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Abstract. Existing approaches to knowledge representation andhink, however, that normativity should be kept to a minimwand

reasoning in the context of open systems either deal witfetive”
knowledge or with beliefs. In contrast, there has been aimose-
search on the formal modelling opinions i.e., communicatively as-
serted ostensible beliefs. This is highly surprising, siopinions are
in fact the only publicly visible kind of knowledge in openssgms,
and can neither be reduced to objective knowledge nor teflseli
In this paper, we propose a formal framework for the reprediem
of dynamic, context-dependent and revisaijpsmionsandostensible

the focus should be on adaptive models and on the measurefent
the degree to which agents adhere to given models at run-Aifter
all, agent technology is basically a bottom-up approadbwihg for
the emergence of behaviour and solutions, and should natrbed
upside down.

Another approach, somewhat complementary to the onesgust d
scribed, is to constrain the modelling of black-box agemsnfan
external point of view by limiting thevalidity of cognitive models

intentionsas a sound basis for the external description of agents asr commitments, thus inducing some sort of bounded obseatier

obtained from observable communication processes. Raitappli-

cations include a natural semantics of communicative actsasged
between truly autonomous agents, and a fine-grained, statdavel
concept of trust.

1 INTRODUCTION

In the area of artificial intelligence, open systems withehege-

neous, more or less inscrutable actors, are becoming aeaisicr

ingly important area of application for multi-agency. Pioent ex-

amples include the Semantic Web or Peer-to-Peer systemsrNe

theless, agents (including human users) are still mairdyatterised
in terms of their mental attitudes. The problem with this rapich

is that agents’ internal states are, by definition, concefilem the
point of view of external observers, including other ageAtsd even
if the mental states of all participants were accessibleoitld be an
extremely difficult task to describe the dynamic behavidua sys-
tem as a function of all of its individuals, particularly e number
of actors is large (as it is usually the case in Web and PeBetr ap-
plications). Hence, although the description of an agerneims of
his beliefs, intentions and desires is a very natural ancepimtool,

it reaches its limits rather quickly in complex open envir@nts.

One way to cope with this situation, in order to ensure the con

trollability of individual agents as well as the achievermehsupra-
individual system goals, is to impose normative restritgion agent
behaviour, or to model the entire system in terms of stati@ioir
sational structures. While such top-down approachesiobrtaave
their merits, and systems without predefined policies antopols
are hardly imaginable, they may seriously limit the dedegirop-
erties of autonomous systems, like their robustness anibiflgx

For example, the use of an agent communication languageawit

predefined mentalistic semantics [see, e.g., 4] may recheéevel

of agent autonomy by prescribing to some degree what the eemm

nication parties have to “think” during communication. $lg not
to dismiss social structures and norms, of course. Publicnuo-
nication models like an ACL semantics cannot avoid nornitgtif
they are to ensure that meaningful communication can taaepWe
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nality. A particular way of doing this is by using informati@bout
the trustability and reputation of the respective agene approach
introduced in [13] and refined in this paper is largely coripat
and in line with such means, but takes a different perspectiv
stead of adding restrictions to statements about integetaprop-
erties and commitments, we introduce g@mmunication attitudes
(CAs)opinion (also called ostensible belief) andtensible intention
as communication-level counterparts to belief and intentand thus
“lift” mental attitudes to the social level. As for the ined effect,
this is similar to approaches usisgcial commitmentgl8]. How-
ever, the latter have not yet been fully formalised, andetloarrently
exists no consensus about the precise meaning of “being @emm
ted”. In contrast, CAs will be given an intuitive but precifsemal
semantics which resembles the modalities of agent beleiraen-
tion in many ways, and can be used as a direct replacementifef b
and intention in most imaginable scenarios (e.g., in theaseics
of KQML/KIF or FIPA ACL). CAs are nevertheless cleanly sepa-
rated from mental attitudes, and can thus be used togethietheise
without any interference. For example, an agent might reasoul-
taneously about the (alleged) “real” beliefs of anothemagad the
opinions held communicatively by this agent.

To the best of our knowledge, the formal, systematic treatrog
opinions in the above sense, i.e., by distinguishing batwegio-
nal mental attitudes on the one hand and (boundedly) rdtigta
“superficial” stances an agent exposes in discourse on ttez,as
new in the field of Al. This is highly surprising since opin®are
in fact the only publicly visible kind of knowledge in openssgms,
and can neither be reduced to objective knowledge nor teflseli
Unlike objective knowledge, opinions need not be groundbdred
or consistent. What distinguishes an agents CA of opiniomfhis
hn mental attitude of belief is that the former is triggered aedsed
by social conditions, more precisely communicative actsamer-
lying social structures like legal, organisational andrexoic laws.
While opinions might as well reflect the true beliefs of besient,
trustworthy agents (an assumption that is made by mostitradl
approaches to agent communication semantics), this steutdn-
sidered a special case for autonomous, self-interestedsaigeopen
systems. Also, the utterance of an opinion should not meah th
one truthfully intends to make someone adopt this opinioa he-
lief (which would be unrealistic), but rather as an opini@pinions
emerge from (more or less hidden) agent intentions and Isoma
cesses, they are tailored to the intended communicatietefind



to the opinions and ostensible intentions of the audienbes;Ttra-
ditional concepts like epistemic logic, knowledge acdigosi belief
ascription and revision, etc., do not necessarily applypinions (for
example, an opinion could be bought in exchange for monegy.
another approach, which many people use at least impligityld
be to “abuse” mental attitudes and combine them with aduitias-
sumptions like the trustability of agents to model agengriattion.
Related but somewhat more appropriate is the ascriptioveak in-
tentions which are not necessarily pursued until the intended effec
has been achieved or is deemed impossible [2]. This seemnis wor
able, since even ostensible intentions and opinions haweiltaupon
some undeniable mental intentions (totally unconscionsnsonica-
tion exempted), possibly with a duration of self-commitinérat is
shorter than claimed. However, it would again lead to pnoislevith
cognition and sociality getting mixed up, and force a sogista-
soning communication observer to find an immediate, possituin-
plicated mapping of alleged attitudes to weak intentions. think
that such an amalgamation of mental and pseudo-commuoricati
attitudes, while still common, is dangerous and inappedprilt is
likely to impede the simultaneous reasoning about menthkanial
issues, and it is misleading with respect to the very nattiem-
munication processes and assertions, which form a systehewf
own that is in a certain sense decoupled from the underlyiag-m
tal cognition processes [12]. While we will also introducedation

of trust tailored to the use with opinions, our approachdesion a
different conceptual level than related areas like bekgfsion and
information integration. While the latter are mainly cormezd with
the determination of correct, consistent and useful inédfom, our
primary goal is to represent communicatory properties dfdiffer-
ences between heterogeneous assertions, which precedentgh
assessment in terms of reliability.

Y

2 A COMMUNICATION ATTITUDE LOGIC

In this section, we introduce a probabilistic and dyna@ammuni-
cation Attitude LogicCAL as an extension of [7, 2, 1] with additional
modalities for opinions and ostensible intentions. Oumggial here
is to “lift” the usual modal logic and protocol languages fapd-
elling agent beliefs and intentions and their revision [seg., 8] to
the communication (i.e., social) level, in order to dealhwitentally
opaque agents in open systems. Within the scope of this wazk,
have chosen a probabilistic variant of dynamic logic as askfas
this, but other formalisms like thevent calculu$10] could certainly
be used instead. Even more importantly, the underlyingonetiof
opinion and ostensible intention do not depend in any way dy-a
namic or probabilistic interpretation. As we have pointed io the
previous section, an important property of CAs is their delemcy
on social conditions, demarcating them, inter alia, fromtakat-
titudes. Since an exhaustive description of all the possidys by
which CAs are steered by social conditions of various kirsdbd-
yond the scope of this paper, we confine ourselves to thesgim
of simple trigger events.

2.1 Syntax

Definition 1 The language? of well-formedCAL formulas ¢,
and processead, 3 is given by

¢7W5::P(V17V27~-~) | T|J-|"¢ ‘ ¢/\W|¢\/w|¢ Hllf
[¢ = @|o¢|O¢|(a)p|donga) | happensa)
| Op(A1,A2,9) | Olnt(ag,Az,¢) | Bely(ar, ¢) | Int(ag, @)

a,B:=act|a.act|any|a;B |aUup|a*|¢?
where

e 3 € Aand A C A denote an agent or a set of agents, toeirce
or addresseef an opinion;

e P is a predicate symbol,\dre variables;

act g .act is an elementary action, possibly indexed with the act-

ing agent g

any is an arbitrary action;

a; B denotes sequential process combination;

o U 3 denotes non-deterministic choice betweeand 3;

a* denotes zero or more iterations of

¢?is atest action (i.e., the process proceeds Holds true);

(a)p denotes that is processed and p holds afterwards;

Op(A1,A2, ) denotes that agents;Aold opinion (ostensible be-

lief) ¢ facing agents A

Olnt(ay,A2, ¢) denotes that agent;afacing agents 4 exhibits

the ostensible intention to makebecome true (either by himself

or indirectly via agents 4);

Bely(A1, ¢) denotes that every agent & A; (sincerely) believes

¢ with degree d; and

Int(a1, ¢) denotes that a(sincerely) intendg.

P(V1,Vs,...),—,A, T, 1,— and « shall have the usual meaning.
The meaning ofdond a), happenséa), ¢, andd¢ is thata has
just happened, or is currently taking place, and ¢huaiill hold even-
tually or always, respectively. The s&tmay include both agent and
non-agent opinion resources (like a Web document). For &ke s
of readability, we will henceforth refer to all of these rastes as
agents We further use the following abbreviations:

Op(ag,A2,9) =det Op({as},A2,9)

Op(A1,82,9) =det Op(A1,{a2})

Olnt(ay,az, §) =qet Olnt(ay, {82}, )
Beli(a1,9) =def Bek({a1},9)

As an example, consider the sequence of negotiation diatogu
given in Table 1. An agers, is offering some iteno for sale, and
agentsa; andag are both interested in buying this item. Ageats
anday shall be mentally opaque from our point of view, but we shall
know the beliefs of ageras (e.g., we could ourselves lag). First of
all, agentag tells agent, that he would be willing to pay $100 far
(Step 1a). At the same time, he tedisthata; is notoriously unreli-
able, while privately believing the opposite to be the c&tef 1b).
Then,a; enters the scene, aad tellsa, (with a; observing) thag,
is a reliable customer (Step 1c). In a separate dialoguet agéells
ap that he wants to buy itera for $150 (Step 2a). Agerdt; refuses
this offer, insincerely tellingy that agents would be willing to pay
$200 foro (Step 2b)a; then asksz whether he is actually willing to
pay $200, as claimed ks (Step 3). This is when he becomes aware
thata, (seemingly) tried to cheat him, and tries to extort a lowdr se
ing price by tellinga, that he would otherwise reveal the attempted
cheat toa; (Step 4). This threat is again insincere, as in factloes
not plan to expose, should he refuse the new offer.

The relevant internal states od; and ap being invisible,
this scenario cannot be modelled in terms of mental attfude
(e.g., within the BDI framework), This not only applies toeth
obvious cases of Steps 1b and 4, whdBel(ag,reliable(a;))
and Op(ag,ap,—reliable(a;)), or Olnt(ag,az,buyFor50 and
—Int(ag,buyFor50, hold simultaneously. It is tempting to write
Int(ap, Bel(ay, Int(ag,buyFor200)) to model the state after Step 2b,



(ag.requestbuyFor100ay))Olnt(az, az, buyFor10Q (1a)

Bel(ag, reliable(ay)) A (az.inform(-reliable(as),a)) (1b)
Op(ag,ap,—reliable(ay))

(ag.inform(reliable(ay ), {az,a1}))Op(as, {az, a1 }, reliable(as)) (1c)

(a1.requestbuyFor150ay))Olnt(ay, a2, buyFor15Q (2a)

(ap.inform(Olnt(ag, az, buyFor200, a1 )) (2b)

Op(az,a1,0lnt(az, az,buyFor200,a; ))
(aq.requestconfirm(Olnt(az, az, buyFor200), az))
Bel(ag, Op(az, a1, Olnt(ag, a2, buyFor20Q))
(as.requestbuyFor5Qay); ag.inform(dond ay.refusg?;
az.inform(—=Olnt(ag, az,buyFor200,a1),a2))
Olnt(agz, ap, buyFor50 A Olnt(as, az,dongdongay.refusg?;
az.inform(—=Olnt(az, az,buyFor200,a;)))
A=lInt(ag,dongag.inform(—Olnt(ag, a2, buyFor200,a;)))

(©)

©)

Table 1. CAL formalisation of a sequence of dialogues. involving speech
actsinform, request confirm andrefuse

but this would be mere speculation. For exampiemay just have
tried to provoke the reaction of Step 4 and then denowacas an
extortionist. The example further highlights the abilifyostensible
attitudes to model mutual inconsistencies between inftoma
circulating in a group of agents and in one of its subgrougsre
after Steps 1b and 1c we simultaneously hBeag, reliable(a;)),
Op(ag,ay, —reliable(a;)), andOp(ag, {az, a1 },reliable(a;)).

2.2 Semantics

The model theory ofZ is that of a first-order linear time temporal
logic with modal operators for gradual belief and for intent For
belief, we use (a linear time extension of) the probabdisemantics
proposed in [1], which has been shown to include a KD45 mogtal o
erator for full belief as a special case. Intention is maatelly a KD

for first-order formulas and for the action-related modagrapors
happensand done We refer to [2] for formal definitions of these
rules. The gradual belief operatBel,, the intention operatoint,
the opinion operato®p, and the ostensible intention operaf@mnt
are interpreted as follows:

(M,v,0.i) |- Bel(a.9)
(M,v,0,i) EInt(a, )

iff pa({s'| (M,v,;S,i)=¢})=p
iff for all ¢’ such that

(0,i,0’) €la, M,v,0’,n) = ¢
iff for all o’ such tha{o,i,d’) €
OA1.A2’ (M7v70’,n) ‘: ¢

iff for all ¢’ such thato,i,d’) €
Jal,sz (M7V7 O'/,n) |: ¢

(M7\/707i) |: Op(Al7A27¢)

(M,v,0,i) E Olnt(a1,A2,¢)

That is, ¢ is gradually believedby agenta with strength piff the
measurey, of all situations wheregp holds true is at leasp, and
intendedby a iff it holds in all situations that are accessible Via

¢ is ostensibly believedostensibly intendgdby A; facing A, (a1
facing Ao) iff it holds in all situations that are accessible @a, a,
(Jay,A,)- While an agent would usually relate the strength of belief
to past events (i.e., frequency) in some way, we will not cdm

a particular way this is done in the context of this paper.(dyg
giving axioms that relatg to past events).

2.3 Communication Attitudes

Even though agents are fully autonomous, CAs should be geuer
by a set of axioms that separate rational and irrational conica-
tive behaviour. As we have already outlined above, viofatibthese
axioms would, in the most extreme case, disqualify an agem f
taking part in (rational) interaction with other agentseTbllowing
axioms describe (the consistency of a set of) CAs in a wayithat
similar to a KD45 logic of belief and a KD logic of intentionub
cleanly separated from these mental attitudes:

modal operator. We further include two modal operatorstier@As 1. OP(A1; A2, ¢ — ¢) — (Op(Ay, Az, §) — Op(Ay, A, )
of opinion and ostensible intention. Their individual Krgpstyle se- 2 OP(A1,A2,¢) — ~Op(A1, A2, ~9)
mantics is roughly equivalent to that of beliefs or intentipa possi-  3- OP(A1,A2,¢) — OP(A1, A2, OP(A1, A2, $))
ble axiomatisation will be discussed in more detail in Secg.3. 4. ~Op(A1,A2,¢) — Op(A1,A2, ~Op(A1, A2, 9))

5. Olnt(a1,A2, ¢ — @) — (OlInt(az,A2,¢) — Olnt(ar, Az, §))
Definition 2 A modelis a tuple M= (©,E,W, A, (La)aca; (la)aca, 6. OlInt(a1,Az,¢) — —Olnt(ag, Az, ~¢)
(Oag. A0 )AL ACA, (Jag Ay )aseAACA, P) WhereO is a universe of dis- 7. Olnt(ag, A, ) — Op(ar, Az, Olnt(ag, A, ¢))
course, E is a set of primitive event types@w: [nj—E|neN} 8. Olnt(a1,Az,¢) < Op(Az,a1,0Int(as,Az,9))
is a set of possible courses of events (or worlds) specifiedtal 9. —Olnt(ay, Az, ¢) <« Op(az,A2,—OlInt(a1,A2,¢))
function from the non-negative integers up to n to elemefss & is  10. —Olnt(a1, Az, ¢) «— Op(Az,a1, ~Olnt(ag, A2, §))
asetof agents, and for all@A, pa : S— [0,1] is a discrete probabil- 11. Olnt(a1,Az,¢) — —Op(ag, A2, ¢)
ity distribution over situations (i.e., worlds at a partiam time step, 12. Olnt(a,A2,Op(A2,a1,¢)) — Op(a1,A2, )
defined as S {(w,i) |w: [n— E,ne N,1<i <n}) for gradual 13. Op(az,A2,¢) — (Ax.query(as, d);as.reply(Az, ¢))T

belief, and 4 C SxW is a serial accessibility relation for intentions.
For all A;,Ay CA, & € A, Oy p, C SxW is a serial, transitive,
Euclidean accessibility relation for opinions, ang 4, C SxW is

a serial accessibility relation for ostensible intentiods interprets
predicates.

SinceS contains at most a denumerable number of situatigrean
be naturally extended to a probability distribution ovelpsetsT C S
by u(T) = Sset H(S). In particular, we havel(S) = 1.

Formulas of the logical languagg are interpreted with respect to
atuple(M,v, 0,i), consisting of a modeVl, a variable assignment
(mapping variables to elements®j, apossible worldi.e., possible
course of eventsy, and a time step in this particular world. The
interpretation of formulas is given by the standard intetation rules

Axioms 1 to 6 correspond to the usual axioms of a KD45 modal op-
erator of belief and to that of a KD operator of intention, aare
additionally contextualised with both sender and addeesEke re-
maining axioms concern additional properties of opiniastensible
intentions, and the relationship between them. Axiom 1&stthat
agents (have to) admit their opinions at least upon reqiidbts re-
quest is observed by the opinion addressees. In practiegtibve
axioms, which provide a basic, abstract set of social nocadd be
augmented by additional rules concerning “etiquette” iciadnter-
action and emergent social norms (e.g., under what ciranuss it
is socially acceptable to retract an assertion or drop @mfitn).
For opinions that are not just held and uttered on request i
an opinion poll), but actively asserted facing other agewes can



define a special kind adctive opinion denotedOp?. Since the lat-
ter includes the ostensible intention to spread the opiaioong the
respective addressees, its semantics can directly be igiterms of
ostensible intentions, i.e.,

Op?(a1,A2,9) =def Olnt(ay,A2,0p(Az,a1,9)).

By Axiom 12, we haveOp?(ag, Ay, ¢) — Op(ag, Az, §), i.e.,passive

3 TRUSTABILITY

Kripke-style semantics are widely used to model rational at
tudes [see, e.g., 19], and we have pointed out that we conSitie
rational at least to some degree. Yet, they are not very tieldfen

it comes to determining the actual consequences of someuide h
ing a certain CA (e.g., in terms of reliability). This is ciaktbecause
communication is, from an observers point of view, much aldeai-

opinionsform the consequential closure of those pro-actively putsion, behavioural expectation and prediction. As an exarfgplsuch
forward in terms of communication. By Axioms 8 and 12, we fur- a consequentialist semanticg opinions and ostensible intentions,

ther haveOp?(a, Az, ¢) — Op(Az,a1,0p%(ag, Az, ¢)), a variation
of Axiom 3 for the addressee. We do not distinguish betwetimeac
and passive ostensible intentions, because in this caseqoential
closure mainly concerns functional decomposition and-eftkcts
of actions, of which an agent should be aware if he has agtael
nounced them.

We further propose the following axioms to bridge the gap be-

tween mental and communication attitudes. In most cases\es,
these will not be needed to reason about communication gsese

14.
15.
16.
17.
18.
19.

Olnt(ay, A2, ¢) — Bel(ag,Olnt(as, A2, 9))
Olnt(ay, Az, ¢) — Bel(Az, Olnt(ag, A2, ¢))
Op(A1,A2,¢) < Bel(A1,Op(A1, Az, 9))
Op(Aq, Az, ¢) < Bel(Az,0p(A1, Az, 9))
Op(a1,a1,9) « Bel(ay, ¢)
Olnt(ag, a1, ¢) < Int(ay, ¢)

According to Axiom 17, (passive) opinions don’t necesydrdve to
be visible, but if we come to believe that someone holds aniopj

this belief is always justified. Axioms 18 and 19 allow us tater
(full) belief and intention as special cases of opinion ast&sible
intention, respectively.

2.4 Communication Attitudes and Communication

Having separated CAs from mental attitudes, the naturalstep is
to interpret communication in terms of CAs. In the contextla

one might expect that holding a certain ostensible intentieans to
act “in accordance” with this attitude at least for a limigdount of
time, i.e.,

Olnt(ag, Ay, donday; ...;an)) — 3h > O.Int(ag, don€ay;...; ay))

That is, an ostensible intention regarding a sequence frectim-
plies that the agentruly intends a (possibly empty) prefix of this
sequence. A similar assumption could be made for opiniossa A
matter of rationality in communication, a prefix should yrble in-
tended if it needs to be performed ayalone and under observation
by A (i.e.,h > j instead ofh > 0 if a; = a;.0; and is observable
by A, for i < j). Here,h can be seen as thlephere of trustabilityof
the respective CA, i.e., the length of the largest sequeheetimns
that are truly intended. Due to the mental opacityagf the value
of hwould in practice have to be determined in a context-dep@nde
way via empirical observation of past ostensible intergtiand their
consequences in terms of actions actually executed;bysuch a
mapping of ostensible to mental attitudes would alreadyigea
consequentialist semantics for ostensible intentionshatigfs, but
would come at the price of grounding CAs in mental attitudiésre-
over, it is not at all clear whether and how the extent of theesp
could be computed from past observations, given that iieside-
note an earnest self-commitment [17]. To reflect this insagid still
allow an observer of a CA to derive information regardindistand
dynamic aspects of the world, we propose a consequentalisan-
tics of CAs that is based on the observerisst that a particular CA

paper, we do not aim at an axiomatisation of a comprehensive s does indeed describe (part of) the worlds current statewneSf evo-
of speech acts like that of FIPA ACL [4], hence giving them &n a lution.

ternative social (but not commitment-based) semanticerimg of
CAs. Instead, we provide a minimal set of four communicasivts,
and relate CAs directly to actual communications usingehmsn-

Trust is commonly defined as a belief that another party vall d
what it says it will, i.e., be honest and reliable, or recgaie, i.e.,
return an advance action for the common good of both, givespan

municative actsinform asserts that a particular logical formula cur- portunity to defect to get higher payoff [see, e.g., 16]. éfsrtrust
rently holds truerequestdeclares the intention to make a formula provides an agent; with a means to derive expectations about a

true (note that in our framework, intentionality may inatubdring-
ing about a certain state or action indirectly “using” otlagents),

certain issue (propositior§) from CAs regardingp directed toward
him by other agenté,. This kind of trust may become crucial when

retractanddismisscancel a previous statement. Communicative actsa; himself is uncertain about, but forced to take impromptu action

are denotedenderact(contentaddresseg

The followingtrigger axiomsdescribe the functional relationship
between these communicative acts on the one hand and opiich
ostensible intentions on the other (we use a bineepk untilopera-
tor which can be defined #sW @ =4t happens$(¢?)*; w?) vOe):

20. (Op) donga;.inform(¢,Az))

— (Op(ag,A2,9) W donéa; .retract(¢,A)))
21. (OInt) donga;.requestd,Ay))

— (Olnt(a1,A2, ¢) W donéda; .dismissd,A)))

As we have already said, additional rules will be necessargstrict

the use ofretract and dismissto situations in which it is socially
acceptable to retract an assertion or drop an intentioninAgach

rules are not to prevent an autonomous agent from utterirtgine
communication primitives in a given context, but rather miefivhat

is considered rational communication and what is not.

depending orp. We give a formal definition.

Definition 3 Let & be an agent, Aa set of agents¢ a proposi-
tion. Thentrustingwith regard to¢ and with degree in light of a
necessary decisias defined as

DTrUStp(al7A27¢) =def
(happensay.(aUB))
Alnt(ag,donegBel(as, ¢)?;a1.a UBel(as, ~¢)?;a1.8))
ABej(ag, 9)A(@< A (p+g=1)
AOp(Az,a1,¢)) « Int(az,dongay.a)).
That is, if (i) agenta; is forced to choose between actiamsand 3
and intends to do so depending on whether or ghdtolds, (ii) a1

believes ing with degreeq < 1, and (iii) some other agens hold
the opinion againsy; that ¢, thena; is said to trus#, with respect
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pectations, providing a solution to the problem of actingdahon
contextualised and gradual (i.e., possibly uncertaingetqiions and [7]
reducing the inherent complexity of social interaction][12

While describing precisely (i) what actions need to be takean
agent who trusts a CA, and (ii) how trust can be recognisedsk p
Definition 3 does not provide any additional insights regagavhen
a CA should or should not be trusted. This underlines therohse
tion of [11] that trust cannot fully be defined as a derivedaap.
The only available information regarding a decision tottare past
interactions that have taken place in a similar social cdrie more
precisely, behavioural expectations derived from theseractions.
Procedures of arbitrary complexity and sophisticatiori¢be imag-
ined to derive trust and hence decisions regarding furttté@rafrom
such expectations. For example, one might want to infet (oigle- : A .
greep) in agentsA, regarding proposition from gradual belief (of agent systems — a modal logic formulatioAttificial Intelli-
the same degree) that an opinion held¥®ythat¢ does indeed mean gence 1491), 31—_60' (2003). . .
¢, i.e.,Bel(ay, Op(Az.a1,¢) — ¢) = DTrust(ar, A, ). The left [12] N. Luhmann,Social SystemsStanford University Press, Palo
hand side of this rule resembles a special casadaitive expec- Alto, ,CA' 1995. . . ‘ L
tations i.e., expectations that are revised in case of a disappointit3] M- Nickles, F. Fischer, and G. Weiss, ‘Communicatioti-at
ment [15]. A particular algorithm by which adaptive expéictas tudes: A formal approaf:h to ostensible intentions and iddiv
can be learned and updated from actual interactions is givEia]. ual and group opinions’, ifProc. of the 3rd Int. Workshop on
For reasons of limited space, we refer to the original palibms for Logic and Communication in Multi-Agent Systems (LCMAS)
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MAS) (2004).
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