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Abstract

Merging operatorsaim at defining the beliefs/goalsof
a groupof agentsfrom thebeliefs/goalsof eachmem-
ber of the group. Whenever an agentof the grouphas
preferencesoverthepossibleresultsof themergingpro-
cess(i.e. thepossiblemergedbases),shecantry to rig
the merging processby lying on her true beliefs/goals
if this leadsto a bettermerged baseaccordingto her
point of view. Obviously, strategy-proof operatorsare
highly desirablein order to guaranteea fair merging
processeven when someof them are not sincere. In
fact,whenstrategy-proofnessis not guaranteed,it may
bequestionedwhethertheresultof themergingprocess
actually representsthe beliefs/goalsof the group. In
thispaper, thestrategy-prooflandscapefor many merg-
ing operatorsfrom theliterature,includingmodel-based
onesandformula-basedones,is drawn. Both the gen-
eralcaseandseveralrestrictionsonthemergingprocess
(amongothers,the numberof agentsandthe presence
of integrity constraints),areconsidered.

Intr oduction
Merging operatorsaim at defining the beliefs/goalsof a
groupof agentsfrom the beliefs/goalsof eachmemberof
the group. Thoughbeliefs and goalsare distinct notions,
merging operatorscantypically be usedfor merging either
beliefsor goals. Thus,mostof the logical propertiesgiven
in (Konieczny & PinoPérez1998;1999)for characterizing
rationalbelief merging operatorscanbeusedfor character-
izing aswell rationalgoalmergingoperators.

Whateverbeliefsor goalsaremerged,therearenumerous
situationswhereagentshavepreferenceson thepossiblere-
sultsof themerging process(i.e. themergedbases).As far
asgoalsareconcerned,anagentis surelysatisfiedwhenher
individualgoalsarechosenasgoalsof thegroup.In thecase
of beliefmerging,anagentcanbeinterestedin imposingher
beliefsto thegroup(i.e. “convincing” theotheragents),es-
pecially becausethe resultof a further decisionstagemay
dependon thebeliefsof thegroup.

So,assoonasanagentparticipatesto a mergingprocess,
the strategy-proofnessproblemhasto be considered.The
questionis: is it possiblefor a given agentto improve the
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resultof themerging processwith respectto herown point
of view by lying on her true beliefs/goals,given that she
knows the beliefs/goalsof eachagentof the groupandthe
way beliefs/goalsaremerged. Whenstrategy-proofnessis
not guaranteed,it may be questionedwhetherthe resultof
themerging processactuallyrepresentsthebeliefs/goalsof
thegroup.

For an exampleof manipulation,let us considerthe fol-
lowing illustratingscenario:

Example1 Marie, Alain and Pierre always spendtheir
eveningtogether. They haveto plan what they will do this
evening. Pierre wantsto go to a restaurant for diner, but
not to the movie. Marie doesnot want to go out for diner.
Alain doesnot want to stayat home, i.e. he wantsto go to
therestaurant or to themovie. If oneusesa usualmerging
operator for definingthegoalof thegroup1, thenthegoalof
the group will be to go out for diner and not to the movie.
Marie will not beveryhappy����� However, if Marie lies and
claimsthatshewantsto goto themoviebut notto therestau-
rant, thentheresultof themerging processwill bedifferent.
Indeed,in thiscase, thegoalof thegroupwill beto goeither
to the restaurant or to the movie: Marie maystill avoid to
goout for diner.

The aim of this work is to draw the strategy-proofness
landscapefor many merging operatorsfrom the literature,
including model-basedonesand formula-basedones. For
eachoperatorunderconsideration,we aim at determining
whether it is strategy-proof in the generalcase,and un-
dersomerestrictionson themerging process(includingthe
numberof agentsandthe presenceof integrity constraints)
andon thesetof availablestrategiesfor theagents.

The rest of the paperis organizedas follows. First we
give the neededbasicdefinitions. We then recall the def-
initions of the main propositionalbelief merging operators
of the literature. After what, we give several definitionsof
strategy-proofnessbasedon a generalnotionof satisfaction
index. Then,we reportour strategy-proofnessresults. We
endby noticing relatedwork, just beforea concludingdis-
cussion.Dueto spacelimitations,only themosttypical (and
short)proofsaregivenin thepaper.

1Formally, themodel-basedoperator���
	 � .



Preliminaries
We considera propositionallanguage� definedin thestan-
dardway from a finite setof propositionalvariables
 and
theusualconnectives,including � and � .

An interpretation(or world) is a total functionfrom 
 to������� � , denotedby a bit vectorwhenever a strict total order
on 
 is specified.Thesetof all interpretationsis noted� .
An interpretation� is a modelof a formula ����� if and
only if it makesit truein theusualtruth functionalway. �����
denotesthe setof modelsof formula � , i.e. ��� �"! � �#��%$��&$ !��'� .

A belief/goalbase( denotesthe setof beliefs/goalsof
anagent,it is a finite andconsistentsetof propositionalfor-
mulas,interpretedconjunctively. ( denotesthesingleton
belief/goalbasecontainingtheconjunctionof everyformula
of ( . We saythat a base( is completeif it hasa unique
model,sucha baseis noted (*) .

A belief/goalprofile + denotesthe groupof agentsthat
is involvedin themerging process.It is a multi-set(bag)of
belief/goalbases+,! � (.- � ����� � (*/'� (hencetwo agentsare
allowedto exhibit identicalbases).0

will denoteset containmentand 1 strict set contain-
ment, i.e. 23154 if and only if 2 0 4 and 276!54 .
The multi-set union is noted 8 and the multi-set contain-
ment relation is noted 9 . The cardinalof a finite set 2 is
noted:<;=2?> . Thesamenotationis usedfor a multi-set(the
cardinalof a finite multi-set is the sum of the numbersof
occurrencesof eachof its elements).We noteby + the
conjunctionof basesof + , i.e. +@! ( -BA ����� A ( / ,
where (�C denotesthe conjunctionof all formulasfrom(*C (DE� � �����GF ). A profile + is saidto beconsistentif and
only if + is consistent.

A pre-orderH is areflexiveandtransitiverelation.A pre-
order is total if IJ� � �LKB�MHN�LK or �LKOH#� . Let H be a
pre-order, we definethe correspondingstrict ordering P as�QP&�LK if andonly if �QH&�LK and �LK?6HR� , andthe induced
equivalencerelation(indifference)S is givenby �@S��LK if
andonly if �QH�� K and � K H&� . We write �,�UT.DGFV;W2 � HE>
if andonly if ���X2 and YZ�LK[�\2 s.t. �LK]P^� .

Theresultof themerging of thebasesof a profile + , un-
der the integrity constraints_ is the basedenoted̀ba';=+*> .
Theintegrity constraintsconsistof a consistentformulathe
mergedbasehasto satisfy(it may representsomephysical
laws,somenorms,etc.).

Merging operators
We recall in this sectionthe two main familiesof merging
operatorsfrom the literature. Thefirst family is definedby
a selectionof someinterpretations,usually usinga notion
of distance. The secondfamily is definedby a selection
of someformulas in the set-theoreticunion of the bases.
For more details on thosetwo families, seefor example
(Konieczny, Lang,& Marquis2002;2004).

Model-basedoperators

Thefirst family is basedon theselectionof someinterpreta-
tions, the “closest” onesto the givenprofile (Revesz1997;

Konieczny & Pino Pérez 1998; 1999; Lin & Mendelzon
1999;Liberatore& Schaerf1998).

Definition 1 A pseudo-distancebetweeninterpretationsis a
total function c\de�gfh� ij IRk such that for any � , �LK ,�LK Kl�"� :m c�;n� � �LKW>B!�cJ;o�LK � �?> , andm c�;n� � �LKW>B! �

if andonly if ��!p�LK .
A distancebetweeninterpretationsis a pseudo-distance

thatsatisfiestriangular inequality:m c�;n� � �LKW>qH�cJ;o� � �LK KG>srtc�;n�LK K � �LKG>=�
Two widely useddistancesbetweeninterpretationsare

Dalaldistance(Dalal1988),denotedcvu , which is theHam-
ming distancebetweeninterpretations(i.e. the numberof
propositionalvariablesonwhich thetwo interpretationsdif-
fer); andthedrasticdistance,denotedcxw , which is thesim-
plestpseudo-distanceonecandefine: it gives0 if the two
interpretationsarethesameone,and1 otherwise.

Definition 2 An aggregation function y is a total func-
tion associatinga nonnegative real number to every fi-
nite tuple of nonnegative real numbers and s.t. for anyz - � ����� � z / � z �W{ � IRk :m if z H {

, theny[; z - � ����� � z � ����� � z /s>qH|y[; z - � ����� �W{]� ����� � z /]> .
(non-decreasingness)m y[; z - � ����� � z /s>}! �

if andonly if z -~!������e! z /O! �
.

(minimality)m y[; z >B! z . (identity)

Widely used functions are the �b�Z� (Revesz 1997;
Konieczny & PinoPérez2002b),thesum � (Revesz1997;
Lin & Mendelzon1999; Konieczny & Pino Pérez1999),
or the leximax ���Q� z (Konieczny & Pino Pérez 1999;
2002b).

The chosendistancebetweeninterpretationsinducesa
“distance”betweenan interpretationanda base,which in
turn givesa “distance”betweenaninterpretationanda pro-
file, using the aggregation function. This latter distance
gives the needednotion of closenessH~� (a pre-orderin-
ducedby + ).

Definition 3 Let c bea pseudo-distancebetweeninterpreta-
tionsand y bean aggregationfunction.Theresult `b�Z� �a ;W+*>
of the (model-based)merging of + giventhe integrity con-
straints _ is definedby:m cJ;o� � (�>q!pT�DGF )J��� �[� c�;n� � �LKW> .m cJ;o� � +*>B!�y � �����v�L� ;WcJ;o� � (�C�>�> .m �&H � �LK if andonly if c�;n� � +*>BH|cJ;o�LK � +*> .m ��`h�Z� �a ;W+�>��l!t�b���l;�� _[� � H~��> .

Let us stepbackto the examplegiven in introductionin
order to illustrate the way model-basedmerging operators
work:

Example2 Considertheset
 with twopropositionalvari-
ables T (ovie) and � (estaurant), taken in this order. The
goals of the three agentsare then given by the following
bases:(.- whosesetof modelsis

���Z���x� � � (Marie’swishes),(E¡ whosesetof modelsis
���e�v�x� �����Z� � (Alain’swishes)and
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Table1: Mergingwith ¥ �v§q� ¨a .

( ¤ whosesetof modelsis
���e� � (Pierre’s wishes).There is

no integrity constraint (_t!�� ).
Table 1 sumsup the computationsof the result of the

merging for the operator ¥"� § � ¨a . It states,for each model
of the integrity constraints (first column)the distancesbe-
tweenthis modeland the bases,and in the last columnthe
aggregatedistancebetweenthe modeland the profile. Ac-
cordingto thisoperator, � ¥"� § � ¨a ; � (�- � (E¡ � (E¤£���l! ���'� � , so
thegoalof thegroupis to goto therestaurantandnot to the
movie.

Formula-basedmerging
The other main family of merging operatorsis composed
of operatorsusually called “formula-basedoperators”or
“syntax-basedoperators”,since the syntacticform of the
basesat play may easily influencethe result of the merg-
ing process:replacingabase

�«ª - � ����� ��ª /]� by the(logically
equivalent)base

�«ª - A ����� A ª /s� mayleadto changethecor-
respondingmergedbase(while it is not thecasefor model-
basedoperators).Formula-basedoperatorsarebasedon the
selectionof consistentsubsetsof formulasin the union of
the basesof the profile + . Several operatorsareobtained
by letting vary the selectioncriterion. The result of the
merging processis the setof consequencesthat canbe in-
ferred from all selectedsubsets. See(Baral et al. 1992;
Baral, Kraus, & Minker 1991; Rescher& Manor 1970;
Konieczny 2000)for moredetails.

Definition 4 MAXCONS ;W( � _V> is the setof all � that sat-
isfy:m � 0 (­¬ � _®� , andm _¯��� , andm If �°1|�&K 0 (­¬ � _®� , then �&K is not consistent.

Whenmaximality must be taken w.r.t. cardinality, we
usethenotationMAXCONS±W²�³ � ;=( � _V> . To bemore precise,
MAXCONS±W²�³ � ;W(

� _V> is thesetof all � that satisfy:m � 0 (­¬ � _®� , andm _¯��� , andm If :<;=�´>µP¶:U;=�&KG> with
� _®� 0 �&K 0 (Q¬ � _®� , then �&K

is not consistent.

Let MAXCONS ;W+ � _V>}! MAXCONS; �·�¸�v� (�C � _V> .
The following operatorshave beendefinedso far (Baral,

Kraus,& Minker1991;Baraletal. 1992;Konieczny 2000):

Definition 5 Let + be a profile and let _ be an integrity
constraint:

`b¹ -a ;W+�>}! � �°� MAXCONS ;W+ � _V>=� .
`b¹ ¤a ;W+�>}! � �°$J�º� MAXCONS ;W+ � �E> and �5¬ � _®�

consistent� .`b¹]»a ;W+�>}! � �°� MAXCONS±W²�³ � ;=+ � _V>¼� .
` ¹]½a ;W+�>}! � �%¬ � _®�&$E� � MAXCONS ;=+ � �E> and�¾¬ � _®� consistent�

if this setis not emptyand _ otherwise.

` ¹ -a ;W+*> , ` ¹ ¤a ;=+*> and ` ¹]»a ;=+*> correspondrespectively
to ¿�À
TpÁ � ;W+ � _V> , ¿�À
T¯Á=Âe;=+ � _V> and ¿�À
T¯Á=Ãe;=+ � _V> as de-
fined in (Baral et al. 1992). There is no `h¹ ¡ operator
since the corresponding¿�À
T¯Á © operatoris equivalent to¿�À
TpÁ � (Baral et al. 1992). The `h¹]½ operatoris a slight
modificationof `h¹ ¤ in order to get more logical proper-
ties(Konieczny 2000).Notethatunlike theotheroperators,`b¹ ¤a maygenerateinconsistentmergedbases.

Let usstepbackto theexamplegivenin introduction:

Example3 Marie, Alain andPierre wishescanberespec-
tively encodedby the following bases( - ! �£Ä ��� , ( ¡ !� T#Åb��� and (E¤O! �ZÄ T � ��� , so +Æ! � (.- � (E¡ � (E¤£� . The
maximal(w.r.t. setinclusion)consistentsubsetsin theunion
of thosebasesare (there is no integrity constraint _Ç!@� ):�ZÄ � � TÈÅ���� , �ZÄ � ��Ä T^� , and

� TÉÅ�� ��Ä T � ��� . Sofor thisex-
ampleweget `h¹ -a ;W+*>B!|`h¹ ¤a ;=+*>}!�`b¹]½a ;=+*>BÊ Ä ��Å Ä T ,
thatmeansthatthegoalof thegroupis notto goto themovie
or not to goto therestaurant. Andwith `h¹s»a ;W+*>BÊ Ä T A � ,
thatmeansthat thegrouphasto go to therestaurantbut not
to themovie.

Note also that if we encodePierre’s wishesas (.K¤ !�ZÄ T A ��� , sowith +~K�! � (.- � (E¡ � (ËK¤ � , thenthemaximal
(w.r.t. setinclusion)consistentsubsetsin theunionof those
basesare

�£Ä � � TÌÅL��� and
� TQÅ}� ��Ä T A ��� . So,in thiscase,

weget `h¹ -a ;W+~KW>Í!Î`h¹ ¤a ;=+~K=>Í!Î`h¹s»a ;=+~K=>?!È`h¹]½a ;W+�KW>ÏÊ;oT A Ä ��>sÅO; Ä T A ��> . Accordingly, thegoalof thegroupis
to goeitherto themovieor to therestaurant,but not to both.

This lastexampleshows thatsyntax-sensitivity canbean
additionalmeanof manipulation.For example,if oneuses
the `h¹s» merging operator, then it is more interestingfor
Pierreto expresshis wishestrough (E¤ ratherthanwith (.K¤
(althoughthosetwo basesare logically equivalent). In the
first casetheresultof themerging is logically equivalentto(E¤ , it is no more the casewith (.K¤ (see(Lafage& Lang
2000)for asimilarexampleof syntax-sensitivity in aprefer-
enceaggregationcontext).

Other valuableformula-basedoperatorscan be defined,
for instanceby replacingeachbase( by thesingletoncon-
taining the conjunctionof its elementsbeforemaking the
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Table2: ¥ �v§q� ¨a is notstrategy-prooffor D ��Ñ .

union. As thecomma- which is a specificconnective,even
if it is not truth-functional- is usuallynotequivalentto stan-
dardconjunctionin theformula-basedframework, suchop-
eratorsmay easilygive mergedbasesthat differ from their
original counterpart,as illustrated in the above example.
Clearly enough,the resultingoperatorsarenot any longer
sensitiveto thesyntacticpresentationof thebases(replacing
every baseby a logically equivalentoneleadsto the same
mergedbase).Formally, we have:

Definition 6 Let +Î! � ( - � ����� � ( / � bea profile andlet _
bean integrity constraint:m `XÒ¹ -a ;=+*>B!�`h¹ -a ; � (�- � ����� � (�/'�£> .m `XÒ¹ ¤a ;=+*>B!�`h¹ ¤a ; � ( - � ����� � ( / �£> .
m `XÒ¹]»a ;=+*>B!�`h¹]»a ; � (�- � ����� � (�/'�£> .m `XÒ¹]½a ;=+*>B!�`h¹]½a ; � ( - � ����� � ( / �£> .

See(Konieczny 2000;Konieczny, Lang,& Marquis2002;
2004)for otherrefinementsof formula-basedoperators,that
allow a fineruseof thedistributionof theinformation.

Strategy-proofness
Thestrategy-proofnessissuefor a merging operatorcanbe
statedasfollows: is it possiblefor a givenagentto improve
the result of the merging processwith respectto her own
point of view by lying on her true beliefs/goals,given that
sheknows the beliefs/goalsof eachagentof the groupand
the way beliefs/goalsare merged? If this questioncanbe
answeredpositively, thenthe operatoris not strategy-proof
(theagentmaybenefitfrom beinguntruthful).Thus,amerg-
ing operatoris not strategy-proof if one can find a profile+@! � (.- � ����� � (*/'� which representsthebasesof theother
agents,an integrity constraint_ , andtwo bases( and (ËK
suchthattheresultof themergingof + and (.K is betterfor
the agentthanthe resultof the merging of + with her true
base( .

Definition 7 (strategy-proofness)
Let D bea satisfactionindex, i.e. a total functionfrom �@f� to IR. A merging operator ¥ is strategy-proof for D if
and only if there is no integrity constraint _ , profile +¾!� (�- � ����� � (*/e� , base( andbase(.K s.t.

D�;=( � ¥ a ;=+R8 � ( K � >¼>qÓ^D�;W( � ¥ a ;W+&8 � (X� >¼>=�
A profile + is saidto bemanipulableby a base( for indexD givena merging operator ¥ andan integrity constraint _
if andonly if thereexistsa base(ËK s.t.

D�;=( � ¥ a ;=+R8 � ( K � >¼>qÓ^D�;W( � ¥ a ;W+&8 � (X� >¼>=�

Clearly, therearenumerousdifferentwaysto definethe
satisfactionof anagentgivena mergedbase.Many ad hoc
definitionscanbeconsidered.This is closelyrelatedto the
problemof measuringhow similar two logical basesare,
henceit is closeto verrisimilitudeissues(seee.g. (Kuipers
1987)).

Thefollowing threeindexesaremeaningfulwhenno ad-
ditional informationareavailable.

The first two indexes are drastic ones: they range to�����x� � , so the agentis either fully satisfiedor not satisfied
atall.

Definition 8 (weak drastic index)

D ��Ñ ;W( � (EÔ�>}!
�

if ( A ( Ô is consistent,�
otherwise.

Thisindex takesvalue1 if theresultof themerging(noted(EÔ in thedefinition) is consistentwith theagent’s base( ,
and0 otherwise.It meansthat theagentis consideredfully
satisfiedassoonasits beliefs/goalsareconsistentwith the
mergedbase.

Definition 9 (strongdrastic index)

D �xÕ ;W( � ( Ô >B!
�

if (EÔ�$ !�( ��
otherwise.

This index takesvalue1 if the agent’s baseis a logical
consequenceof the resultof the merging, and0 otherwise.
In orderto befully satisfied,theagentmustimposeherbe-
liefs/goalsto thewholegroup.

The last index is not a booleanone, leadingto a more
gradualnotion of satisfaction. The more compatiblethe
merged basewith the agent’s basethe more satisfiedthe
agent.Thecompatibilitydegreeof ( with (EÔ is the (nor-
malized)numberof modelsof ( thataremodelsof (EÔ as
well:

Definition 10 (probabilistic index)

D¼Ö ;W( � ( Ô >B! :<;��×(.��Ø<�×( Ô �W>
:U;¼��(EÔ·�G> �

When:U;��×(EÔ·�W>B! �
, wesetD Ö ;W( � (EÔ�>}! �

.

D�ÖZ;=( � ( Ô > is theprobability to geta modelof ( from a
uniformsamplingin themodelsof ( Ô . This index takesits
minimal valuewhenno modelof ( is in themodelsof the
mergedbase(EÔ , andits maximalvaluewheneachmodel
of themergedbaseis a modelof ( . Strategy-proofnessfor
thesethreeindexesarenot independentnotions:
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Table3: Manipulability of ¥"� § � ¨ for D � Ñ andD�Ö for two bases.

Proposition1m If a merging operator is strategy-proof for D Ö , then it is
strategy-proof for D � Ñ .m Considera merging operator that generatesonly consis-
tentbases.If it is strategy-proof for D Ö , thenit is strategy-
proof for D � Õ .
On theotherhand,onecanprove thatstrategy-proofness

for D � Ñ andstrategy-proofnessfor D �xÕ arelogically indepen-
dent in the generalcase(an operatorcanbe strategy-proof
for oneof themwithout beingstrategy-proof for the other,
andit canbestrategy-prooffor bothof themor for neither).

Let us concludethis sectionwith our running example,
andgive formal argumentsexplaining how Marie canma-
nipulatethemergingprocess:

Example4 We consider three bases, �×(.-=�È! ���Z����� � �
(Marie’s wishes), ��(E¡��,! ���e�v�x� �����Z� � (Alain’s wishes)
and �×( ¤ �Ç! ���'� � (Pierre’s wishes). There is no con-
straint (_¾!º� ). � ¥"� § � ¨a ; � (�- � (¢¡ � (¢¤Z�£>��p! ���e� � and
D � Ñ ;W(.- � ¥"� § � ¨a ; � (.- � (E¡ � (E¤Z� >¼>^! �

, which meansthat
Marie is not satisfied. If Marie reports (ËK- whoseset of
modelsis

�£� � � insteadof ( - , then � ¥�¨a ; � (ËK- � ( ¡ � ( ¤ � >��q!���'�v�x� ���x�Z� � andD � Ñ ;=(.- � ¥h� § � ¨a ; � (ËK- � (E¡ � (E¤£� >¼>B! �
, that

is moresatisfactoryfromherpointof view. Table2 givesthe
detailsof thecomputationsfor thisexample.

Strategy-proofnessresults
In the generalcase,both the family of model-basedop-
eratorsand the family of formula-basedoperatorsare not
strategy-prooffor thethreeindexesweconsider. Thismeans
that thereare operatorsfrom thosefamilies which arenot
strategy-proof.

However, imposing further restrictions may lead to
strategy-proofness.Consideringthemin a systematicway
allows usto draw thestrategy-proofnesslandscapefor both
families.

A first restriction concernsthe numberof basesto be
merged.Theinterestingcaseis when :U;W+�>®! ©

, wherewe
cansometimesreachstrategy-proofnesswhereasfor larger
profiles the operatoris manipulable. Since

� ��� typically
plays the role of a neutral elementfor all the operators
we consider, in the sensethat for every + , _ , we have` a ;W+*>?ÊÎ` a ;W+Ì8 � ��� > , manipulationis monotonicwith
respectto thenumberof basesfor thoseoperators:if anop-
eratoris manipulablefor :U;W+*>�!&F , thenit is manipulable
for :<;=+*>µÓtF .

A second parameteris the completenessof the be-
liefs/goalsof theagentwho aimsat manipulating.In some

cases,having suchstrongbeliefs/goalsrendersany strategy
impossible.

A third significantparameteris the presenceof integrity
constraints. On the one hand, addingnontrivial integrity
constraints(_Ù6Ê°� ) can rendera manipulationpossible,
while it is not when no integrity constraintsare consid-
ered. The otherway, addingintegrity constraintsmay pre-
ventfromany manipulation(simplybychoosingaconstraint_ that is not consistentwith the base ( of the untruthful
agent)whichwould bepossibleotherwise.

Anotherrestrictionbearson thepossibleavailablestrate-
gies. In the generalcasethe untruthful agentis free from
reportingany base,even if it is “quite far” from her true
base.However, therearenumeroussituationsfor which the
otheragentsparticipatingto themergingprocesshavesome
informationabouther true base.In the following, we con-
sidertwo restrictionson availablestrategies(andthecorre-
spondingnotionsof strategy-proofness):the erosion(resp.
dilatation)manipulationis whenthereportedbase(ËK is nec-
essarilylogically stronger(resp. weaker) thanthe true one( . The erosion(resp. dilatation)manipulationis safefor
the untruthful agentwhen the otheragentsmay only have
accessto a subsetof the countermodels(resp. models)of
hertruebeliefs/goals.

Model-basedoperators
Themainstrategy-proofnessresultfor model-basedmerging
operatorsin thegeneralcaseholdswhenthedrasticdistancec w is considered:

Proposition2 Let y beanyaggregationfunction. ¥"�vÚl� � is
strategy-proof for D¼Ö , D � Ñ and D �xÕ .

As shown on the running example, the family obtained
by consideringtheHammingdistanceis not strategy-proof.
Let us now focuson this family, andconsidersuccessively
thetwo operatorsobtainedby considering� and ���Q� z as
aggregationfunctions.

As to ¥h� § � ¨ , thenumberof basesandthepresenceof in-
tegrity constraintsaresignificant.Let’s seefirst that ¥"�v§B� ¨
is notstrategy-proofin thegeneralcase.

Proposition3 ¥"�v§q� ¨ is not strategy-proof for any of D ��Ñ ,D � Õ and D Ö , evenif there are only two basesinvolvedin the
mergingprocess.

Proof : The following exampleshows the manipulabil-
ity of ¥"�v§}� ¨ for D ��Ñ (andthenfor D Ö ). Let us considerthe
constraint_�!,�EÅOÁ andthetwo bases( - and ( ¡ defined
by their respective setsof models: ��(.-=�O! ���Z�����e� � and�×(E¡���! �£��� � . We have � ¥"�v§B� ¨a ; � (.- � (E¡£� >��*! �£��� � and
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Table4: Manipulabilityof ¥"� § � ¨ for D �xÕ for two bases.

D � Ñ ;W(.- � ¥"� § � ¨a ; � (.- � (E¡£� >¼>·! �
. On theotherhand,if the

agentwhosebaseis ( - gives ( K - , with �×( K- �l! ���e� � instead
of (.- , we obtain � ¥"� § � ¨a ; � (ËK- � (E¡Z� >��*! ���e�«���������£� � and
D � Ñ ;W(.- � ¥ � § � ¨a ; � ( K - � (E¡£� >�! �

. This exampleshows the
manipulabilityof ¥"� § � ¨ evenif thereareonly two basesin
theprofile. Thecomputationsaredetailedin Table3.

The following example shows the manipulabil-
ity of ¥"�v§}� ¨ for D � Õ . Let us consider the con-
straint _ ! ;W� A Á�>"Å­;=� A Ä Á A ÄqÛ > and the two
bases (.- and (E¡ defined by their sets of mod-
els: ��(.-W�%! ���£�Z���x�Z�£� � and �×(¢¡��Ü! ���Z�£�����Z�e� � .
We have � ¥h�v§B� ¨a ; � ( - � ( ¡ �£>�� ! �£�£�Z�«��� �£� � and
D � Õ ;W( - � ¥"�v§B� ¨a ; � ( - � ( ¡ � >¼>Ý! �

. On the other hand,
if theagentwhosebaseis (.- gives (.K- , with �×(.K- �µ! �£�£�Z� �
insteadof ( - , we obtain � ¥"�v§B� ¨a ; � (ËK- � ( ¡ � >��B! �£�Z�£� � and
D � Õ ;W( - � ¥"�v§B� ¨a ; � (ËK- � ( ¡ � >¼>�! �

. This exampleshows the
manipulabilityof ¥"�v§B� ¨ for D � Õ even if thereareonly two
belief basesin theprofile. Thecomputationsaredetailedin
Table4. Þ

When no integrity constraintsare considered(i.e. _ßÊ
� ), any operator¥ �Z� ¨à (where c is a distance)is strategy-
proof for the indexes D ��Ñ and D � Õ whenonly two basesare
considered:

Proposition4 Let c be any distance. Provided that only
two basesare to be merged, ¥ �Z� ¨à is strategy-proof for the
indexesD ��Ñ and D � Õ .

But this resultholdsonly for two basessincewehave the
following:

Proposition5 ¥ �v§B� ¨à is not strategy-proof for indexesD ��Ñ
and D �xÕ if at least threebasesare involvedin the merging
process.

Imposingfurtherconstraintsmayprotectfrom any manip-
ulation:

Proposition6 For any distance c , ¥"�Z� ¨ is strategy-proof
for the indexes D�Ö , D � Ñ and D �xÕ whenthe initial base ( is
complete.

Proof :

m D ��Ñ and D � Õ . The property is a direct consequenceof
Proposition12, showing that if ¥"�Z� ¨ is manipulableforD � Ñ and D �xÕ by a belief base( , thenit is manipulableby
erosion.But this is impossiblewhenever ( is complete.

m D�Ö . Reductioad absurdum: let ussupposethat thereis an
operator¥ �Z� ¨ , where c is any distance,which is manip-
ulablefor D�Ö given a completebase�×(*)eáâ�E! � ��-�� . So,
thereexists an integrity constraint_ , a profile + , anda
base( K s.t.:

D Ö ;=( ) á � ¥ �Z� ¨a ;W( ) áµ8.+*>¼>qPtD Ö ;=( ) á � ¥ �Z� ¨a ; � ( K ��8.+�>¼>W�
If we have D Ö ;=( ) á � ¥"�Z� ¨a ;W( ) áL8<+*>¼>?! �

, thenwe have
D ��Ñ ;W( ) á � ¥h�Z� ¨a ;W( ) áµ8O+*>¼>V! �

too. In thatcase,manip-
ulationfor D�Ö impliesmanipulationfor D � Ñ but we proved
that no manipulationis possiblefor D � Ñ . As a conse-
quence,wecansupposethat D�Ö£;=(*)�á � ¥"�Z� ¨a ;W(�)�á'8h+�>¼>~6!�
. Consequently:

:<;=( ) álØ<��+�`*¨a ( ) á¸�W>
:<;��×+�` ¨a (*)eáâ�W> 6! �

(where+\` ¨ a (*)eá is a light notationfor ¥ �Z� ¨a ;=(*)�áJ8Í+ )).
This equationallows us to infer that ��- is a model of+^`�¨a (�)�á . In orderto increaseD�Ö ;W(*)eá � ¥"�Z� ¨a ;=(ËK 8h+*>¼> ,
wehaveto reducethenumberof modelsof +h`�¨a (ËK com-
paredto +¢`�¨a (*)�á , withoutremoving ��- from ��+¢`�¨a (.K�� .
Sowe haveto find � ¡ 6!p� - s.t.:

� ¡ $ !�+R` ¨a ( ) á and� ¡ 6$ !�+�` ¨a ( K �
So, �µ¡E$ !¯_ , andwehave:

cJ;o�q¡ � +R8�(*)eá >B!�c�;n��- � +&8�(*)�á > (1)

and: c�;n� ¡ � +�8 � ( K �£>lÓÇc�;n� - � +&8 � ( K �£> (2)
(because� - is amodelof both +�` ¨ a ( ) á and +\` ¨ a ( K ).
With theaggregationfunction � , wegetfrom equation1:

cJ;o� ¡ � � - >]rtcJ;o� ¡ � +*>B!�cJ;o� - � +�>
andfrom equation2:

cJ;o�q¡ � ( K >[r^cJ;o�q¡ � +*>µÓ|cJ;o�~- � ( K >sr^cJ;o�~- � +*>W�
Replacingc�;n��- � +*> by cJ;o�q¡ � ��-�>[r^cJ;o�q¡ � +*> , we obtain:

cJ;o�q¡ � ( K >�r?c�;n�µ¡ � +*>µÓÇc�;n��- � ( K >¼r?cJ;o�q¡ � ��-�>�r?c�;n�µ¡ � +*> �
so: cJ;o� ¡ � ( K >µÓÇcJ;o� - � ( K >srtc�;n� ¡ � � - >W�
If �LK - is a modelof (.K s.t. cJ;o� - � (.KG>Í!ÎcJ;o� - � �LK - > , then
wehave:

cJ;o� ¡ � ( K >µÓÇcJ;o� - � � K - >]rtc�;n� ¡ � � - >W�
Furthermore,by definitionof T.DGF , we have cJ;o�q¡ � �LK - >VãcJ;o�q¡ � (.KG> , so:

c�;n�µ¡ � � K - >µÓ|cJ;o�~- � � K - >]rtcJ;o�µ¡ � �~-�>
whichcontradictsthetriangularinequality.
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Table5: Manipulabilityof ¥"�v§q� älå ²�æ for D ��Ñ with two completebases.

Þ

In contrastto ¥ �v§B� ¨ , ¥ �v§q� älå ²�æ is not strategy-proof
evenin very restrictedsituations:

Proposition7m ¥h�v§B� ä[å ²�æ is not strategy-proof for the satisfactionin-
dexesD ��Ñ and D Ö , evenif there is no constraint (_�ÊÈ� ),
the initial base ( is completeand only two agentsare
involvedin themerging process.m ¥h� § � ä[å ²�æ is strategy-proof for D �xÕ when:
– two basesareconsidered,and
– _^Ê|� , and
– theinitial baseis complete.
If oneof theseconditionsis notsatisfied,then¥"�v§B� ä[å ²�æ
is no morestrategy-proof for D�cvç .

Proof : We just give the proof for D ��Ñ and D Ö . Table
5 shows the manipulability of ¥"� § � ä[å ²�æ for the weak
satisfactionindex D � Ñ andtwo completebases.We consider( - s.t. �×( - �.! ���£�e� � and ( ¡ with �×( ¡ �Ë! � �Z�Z� � , and_È!Ý� . We have � ¥"� § � ä[å ²�æa ; � (.- � (E¡ �£>���! ���e�£�v�x� �e� � ,
so no model of (�- belongs to ¥"� § � ä[å ²�æa ; � (.- � (E¡ �£>
and D � Ñ ;W(�- � ¥"� § � ä[å ²�æa ; � (.- � (E¡ �£>è! � � If agent 1
gives ( K- with ��( K - �é! ���£�Z� � instead of ( - , then� ¥h� § � ä[å ²�æa � (.K- � (E¡ �£>��#! ���Z�'�v���e� ���¼�'�Z�v�x� �£�ê�������v���£�ë� �
and D � Ñ ;=(.- � ¥ � § � ä[å ²�æa ; � ( K - � (E¡Z�£>*! � � Sincemanipula-
bility for D � Ñ holds,manipulabilityfor D¼Ö holdsaswell. Þ

Formula-basedoperators
For the probabilistic index, almost none of the formula-
basedoperatorsunderconsiderationis strategy-proof:

Proposition8m No operator among ` ¹ - , ` ¹ ¤ , ` ¹]» , ` ¹]½ is strategy-
proof for D�Ö , evenif there are only two agentsinvolvedin
themerging process,there is no constraint (_|ÊÎ� ) and
theinitial base( is complete.m `XÒ¹ - and `�Ò¹s½ are strategy-proof for D�Ö if there are only
two agentsinvolvedin the merging process,but noneof

themis strategy-proof for D Ö if threeagentsor more are
involvedin themerging process,evenif _¶ÊQ� andif the
initial baseis complete.m `�Ò¹ ¤ is strategy-proof for D Ö if there are only two agents
involvedin the merging processand if _ÈÊì� , but it is
not strategy-proof for two agentsif _M6ÊM� , or if three
agentsor more are involvedin themerging process,even
if theinitial baseis complete.

m `�Ò¹s» is strategy-proof for D�Ö .
Proof : We only give herean exampleof manipulation
of `h¹ for D�Ö , with :U;W+*>�! ©

, a completebase ( , and_Ý!í� . Consider +3! � (.- � (E¡£� , with (�-�! � � A Á��
and ( ¡ ! �£Ä ;W� A Á�>=� . Then ` ¹ -à ;=+*>ìÊ � , andD Ö ;W( - � `h¹ -à ;W+*>�>"! -» . But if agent1 gives (ËK- ! � � � Á��
instead of (.- , then `h¹ -à ; � (.K- � (E¡£�£>3Ê �&ÅÎÁ , andD Ö ;W( - � `h¹ -à ; � (ËK- � ( ¡ �£>�>·! -¤ . So + is manipulableby ( -
for D�Ö . Thesameexampleholdsfor `h¹s» . It remainsto note
now that `h¹ -à !|`h¹ ¤à !Ç`b¹]½à to concludethefirst point of
theproof. Þ

For thetwo drasticindexes,theresultsaremorenuanced:

Proposition9m ` ¹ - and ` Ò¹ - arestrategy-proof for both D � Ñ and D �xÕ .m `h¹ ¤ and `�Ò¹ ¤ are not strategy-proof for anyof D ��Ñ , D � Õ ,
evenif there are only two basesinvolvedin the merging
processand the initial base ( is complete, but they are
strategy-proof for bothindexesif _^!|� .m `h¹s» is notstrategy-proof for anyof D � Ñ , D �xÕ , evenif there
are only two basesinvolvedin the merging process,the
initial base( is complete, and _^Ê�� .m `�Ò¹s» is strategy-proof for D � Ñ and D �xÕ .m `h¹s½ and `�Ò¹]½ are not strategy-proof for both D ��Ñ andD �xÕ in the general case. But strategy-proofnesscan be

achievedin thefollowingrestrictedcases:̀h¹]½ and `�Ò¹]½
are strategy-proof for both D ��Ñ and D � Õ if _@Ê#� . ` ¹]½
and `XÒ¹]½ are strategy-proof for D � Ñ if the initial baseis

complete. ` Ò¹]½ is strategy-proof for both D ��Ñ and D � Õ if
thereareonly two basesinvolvedin themergingprocess.



Ensuring strategy-proofness:the caseof complete
basesî
Let usnow focusonaveryspecificcase:thesituationwhere
every baseis complete.While this situationis ratherunfre-
quentwhendealingwith belief basesto be merged, it can
beimposedin agoalmergingsetting,especiallyif it guaran-
teesstrategy-proofness.Thisexplainswhy weconsidersuch
a casein thispaper.

Proposition10 The strategy-proofnesslandscapefor sev-
eral merging operators under the restriction each baseis
completeis givenin Table6. y is anyaggregationfunction,c is anydistance, ï means“str ategy-proof”, ð means“non
strategy-proof” evenif :<;=+*>¢! ©

and _´ÊÆ� , ðEñ means
“non strategy-proof” evenif either :U;W+�>*! ©

or _´Êò� ,
but “str ategy-proof” if both :U;W+*>�! ©

and _ÆÊó� . Fi-
nally, ð à means“non strategy-proof” evenif :U;=+*>¢! ©

,
but “str ategy-proof” whenever _^Ê|� .

¥ D Ö D ��Ñ D � Õ
¥ � Ú � � ï ï ï¥"�Z� ¨ ï ï ï¥"�v§B� ä[å ²�æ ð ð ðEñ` ¹ - ð ï ï` ¹ ¤ ð ð à ð à`b¹]» ð ð ð` ¹]½ ð ï ð à
`XÒ¹ - ï ï ï
`XÒ¹ ¤ ï ï ï
`XÒ¹]» ï ï ï
`XÒ¹]½ ï ï ï

Table6: Strategy-proofnessof mergingoperatorswheneach
baseis complete.

As Proposition10 shows,no operatoramong¥"� § � ä[å ²�æ
andthe `h¹ onesensuresfull strategy-proofnessin the re-
strictedcasewhere two completebasesare to be merged
andno integrity constraintis considered.Contrastingly, all
theotheroperatorsoffer strategy-proofnessfor thethreein-
dexeswhenevereverybaseis complete.

Restricted strategies
Wewill now focusontwo restrictionsontheavailablestrate-
giesfor theuntruthfulagents.Theerosion(resp.dilatation)
manipulationis when the reportedbase (.K is necessarily
logically stronger(resp.weaker) thanthetrueone ( .

Definition 11 Let D bea satisfactionindex.m A merging operator is erosionstrategy-proof for D if and
only if there is there is no integrity constraint _ , profile+ò! � (�- � ����� � (*/e� , base ( andbase(.K s.t. (.K·$ !É(
and D�;=( � ¥ a ;=+&8 � ( K �£>¼>BÓ¯D�;W( � ¥ a ;W+&8 � (��£>¼>=�m A mergingoperator is dilatationstrategy-prooffor D if and
only if there is there is no integrity constraint _ , profile

+Æ! � (.- � ����� � (*/'� , base( andbase (ËK s.t. (í$ !É(ËK
and D�;W( � ¥"a';W+�8 � (.K¸� >¼>µÓtD�;=( � ¥ha';=+�8 � (X� >¼>W�
Theerosion(resp.dilatation)manipulationis safefor the

untruthfulagentwhentheotheragentsmayonly haveaccess
to a subsetof thecountermodels(resp. models)of her true
beliefs/goals.

The first resultgivesthe dilatationstrategy-proofnessof
model-basedoperators:

Proposition11 Let c bea pseudo-distanceandlet y bean
aggregation function. ¥"�Z� � is dilatation strategy-proof for
theindexesD¼Ö , D � Ñ and D �xÕ .

This resulthasto becomparedwith theonesin theunre-
strictedcase(previoussections),wheremostof theoperators
arenot strategy-proof. It is not the samestory for erosion.
We canfind profilesthatcanbemanipulatedusingtheero-
sionstrategy (seetherunningexample).

Nevertheless,when c is a distance, � is the aggrega-
tion function and drastic indexes are considered,¥"�Z� ¨ is
strategy-proofif andonly if it is erosionstrategy-proof:

Proposition12 Let c be any distance. If ¥"�Z� ¨ is not
strategy-proof for D � Ñ (resp. D �xÕ ), then it is not erosion
strategy-proof for index D � Ñ (resp.D �xÕ ).

Furthermore, a belief profile + is manipulableby ( forD � Ñ (resp. D �xÕ ) given ¥h�Z� ¨ and _ if and only if the manip-
ulation is possibleusing a completebase (*)ò$ !5( , i.e.
there exists ( ) $ !5( s.t. D ��Ñ ;W( � ¥"�Z� ¨a ;W+Î8 � ( ) �£>¼>\Ó
D ��Ñ ;=( � ¥h�Z� ¨a ;W+.8 � (X� >¼> (resp.D � Õ ;W( � ¥"�Z� ¨a ;W+�8 � ( ) � >¼>µÓ
D � Õ ;=( � ¥h�Z� ¨a ;W+�8 � (X� >¼> ).

This resultshows that it it enoughto focuson eachcom-
pletebasethat implies ( to determinewhethera profile +
is manipulableby abase( for D � Ñ .

Relatedwork
In the propositionalmerging framework consideredin the
paper, thebeliefs/goals( of eachagentinducea two strata
partitionof theworlds: themodelsof ( arepreferredto its
countermodels.Whenagentsreportfull preferencerelations
(thatcanbeencodedin variousways,e.g.,explicitly, or by a
prioritizedbelief base,anordinalconditionalfunction,etc),
the aggregationproblemconsistsin defininga global pref-
erencerelation from individual preferencerelations. This
problemhasbeenaddressedfor a long time in socialchoice
theory (it can be tracedback at leastto Condorcet(1785)
andBorda(1781)).

In socialchoicetheory(Arrow, Sen,& Suzumura2002),
thestrategy-proofnessproblemhasreceivedgreatattention.
Oneof themorefamousresultof socialchoicetheoryis that
thereis nostrategy-proofpreferenceaggregationprocedure.
This resultis known asGibbard-Satterthwaiteimpossibility
theorem(Gibbard1973;Satterthwaite1975;Moulin 1988).

Sincethis resulthasbeenstated,therehasbeena lot of
work for deriving strategy-proofnessresultsundersomere-
strictions(see(Kelly 1988;Arrow, Sen,& Suzumura2002)
for example). In somesense,our work is relevant to such
approaches.Nonetheless,our work is original - as far as
we know - from two pointsof view: on the onehand,the



ô�õ �sö � a Ô~÷ Úlø ù Ô~÷ §µø ú Ô~÷ §µø û ü[ý�þ ÿ�� á ÿ�� � ÿ�� � ÿ�� � ÿ � � á ÿ � � � ÿ � � � ÿ � � �

C��

��¡
�	�

à 
 
 � � � � � 
 
 
 


a 
 
 � � � � � 
 � 
 


�
à 
 � � � � � � 
 
 
 


a 
 � � � � � � 
 � 
 


� ¡
�	�

à 
 
 � � � � � � � 
 �

a 
 
 � � � � � � � 
 �

�
à 
 � � � � � � � � 
 �

a 
 � � � � � � � � 
 �

C ÷ Ñ

��¡
�	�

à 
 
 � 
 
 � 
 
 
 
 


a 
 
 � 
 � � 
 
 � 
 


�
à 
 
 � 
 
 � 
 
 
 
 


a 
 � � 
 � � � 
 � 
 


� ¡
�	�

à 
 
 � 
 
 � 
 
 
 
 


a 
 
 � 
 � � 
 
 � 
 


�
à 
 � � 
 
 � 
 
 
 
 


a 
 � � 
 � � � 
 � 
 �

C ÷ Õ

��¡
� �

à 
 
 
 
 
 � 
 
 
 
 


a 
 
 � 
 � � � 
 � 
 


�
à 
 
 � 
 
 � 
 
 
 
 


a 
 � � 
 � � � 
 � 
 


� ¡
� �

à 
 
 � 
 
 � 
 
 
 
 


a 
 
 � 
 � � � 
 � 
 �

�
à 
 � � 
 
 � 
 
 
 
 


a 
 � � 
 � � � 
 � 
 �

Table7: Thestrategy-proofnesslandscape.

ï meansthatin thecorrespondingcase(givenby theline), theoperator(givenby thecolumn)is strategy-proof.ð meansthatin thecorrespondingcasetheoperatoris not strategy-proof.
Thefirst columndenotesthesatisfactionindex underconsideration.
Thesecondcolumnstatesthattheresultshold for two bases( ! ©

) or more( Ó ©
).

Thethird columnstatesthattheresultshold for completebases( ( ) ) or not ( ( ).
Thefourthcolumnstatesthattheresultshold whenthereareintegrity constraints(_ ) or not ( � ).



preferencerelationsconsideredherearetwo-stratatotalpre-
orders,
 andnot strict total orderings;on theotherhand,the
resultof a mergingprocessis usuallynot a singleworld but
still a two-stratatotal pre-order, andthe numberof models
of themergedbaseis not constraineda priori. That leadsto
a morecomplex notionof strategy-proofness.In particular,
wemustcommitto thechoiceof asatisfactionindex, which
is not neededwhenworking with preferencerelations.

A studyof strategy-proofnessof somemerging operators
hasbeencarriedoutin (Meyer, Ghose,& Chopra2001).The
framework consideredin this paperis clearly distinct from
the one usedin our work. Agentsmay report full prefer-
encerelations,encodedasstratifiedbelief bases,or equiv-
alentlyby ordinalconditionalfunctionsor � -functions(one
can also look to (Lafage& Lang 2000) for an interesting
characterizationof weightedpreferencesaggregationmeth-
ods). The merging operatorsunder considerationescape
Gibbard-Satterthwaite theorem(aswell asArrow theorem)
sincea commensurabilityassumptionbetweenthe agents’
preferencerelationsis made(the sameremarkappliesalso
to possibilisticbasemerging asdefinedin (Benferhatet al.
2002)). Roughly, commensurabilitymeansthat we allow
to comparethe satisfaction degreesof different agents. It
meansthatwedo notwork with pre-orders,but with a more
quantitative framework, whereone usesa common(or at
leastcomparable)scalefor all agents.It is well-known that
thecommensurabilityassumptionis sensiblein many situa-
tions,but whendealingwith agentspreferences,commensu-
rability mustbeusedcarefully(for humanagents,it is com-
monly acceptedin socialchoicetheorythatthis assumption
is verystrong).

Conclusionand further work
Investigatingthestrategy-proofnessof merging operatorsis
important from a multi-agentperspective whenever some
agents can get (part of) the beliefs/goalsof the other
agentsparticipatingto themergingprocess.Whenstrategy-
proofnessis not guaranteed,it may be questionedwhether
theresultof themerging processactuallyrepresentsthebe-
liefs/goalsof thegroup.

In this paper, we have drawn thestrategy-proofnessland-
scapefor many merging operators,including model-based
onesandformula-basedones. While both familiesarenot
strategy-proof in thegeneralcase,we have shown thatsev-
eral restrictionson the merging framework or on the avail-
ablestrategiesmayleadto strategy-proofness.As to model-
basedoperators,the choiceof a distanceappearscrucial.
Thus,model-basedoperatorsarestrategy-proofwhenbased
onthedrasticdistance,while they aretypically notstrategy-
proof when basedon Dalal distance. Among formula-
basedmerging operators̀h¹ - achievesthe highestdegree
of strategy-proofnessin thesensethatit is strategy-prooffor
thedrasticindexes.Resultsaresummarizedin Table7.

In light of ourstudy, strategy-proofnessappearsasaprop-
erty independentfrom rationality, at leastwhenrationality
is capturedby the postulatesgiven in (Konieczny & Pino
Pérez1998;1999). It meansthat satisfyingthoserational-
ity postulatesneitherpreventsfrom manipulabilitynor im-
plies it. Nevertheless,we can note that arbitrationopera-

tors (Konieczny & Pino Pérez2002a),like ¥"�Z� ä[å ²�æ , are
moresensitive to manipulationthanmajorityoperators,like¥h�Z� ¨ . This is easily explainedby the fact that arbitration
operatorsareegalitarist: they aim at giving a result that is
close to eachbaseof the profile. So a changein a sin-
gle basecanhave a real impacton the whole result. Con-
trastingly, majority operators,that listen to majority wishes
to definethe resultingbase,often do not take into account
basesthat arenot in the majority (this is sometimescalled
the “majority dictatorship”),henceit is more likely that a
changein a singlebasehasno impacton the resultof the
merging. Strategy-proofnessalso appearsas independent
from thecomputationalcomplexity of queryansweringfrom
a merged base(see(Konieczny, Lang, & Marquis 2002;
2004)). Hence,strategy-proofnessis actuallya further di-
mensionthatcanbeusedto evaluateandcomparemerging
operators.

This work calls for several perspectives. One of them
consistsin defining other non-drasticsatisfaction indexes.
In particularin casesthe agentknows that the resultof the
merging processcould not fit her beliefs/goals(for exam-
ple if her beliefs/goalsarenot consistentwith the integrity
constraints),shestill canbe interestedin achieving a result
that is ascloseaspossibleto her beliefs/goals.Closeness
canbecapturedby a notionof distance,anda possiblesat-
isfactionindex would be“Dalal index”, which couldbede-
fined as follows (by homogeneitywith the other indexes):
D¼w ²��×²�� ;=( � (¢ÔÍ>}! � ð �v§ õ�� ��� � � ����� öô�õ � ö .

Another interesting issue is to study the strategy-
proofnessproblemwhencoalitionsareallowed. Theques-
tion is to know if a group of agentscan coordinatefor
achieving abetterresultof themerging for all of them.This
interestingissue requiresmore hypotheseson the agents
abilities,sinceit requirescommunicationabilities, in order
to allow agentsto proposeto othersto form a coalition,and
to coordinateon thebaseeachmemberof thecoalitionmust
give for achieving thewantedresult.For thiswork, it seems
thatgamesin coalitionalform, studiedin gametheory(We-
ber 1994; Greenberg 1994), can provide someinteresting
notionsandresults.

A third perspective is to identify the complexity of de-
termining whethera profile can be manipulatedby a base
givenanoperator. Indeed,usinga merging operatorthat is
not strategy-proof is not necessarilyharmful if finding out
a strategy is hard. Sucha complexity issuehasbeenin-
vestigatedfor voting schemes(Conitzer& Sandholm2003;
Conitzer, Lang, & Sandholm2003; Conitzer& Sandholm
2002a;2002b)when individual preferencesare given ex-
plicitly (which is not the casein our framework). A first
resultfollows easilyfrom Proposition12: if the distancec
betweeninterpretationscanbecomputedin polynomialtime
in the input size(which is not a strongassumption),deter-
miningwhetheragivenprofilecanbemanipulatedby abase
given ¥ �Z� ¨a and_ is in � Ö¡ .
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