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Abstract. Two conciliation processes for intelligent agents based on an iterated
merge-then-revise change function for belief profiles are introdanedstudied.

The first approach is skeptical in the sense that at any revision stepagant
considers that her current beliefs are more important than the tbefefs of the
group, while the other case is considered in the second, credulowsahpSome

key features of such conciliation processes are pointed out foraewerging
operators; especially, the convergence issue, the existence ohsassand the
properties of the induced iterated merging operators are investigated.

1 Introduction

Belief merging is about the following question: given a deagents whose belief bases
are (typically) mutually inconsistent, how to define a bieliase reflecting the beliefs
of the group of agents? There are many different ways to addree belief merging
issue in a propositional setting (see é.g/[11, 18, 16, 15,18 14]). The variety of ap-
proaches just reflects the various ways to deal with inctergibeliefs.

The belief merging issue is not concerned with the way thaltresexploited by the
group. One possibility is to suppose that all the belief base replaced by the (agreed)
merged base. This scenario is sensible with low-level agaat are used for distributed
computation, or for applications with distributed infortioa sources (like distributed
databases). Once the merged base has been computed, glite @articipating to the
merging process are equivalent in the sense that they diemsaime belief base. Such
a drastic approach clearly leads to impoverish the beliefseosystem. Contrastingly,
when high-level intelligent agents are considered, theipus scenario looks rather
unlikely: it is not reasonable to assume that the agentseagyrto completely discard
their current beliefs and inconditionnally accept the neerase as a new belief base.
It seems more adequate for them to incorporate the resutieafierging process into
their current belief base. Such an incorporation of newelieltalls for belief revision
[1,7,8]. In this perspective, two revision strategies cancbnsidered. The first one
consists in giving more priority to the previous beliefdstls the strategy at work for
skeptical agents. The second one, used by credulous agnts, the current beliefs
of the group as more important than their own, current bli€hus, given a revision
strategy, every merging operatorinduces what we call a conciliation operator which

maps every belief profilé (i.e., the beliefs associated to each agent at start) to a new

belief profile where the new beliefs of an agent are obtairyazbbfronting her previous
beliefs with the merged base given Byand A.

Obviously enough, it makes sense to iterate such a mergertivése process when
the aim of agents is to reach an agreement (if possible). affiest merge-then-revise
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round, each agent has possibly new beliefs, defined from tesiqus ones and the
beliefs of the group; this may easily give rise to new belfefshe group, which must
be incorporated into the previous beliefs of agents, andis@lee purpose of this paper
is to study the two conciliation processes induced by the riewision strategies for
various merging operators under two simplifying assunm#idiomogeneity (the same
revision operator is used by all the agents) and compayilfitie revision operator used
is the one induced by the merging operator under considajatsome key issues are
considered, including the convergence of the processesttie existence of a round
from which no further evolution is possible), the existenteonsensus (i.e., the joint
consistency of all belief bases at some stage), and thealogjioperties of the iterated
merging operator defined by the last merged base once a fixethas been reached.
The rest of the paper is organized as follows. In the neximectome formal pre-
liminaries are provided. Section 3 presents the main re®ilthe paper: in Section
[3.1 the conciliation processes are defined, in SeCtion & 2attus is laid on the skep-
tical ones and in Section 3.3 on the credulous ones. In Sedtive investigate the
connections between the conciliation processes and thgimgesperators they induce.
Especially, we give some properties of the correspondiei@tiéd merging operators.
Section 5 is devoted to related work. Finally, Section 6 giseme perspectives.

2  Preliminaries

We consider a propositional languagever a finite alphabeP of propositional sym-
bols. An interpretation is a function frofft to {0, 1}. The set of all the interpretations
is denotedV. An interpretationv is a model of a formuld(, notedw = K, if it makes

it true in the usual classical truth functional way. L€tbe a formula[K] denotes the
set of models of(, i.e.,[K] ={w e W |w E K}.

A belief baséd is a consistent propositional formula (or, equivalentlfinée con-
sistent set of propositional formulas considered conjualst), viewed up to logical
equivalence.

Let K4,..., K, ben belief bases (not necessarily pairwise different). We bal
lief profile the vectorE consisting of those: belief bases in a specific orddt, =
(Ki,...,K,), so that then'" base gathers the beliefs of agentWe note\ E the
conjunction of the belief bases &, i.e., A\E = K; A --- A K,,. We say that a be-
lief profile E is consistent ifA E is consistent. The union operator for belief profiles
(actually, of the associated multi-sets) will be noted

Let £ be the set of all finite non-empty belief profiles. Two beliebfiles £, and
E5 from £ are said to be equivalent (notét] = E5) if and only if there is a bijec-
tion between the profild’; and the profileF; s.t. each belief base df; is logically
equivalent to its image ;. Note that the order given by the profile is not relevant for
equivalence.

For every belief revision operates; every profileE = (K3,..., K,) and every
belief baseK, we define the revision off by K (resp. the revision of< by F) as
the belief profile given by K,... . K,) « K = (K1 x K,..., K, * K) (resp.K x
(Ky,...,K,) = (K« Kq,...,K % K,,)). Since sequences of belief profiles will be
considered, we use superscripts to denote belief profilesnsa at some stage, while
subscripts are used (as before) to denote belief baseswithiofile. For instancey?
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denotes the belief profile obtained afteslementary evolution steps (in our framework,
1 merge-then-revise steps), affq the belief base associated the & coordinate of
vector £ (i.e. the beliefs of agentat stepi).

2.1  IC Merging Operators

Some basic work in belief merging aims at determining setaxagdmatic properties
valuable operators should exhibit [17,18,15/ 12, 13, 14.fé¢us here on the charac-
terization of Integrity Constraints (IC) merging operat@t3, 14].

The aim is to characterize the belief basg(FE), that represents the merging of the
profile £ under the integrity constraints p is a formula that encodes some constraints
on the result (such as physical constraints, laws, norros,)et

Definition 1. A is anIC merging operatoif and only if it satisfies the following prop-
erties:

(IC0) Au(E) =

(IC1) If pis consistent, ther\, (F) is consistent

(IC2) If A\ Eis consistent withu, thenA,(E) = AE A p

(|C3) If Fi1 = FEs andul = l2, thenAM (El) = A‘Q (EQ)

(IC4) If Ky = pandK, = u, thenA,({K1, K2}) A K, is consistent if and only if
AN ({K1, K2 }) A Ko is consistent

(IC5) Au(Er) NAW(E2) E Au(ELU Es)

(IC6) If AL(EL) A AL(E-2) is consistent, thed\, (E1 U Ez) = AL (E) A A (Es)

(IC7) Ay, (E) A 2 ': Alll/\}LZ (E)

(IC8) If A, (E) A pe is consistent, thel ,, ap, (E) = Ay, (E)

For explanations on those properties see [14]. Two suledasslC merging opera-
tors have been definetiC majority operatoraim at resolving conflicts by adhering to
the majority wishes, whiléC arbitration operatoraxhibit a more consensual behaviour:

Definition 2. An IC majority operatotis an IC merging operator which satisfies the
following majority postulate:

(Ma]) In AH (E1 UEs L. ..U EQ) ': AM(EQ).

n

An IC arbitration operatois an IC merging operator which satisfies the following
arbitration postulate:

Aﬂl (Kl) = AHQ (KQ)

Ay smps ({ K1, K2}) = (1 & —p2)
B pe

pe

See [13, 14] for explanations about those two postulatestemtbehaviour of the
two corresponding classes of merging operators. Let us iasgme examples of IC
merging operators.

(Arb) = AMVLQ ({KviQ}) = A#l (Kl)

Definition 3. A pseudo-distancel between interpretations is a total function
d : WxW — RT such that for anyw, o/, w” € W, d(w,w’) = d(w’,w), and
d(w,w’") = 0ifand only ifw = w’.
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Two widely used pseudo-distances between interpretatiom®alal distance [6],
denotedi;, which is the Hamming distance between interpretatiors the number of
propositional variables on which the two interpretatioiffed); and the drastic distance,
denotedip, which is the simplest pseudo-distance one can define:asdghf the two
interpretations are the same one, and 1 otherwise.

Definition 4. An aggregation functiory’ is a total function associating a nonnega-
tive real number to every finite tuple of nonnegative real bers and s.t. for any
Tly -y T, T, Y € R+:

—ife <y, thenf(xy,...,x,...,z,) < f(z1,...,9,...,2,). (NON-decreasingness)
- f(x1,...,zy) =0ifandonly ifz; = ... =z, = 0. (minimality)
- f(z) ==. (identity)

Widely used functions are thaax [18,/14], the sum¥’ [18, 16 13], or the leximax
G M az [13,14]. Then, given a distangeand an aggregation functigh one can define
a merging operatofA

Definition 5. Letd be a pseudo-distance between interpretations At an aggre-
gation function. The resuktxf;f(E) of the merging of7 given the integrity constraints
w is defined by:

— d(w, K) = minggd(w,w’).

)
— d(w, E) = fik,ep(d(w, Ki)).
- w<g W ifand only ifd(w, F) < d(W', F).
= [A7(B)] = min([y], <p).

2.2  Merging vs. Revision

Belief revision operators can be viewed as special casegl@fhbnerging operators
when applied to singleton profiles, as stated below.

Theorem 1 ([14]).If A is an IC merging operator (it satisfies (IC0-IC8)), then the
operatorx, defined agy A u = A, (K), is an AGM revision operator (it satisfies
(R1-R6)) [8]. This operator is called the revision operatssociated to the merging
operatorA.

3 Conciliation Operators

Conciliation operators aim at reflecting the evolution dfdferofiles, typically towards
the achievement of some agreements between agents. It g@wael as a simple form
of negotiation, where the way beliefs may evolve is uniform.

3.1 Definitions
Let us first give the following, very general, definition ofnmliation operators:

Definition 6. A conciliation operator is a function from the set of beliedfies to the
set of belief profiles.
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This definition does not impose any strong constraints ongbiglt, except that each
resulting belief profile is solely defined from the given omkis does not prevent con-
ciliation operators from taking advantage of additiondbimation as parameters. For
instance, integrity constraints representing norms oslafwnature can be taken into
account. There are several ways to do it; if one assumes @leattamust obey such
laws, one can discard from the profile any agent who does tisfysthis requirement;
one can also ask each agent to revise her own beliefs by tgritytconstraints as a
preliminary step so as to ensure it. In the following we adhera more liberal attitude
and require integrity constraints to be satisfied at the gieuel, i.e. we do not ask
that each agent satisfies the constraints. This relaxatiath the more important when
conciliation is about preferences (i.e., goals): each igaeabout to change her prefer-
ences in the light of the preferences of other agents, inlfextive of achieving some
agreements; each agent is free to have her own prefereneesf éhey are unfeasible.
Nevertheless, the most preferred alternatives at the demebphave to be feasible.

Clearly, pointing out the desirable properties for suchod@tion operators is an
interesting issue. We let this for future work, but one catertbbat thesocial contraction
functions introduced by Booth [5] are very close to this idea

In this paper we focus on a particular family of conciliatioperators: conciliation
operators induced by an iterated merge-then-revise otésg idea is to compute the
belief merging from the profile, to revise the beliefs of eaolrce by the result of the
merging, and to repeat this process until a fixed point ishredcWhen such a fixed
point exists, the conciliation operator is defined and tiseltang profile is the image of
the original profile by this operator.

When a fixed point has been reached, incorporating the beli¢fe group has no
further impact on the own beliefs of each agent; in some se@sh agent did its best
w.r.t. the group, given its revision function. Then there awo possibilities: either a
consensus has been obtained, or no consensus can be olthainedy:

Definition 7. There is a consensus for a belief profileif and only if £ is consistent
(with the integrity constraints).

The existence of a consensus for a belief profile just meantstth associated agents
agree on at least one possible world. When this is the casmdtiels of the correspond-
ing merged base w.r.t. any IC merging operator reduce to paskible worlds ((IC2)
ensures it). Interestingly, it can be shown that the exési@i a consensus at some stage
of the merge-then-revise process is sufficient to ensuresttstence of a fixed point,
hence the termination of the process. Let us now consideatg@ional properties on
conciliation operators in order to keep the framework semgiough: homogeneity and
compatibility.

Definition 8. Let/\ be a revision operator, and let, . . ., x,, ben revision operators.
An iterated merging conciliation operator is a functionrftdhe set of belief profiles to
the set of belief profiles, where the evolution of a profilehiaracterized by a merge-
then-revise approach. Itis:

— homogeneous all the agents use the same revision operatoe= ... = x, = *,
— compatiblef the revision operator is associated to the merging oparat= .

In this work, we focus on compatible homogeneous iterateryimg conciliation
operators (CHIMC in short). Under the compatibility and foganeity assumptions,
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defining a CHIMC operator just requires to make precise thiefomerging operator
under use and the revision strategy (skeptical or credulous

Definition 9. Let A be an IC merging operator, andits associated revision operator
(e, o x = A,({p})). Let E be any belief profile. We define the sequeg);
(depending on both\ and F) by:

- E'=E,
- B = 0 (B + B

The skeptical CHIMC operator induced Byis defined by\”, (E) = E%, wherek
is the lowest rank such thatt? = E.*!, and A%, (E) is undefined otherwise. We note
E* = E* the resulting profile.

Definition 10. LetA be an IC merging operator, andits associated revision operator.
Let E be any belief profile. We define the sequefice; by:

- Eg =F, _
- B =Bl Au(EY)

The credulous CHIMC operator induced Byis defined by, (E) = E*, where
k is the lowest rank such thate? = E*!, and*A, (E) is undefined otherwise. We
note B = E¥ the resulting profile.

Every CHIMC operator induces a merging operator: the opethgat associates to
each profile the merged base of the resulting profile. Foymall

Definition 11. LetA be an IC merging operator, andits associated revision operator.

— The skeptical CHIM operator induced By is the function that maps every profile
Eto A (A (E)).

— The credulous CHIM operator induced Ryis the function that maps every profile
EtoA,(A, (E)).

Let us now study the key features of the two sequerié&s; and (E!); and the
properties of the corresponding iterated merging opesabased on various IC merging
operators.

3.2  Skeptical Operators

We start with skeptical CHIMC operators. Let us first give amportant monotony
property, which states that the conciliation process glwemny IC merging operator
A may only lead to strengthen the beliefs of each agent:

Theorem 2. LetK;? denote the belief base corresponding to agentthe belief profile

E' characterized by the initial belief profil& and the IC merging operatof\. For
everyi, j, we havek ! ! |= K.

On this ground, it is easy to prove that the sequeficg); is stationary at some
stage, for every profilds and every IC merging operatdx. Accordingly, the induced
skeptical conciliation operator and the induced skeptteahted merging operator are
defined for eveng:
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Theorem 3. For every belief profileE and every IC merging operatat, the station-
arity of (%), is reached at a rank bounded by .  #([K)) — #(E). Therefore, the
CHIMC operator/A* and the CHIM operator (A*) are total functions.

The bound on the number of iterations is easily obtained fiteermonotony prop-
erty. Another interesting property is that the sequenceafflps and the corresponding
sequence of merged bases are equivalent with respectitnatitly:

Theorem 4. Let E be a belief profile and\ be an IC merging operator. Let be any
integrity constraint. The sequen¢g?); is stationary from some stage if and only if the
sequencé/,,(E?)); is stationary from some stage.

The number of iterations needed to reach the fixed pointHif; is one for the
IC merging operators defined from the drastic distance. Nboegisely, the skeptical
CHIM operator induced by any IC merging operatodefined from the drastic distance
coincides withA.

Theorem 5. Let E = (K4,...,K,) be a profile. If the IC merging operatof is
amongA4p-ve, Adp. 2 Adp.cve then for every), the basek; from the resulting pro-

file E* = Ay (E) can be characterized by:

K* =

{M A AL (E) if consistent, else
J

Au(E) otherwise.

Furthermore, the resulting profile is obtained after at mose iteration (i.e., for
everyi > 0, EB' = Et1),

We have no direct (i.e., non-iterative) definition for anygtical CHIM operator
based on an IC merging operator defined from Dalal distaneeus give an example
of such an operator.

Example 1.Let us consider the profil& = (K, K3, K3) with [K;] = {(0,0,0),
(0707 1)7 (07 170)}’ [K2] = {(07 L, 1), (1? 170)7 (17 L, 1)}1 [KS] = {(0707 0)7 (17070)7
(1,0,1),(1,1,1)}, no integrity constraintg{ = T), and the skeptical CHIMC operator
defined from theAd# ¥ gperator. The complete process is represented in Table 1.
The first three columns show the Dalal distance between edelpretation and the
corresponding source. The last column shows the distarteeber each interpretation
and the profile according to the aggregation function. Seéhected interpretations for
the corresponding operators are the ones with minimal ggtgd distance. As there
are several (three in that case) iterations, we sum up tke thbles (corresponding to
the three merging steps) in the same one. So, for exampléimael(w, K1), the first
number denotes the distance between the interpretatamd K|, the second one the
distance between and K2, etc.

Let us explain the full process in details. The first profil&s= E. The first merg-
ing iteration gives as resu[t\?#-v(E9)] = {(0,0,1),(0,1,0),(0,1,1),(1,0,0),
(1,0,1),(1,1,0)}. Then, every source revises the result of the merging wstbld be-
liefs, i.e., K} = Admevx(EO) « K9 so[K{] = {(0,0,1),(0,1,0)}, [K3] = {(0,1,1),
(1,1,0)} and[K3] = {(1,0,0),(1,0,1)}. Since each of the three bases is consistent
with the merged base, the new base of each agent is just tgnction of her previ-
ous base with the merged base (in accordance to revisionlatest). Then, the second
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Table 1. A, @ -GMaz

w |d(w, K7) d(w, K3) d(w, K3)| demas (W, B*) gw,0,,(51)
©0,00) 01,1 222 0L1((20,01,(21, )2 1,1)
(0,0,1y 0,0,0 1,13 1,1,1 (1,1,0)0,(1,1,0)0,(3,1,0)1
01,00 0,02 111 1,22 |(1,1,0)0,(2,1,0)1,(2,2,1)2
01,1 1,11 002 1,22 |(1,1,0)0,(2,1,0)1,(2,2,1)2
1,000 122 111 000 |(1,1,0)0,(2 1,0)1,(2 1,0
1,01 1,11 122 0,00 |(1,1,0)0,(2,1,0)1,(2,1,0)0
1,1,00 1,13 000  1,1,1[(1,1,0)0,(1,1,0)0,(3,1,0):
@11 222 011  01,1(20,0),(21,1)21,1)

merging iteration giveg/\?# ¥ E1)] = {(0,0, 1), (1,1,0)}, and the revision of each
base give§K?] = {(0,0,1)}, [K2] = {(1,1,0)}, and[K3] = {(1,0,0),(1,0,1)}.
The third iteration step givel\%#*¥(E2)] = {(1,0,0), (1,0,1)}, and the revision
step does not change any belief base, E8.= E?3, so a stationary point is reached and
the process stops on this profile.

As to skeptical operators, the conciliation process cale@atto a consensus, unless
a consensus already exists at start:

Theorem 6. Let E be a belief profile and\ be an IC merging operator. There exists a
ranki s.t. a consensus exists fB¢ if and only ifi = 0 and there is a consensus fér.

3.3  Credulous Operators

Let us now turn to credulous CHIMC operators. Let us first givme general properties
about credulous operators.

Theorem 7. Let K; now denote the belief base corresponding to agentthe belief
profile E? characterized by the initial belief profil® and the IC merging operatof.

- Vi, j K AL (B,
~ Vi >0V Ki = p,
— Vi, j, it KI A A, (EL) is consistent, thei ™ = Ki A A, (EY).

The first item states that, during the evolution processh éase implies the pre-
vious merged base. The second item states that from thetération, all the bases
implies the integrity constraints. The last one is simplyoasequence of a revision
property: if, at a given step, a base is consistent with teeltef the merging, then the
base at the next step will be that conjunction.

Unfortunately, the monotony property as reported in Thed2eloes not hold in the
credulous case. At that point, we can just conjecture that@dulous CHIMC opera-
tors (and the corresponding iterated merging operatoesiigfined for every profile:

Conjecture 1.For every belief profileZ and every merging operatadr using the aggre-
gation functionM az, G Max or X, the sequencéE?); is stationary from some rank.



522 O. Gauwin, S. Konieczny, and P. Marquis

This claim is supported by some empirical evidence. We haweucted exhaustive
tests for profiles containing up to three bases, when thefgaopositional symbols
contains up to three variables. The following IC merging rapa's have been con-
sidered:Ad# v Adusevax gngd AdH-* \We have also conducted non-exhaustive tests
when four propositional symbols are considered in the lagguthis leads to billions
of tests). All the tested instances support the claim ¢statfiity is reached in less than
five iterations when up to three symbols are considered, esslthan ten iterations
when four symbols are used).

We can nevertheless prove the stationarity/6f); for every belief profileE when
some specific IC merging operatafs are considered. In particular, for IC merging
operators defined from the drastic distance, it is possiblénd out a non-iterative
definition of the corresponding CHIMC operator, and to prévat it is defined for
every profile.

Theorem 8. LetE = (K4, ..., K,,) be a profile. If the IC merging operator isr "=,
then for everyj, the baseX’; from the resulting profiles” = *AﬁDvM“ (E) can be char-
acterized by:

WA /\ K; if consistent, else
K* = K K pu¥# L
J wA K if consistent, else
" otherwise.

Furthermore, the resulting profile is obtained after at mtve iterations (i.e., for
everyi > 1, B! = Bt1),

Theorem 9. LetE = (K4, ..., K,,) be a profile. If the IC merging operator i&g@p-c4a
or Ar-* then for every, the base ; from the resulting profilds* = Adr-ov(E) =

*A\dp.> (E) can be characterized by:

K* =

{Kj A Adr-eve(B) if consistent, else
J

AR V) otherwise.

Furthermore, the resulting profile is obtained after at mose iteration (i.e., for
everyi > 0, EB' = Et1).

Finally, like for the skeptical case, the sequence of pefied the corresponding
sequence of merged bases are equivalent w.r.t. statipiratite credulous case:

Definition 12. Let E be a belief profile and\ be an IC merging operator. Letbe any
integrity constraint. The sequen¢g’); is stationary from some stage if and only if the
sequencé/,(E)); is stationary from some stage.

Let us consider an example of credulous operator at work.

Example 2.Consider the profiléy = (K1, Ko, K3, K4), with [K1] = {(0,0,0), (0,0,
1),(0,1,0)}, [K2] = {(1,0,0), (1,0,1), (1,1,1)}, [K3] = {(0,0,1),(0,1,0),(0,1,1),
(1,1,0)}, [K4] = {(0,1,1),(1,0,0),(1,1,0),(1,1,1)}. There is no integrity con-
straint, = T. Let us consider the credulous CHIMC operator defined fraemtlerging
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Table 2. A%~

w |d(w, K1) d(w, K3) d(w, K3) d(w, Ki)|ds(w, EY)
(0,0,00 0,11 1,1,1 1,1,1 1,11} 34,4
(0,0,1y 0,0,0 1,2,2 0,0,0 1,12 234
(0,1,0) 0,2,2 2,22 0,1,2 1,1,2| 3,6,8
0,1,1y 111 1,3,3 0,0,1 0,0,3] 24,8
(2,0,0) 1,22 0,0,0 1,1,2 0,0,0| 234
2,01y 111 0,1,1 1,1,1 1,1,1| 344
(1,1,0y 13,3 1,1,1 0,0,3 00,1 24,8
(1,1,1y 2,22 0,2,2 1,1,2 0,1,2| 3,6,8

operator/A%#*, The computations are summarized in Table 2. The resultiofigis
57 = {(0,0, 1)}, [K3] = {(1,0,0)}, [K3] = {(0,0,1)} and[K3] = {(1,0,0)}. And
the corresponding CHIM operator gives as result a base wimaskels are{(0, 0, 0),
(0,0,1),(1,0,0),(1,0,1)}, that is different from the result of the merging Bfby the
IC merging operatofAdH’E(E)] = {(07 07 1)a (07 ]-7 1)7 (13 Oa 0)7 (17 ]-7 0)}

4  Iterated Merging Operators

An interesting question is to investigate the propertiethef CHIM operators. A first
important question is whether such operators are IC memgpegators. The answer is
negative in general, only some basic postulates are geaeitd hold:

Theorem 10. Credulous and skeptical CHIM operators satisfy (IC0)-(JCG@C7) and
(1C8).

Thus, some important properties of IC merging operatorasually lost through the
merge-then-revise process. We claim that this is not soatiarsince the main purpose
of conciliation processes is not exactly the one of beliefgimg. Furthermore, specific
iterated merging operators (i.e., those induced by som&fgpmerging operatorg\)
may easily satisfy additional postulates:

Theorem 11. The credulous iterated merging operator associatemlﬁP’M” satis-
fies (IC0)-(IC5), (IC7)-(IC8) and (Arb). It satisfies neitH&C6) nor (Maj).

In fact, the CHIM operator defined fror\¢r-*4* can be defined as follows (this
is a straightforward consequence of Theorem 8):

A /\ K; if consistent, else
AﬁD,Max(*AﬁD,Maw (E)) = Ki:KiApk L
I otherwise.

Theorem 12. The credulous iterated operator associatedd/> @M — “Adp.>
satisfies (1C0)-(IC8), (Arb) and (Maj).

This result easily comes from the fact that this credulousMCHperator actually
coincides with the IC merging operatdi/»-¢Maz — Adp.> jt is based on.
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Thus, as for skeptical operators (see Thearém 5), each Chbiator based on
the drastic distance coincides with the underlying IC nreggdperator, so it satisfies
exactly the same properties (see/[14]).

As to the operators based on Dalal distance, things aredsgs@p to now, we did
not find an equivalent, non-iterative, definition for anyleéin. We group the following
results on credulous/skeptical operators since theyfgdtie same properties, but the
proofs of the results are different for the two kinds of opers. Furthermore, since sta-
tionarity is only conjectured for credulous operators @fnjecturé 1), we do not have
a proof that the corresponding CHIM operators are totaltions. So the two follow-
ing results on credulous operators are guaranteed undeottjecture of stationarity,
only.

Theorem 13. The credulous (resp. skeptical) CHIM operator associatedétﬁHvZ
(resp.Ay, 4m-) satisfies (IC0)-(IC3), (IC7)-(IC8) and (Maj), but does isatisfy (IC5)-
(IC6) and (Arb). The satisfaction of (IC4) is an open issue.

Theorem 14. The credulous (resp. skeptical) CHIM operators associahédzH*M“”
and"Adm-GMar (resp, A\x di-Maz gnd A 4 GMary satisfy (1C0)-(IC3), (IC7)-(IC8),
but satisfy none of (IC5)-(IC6), (Maj) and (Arb). The satitfon of (IC4) is an open
issue.

5 Related Work

In [5,4] Richard Booth presents what he caBslief Negotiation ModelsSuch ne-
gotiation models can be formalized as games between sowgtka coherent set
of sources is reached, at each round a contest is organizfaddtout the weakest
sources, then those sources have to be logically weakeresl.idea leads to nu-
merous new interesting operators (depending of the exaahimg of “weakest”and
“weaken’; which correspond to the two parameters for this family)o#ds interested
at the same time in the evolution of the profile (in connectiorwhat he callsso-
cial contractior), and to the resulting merged base (the result of the Belgfdtlation
Model).

In [10, 9] a systematic study of a subclass of those operatatted Belief Game
Models is achieved. This subclass contains operators closer tgimgeones than the
general class which also allows negotiation-like opegator

All those operators are close in spirit to the CHIMC/CHIM ogters defined in
this work. A main difference is that in the work presentedhis tpaper, the evolution
of a profile does not always lead to a consensus. Scenario®\wagents disagree at
a final stage are allowed. Whereas in the former work, the &volyprocess leads to
consensus (in fact consensus is the halting condition ofténative definition). So
CHIMC operators seem more adequate to formalize interabtbdween agents’ beliefs.
Thus, they are closer to negotiation processes, since #r@sideliefs change due to
the interaction with other agents’ beliefs, but this intdi@n can be stopped when the
agents have achieved the best possible compromise.
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6 Conclusion and Perspectives

In this paper, we have introduced two conciliation proce$ssed on an iterated merge-
then-revise change function for the beliefs of agents. @ngiound, a family of con-
ciliation operators and an associated family of iteratedging operators have been
defined and studied.

This work calls for several perspectives. One of them corstire stationarity con-
jecture related to credulous CHIMC operators. A secondgeets/e is about rationality
postulates for conciliation operators; such postulatesiishreflect the fact that at the
end of the conciliation process, the disagreement betwesagents participating to
the conciliation process is expected not to be more impbtiteam before; a difficulty is
that it does not necessarily mean that this must be the caselistep of a conciliation
process.

Furthermore, when a consensus is reached for those coiocil@perators, one can
use the number of steps needed to reach the consensus asurentéamnflict of the
profiles. Such a measure could be used to compare severdéprarfid to determine
what are the less conflictual ones.

Another perspective is to enrich our framework in severegaions; one of them
consists in relaxing the homogeneity assumption; in soto@tsns, it can prove sen-
sible to consider that an agent is free to reject a negotiaiep, would it lead her to
a belief state “too far” from its original one; another ditiea is to study less dras-
tic revision behaviours, for example obtained through pdoritized belief revision
operators.
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