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Abstract

Cognitive agents must have an explicit representa-
tion of their beliefs, desires and goals, and also a

In [Boella and van der Torre, 2003ave proposed a model
of norms based on the three ideas:

Agent dimension. Inspired by [Boella and Lesmo, 2002

‘theory of mind’ of the other agents. In this paper
we propose a cognitive agent model where norms
are based on three dimensions. First, we distin-
guish between agents whose behavior is governed
by norms and autonomous normative systems; we
call the latter normative agents. Second, we dis-
tinguish some of the usual mental attitudes for all
agents. Third, we distinguish between behavior
that counts as a violation, and sanctions that are ap-
plied. The decisions of agents are based on a quali-
tative decision theory extended with recursive mod-
elling: an agent explicitly models the normative
agent who monitors violations and applies sanc-

we distinguish between the agent A who is the bearer of
the obligation and the normative agent N. We attribute
mental states to the normative agent (thus takingnan
tentional stancéDennett, 198ftowards normative sys-
tems). Roughly, the content of an obligation is a goal of
the normative agent.

Mental attitudes dimension. We distinguish between the

agents’ abilities, their beliefs and their motivations
(goals and desires). We assume that agent A adopts
the goal of agent N as one of its possible options,
where adoption is “having a state of affairs as a goal
becauseanother agent has the same state as a goal”
[Castelfranchi, 1998

tions. Our framework enables agents to reason also
on what is permitted and on how permissions work
as exceptions to behaviors which are considered vi-
olations and thus are punishable.

Obligation dimension. We distinguish between behavior
which counts as a violation, and behavior that is sanc-
tioned. The “counts as” relation is the same proposed by
[Searle, 199Fin his construction of social reality

1 Introduction

Agents that contain explicit representations for goals,
intentions and beliefs are calledcognitive agents
[Conteetal, 1999. Norms contribute to fill the gap
between individual cognitive agents and multiagent societies
- i.e. the gap between cognitive and social concepts. In this
paper we present a definition of norm based on the mental ® Which is the mental state of a normative agent who en-
attitudes of cognitive agents: their beliefs and goals and, acted a permission which behaves like an exception to
most importantly, their beliefs about the beliefs and goals ~ Ssome obligation it previously enacted?
of other agents. Thus, the concept of norm presupposes ,
cognitive agents and multiagent interaction: “[agents] must
have a ‘theory of mind’, an ‘intentional stance’ towards the
others. In other wordthey must be able to reason about the
beliefs, the goals, the intentions, and the normative reasoning In Section 2 we introduce our definition of obligation and
of the others [Castelfranchet al, 1999. the elements of a cognitive agent for reasoning about obliga-
In this paper we consider not onisnperative normsi.e.,  tions. Then in Section 3 we discuss the role of permissions
obligations, but alsgermissive norms In most works, in a normative system and we propose a definition in terms
permissions are considered a dependent normative categonf,non punishability. These definitions are formalized in Sec-
since they would amount simply to the negation of some oblition 4 where we present our cognitive agent based on a quali-
gation. In this paper we consider permissions as irreducible ttative decision theory extended with recursive modelling. We
obligations, even if, in some sense, we show that permissiondiscuss the behavior of an agent subject to obligations and
have a meaning only in the context of an obligation. permissions with examples in Section 5.

The research questions we address in this paper are:

e Which are the elements of a cognitive agent that are
necessary to reason about obligations? And in partic-
ular, how can a mentalistic definition of obligation be
extended to reason also about permissions?

Can permissions be defined in the same way as obliga-
tions? Are permissions goals of the normative agent in
the same way as obligations are?



2 Reasoning about obligations relation to resolve conflicts among them. In contrast, deci-

The sociologist Goffman argues that taking the other agentssmns are taken on the basis of which desires and goals remain

actions into consideration is unavoidable, and call this situatnSatisfied and which ones have the priority.

tion “strategic interaction”: Our definition of obligation is inspired to

. . [Boella and Lesmo, 2002
“When an agent considers which course of ac-

tion to follow, before he takes a decision, he de- “An obligation holds when there is an agent A,
picts in his mind the consequences of his action for the normativeagent, who has a goal that another
the other involved agents, their likely reaction, and (or more than one) agent B, theareragent, sat-
the influence of this reaction on his own welfare” isfy a goal G and who, in case he knows that
[Goffman, 1970, p.1R the agent B has not adopted the goal G, can de-

cide to perform an action Act which (negatively)

Moreover, Goffman gives a game-theoretic interpretation  Je o &0 aspect of the world which (presum-

of obligations. Norms produce a_form of strategic interaction ably) interests B. Both agents know these facts.”
where the agent and the normative system are the players. [Boella and Lesmo, 2002, p.4b6
In the context of a game including norms, the outcome de-
pends on whether the agent’s behavior is considered as a vio- The definition is extended as follows by explicitly taking
lation and it is sanctioned by the normative agent. into account the conditional desires and goals of the bearer
However, decision and game theory have been criticizeédgent A and of the normative agent N. Moreover, in the con-
for their assumptions of ideality. Several alternatives haveext of a cognitive agent, we consider only the perspective of
been proposed that take the limited or bounded rationality o&n agent who believes to be obliged: a norm is considered
decision makers into account. For example, Simon and otheifsom the perspective of an individual agent's cognitive state
develop theories in artificial intelligence and agent theory rewho attributes certain mental states to other agents.
place probabilities and utilities by informational (knowledge, Agent A believes to be obliged to doby a normn issued
belief) and motivational attitudes (goal, desire), and the deby agent N if:
cision rule by a process of deliberation. Bratman further ex- . .
tends such theories with intentions for sequential decisions ® Agent A believes that agent N desires and has as a goal
and norms for multiagent decision making. Finally, Gmy- thata.
trasiewitcz and Durfee replace in game theory the equilibria e Agent A believes that agent N desires that there is no vi-

analysis by recursive modelling: olation =V (—a), but if agent N believes.a then it has
“Recursive modelling method views a multi agent the goal and the desire the{—a): —a counts as a vio-
situation from the perspective of an agent that is lation.
individually trying to decide what physical and/or ¢ Agent A believes that agent N desires not to sanctien
communicative actions it should take right now.” but if agent N decide¥ (—a) then it desires and has as
[Gmytrasiewicz and Durfee, 19p5 a goal that it sanctions agent A with Agent N only
Moreover, [Gmytrasiewicz and Durfee, 19p%onsider the sanctions in case of violations: the normative agent is

cognitive limitations of agents in realistic settings such as ac- ot a sadist that sanctions anyway.

quiring knowledge and reasoning so that an agent can only 4 Agent A has the desire fors: the agent does not like
build a finite nesting of models about other agents’ decisions.  the sanction.

In the cognitive agent model we propose, an agent does not _, . _
only have a representation of the other agents’ mental states This _deflnmon doe_s not presuppose t_hat agents al-
and in particular of the normative agent, but it also uses '[hig\kjlyS stick to the obligations they are subject to.  There
representation to reason about which decisions they will take®™© Many reasons why agents should be able to rea-
So our agent will recursively model the decision of the other>0_aoout norm violation.  Some of them are listed by
agents: the same decision process employed to take its OV\Lﬁ‘astelfranchet al, 199¢:
decision is used by the agent to predict the other agents’ re-  “[N]Jobody can avoid that norms - and in particular
actions. their instances - might be incoherent. There might

In a different context[Conteet al, 1994 support a simi- be conflicts, and the deliberate agents should be
lar view: “autonomous normative agents not only have minds  able to manage these conflicts. Norms also cannot
(goals, beliefs, intentions, et cetera) but they have some ex- predict and successfully frame all possible circum-
plicit representation of the other agents’ mental concepts”. stances. There might be some important event or

Since a cognitive agent model is based on a symbolic  fact to be handled, where no norm applies or some
representation of mental attitudes, instead of representing norm applies with bad results.”

preferences by means of a quantitative utility function, we [Boella and Lesmo, 2002 give the following non-

nge our nt]o?elzggz‘z qu_?rllltatlve deC|St|0tr_1 thecf)r% 'FS]P'rEddO'?-:xhaustive list of situations where an agent may violate an
roerseret al, : € representation ot beliels an obligation ) stands for an obligation):

motivational attitudes is homogeneous and based on condi-
tional rules. For what concerns the reasoning on beliefs, our 1. There is some plan which does not fulfillbut which
agent is based on conditional rules extended with a priority =~ make the sanction impossible to apply.



2. The bearer may choose a plan which misleads the nofact, permissions presuppose the dependency of the agent
mative agent so that she selects a sanction which she betho asks the permission from the other agent who can give
lieves can be applied, whereas, as a matter of fact, ithe permission.
cannot be applied. Some legal scholars argue that permissive norms play a

3. The bearer of the obligation can bribe (or menace) thé0le in a normative system. For exampl&obbio, 1980

normative agent so that she does not apply the sanctior$&Ys that “the difference bet\_/veen weak and_ strong permis_sion
becomes clear when we think of the function of permissive

No agent could be said to be really autonomous if it is N0thorms. Permissive norms are subsidiary norms: subsidiary in
able to decide whether to respect or violate norms. Howthat their existence presupposes the existence of imperative
ever, ad Castelfranchi, 20d0argued, an agent should fulfill norms]...] a permissive norms is necessary when we have to

an obligation because it is an obligation, not because there j@peal a preceding imperative norm or to derogate to it”, p.
a sanction associated with it: 891-892L

“True norms are aimed in fact at the internal con- In this work the focus is on formal permissions, fwer-
trol by the addressee itself as a cognitive delibera- ~ missive normsssued by a normative agent. We show that
tive agent, able to understand a norm as such and  in a normative system a meaningful permission “presup-

adopt it. [...] The use of external control and sanc-  poses” an obligation it is an exception of; this obligation
tion is only a sub-ideal situation and obligation.” can be an existing one or an obligation which could be later
[Castelfranchi, 2000 added by some competent authority. So, the similarity with

As a response to this criticism, we use the distinction belCastelfranchi, 199% approach is based on the analogy be-
tween violations and sanctions — the third dimension of oufWeen being dependent on another agent and being subject to
classification in Section 1 — to distinguish between the agent&n obligation of the normative system. In an informal setting
interpretation of the obligation, and its personal characteris@" @gent has to be permitted to achieve its goal if there is an
tics or agent type. The agent types are inspired by the us_gent who has the power to prevent it to d_o what he asked; in
of agent types in the goal generation components of Broersef formal setting, an agent has to be permitted ta ddhere
et al’s BOID architecturéBroerseret al, 20023. Roughly 'S Some legal authority which has put or has the power to put
we distinguish betweerespectfulagents that are motivated a0 obligation notto da. L .
by what counts as and does not count as a violationsetfe _ Surprisingly, the (_Jlefmltlon of permission in our setting is
ish agents that are motivated by sanctions only. An obligaSimple. Agent A believes to be permitted to dander some
tion without a sanctiorshouldbe fulfilled, as Castelfranchi conditiong, if, when the normative agent believes that the
argues; but if fulfilling the obligations has a cost therisit ~conditiong holds, it has a desire and goal not to consider
only fulfilled by respectful agents, not by selfish agents, un# @s @ violation tV'(a)). So if the condition holds and the
less some incentives are provided or the agents dislike sonR€rmission is used, the normative agent does not want to con-
social consequences of the violations. A selfish agent fulSider what is permitted as a violation, and consequently, as a
fills its obligations due to fear of consequences, whereas Rehavior that deserves a sanction (or as a behavior that does
respectful agent fulfills its obligations due to the existence of10t deserve a reward). o ,
the obligation. Respectful agents not only accept norms but While an obligation to da implies thata is a goal of the
theyinternalize normgVerhagen, 1999 normative agent, a permission to ddoes not |mply_thadz is

Furthermore, Castelfranchi argues that sanctions are onf§mong its goals: otherwise, the agent could consider to adopt
one of the means which motivate agents to respect obligs3Uch a goal among its owns as it does in case of obligations.
tions, besides “pro-active actions, prevention from deviatiorfXather, if a permission to deis an exception to an obliga-
and reinforcement of correct behavior, and then also ‘postion not to doa, the permission does not cancel the goal of
itive sanctions’, social approvalCastelfranchi, 2000 In  the normative agent that the agent does not.ddThis re-
response to this criticism, we also show that variants of théation between permissions and obligations is shown in the
definition can be used for other types of obligations, such afollowing example: it is forbidden to kill (i.e., it is obligatory

reward-based obligations. not to Kill), but it is permitted to kill in self defence. Such
a permission does not allow to think that agent N’s goal that
3  Permissions nobody is killed is cancelled in a situation of self defence: in

case of self defense, such a goal remains unsatisfied, but the
In this paper, we consider not only imperative norms, i.e.murder is not considered as a violation.
obligations, but also permissive norms. In most approaches, Finally, this model of permission reflects the way in which
permissions are considered a dependent normative categopermissions are enacted in formal laws. For example, the Ital-
since they would amount simply to the negation of obliga-jan penal code describes self defence exactly as an immunity
tions: P(q) iff ~O(—q). These are calledieak permissions  from being considered a violator who should be sanctioned:

and it seems that there is no role ftrong permissionghich  «it js not punishable who has committed a crime compelled
are the content of an explicit permissive norm. by the need to defend his own rights.”

But some authors have argued that this reduction is not
acceptable. As concerns permissions in informal settings Authors’ translation from Italian.
- ‘practical permissions’ {Castelfranchi, 1997argues that 2“Non & punibile chi ha commesso il fatto per esservi stato
permissions are not simply the absence of obligations. lrostretto dalla necesaitli difendere un diritto proprio ...", art.52.



Note that given a permission to dg the goal that a be- B}; Bi
havior does not count as a violation¥((a)) conflicts with Sg S}; Si
the goal that the same behavior counts as a violafit(a ) da dn
which is implied by the definition of a corresponding obli- A's decision /\
gation not toa. How does the normative system decide Oose”’atc'hogs '
between the two alternati_ve goals? Legal the_zor_ies say @hat Por si st ] N's decision
some laws are more basic than other; the priority ordering eLZ'r Sheters’ A dn )
between norms “may be determined in part by considerations % N SY

arising from the text of the regulations themselves, such as Br%n BI%I

the existence of cross-references from one to another; and

it may also be determined in part by factors of a more ex- Figure 1: The agent A and the normative system N
trinsic kind, such as the powers and competence of the issu-

ing bodies, dates of promulgation and amendment, and the

degree of specificity or generality of the regulations made’from A's point of view are called state;.
[Alchourron and Makinson, 1981, p.125 In Section 4.1 we introduce our model of the agent’s de-

In this work we do not consider the issue of how such prior_cisions and mental states, and in Section 4.2 the agent char-

ity relation between laws is generated. We assume it as give®Cteristics; in Section 4.3 we define obligations and permis-
and embedded in the preferences of the normative agent. Sions, and in Section 4.4 we define how the agent makes a
Finally, our definition of permission does not imply an ex- decision by reasoning about these norms.

isting prohibition to which it is an exception. Permissions are4 1 Decisi istermic stat d tal stat
independent from obligations: the fact that it is meaningless'™ ecisions, epistemic states and mental states

to enact a permission which does not play (and it neither cain this section we formalize the various elements of Figure 1,
play) the role of an exception is a property of the normativeand we define when states respect belief rules and violate or
system it belongs to, and not a feature of the single permisfulfill desire and goal rules. However, we do not define the
sion. SincelBoella and van der Torre, 200BEbcus on this  agent’s decision problem or the way it deliberates about these

problem, we do not address this issue here further. elements.
The decisions and mental states of the agents are based on

P the qualitative decision theory proposed in the BOID archi-

4 Formalization tecture by[Broerseret al., 20023.

In this section we formalize the obligations and permissions We start with thedecisions We assume that the base

in a qualitative game theory. language contains boolean variables and logical connectives.
The presentation of the decision and game theory in thid'he variables are eithélecision variablesf an agent, whose

section consists of two parts. We first define all elementgruth value is directly determined by it, parameterswhose

of the agent and its profile of the normative agent, and onlyiruth value can only be determined indirectly. The distinction

thereafter consider the decision problem of the agent. between decision variables and parameters is a fundamental
The basic picture is visualized in Figure 1 and reflects thedrinciple in all decision theories or decision logics. Our ter-
deliberation of agent A in various stages. minology is borrowed from Lang et alLanget al, 2003,

Agent A has to make certain decisions, and it is deliberthey are called respectively controllable and uncontrollable
ating about the effects of the fulfilment or the violation of Propositions by BoutiliefBoutilier, 1994.
norms. Agent N is the normative system, which may rec-pefinition 1 (Decisions)Let A = {a1,az,...}, N =
ognize and sanction violations. Agent A recursively models{mhmz’ .JandP = {p1,ps,...} be 7thre7e disjoint sets
agent N's decision (taken from its point of view) and basesys propositional variables, i.eAN N = 0, AN P = §, and
its choice on the effects of agent N's predicted actions. Wheny  p — (). A literal is a variable or its negation. For a
agent A makes its decisiody, it believes that it is in state ropositional variabley we writep = —p and=p = p.
sY%. The expected consequences of this decision (due to be- Qi i ; i
A P quenc ( A decision set is a tuplél 4, d ) whered, is a set of lit-
lief rules B,) are called state ;. Then agent N makes a gra|s of A (the decision of agent A) antly is a set of literals
decisiond v, typically whether it counts this decision as a vi- o \ (the decision of agent N). We assume that decisions are
olation and whether it sanctions agent A or not. Now, to findeompete, in the sense that for example for each decision vari-
out which decision agent N will make, agent A haprafile  gpjeq in A, we have eithet € d4 or —a € d,. Moreover,

of agent N: it has a representation of the initial state agent N, ¢ d, means thata is in d 4. Analogously forly .
believes to be in and of the following stages. When agent A

makes its decision, it believes that agent N believes that it is We distinguish between what we call the agespsstemic

in Statesgv_ This may be the same situation as St@e but sta_tesand itsmental states By eplstemlc_: states we mear_1

it may also be different. Then, agent A believes that its owrbe|lef5 abo_ut the world and aboqt the beliefs of the n02rmat|ve
decisiond 4 will have the consequence that agent N believesagent’s beliefs about the world, i.e. about the sta in

that it is in states);, due to its observations and the expectedFigure 1. By mental states we mean the sets of belief, desire
consequences of these observations. Agent A expects thahd goakulesof the agents.

agent N believes that the expected result of decigignis We first formalize the epistemic states. Since the value of
states?,. Finally, agent A's expected consequencesigf the propositional variables must be distinguished in the three



stages, we label the parameters according to the stage numtsamong belief rules in different ways.

they describe.

Definition 2 (Epistemic states)Let P°, P! and P? be the
sets of propositional variables defined By = {p’ | p € P}.
We writeL 4, L 4p1, . . . for the propositional languages built
up fromA, AU P', ... with the usual truth-functional con-

nectives. We assume that the propositional language contai

a symbolT for a tautology.

The epistemic state is a tuple, sy, s%, s%, sk, s3)
wheres’ ands; are sets of literals of. po (the initial state),
s} and s, are sets of literals of. 41 (the states after the
decisiond 4 of agent A), and? ands3; are sets of literals of
Ly p2 (the states after the decisialy; of agent N). Moreover,
letsy = s% Usl Us%, sy = s Usk Usk. The states are
assumed to be complete.

For what concerns
acting, a respectful agent always tries to fulfill the goals
of the normative system, whereas a selfish agent first tries
to achieve its own goals. We express these agent charac-
teristics by a priority relation on the rules. As detailed in
[Broerseret al, 20023, this encodes the way in which the

r1asgent resolves its conflicts.

Definition 5 (Agent characteristics) The characteristics of
the agent A are a tuplé>5 >, >B >y) where >% is

a transitive and reflexive relation on the powersetisf,

> 4 is a transitive and reflexive relation on the powerset of
D,AUGAUDNUG N, which contains at least the subset rela-
tion, 2]’?} is a transitive and reflexive relation on the powerset
of By, containing at least the subset relation, ard; is a
transitive and reflexive relation on the powersef§ UGy,

We now formalize the agent's mental state. The mentaWhich containing at least the subset relation.

state contains four sets of rules for each agent. Two sets of
belief rulesare used to calculate the expected consequences
of decisions and two sets désireandgoal rulesexpress the ;
attitudes of the agents towards a given state of affairs, des

pending on the context. In particulds and B}, represent

the belief rules from which the second stage is produced (a
cording to agent A and agent N respectively) on the basis

the initial one and of the decision of agent B2 and B%, are
the belief rules which produce the last stades, G, Dy

and Gy represent the desires and goals of the two agent

Note that they cover all the aspects of the three stages.
Definition 3 (Mental states) Let arule of one of the proposi-

tional languaged. 4, L 4 p1, . . . be an ordered sequence of lit-

eralsiy,...,l,,l ofthis language writtena§ A ... Al, — L.
The mental state MY is a tuple
<B}4,Bi,B}V,BJQV,DA,GA,DN,GN> where B}L‘ and
B} are sets of rules ofL 4pop1, B4 and B3, are sets
of rules of Lynpopipz, Da, Ga, Dy and G are sets
of rules of Laypopipz. We write By = B} U B and
By = B U B%. We assume thdt y C Dy, such that the

goals of the normative agent correspond to its desires only.

The normative agent’s beliefs depend on what it can ob
serve. Again we accept a simple formalization of this com
plex phenomena, based on an explicit enumeration of a

propositions which can be observed.

The decision sets and epistemic states are related to each
her by the agent's mental state. There are two different
nds of relations. First, the belief rules express whether the
tates are the expected consequences of the decisions. Sec-
ond, the desire and goal rules are used to evaluate the con-
Sequences of decisions. In other words, the relations are
hether the decisions and epistemic states respect the belief
rules of the mental state, and whether the decisions and epis-
temic state violate or fulfill the desires and goals.
S- We first formalize respecting mental states. For rational
agents, the epistemic state is a consequence of applying be-
lief rules to the previous state, together with persistence of the
previous state. In such a case, we say that the epistemic states
respect the mental state. In this paper we use the following
definition to express how belief rules are used to compute the
subsequent state starting from a state and a decision or a set of
observations. This is clearly a very simple definition, because
for example it does not formalize the iterative application of
belief rules. However, it suffices for our purposes, and exten-
sions are straightforward.

The definition of respecting a mental state accounts also for
the priority relation on beliefs defined in the agent character-
istics: themax function does not only consider only maximal
gpets of rules but also only the ones which are maximal in the
given ordering. If the order is total, then theax function
generates a single state.

Definition 4 (Observations) The set of observable proposi- o _ _

tions OPy is a subset of the description of the second stageXefinition 6 (Respecting mental states and beliefsfor s
(according to agent A’s point of view) and of agent A’s deci-2 state,f a set of literals inL 4y p:, R a set of rules, and-
sion: P' U A. The expected observation of agent N in statea transitive and reflexive relation on the powersetdton-

sk isObsy = {p | p € OPyandp € si}u{-p|p €
OPy and—p € sk }: if a proposition describing state}; is
observable, then agent N knows its valug’p

taining at least the superset relation, letax(s, f, R, >) be
defined as the set of states obtained by:

1. Sisthe set of states after applying a consistent subset of

R to the union of the statewith f:

S = {{ll,,ln}UfHZ,l/\/\llyml —[; € Rand
liyjesUfforj=1...myfori=1...nand
{l1,...,1,} U f consistent

2. S’ is the set of maximal elements$fi.e.

S"={s e S|As € Ssuchthats C s'}

4.2 Agent characteristics

How the agents reason about norms, and in particular how
they deliberate whether they fulfill or violate obligations, de-
pends not only on their interpretation of the obligations in
terms of their beliefs, desires and goals, as defined above,
but also on theilagent characteristics Given the same set

of rules, distinct agents reason and act differently. For what
concerns reasoning, different agents can deal with conflicts



3. §”is the set of maximal (with respect to theordering)

elements of’, i.e.
sc S |As €8s >sands ¥* s When the literak is built from a decision variable, then we
{ A - 25} call the obligation an ought-to-do obligation, and when it is
4. max(s, f, R, >) is the set of states that contain an ele- built from a parameter then we call it an ought-to-be obliga-
ment ofS” together with some elements frapthen tion.
max(s, f, R, >)={s'Us" | s’ € §” and We now consider conditional obligations with sanctions.

s"={I' € s|I' € Prandl't! ¢ s'}}  Definition 8 (Conditional obligations with sanction (parameter))
Agent A believes that under conditighq € L spop1, itis
obliged to decide to da (a literal built from a propositional
variable in P U P2 U A) with sanctions (a parameter inP?

to be achieved by agent M4y (a, s|q) iff for somen € NS

1. ¢ — a € Dy N Gy: agent A believes that in context
agent N desires and has as a goal thatnd wants agent
A to adopta as a goal.

g N —a — V(-a) € Dy NGy: agent A believes that if
agent N believes that and —a then it has the goal and
the desire td/(—a): it recognizes it as a violation.

3. T — =V(-a) € Dy: agent A believes that agent N
desires that there are no violations.

A state description (s9,s!,s%,s%, sk, s%) -
spects the decision sefds,dy), the expected ob-
servation of agent NObsy together with the mental
state description (BY, B%, B, B3, Da,Ga,Dy,GnN)
and the relations >% and >% if sy €
max(sY,da, BY,>58), s3 € max(sQ U sy, dn, B4, >5),
sy € max(s%,Obsy, By, >%) and s%, € max(s% U
sk, dn, BY,>5). 2.

4.3 Obligations and permissions

To define obligations and permissions in the qualitative game 3.
theory, we use the mental states and the distinction between
decision variables and parameters, the latter to distinguish 4.

T — =V (-a) € Dy: agent A believes that agent N
desires that there are no violations.

various notions of norm. Moreover, to define norms we intro-
duce in this section a formalization of the notion “counts as a
violation”. Our approach is inspired by the so-called Ander-

son’s reduction of deontic logibAnderson, 195Bto alethic
modal logic, which may be written a@3(p) = O(—p — V).
This modal formula says thatfis obliged, then it is neces-
sarily the case that the negatiorpafnplies the violation con-

stantV. There has been much discussion in the philosophi-

cal logic literature on the interpretation of this const&ht

In Anderson’s original proposal, he interpreted it as a sanc-
tion. However, it was soon observed that many violations are

not sanctioned. He therefore later[idnderson, 196J7inter-
preted it as ‘something bad has happened'.

For each literal built from a propositional variahte we
introduce a new decision variablé(a) € N. The vari-

ableV(a) is intended to mean that agent N determines tha
a counts as a violation. All obligations which have the sam
content, when they are violated, count as the same violation

The following definition presents the general notion of

obligation.

Definition 7 (Obligations) Let N S be a normative system or
set of normg{ny,...,n,, } and let the decision variables of
agent N contain a set of so-called violation variablés=
{V(a)la € PLUP?U A}.

Agent A believes that it is obliged to decide taugla literal
built from a parameter inP! U P? or a decision variable in
A, O an(a), iff agent A believes that there is a norme N S
such that:

1. T — a € Dy N Gy: agent A believes that agent N
desires and has as a goal thatand wants agent A to
adopta as a goal.

2. ma — V(—a) € Dy N Gy: agent A believes that if

agent N believesa then it has the goal and the desire

to recognize it as a violatiofr (—a).

e

V(-a) — s € Dy NG y: agent A believes that if agent
N decidesV’(—a) then it desires and has as a goal that
it sanctions agent A.

5. T — —s € Dy: agent A believes that agent N desires
not to sanction-s. This desire of the normative system
expresses that it only sanctions in case of violation.

6. T — —s € Dy: agent A has the desire fofis, which
expresses that it does not like to be sanctioned.

7. for somem € N we havem — s € By: agent A
believes that agent N has a way to apply the sanction.

Analogously, ifV(—a) is a parameter, then also the pros-
ecution process can be subject to failures. We assume that
similar extensions are provided fbf(—a) as a parameter in
P?, though we do not give the details here.

The following definition formalizes reward-based obliga-
%ions. The sanction is a positive one, so that the agent As
attitude towards it must be reversed with respect to nega-
five sanctions; second, in case of positive sanctions, agent
N’s recognition of a violation overrides the goal of reward-
ing agent N. Again we can consider variations with decision
variables and parameters for the obligation, the violation con-
stant, and the sanction. We only give the details of one of the
options.

Definition 9 (Obligations with reward (parameter))

Agent A believes that it is obliged to decide tod(a literal
built from a propositional variable inP! U P? U A) with
reward r (a parameter inP? to be achieved by agent N)
Oan(a,r) iff for somen € N S:

1. T — a € Dy NGy: agent A believes that agent N
desires and has as a goal thatand wants agent A to
adopta as a goal.

2. ma — V(-a) € Dy N Gy: agent A believes that if
agent N believesa then it has the goal and the desire
to recognize it as a violation.



3. T — =V(—-a) € Dy: agent A believes that agent N goals and desires. For example, respectful agents care not
desires that there are no violations. only about their own desires and goals, but also about the

4. ~V(-a) — r € Dy N Gy: agent A believes that if ones of the normative agent. Note ttigf™ andUS™ refer
agent N decides-V(—a) then it desires and has as a 1o the state from agent A's point of view: agent A cares that
goal that it rewards agent A. it believes that the desires and goals of agent N are satisfied,

. . not that agent N believes that they are satisfied while this is
5. T — —» € Dy: agent A believes that agent N desires 9 1ev y IStied whi St

. . ; not the case.
not to reward—r. This desire of the normative system o .
expresses that it only rewards in case of absence of vioRefinition 11 (Unfulfilled mental states) Let U(R,s) be
lation. the unfulfilled rules of states, U(R,s) = {l1 A ... A
) . ) l, =1l € R | {lh...,l} C sandl ¢ s}. The
6. T —r¢€ tl’l])?:t ﬁgeni Abhas thed dgswe far, which  ynfulfilled mental state descriptionf agent A is the tuple
expresses that it likes to be rewarded. UN = (UPA UG, UPY USN) whereUP4 = U(Dy4, s4),

7. for somem € N such thatm — r € By: agent A UEA = U(Ga,s4), UPY = U(Dy,s24) UEN _

believes that agent N knows a way to apply the reward. /(s 1). Theunfulfilled mental state descriptiasf agent

We give the following definition of permission: NisUy = (ULN,U$N), whereULN = U(Dy,sy) and
Definition 10 (Conditional permissions (parameter)) UG~ =U(Gx, sn).

Agent A believes that it is permitted by the normative system For what concerns the priorities on desire and goal rules,
N to decide to da (a literal built from a propositional vari-  our model of agent characteristics is very general, and it is
able in P U P2 U A) in contextq,q € Lapop1, Pan(alg)  possible to define some categories; we classify agents ac-
iff for somen € NS cording to the way they solve the conflicts among the rules

1. g Aa — —V(a) € Dy N Gy: agent A believes that if belonging to different components: desires, goals and desires
agent N believes that and « hold then it has the goal and goals of the normative system that can be adopted. Agent

and the desire that does not count as a violatioi(a). ijlfcesd?ﬁhdeegrg% 'Qr ?hig'tlﬁl{e"‘r’ggrsgéqg g%"oezgee” Intro-

In our definition, a given permission is not directly related  Here, for space reasons, we introduce only a selfish agent
to any obligation it can be the exception of. Thus, how canype, which bases its decisions only on its unsatisfied goals
a permission be an exception to an obligation? The relatiognd desires.
between permissions and obligations is given by the fact th - . PR— Ga
the content of the permission is not considered as a violation: eflqltlc)/réiz (AgergAtypes) 'fGiA < SA,gi U'4 ZISAUA
-V (a). This propositional variable is exactly the negation a”[‘)j FUZY 2a Ut andUz" 24 Uy thenlU'3* >4
of the violation of an obligation which prescribes that agentU 4
A should not doa: O4n(—a). Hence, a permission in our  We now consider the agentfecision problemIn the de-
definition can be an exception to all those obligations whichgision problems we consider, the agent only knows the initial
consider a given behavior as a violation and not just to a pafstate, considers the consequences of its possible decisions,
ticular one. This explains how our definition of permission and chooses the decision which results in the best states.
does not imply the existence of a corresponding ObII(~:]"’morbefinition 13 (Optimal decisions) Given initial statess?

it is an exception to. We require that the relation betwee 0 : )
permissions and obligations is only indirect because, as diﬁ—ndsN’ a mental state, observatiotisy and agent charac

. . . . . - teristics, the decision s&t = (d4, dy) is N optimal if for all

ﬁ?;;%ilsriitﬁg?g?L’;\lpgesr?ﬁi?s?gsfsﬁgzheggrgyfr? P?fg?’llgrlc; r\'/te'fzustate descriptions’ which respecti, for all other decision
o _ ! \/ s 4 i

thority to prevent lower level ones to eventually forbid suchS(atSA = {da,dy)’, for all state descriptionsy’ respecting

R X A, sy < sfy. Ais A optimal if it is N optimal and for all
behavior; in[Boella anq van der Torre, 200Btve provide a state description$' which respect\, for all other N optimal
model of such subtle situation.

e ; o h : p
Finally, the conflict between the rule defining a permissiondecISIon setal’, for all state descriptionss” respectingA’,

. . R 54 < 8.
and the corresponding rule in an obligation is resolved ac=4 = 4

cording to the normative agent characteristics, as any oth
conflict among rules. Since we do not consider here the prot?f-) Examples

lem of the legal sources of norms, we just consider how dn this section we present some examples which show which
permission and an obligation are related in a given normativéoles permissions play in agent interaction, which is the men-
agent characteristics, without addressing the problem of hova! state of the agent who authorizes another one and of the

it is generated according the different legal principles. agent who is authorized. Moreover, we show some situations
where an obligation is not respected but the normative agent
4.4 Agenttypes is not aware of that or it cannot do anything for sanctioning

The agents Value, and thus induce an Ordering on, the epi§.UCh Violations; also permiSSionS are eXplOited in such situa-

temic states by considering which desires and goals have bedigns®

fulfilled and which have not. In the general case, agent Amay 3since the states and decision sets are complete, when parame-
consider its own desires and goals as well as the desires amgts and decision variables are negated, we do not include them in

goals of agent N, whereas agent N only considers its owtthe examples below if there is no risk of ambiguity.



The first example represents an agent which sticks to thee s4= {T — =V (-a)} > {T — —a},
obligation to doa even if it has—a as a goal or if there were 8% ={q°},0Py = AUP', By =0, >B=10

no sanctiors since it desires not to violate the norm: Gy = {T — a,—a — V(-a) V(—wﬁ . S’ql A —a —s
Example 1 O4n(a, s) -V(=a)},V(-a) € V,;se Nyne NS

594 = @,BA = q)az,]-z: @,a € Aa Dy = {T - a,7a = V(“G),V("a) — 5T —
Ga=0,Da={T — =V(=a), T — —a}, T4 = stable, =V(=a), T — =s,q' A —a — =V (=a)}, Ty = stable,
>4={T = =V(=a)} > {T — —a}, >N2 AT — a,¢* A—a — V(=a)} > {T — a,~a —
89V=®7OPN:AUP1,BN:® > — 0, V(-a),V(=a) — s} >{T — a,7a — V(-a)} > {T —
Gy = {T = a,—a — V(-a), ( a) — s}, V(ma) €  V(a), T — —s}

V,se N,ne NS, Optimal decision set{d4 = 0, dy = 0)

DN( :) {T — }a, -a — V(-a),V(-a) — s, T —  Expected state description:

=V (—a ,T — T8 ,TN = stable, 3}4 = {q1}75}v = {q1}75?\, = {q2}75124 = {q2}

>N2 {T — a,7a — V(=a)} > {T — a, T —  Unfulflled mental states:

~V(-a), T — —s} UPs = 9,US" = 0,URY = USY = {T > a,-a —

Optimal decision set{d4 = {a},dn = 0) V(-a)}
Expected state description:

sh = {a}, s\, = {a},s% = 0,s% =0 Note that with respect to the previous example, agent A

Unfulfilled mental states: QOeS not Ie_ave any mental sta_te_unsatisfied; ins_tead, agent N
UDA:{T Y UGa=yDy=7Gr=() is Ie_ft with its goal thata _unsatl_sfled_. However, it does not
A VA N N decide that-a is a violation, since it is more important to
Agent As desire not to be a violator is fulfilled: the an- satisfy the goag* A —a — =V (-a).
tecedentT of the unconditional ruleT — =V (—a) is true,
but the consequent is consistent with stéte= () since agent
N decides that the situation does not count as a violation an
thus it does not sanction-§); recall thatV(—a),s € N,
so they are implicitly variables of the last stage. In contrast
the unconditional (and hence applicable) deSire~ —a is
in conflict with statesl, = {a} and it remains unsatisfied: siond,s = {a,b} sincemax(s%. da, BY) = {{p'}, {(~p'}},

a € A, soitis a decision variable describing second stage. B
For what concerns agent N's attitudes, its unconditional depuggﬁé‘i%& ;’1dlg ’cﬁ ﬁérzen% ;néé?ﬁe}()}r dlgrggﬁst'?c?ta(\jleﬁlselxc{n

sire and goal that agent A adopts the content of the Ob“gat'OﬁlrJesses the priofity of the rute— overh — b ie.in

T — ais satisfied insl,. Analogously are the desires not P priority ! P

to prosecute and sanction indiscriminately: — -V (—a) the context the effects of the second rule is overwritten in a

andT — —s (recall that states are complete-st'(—a) and noghrgczjn(z:tio?lcr:]vt\;a)t/v\?yethzrf]l(rjsbt irUng nb mparing the
—s are true ins3, = (). The remaining conditional attitudes ecision betweea S 'aken by comparing

: esults of recursive modelling: if then—p! and—s and ifb
ur?s;isvﬁsada), etc. are not applicable and hence they are nOEhenp1 ands. Since agent A prefers not being sanctioned
. ) - 99 X ;

Whatever other decision agent N would have taken, it could'\”th respect to leaving” untulfilled, it chooses..
not satisfy more goals or desires,&¢ = () isaminimaland  Example 3 O 4 (a, s)
optimal decision. E.g.dy = {s} would leaveT — -—s s9={-p°}=0,Ba = {a — —p',b = p'},a € A, p! € P,
unsatisfied{T — —s} > 0 (in fact, >y contains atleastthe >B55 (, _, —pl1 > (b — p'},
subset relation) and thei,™ = () > UJ’?[N" ={T — =5} Ga=0,Ds={T —p", T — —s},Ta = stable,
for a stable agent. >42{T — —s} > {T = p'},

Had agent A's decision beef}, = (}, agent N would have ng ={-p°},OPy = AUP!, By =0, ;
chosendy = {V(-a),s}. The unfulfilled desires and G, = {T - a,~a — V(ﬁa) V(= s}, V(-a) €
goals in states’y = sy = {V(-a),s} would have been: Vv, se N,ne NS
U’ZA/ ={T — =V(-a)}, UﬁA/ =0, UJI\?N/:{T —a,T—  Dy={T—a,—~a—V(=a),V(-a)—s, T—=V(=a), T—-s},
=V (-a), T — —s}, UGN/_{T—>a} Zgg {;a - ‘;(ﬁi)"t/(bﬁla) - st > {T -

How does agent A takes a decision betwdgnandd’,? (ma), T — —a}, Ty = stable
Since it is a stable agent, it gives its preference to the firsDptimal decision set{d4 = {a},dn = 0)
decision, since its choice is based on the unsatisfied goals. Expected state description:

We modify the previous example to show that given a con-s!y = {a, —p'}, sk = {a,—p'},s% = 0,54 =0
ditional permission not to de which overrides the obligation Unfulfilled mental states:

In the next example, the desire of tistable agent A
hat p! is true) conflicts in an indirect way with the new
ption a. The belief rules and the ordering% on them

represent the incompatibility of the effects of the two de-
tision variablesa (with side effect—p') and b (which
achievesp'). Agent A has no advantage in choosing deci-

>B_)
a) —

to a in a contexty, agent A needs not doanymore. UEA:{T —p'}, UfAzUﬁN:UﬁNzw
Example 2 Oan(a, s) and Pay(—a | ¢*) We return on the conflict among motivations: agent A has
% ={¢°},Ba=0,>5=0,a € A, the goals-a and—q'. However it is obliged to da unlessy*

Ga=0,Dp={T — =V (=a), T — —a}, T4 = stable, is true. It can achieve the goal' by means of actioh, but



if it does, it cancels the condition of the permission notto do Up to this point we assumed that agent N can observe ev-

a.

Example 4 Oy (a,s) and Pan(—a | ¢')
sa=1{¢"},Ba={b——~q'},>24{=0.a,be A q € P,
Gy ={T - -a,T— —\ql},DA =

s}, Ta = stable,

5(])\] = {q0}7OPN = AUP17BN = Q); ZEZ 07
Gy = {T — a,7a — V(“Q),V(_‘a) — $,¢ NDa —
-V(-a)},V(—-a) e V,s € N,ne NS,

Dy = {T — a,7a — V(-a),V(-a) — s, T —
=V(=a), T — =s,q¢' A —a — =V (=a)}, Ty = stable,
>N A{T — a,¢* A—a — =V (=a)} > {T — a,~a —
V(=-a),V(-a) — s} >{T — a,ma = V(-a)} > {T —
a, T — =V(-a), T — —s}

Optimal decision set{d4 = {b},dn = {V(—a), s})
Expected state description:

8114 = S}V = {b, —‘ql},s%\, = 8?4 ={V(=a),s, _'q2}7
Unfulfilled mental states:

URA={T—V(ma), To=s}, U4=0, U ={T—a,
T—=V(=a),T — -5}, Ug~={T—a}

erything. But what if agent N is not immediately acquainted
with the entire state? The limitations on agent N's observa-
tions can be exploited by a non-respectful agent A to make
agent N believe that it did not commit a violation since it
falsely believes that a permission overrides the obligation:

Example 6 Oan(a,s) and Pan(—a | ¢')

% =0,Ba=0,>8=0,a,b € A ¢' € P!, Ta=stable,
Ga=0,Ds={T—=s, To=a},>a={T—=s}>{T—-al,
s = 0,0Py = AU(P'—{¢'}), By = {b — ¢'}, >{=10,
Gy = A{T — a,~a — V(-a),V(-a) — s,b A -a —
=V(=a)},V(-a) € V,s € Nyn e NS

Dy = {T — a,ma — V(-a),V(-a) — s T —
=V(=a), T — =s,bA—a — =V (=-a)}, Ty = stable,
>v2 {T — a,bA—-a — V(-a)} > {T — a,7a —
V(=a),V(-a) — s} >{T — a,7a = V(-a)} > {T —
a, T — =V(-a), T — —s}

Optimal decision set{d4 = {b},dy = 0)

Expected state description:

S}A = {b7 _‘ql}vs}v = {b’ql}’s?\f = {qz}vsi =0
Unfulfilled mental states:

Agent A decides to violate the obligation since itis a stable;;Da_;;Ga—y /Dy =7Gn = DN =GN =T _ -
agent: it considers its goals more important that its desires. 4 Uat=0,UsN=UN=UNT=UNY={T =0, ma=V (ma)}

Agent N decides to sanction agent A since in a state=
{b, —~q*} the conditiong! of the permission is not satisfied.

In the next example, we model the sanctioas a param-

eter which is made true by a decision variablee N: in

In our model we are also able to model the famous Becca-
ria’s argument against death penalty: if a crime committed by
a criminal, say kidnappinga], is punished with a sentence
to death §) then every other sanction, such as being jailed

this way we account for the possibility of a failure in the exe-does not prevent the criminal to commit other misbehavior,
cution of the punishment. We examine how agent A exploitssay killing his hostagebj. This is modelled by means of con-
the recursive modelling to influence the behavior of the norditional desires: agent A desires not to be sanctioned only if
mative agent. Besides the usual goals and desires describids alive (—s).

by the obligation to da, we assume that, in a situation where
pl is true, agent N has the goal to make the decision variabl
rtrue. So, in statey, = {—a, p'}, it would like to choose de-
cision{V'(-a), m,b}: but the two decision variables are in-

compatible. Since the conditional desjre— r is preferred
to V(—-a) — s, agent N recognizes the violatiol (—a)) but

Example 7 Oan(—a, s) andOan (-b,7)

% =0,Ba=0,>F=0,a,b€ A,

Ga=0,D4={T - a, T — =s, T — b,—s — —r},
>a2{T = =s,ms > 1} >{T —a,T—-0b}>{T —
a} >{T = b} > {T — =s} > {=s — r}, Ta=stable,

it does not sanction agent A. This reasoning is reconstructetly = 0, OPy = AU P!, By = 0, >{= 10,
by agent A: it can skip the sanction by choosing the decisiod*y = {T — —a,a — V(a),V(a) — s, T — =b,b —

variableb which has the effegt!.

Example 5 O n/(a, s)

sy =0,Ba={b—p'},25=0,a€ Abe Ap' € P,
Ga=0,Da={T — —a, T — —s, T — —b},

>A0{T — =s}>{T — —a}>{T — b}, Ta=stable,

% =0,0Py = AU P! By ={m — s,r — —s},

>BD {r —» —s} > {m — s},V(-a) € V,m € N,r €
N,se P2 ne NS,

Gy ={T —a,—a — V(=a),V(=a) — s,p' —r},
Dn={T—a,—~a—V(-a),V(-a)—s, T—=V(=-a), T—=s},
>n2{pt—=r}>{V(=a)—s}>{T—-V(-a)}, Ty=stable
Optimal decision set{d4 = {b},dny = {V(—a),7})
Expected state description:

S,l4 = Sjl\f = {bapl}75,24 = S%\[ = {T,V(_\a),pQ}

Unfulfilled mental states:

URr ={T — -b},U§* =0,

UﬁN =A{T — a, T — =V(-a)}, Uﬁ” = {T —
a,V(-a) — s}

V(©), V() —r},V(a),V() e V,s,r € Nyn,n' € NS,
Dn={T—=a,a—V(a),V(a)—s, T—==V(a), T—=b,b—=V(b),
V(b)—r, T—=V(b), T——r}, Ty=stable,

>nv2 {a — V(a),V(a) — s,b — V(b),V(b) — r} >
{T — —‘V(a), T—-sT— —\V(b)7 T — —vr}

Optimal decision set:

<dA = {a7 b}7 dN = {V(a)v V(b)v S, T}>

Expected state description:

5,14 = {a7b}75}\7 = {a,b},s?\, = 3?4 ={V(a),V(b),s,r}
Unfulfilled mental states:

URA={T — -}, UG =0, U~ =U$"={T — —a, T —
=b, T — =V(a), T ==V (®), T — s, T— —r}

In principle, agent A prefers not to commit its crimes to
the situation where both its desire not to be killed and not
to be jailed are unsatisfied. However, it will kidnap and Kill
its hostage, since it is not possible that these desires remain
unsatisfied at the same time: being jailedlié relevant only
in case it has not been killed)( So the best decision is to
kidnap and kill the hostage.



6 Conclusions [Boella and van der Torre, 200BI6. Boella and L. van der

: - . Torre. Permissions and obligations in hierarchical norma-
In this paper we propose a cognitive model for deliberate nor- . X
mative agents who reason about what is permitted or forbid- UVe SyStems. IfProcs. of ICAIL 03 Edimburgh, 2003.
den to them. The definition of obligation is based on thred Boella and van der Torre, 2008&. Boella and L. van der
dimensions. The first dimension is the set of agents involved, Torre. Rational norm creation: A Recursive Model of Nor-
where we distinguish the agent whose behavior is norm gov- mative Systems and Agents Rrocs. of ICAIL 03 Edim-
erned, and the normative agent who issues norms and mon- burgh, 2003.
itors and sanctions violations. The second dimension is thgBoutilier, 1994 C. Boutilier. Toward a logic for qualitative
mental attitudes attributed to each agent, where we distin- decision theory. IrProcs. of KR-94pages 75-86, Bonn,
guish beliefs, desires and goals each represented by condi- 1994.

tional rulczs. bIThet' third dri]mensioré.atr_e th.ehetl)eznents gf rt]h Broerseret al,, 20023 J. Broersen, M. Dastani, J. Hulstijn,
norms and obligations, Where We distinguiSh between benav- 5nq | yan der Torre. Goal generation in the BOID ar-

lor that counts as a violation, and sanctions. Obligations and chitecture. Cognitive Science Quarterly2(3-4):428-447,
permissions are defined in terms of abilities, beliefs, desires 2002

and goals of the normative agent. Permissions are modelllef ' ,

as behavior which does not count as a violation, and they coriBroerseret al, 20024 J. Broersen, M. Dastani, and
stitute exceptions to obligations which consider the same be- L. van der Torre. Realistic desireslournal of applied
havior as a violation which is sanctioned. non-classical logics12(2):287-308, 2002.

We use a qualitative decision theory based on conditionalBulygin, 1988 E. Bulygin. Permissive norms and norma-
rules extended with recursive modelling to model the interac- tive systems. In A. Martino and F. Socci Natali, editors,
tion between the agent and the normative agent. The gualita- Automated Analysis of Legal Texfsmages 211-218. Pub-
tive decision theory is inspired HBroerseret al., 20023. lishing Company, Amsterdam, 1986.

In [Dastani and van der Torre, 20Q2asimilar framework  [Castelfranchét al, 1999 C. Castelfranchi, F. Dignum,
has been used to model different types of agents according to C. jonker, and J. Treur. Deliberate normative agents: Prin-

the way they resolve conflicts. [Broerseret al, 20021, it~ ciples and architecture. limtelligent Agents V/ISpringer
is discussed the relation between beliefs and desires in ratio- verlag, Berlin, 1999.
nal agents who have only realistic motivations.

Issues for further research are the limitation of
what can count as a violation for the normative o e "\iorkshop on Practical Reasoning and Ratio-
system according to the goals it has been socially

. . nality, London, 1997.
delegated to by the society, the creation of norms i ] ) ]
([Boella and van der Torre, 2008¢ the hierarchical re- [Ca_stelfranchl, 1998C. Castelfranchi. Modeling social ac-
and the separation of all three elements of Montesquieu’s 1998
trias politica: the legislative power (here the normative [Castelfranchi, 2000C. Castelfranchi. Engineering social
agent) should be kept distinct from the judicial power who order. InProceedings of ESAWQBerlin, 2000.
decides whether a certain behavior counts as a violation arl‘é:onteet al, 1994 R. Conte, C. Castelfranchi, and

[Castelfranchi, 1997 C. Castelfranchi. Practical permission:
Dependence, power, and social commitmentPiloceed-

the executive one which applies the sanctions to violators. F. Dignum. Autonomous norm-acceptance.Intelligent
Agents V. Springer Verlag, Berlin, 1998.
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