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Manufacture des Tabacs, 21
allée de Brienne, F-31042
Toulouse Cedex - France

laurent.perrussel@irit.fr

Jean-Marc Thévenin
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ABSTRACT
We investigate the dynamics of nested beliefs in the contextof
agent interactions. Nested beliefs represent what agents believe
about the beliefs of other agents. We consider thetell KQML per-
formative which allows agents to send their own beliefs to others.
Whenever agents accept a new belief, or refuse to change their
own beliefs after receiving a message, both receiver and sender en-
rich their nested beliefs by refining their beliefs about theother
agent’s beliefs, as well as the preferences of the other agent. The
main objective of nested beliefs is to improve cooperation between
agents. We propose a logical framework for the acquisition process
of nested beliefs and preferences. This acquisition process is the
first step toward the elaboration of sophisticated interaction pro-
tocols. In this short paper we provide an informal outline ofthe
framework, guided by an intuitive running example.
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1. INTRODUCTION
In a multi-agent contextnested beliefsrepresent what agents be-

lieve about the beliefs of other agents. Nested beliefs improve in-
teraction and cooperation among agents [5, 2, 10, 14]. Few pa-
pers deal with the problem of how agents acquire nested beliefs [9,
4]. None of them considers this in the context of cooperativedia-
logues. We propose an acquisition process for nested beliefs which
describes how agents construct nested beliefs as they receive infor-
mation.This provides the foundation on which we can build sophis-
ticated dialogues or cooperation protocols.
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We consider multi-agent dialogues based on thetell KQML per-
formative [6] which enables an agent to send a message to inform
a receiver agent that a statement holds in its own belief base. We
suppose that the sender provides thesourceof this statement [12].
The receiver may accept or ignore the incoming statement leading
to non-prioritised revision of basic beliefs [8]. To perform revision
agents need to be able to define preferences over their basic beliefs
and thus the incoming statement may be considered as less pre-
ferred than conflicting basic beliefs. Preferences over basic beliefs
is obtained by maintaining preferences over agents at the origin of
basic beliefs, representing the reliability of the statement origin.

Based on this we define the acquisition of nested beliefs for the
receiver of atell performative. Regardless of the acceptance of the
tell performative, the receiver is informed that the sender believes
the incoming statement. After atell performative the receiver per-
forms non-prioritised revision on its nested beliefs aboutthe sender.
Since the sender provides the source of its beliefs, the receiver can
deduce the nested preferences of the sender. The sender can also
enrich its nested beliefs in several ways. For this, we introduce two
performativesacceptanddenywhich enable the receiver agent to
inform the sender whether or not it actually changed its own be-
liefs after atell. Using these performatives the sender can enrich its
nested beliefs in several ways. After anacceptthe sender believes
that the receiver believes in the content of thetell. If, during the re-
vision process, an inconsistency occurs in the nested beliefs of the
receiver, the sender can refine its knowledge about the preferences
of the receiver. This is also the case after adenystatement.

To illustrate the issues involved, consider the following example.
Agent Peter receiving messages from agent Paul and the police de-
partment. Suppose Peter considers Paul to be less reliable than the
police department. At time0, Paul tells Peter thatJohn is a mur-
derer(origin Paul). At time1 Peter accepts the message. At time2,
Paul tells Peter thatif John is a murderer, John will go to jail(origin
Paul). Peter accepts the message and consequently Peter believes
that John will go to jail at time3. In addition, Peter believes that
Paul believes both statements. After the second accept, Paul also
believes that Peter believes both statements. At time4, the police
department tells Peter thatJohn is not a murderer(origin Police).
Because of its preferences, Peter accepts message at time5 and
now believesJohn is not a murderer. In addition, Peter believes
that the police department believesJohn is not a murderer. After
the accept message, the police believes that Peter believesJohn is
not a murderer. Because it believes that Paul still believes thatJohn
is a murderer, at time6, Peter tells Paul thatJohn is not a murderer
and the origin of this information is the police. Whether or not Paul
accepts Peter’s message, Paul has to change its nested beliefs about
Peter. Paul now believes that Peter believesJohn is not a murderer
and that Peter considers the police to be more reliable than himself.
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The paper is structured as follows. Section 2 sketches a logi-
cal framework for reasoning about nested beliefs, preferences and
the performativestell, accept, anddeny. Sections 3 and 4 give an
overview of the mutual enrichment for the receiver and the sender.
We conclude with a discussion on related, and future work.

2. THE LOGICAL FRAMEWORK
The belief stateof an agent contains basic beliefs as well as

nested beliefs. The basic beliefs of an agenta, denoted byBa,
are represented as signed statements, each consisting of a propo-
sitional sentence and the agent id of the source of the statement.
Every agenta also maintains a set of signed statements for each of
the other agents, representing what each of them currently believes,
according toa (the nested beliefs ofa). Ba,b denotes what agent
b believes according to agenta. We also assume that agents have
preferences, arranged as a total preorder, over the set of agentsA

which describe the reliability of the sources of information [3, 12].
So b �a c means: agentc is at least as preferred asb for agent
a (b ≺a c andb =a c have the obvious meanings). Agents can
also handle nested preferences.c �a,b d means: agenta believes
that for agentb agentd is at least as preferred asc. Together, these
constitute the preference state of the agent.

We first present the languageL1 for reasoning about basic beliefs
and preferences.L1 is a restricted first order language which en-
ables quantification over agent ids. It has a modal-like operatorBel

for basic beliefs.Bel(a, φ0, t) means agenta believesφ0 signed by
t. We limit agent beliefs to propositional sentences. To represent
preferences we introduce the notationb 6a c which stands for:
agenta considers agentc to be at least as preferred asb. We extend
L1 to the languageLK

1 to deal with nested beliefs. Nested beliefs
are restricted toL1-formulae. We introduce the operatorB to de-
scribe nested beliefs. Intuitively,B(a, Bel(b, φ0, s)) means agenta
believes that agentb believesφ0 signed bys, while B(a, c 6b d)
means that agenta believes that agentb considers agentd to be at
least as preferred asc. So, in our example, at time3 agentpeter

has the following belief state:

Bpeter = {〈murd, paul〉, 〈murd → jail, paul〉}

Bpeter,paul = {〈murd, paul〉, 〈murd → jail, paul〉}

Bpeter,police = ∅

Considering thatpeter does not knowpaul andpolice’s prefer-
ences at the beginning, the preference state ofpeter is:

paul ≺peter peter ≺peter police

paul =peter,paul peter =peter,paul police

paul =peter,police peter =peter,police police

We now formalise the communication between agents. We assume
that agents exchange information about their basic beliefs. We
represent interactions between agents using three performatives.
Tell(s, r, φ0, t) stands for: agents informs r that it believesφ0

signed byt according to the standard KQML semantics [6]. When
receiving aTell performative, agentr performs non-prioritised re-
vision according to its preferences [8].Accept(r, s, p) stands for:
agentr informss that it accepts theTell performativep. Let p =
Tell(s, r, φ0, t). ThenAccept(r, s, p) means that agentr has re-
vised its basic beliefs by〈φ0, t〉 and thus believesφ0. Deny(r, s, p)
stands for: agentr informs s that it refuses to process theTell
performativep. If performativep = Tell(s, r, φ0, t) it means that
agentr has not revised its basic beliefs by〈φ0, t〉.

The dynamics of the system is given by performatives. At each
step one agent receives a performative and may change its state

accordingly, i.e. performatives are viewed as transition functions.
We extendLK

1 to a languageL2 to handle performative actions by
considering a modal-like action operator[p]φ, which states that af-
ter performative actionp, φ is true. WithL2 we can specify the
behaviour of agents when they interact. For instance, we canex-
press the honesty postulate as follows.

[Tell(s, r, φ0, t)]⊤ → Bel(s, φ0, t) (Hon)

This postulate states that if aTell performative occurs, then at the
same time the sender believes the corresponding signed statement.
Postulates such as (Hon) place constraints on the logical frame-
work, ensuring that it behaves as required. Due to lack of space we
shall, in the rest of the paper, only provide informal descriptions of
the postulates required for our framework. The first such postulate,
(KeNB1), requires that the nested beliefs and preferences of agents
not involve in a dialogue do not change, and that the dialoguebe-
tween the sender and the receiver is a two step process: first aTell

and then anAccept or aDeny.

3. DYNAMICS OF THE RECEIVER
In this section, we discuss the dynamics of the nested beliefs and

nested preferences of agentr for theTell(s, r, φ0, t) performative,
and then consider the acknowledgement sent by agentr to agents.
The nested beliefs and preferences of all agents excepts have to
remain unchanged. (KeNB2) propagates them to the next stateand
ensures that no new nested beliefs or preferences appear. Also,
agentr changes its beliefs abouts, whether or not it ignores the
input statement. Because agents are supposed to be honest, agentr
performs a standard prioritised revision of its nested beliefs about
s by signed statement〈φ0, t〉. (AdNB1) states that after theTell
performativer believes thats believesφ0 and thus does not be-
lieve¬φ0 anymore (because belief states are consistent). (ProNB1)
states that all nested beliefs which hold after theTell performa-
tive also hold at the previous state or are consequences of the new
nested beliefB(r, Bel(s, φ0, t)). (AdNB1) and (ProNB1) describe
the expected behaviour of a revision operator for the nestedbeliefs
but do not specify which nested beliefs have to be removed to fa-
cilitate the removal of¬φ0 from the nested beliefs ofr, since we
do not insist on a specific method for revising nested beliefs.

(KeNP1) states that nested preferences about all agents excepts
are unchanged: it propagates them to the next state and ensures that
no new preference appears. If agentr currently believes thats be-
lieves¬φ0 signed byt′ then it refines thes preferences as follows.
According to the honesty principle and (AT) (see below),t is bet-
ter thant′. (AdNBP1) formalises this intuition. (KeNP2) requires
that the nested preferences of agents about all agents exceptt are
unchanged. But ifr does not believe thats believes¬φ0 then it
cannot draw conclusion about agents preferences. Agentr can re-
fine preferences only if it faces inconsistencies during therevision
process. (KeNP3) states that ifr does not believe thats believes
¬φ0 then all nested preferences abouts are unchanged.

This bring us to the receiver’s acknowledgement. Whenever
agentr receivesTell(s, r, φ0, t), r determines if its beliefs are
consistent withφ0, and if not, which beliefs have to be dropped
by taking into account its preference relation. Due to the non-
prioritised aspect the receiver may deny or accept theTell per-
formative. If agentr believes¬φ0 and the signatures of¬φ0 are at
least as preferred ast (the signature ofφ0), postulate (DT) requires
that agentr deny theTell performative. Otherwise there is no con-
flict or t is strictly more preferred than all the signatures of¬φ0,
and postulate (AT) requires thatr accept theTell performative.

4. DYNAMICS OF THE SENDER
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In this section we describe the dynamics of the sender’s nested
beliefs and preferences with respect to the performativesAccept

and Deny. (KeNB3) states that the nested beliefs of agents not
involved in theAccept or Deny performative do not change. Next,
we focus on the nested beliefs aboutr. According to (AT), if r
accepts the message ofs, agents believes thatr believesφ0 and
thus does not believe¬φ0, as specified by (AdNB3). According
to (DT), if r refuses theTell performative thens concludes thatr
believes¬φ0, as specified by (AdNB2). Like (ProNB1), postulates
(ProNB2) and (ProNB3) state that all nested beliefs holdingat the
next state also hold at the current state, or are consequences of the
new nested beliefB(r, Bel(s, φ0, t)). So in both cases,s nested
beliefs aboutr undergoes a prioritised revision: by〈φ0, t〉 in the
case ofAccept, and by〈¬φ0, t〉 in the case ofDeny.

This bring us to the sender’s nested preferences. (KeNP4) states
that the sender’s nested preferences about agents other than r do
not change. Next, agents draws conclusions aboutt depending on
whetherr accepts or refuses aTell performative. Whenever agent
r accepts, agents refines its nested preferences only ifs currently
believes thatr believes¬φ0. In that contexts refines agentr’s pref-
erences. (AdNP2) requires thatt be strictly more preferred than the
signatures of¬φ0 if r accepts the performativeTell(s, r, φ0, t).
(AdNP3) requires that ifr refuses the message, the nested pref-
erences ofs about the signatures of¬φ0 change. According to
condtion (DT) they have to be as preferred ast. Finally, (KeNP5)
and (KeNP6) deal with those nested preferences, aboutr, of s that
do not change. They are similar to (KeNP2) and (KeNP3).

We now conclude our example. At time4, thepolice tellspeter

thatJohn is not a murderer, andpeter accepts it.

p4 = Tell(police, peter,¬murd, police)

p5 = Accept(peter, police, p4)

By (AdNB1) and (AdNB3) we get the new nested beliefs:

[p4]B(peter,Bel(police,¬murd, police))

[p5]B(police, Bel(peter,¬murd, police)))

At time 1 peter acceptedpaul’s message thatJohn is a murderer
(murd) which gives

B(paul,Bel(peter,murd, paul) ∧ paul =peter police)

according to (KeNB1). At time6, this nested belief is still true ac-
cording to the accepted behaviour of nested beliefs given by(KeNB1),
(AdNB3), (ProNB2) and (KeNP6). At time6 peter tellspaul that
John is not a murderer: p6 = Tell(peter, paul,¬murd, police).

According to (AdNB1) and (AdNP2) we obtain the following
new nested beliefs and preferences forpaul:

[p6]B(paul, Bel(peter,¬murd, police))

[p6]B(paul, paul <peter police)

So, at stage6 paul has refined its nested preferences aboutpeter.
At the beginning of the dialoguepaul does not know whetherpeter

preferspaul or thepolice. At stage6, paul believes thatpeter

prefers the police to himself.

5. CONCLUSION
We have outlined a framework for handling the dynamics of

nested beliefs and preferences in the context of agent interactions.
We proposed a logical framework which allows for the expres-
sion of nested beliefs, preferences, and performatives, and showed
how agents acquire nested beliefs and preferences. For thiswe

have specified the expected behaviour of agents handling theTell,
Accept andDeny performatives.

Related work includes that of [4], which proposes a logic-based
definition for nested belief change and mental state construction re-
lated to agent-communication languages. Our proposal differs from
theirs in that it deals with preferences of agents. Our work is also
closely related to [13, 12] where it is shown how to embed basic
belief change in a logical system. We extend this by considering
nested beliefs and preferences. Finally, our work is loosely related
to the dynamics of preferences [1]. Our contribution is to formulate
this dynamics in terms of agent interactions. We plan to extend our
framework by considering nesteddisbeliefs[7]. Explicit disbeliefs
allow for a more nuanced type of interaction between agents and
provide new opportunities for the discovery of nested beliefs and
preferences. We also plan to revisit persuasion protocols [11] so
that agents can generate smarter arguments.
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