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Abstract

In this paper we use normative systems to introduce roles
and rights in the game-theoretic artificial social systems de-
veloped by Shoham and Tennenholtz. We model normative
systems as socially constructed agents whose behavior is
determined by a set of role playing agents. Roles are again
modeled as socially constructed agents, and the roles’ be-
havior is the ideal behavior of agents playing the roles. In
our approach, the strategies of the role correspond to the
rights that can be exercised by the role. In other words,
rights are powers extending the set of strategies of an agent
– not constraining them! – due to the new opportunities to
exercise rights. We consider the role assignment problem
of how to assign agents to roles such that the role play-
ing agent is expected to behave like the ideal behavior of
the role. We also consider how the normative system con-
trols the behavior of agents playing a role in it.

1. Introduction

The basic idea of the artificial social systems approach of
Shoham and Tennenholtz [7, 8] is to extend classical game
theory with a mechanism, called a social law, that will min-
imize the need for both centralized control and on-line res-
olution of conflicts. A social law is defined as a set ofre-
strictionson the agents’ activities which allow them enough
freedom on the one hand, but at the same time constrain
them so that they will not interfere with each other. Sev-
eral variants have been introduced to reason about the de-
sign and emergence of social laws. In this paper we raise
the following questions:

1. How can roles and rights be defined in Shoham and
Tennenholtz’ game-theoretic artificial social systems,
such that role-based rights are powers increasing the
agent’s possible strategies?

2. How can we define a role assignment problem in such
artificial social systems?

Despite the popularity of Shoham and Tennen-
holtz’ game-theoretic artificial social systems, as far as
we know organizational concepts have not yet been intro-
duced in them. A problem is that classical game theory
seems too abstract to represent involved notions like roles
and rights, because the theory only contains agents, strate-
gies, and utility functions. However, we have already
shown how to represent a normative system – by represent-
ing the normative system as a special kind of agent [3, 4].
We call it a socially constructed agent. We use the same ap-
proach to define roles. Roles are again modeled as socially
constructed agents, and the roles’ behavior is the ideal be-
havior of agents playing the roles.

Rights have been addressed in this game-theoretic set-
ting by Alonso [1], in the sense that “a right is considered
as a set of restrictions on the agent’s activities which al-
low them enough freedom, but at the same time constrain
them.” He then continues to distinguish rights from social
laws, and illustrates his notion of rights by an example from
traffic law, where rights prevent two cars driving into each
other on a crossroads. However, we believe that this exam-
ple should be modeled with obligations or prohibitions in-
stead of rights, and in general that the characteristic prop-
erty of a right is its power toincreasethe set of possible
agent strategies. Moreover, in our approach role assignment
means that an agent can decide the strategy the role is play-
ing, i.e., can decide which rights are exercised. The set of
strategies and thus the agent’s freedom and autonomy may
be decreased by the role’s responsibilities and obligations,
but that is another story.

The layout of this paper is as follows. In Section 2 we
discuss our extension of artificial social systems with an ex-
plicit normative system and enforceable social laws, as in-
troduced in earlier work. In Section 3 we introduce roles
and rights, and in Section 4 we discuss the role assignment
problem.



2. Artificial social systems and social laws

In this paper we use a model of artificial social systems
and enforceable social laws developed in [3, 4] as an exten-
sion of Tennenholtz’ stable social laws [9], which we briefly
repeat in this section. Shoham and Tennenholtz [7] intro-
duce social laws in a setting without utilities. They define
also rational social laws [8] as social laws that improve a
social game variable. A game or multi-agent encounter is a
set of agents with for each agent a set of strategies and a util-
ity function defined on each possible combination of strate-
gies. We extend artificial social systems with a control sys-
tem, called a normative system, to model enforceable social
laws [3, 4]. Following Boella and Lesmo [2], the norma-
tive system is represented by a socially constructed agent
called the normative agent or agent 0. In [3], the norma-
tive system is represented by the set of control strategies of
agent 0, but not by a utility function. As observed by Ten-
nenholtz [9, footnote 4], the extension of a two player game
to n player game is straightforward, and due to space limi-
tations we do not give the details; we writeR for the set of
strategies of the normative system.

Definition 1 A normative game (or a normative multi-
agent encounter) is a tuple 〈N,R, S, T, U1, U2〉, where
N = {0, 1, 2} is a set of agents,R, S and T are the
sets of strategies available to agents 0, 1 and 2 respec-
tively, andU1 : R×S×T → IR andU2 : R×S×T → IR
are real-valued utility functions for agents 1 and 2, respec-
tively.

We use here as game variable the maximin value, follow-
ing Tennenholtz [9]. This represents safety level decisions,
see Tennenholtz’ paper for a motivation.

Definition 2 Let R, S and T be the sets of strate-
gies available to agent 0, 1 and 2, respectively,
and let Ui be the utility function of agenti. Define
U1(R, s, T ) = minr∈R,t∈T U1(r, s, t) for s ∈ S, and
U2(R,S, t) = minr∈S,s∈S U2(r, s, t) for t ∈ T . Themax-
imin value for agent1 (respectively 2) is defined by
maxs∈S U1(R, s, T ) (respectively maxt∈T U2(R, S, t)).
A strategy of agenti leading to the corresponding max-
imin value is called amaximin strategy for agenti.

A social law is useful with respect to an efficiency pa-
rameterq if each agent can choose a strategy that guaran-
tees it a payoff of at leastq.

Definition 3 Given a normative game g =
〈N,R, S, T, U1, U2〉 and an efficiency parameterq, we de-
fine a social law to be a restriction ofS to S ⊆ S, and
of T to T ⊆ T . The social law isuseful if the follow-
ing holds: there existss ∈ S such thatU1(R, s, T ) ≥ q,
and there existst ∈ T such thatU2(R, S, t) ≥ q.

A social law is quasi-stable if an agent does not profit
from violating the law, as long as the other agent conforms
to the social law (i.e., selects strategies allowed by the law).

Definition 4 Given a normative game g =
〈N,R, S, T, U1, U2〉, and an efficiency parameterq,
a quasi-stable social lawis a useful social law (with
respect to q) which restricts S to S and T to T ,
and satisfies the following: there is nos′ ∈ S \ S
which satisfiesU1(R, s′, T ) > maxs∈S U1(R, s, T ),
and there is no t′ ∈ T \ T which satisfies
U2(R, S, t′) > maxt∈T U2(R, S, t).

When the set of strategiesR of agent 0 is a singleton,
then our definitions reduce to those of Tennenholtz [9]. With
the extension of agent 0 representing the control system we
define enforceable social laws as quasi-stable social laws in
normative games where the strategies of agent 0 may have
been restricted [3].

Definition 5 Given a normative game g =
〈N,R, S, T, U1, U2〉, and an efficiency parameterq, a
social law (i.e., a restriction ofS to S ⊆ S, and of
T ⊆ T ) is enforceableif there is a restriction ofR to
R ⊆ R such thatS, T is quasi-stable in the norma-
tive gameg = 〈N, R, S, T, U1, U2〉.

In [4] we extend normative games with a utility func-
tion of agent 0, to represent the enforced social laws. Since
agent 0 is a socially constructed agent, using Searle’s ter-
minology [6], its utility function can be updated. In partic-
ular, the enforcement of a social law byR ⊆ R is rep-
resented by givingR strategies a high utility, andR \ R
strategies a low utility. Moreover, we go beyond the frame-
work of enforceable social laws by varying the utility of
agent 0 depending on the strategies played by the other
agents, and by considering incremental updates of the util-
ity function to represent the evolution of artificial social sys-
tems. Formally, we extend a normative game with a utility
functionU0 : R × S × T ⇒ IR, we defineU0(r, S, T ) =
mins∈S,t∈T U0(r, s, t) for r ∈ R, and we define useful and
quasi-stable social laws in the obvious way. Enforced so-
cial laws are defined as follows.

Definition 6 Given a normative game g =
〈N,R, S, T, U0, U1, U2〉, and an efficiency parame-
ter q, a social law (i.e., a restriction ofS to S ⊆ S,
and of T ⊆ T ) is enforcedif there is a unique restric-
tion ofR to R ⊆ R such thatR, S, T is quasi-stable.

Summarizing, the normative system is represented by a
socially constructed agent. Design of social laws can be
formalized as updating the utility function of the norma-
tive system. Computational problems can be defined to find
enforceable social laws (with respect to an efficiency pa-
rameter). For further motivation and discussion, consult the
above mentioned papers.



3. Role-based rights

Despite the fact that we model the normative system as
an autonomous agent, the behavior of the normative sys-
tem is determined by agents playing a role in it. In this sec-
tion we also model this aspect of normative systems. We ex-
tend the model of artificial social systems with another class
of socially constructed agents – called roles – determining
the behavior of the normative system. In particular, we re-
place the set of strategies of the normative systemR by a set
of set of strategies of the roles in the normative system, writ-
ten asR1, . . . , Rn. A strategy of the normative system cor-
responds to a strategy for each of its roles, which is repre-
sented byR = R1× . . .×Rn. The strategies of the role are
its possible behaviors associated with exercising the rights
or powers of the role.

Definition 7 LetR1, . . . ,Rn, S andT be the sets of strate-
gies available to agent 0.1, . . . , 0.n, 1 and 2, respectively.
The set of strategies of agent 0 is determined by the strate-
gies of the roles,R = R1 × . . . Rn.

Moreover, we consider not only a utility function of the
normative system, but also utility functions of the roles.
These utility functions represent the roles’ responsibilities.

Definition 8 A role-based normative game (or a
role-based normative multi-agent encounter) is a tu-
ple 〈N,R1, . . . , Rn, S, T, U0, U0.1, . . . , U0.n, U1, U2〉,
where N = {0.1, . . . , 0.n, 1, 2} is a set of agents,
Ri, S and T are the sets of strategies available to
agents0.i for 1 ≤ i ≤ n, 1 and 2 respectively, and
U0, U0.1, . . . , U0.n, U1, U2 : R × S × T → IR are
real-valued utility functions for the agents.

Quasi-stable social laws and enforced social laws are de-
fined in the obvious way. Since the normative system can-
not play any strategies, it is not used to determine which so-
cial laws are enforced. However, it may be used for the as-
signment of agents in the following section.

Definition 9 Given a role-based normative game
〈N,R1, . . . , Rn, S, T, U0, U0.1, . . . , U0.n, U1, U2〉, and
an efficiency parameterq, a social law (i.e., a restric-
tion of S to S ⊆ S, and ofT ⊆ T ) is enforcedif there is
a unique set of restriction ofR1 to R1 ⊆ R1, . . . , Rn to
Rn ⊆ Rn such thatR1, . . . , Rn, S, T is quasi-stable.

The motivation for introducing multiple roles is that a
police agent playing the police role has himself to be con-
trolled by the normative system. Table 1 visualizes the pos-
sibility that police roles control each other. This table should
be read as follows. Agent 1 can playp or¬p (columns), and
agent 2 can playq or ¬q (rows). The last two numbers of
each sequence represent the utilities of agent 1 and 2, and
the first table thus represents that agent 1 and 2 play a clas-
sical prisoner’s dilemma.

¬w1,¬w2 p ¬p
q 4,5,5,3,3 1,5,5,4,1
¬q 1,5,5,1,4 1,5,5,2,2

w1, w2 p ¬p
q 3,3,3,3,3 0,3,3,2,1
¬q 0,3,3,1,2 0,3,3,2,2

w1 ¬w1

w2 ?,3,3,?,? ?,0,10,?,?
¬w2 ?,10,0,?,? ?,5,5,?,?

Table 1. p, q, w1, w2 is an enforced social law

Moreover, police role 0.1 can play either workingw1 or
not working¬w1, and police role 0.2 can play eitherw2 or
¬w2. The behavior of the normative system is determined
by police roles 0.1 and 0.2. The first table represents that the
police roles are not controlling the agents, and the second ta-
ble represents the case in which they do. Both role playing
agents prefer not to work over working; we did not repre-
sent the case in which only one of them works in these ta-
bles. The third table details the utilities of the two police
roles. When one of them works but the other does not, then
the working role gets a high utility and the one not work-
ing a low one. This represents that the one not working is
sanctioned by the other one. To keep the exposition man-
ageable, the utilities of the police roles do not depend on
the strategies of the two other agents.

The last table is again a prisoner’s dilemma. The two po-
lice roles would prefer not to work, but the only stable out-
come is that they work. The reason is that if they do not
work, then they may be punished by the other police role.
This is independent of the strategies of the other agents.
Consequently, we havew1 andw2, and therefore the pris-
oner’s dilemma for the first two agents is evaded too. Sum-
marizing,p, q is again an enforced social law.

It is instructing to consider the case in which agent 1
and 2 play¬p and¬q, but agent 0.1 and 0.2 do not pun-
ish them, and they do not punish each other. Before our for-
mal analysis, intuition might tell us that this should also be
an equilibrium. However, it is not the case, because agent
0.1 and agent 0.2 cannot cooperate.

The example also illustrates a lesson for the construction
of the socially constructed roles. Agents playing defender
roles like our police roles should not be able to change the
normative system to increase their utility. If the police roles
would have this power, then they could change their pris-
oner’s dilemma in the same way as the original prisoner’s
dilemma of agent 1 and 2 has been dealt with. Agent 1 and 2
would suffer from such a transformation, as due to the game
dynamics it would result in¬w1,¬w2 and thus¬p,¬q, and
they should have the power to block it.



4. Role assignment

A role assignment relates roles with agents.

Definition 10 Given a role-based normative game
〈N,R1, . . . , Rn, S1, . . . , Sm, U0, . . . , U0.n, U1, . . . , Um〉,
and an efficiency parameterq, a role assignment is a (pos-
sibly partial) functionA : {1 . . . n} → {1, . . . , m}. When
A is a complete function, we callA a complete role assign-
ment.

When an agent is assigned to a role, it can determine
which strategy the role plays. We model the effect of a role
assignment as a game transformation, such that an agent
determines the strategies of a role. For example, when an
agent with strategiesS plays a role with strategiesRi, then
the new strategies of the agent areS ×Ri. Assigning a role
to an agent increases the set of strategies of the agent, be-
cause it can now exercise the role’s rights.

Definition 11 Given a role-based normative game
〈N,R1, . . . , Rn, S1, . . . , Sm, U0, . . . , U0.n, U1, . . . , Um〉,
an efficiency parameterq, and a role assignment
A : {1 . . . n} → {1, . . . ,m}. The effect of the role as-
signment is a new role-based normative game in which for
each agenta and roler with a = A(r) we replaceSa by
Sa × Rr and we removeRr. The utility functions are up-
dated to account for the new order of the strategies in the
obvious way.

For example, consider an extension of our example with
two agents 3 and 4, where the utility for agent 3 and 4 cor-
responds precisely to the utilities of the police roles. This
represents that the two agents are perfect for the job, and
the game transformation leads to the same game as before.
A way to interpret the existence of ideal agents is that the
roles have been designed for these agents.

Moreover, a new class of computational problems can
be defined, not studied thus far in the area of artificial so-
cial systems, which have to do with finding a good match
between the quasi-stable social laws before the role assign-
ment, defined in terms of the ideal roles, and the quasi-
stable social laws after the role assignment. We propose the
following computational role assignment problem.

Definition 12 Given a role-based normative game
〈N,R1, . . . , Rn, S1, . . . , Sm, U0, . . . , U0.n, U1, . . . , Um〉,
and an efficiency parameterq. Find a complete role assign-
mentA : {1 . . . n} → {1, . . . , m} such that the quasi stable
social laws of the role-based normative game are identi-
cal to the quasi-stable social laws of the normative game
that results from the role assignment.

If such a role assignment cannot be found, the utility
function of the normative system may be a guide to select
the best role assignment.

5. Concluding remarks

In this paper we illustrate how game theory can be used
to analyze the interaction among role playing agents exer-
cising rights in an organization, without extending the on-
tology of games. The normative system and its roles are de-
fined as socially constructed agents, and role-based rights
are implicitly represented by the roles’ strategies exercis-
ing the roles’ rights. Moreover, we show how game dynam-
ics can be used to control not only the behavior of ordinary
agents, but also of defender agents determining the behav-
ior of the normative system. We introduce the role assign-
ment problem, defined as finding a role assignment such
that the quasi-stable laws do not change.

A topic for further research is an integration of our
rights-as-powers with the formalization of rights advocated
by Alonso [1], as well as with other formalizations of rights
proposed in deontic logic such as [10]. An alternative for-
malization of organizations and roles in artificial social sys-
tems using constitutive norms is pioneered in [5]. Moreover,
we are interested in further extensions of our model, for ex-
ample in which all powers of the Trias Politica are formal-
ized. E.g., we may further extend the example by introduc-
ing another role with the power to change the normative
system, and define new computational problems for this ex-
tension.
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