction itδo =
{V (¬pay,a), s}, as the unfulfilled motivations are:
U({V (¬pay,a), s} ∪ {¬pay},o) ∩ (Do ∪ Go) =
{shipped → pay,> → V (¬pay,a),> → ¬s}

Instead, given the decision to pay the feeδa = {pay},
the optimal decision of agento is not to consider as a vio-
lation the behavior of agenta and not to sanction it. Given
δo = {¬V (¬pay,a),¬s} the unfulfilled mental attitudes
are:U({¬V (¬pay,a),¬s} ∪ {pay},o) ∩ (Do ∪Go) = ∅

How does agenta take a decision?

• if δa = {¬pay}, thenδo = {V (¬pay,a), s}:
U({V (¬pay,a), s} ∪ {¬pay},a) ∩ (Da ∪ Ga) =
{> → ¬s}

• if δa = {pay}, thenδo = {¬V (¬pay,a),¬s}:
U({¬V (¬pay,a),¬s} ∪ {pay},a) ∩ (Da ∪ Ga) =
{> → ¬pay}

If paying is preferred to being sanctioned{> → ¬s} >a

{> → ¬pay}, agenta decides forδa = {¬pay}.



5. Related work and summary

In this paper we address the problem of defining con-
tracts as legal institutions. Using the methodology of at-
tributing mental attitudes to social entities like organiza-
tions, we show that contracts have as precondition an agree-
ment which counts as the creation of the contract and as
legal consequences the creation of new mental attitudes.
These attitudes define new obligations as well as new con-
stitutive rules. We also show that the new constitutive rules
can be used to prescribe the subsequent behavior expected
by the parties involved in the contract.

What distinguishes our approach from other models of
counts as relations is that we can connect goals, and obliga-
tions defined as goals, to institutional facts inside the overall
frame of the attribution of the status of agent to the norma-
tive system: institutional facts are beliefs of the normative
agent as any other belief.

Teague and Sonenberg [22] discuss the impact on rep-
utation of levelled commitment contracts, i.e., contracts
where each party can decommit by paying a predetermi-
nate penalty. While reputation is beyond the scope of this
paper, our model of contracts can specify also the proce-
dures for the parties’ decommitment.

Dignumet al. [11] propose the languageLCR for mod-
elling contracts. They define contracts as tuples composed
of agents, contract clauses, stages and interactional struc-
ture. With respect to their work we do not define the clauses
of a contract as conditional obligations (as also Pacheco and
Carmo [18] do). Rather we use constitutive rules which cre-
ate obligations when the contract is created or when some
relevant event happens. Finally, as they propose, we give a
definition of obligations in terms of violations but we take a
subjective perspective and consider the decision problem of
an agent subject to obligations.

Daskalopulu and Maibaum [8] model contracts as pro-
cesses having as states legal relations among the parties.
They introduce obligations which are consequences of the
unfulfillment of other obligations. However, they do not
consider the role of constitutive rules in contracts and the
fact that violations are recognized only as an effect of the
activity of the normative agent.

Future work concerns extending the games with multiple
stages, so to track the evolution of the contract. We also pro-
pose contracts for modelling roles using the agent metaphor.
Contracts are used for assigning roles: they create the obli-
gations of the holder of a role starting from the description
of the role. Moreover, roles and functional areas in an or-
ganization can be created as new legal institutions. Finally,
our approach can be used to model security issues in vir-
tual communities of agents. Contractual access control has
been proposed in recent developments to cope with the is-
sue of delegating powers to modify rights and permissions.
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