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Chapterl

LOGICAL FOUNDATION OF
MULTICRITERIA PREFERENCEAGGREGATION

RaymondBisdorff
Dpt. desEtudesenGestionet enInformatique
CentreUniversitairede Luxemboug

Abstract Inthischapterwewouldlik eto shav BernardRoy’scortributiontomoderncom-
putationallogic. Thereforewefirst presentis logical approactfor multicriteria
preferencenodelling. Here,decisionaidis basediponarefinedmethodological
constructionthat providesthe family of criteriawith importantlogical proper
tiesgiving accesdo theconcordancerinciple usedfor aggr@atingpreferential
assertiongrom multiple semioticalpointsof view. In asecondectionweintro-
ducethe semioticalfoundationof the concordancerinciple and presenta new
formulationof theconcordancerinciplewith its associatedecessargoherence
axiomsimposedon thefamily of criteria. This new methodologicaframewvork
allowsus,in athird part,to extendtheclassicaconcordancerincipleandits as-
sociatecdcoherencaxiomsimposedon thefamily of criteria—first to potentially
redundantriteria,— but alsoto missingindividual evaluationsand even partial
performanceableaux.

Keywords:  Multicriteria preferencenodelling, Electredecisionaid methods,concordance
principle

Foreword

Let methankbeforehandhe editorsfor having invited me to contrikute to
this bookin honourof BernardRoy. Whenl obtainedn summerl975athree
yearsNATO fellowshipin OperationResearchl| got the opportunityto join,
apartfrom severaluniversitiesin the USA, two EuropearOR laboratoriesOne
wasdirectedby H.-J. Zimmermannin Aachenandthe otherby BernardRoy
in Paris. Having mademy undergraduatestudiesin Liege(Belgium),| knew
well thenearbyGermarrcity of Aachenandl decidedhereforeo preferablygo
to Parisandjoin BernardRoy atthenewly foundedUniversié Paris-Dauphine.
It is only laterthat| realizedhow importantthisinnocentchoicewould be for
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my scientificcareer Indeed| joinedthe LAMSADE, Roy’s OR laboratory at
amomentof greatscientificactiities. We mayremembethat1975is thebirth
yearof EURO, the Federationof EuropeanOR Societieswithin IFORS and
morespecificallythe birth yearof the EURO Working Groupon Multicriteria
DecisionAid coordinatedy BernardRoy sothatl becamenactive participant
in the birth of the EuropeanSchoolin OperationsResearch.One canbetter
understan®5 yearslaterthatjoining the LAMSADE at that precisemoment
madean ever lasting positive effect on me. May Bernardrecognizein this
contritution, a bit of the scientificenthusiasnine hascommunicatedo all his
collaborators. Indeed,| rarely metary other personof sucharguing clarity
whentrying to matchformal logical constructionsvith pragmaticoperational
problemswhich often, if not always,appeamuncertainandfuzzy in nature. It
is my ambitionin this chapterto continuewith this tradition.

R.Bisdorf, June2001

1. Intr oduction

"Du point de vue de la connaissancajoussommescapablesie connatre une
choseaumoyendesonespeceet noussommesncapablesiela nommersi nous
ne la connaissongas;par congquent,si nousémettonsune vox significativg
c’estquenousavonsunechoseal’esprit” (UmbertoEco,Kantetl’'ornithorynque
[11, p.437))

In this chapter we would like to shav BernardRoy’s contritution to mod-
ern computationalogic. Indeed,his original logical approachto preference
modelling via the concordancerinciple may be seenasfruitful attemptfor
answeringrom alogical point of view cognitive questionsuchas: "How do
we know preferencesand”What will beif a preferentiakituationis believed
to betrue”. Thushe hastakena somehav orthogonalpositionwith respecto
mainphilosophicaendmathematicalogic, whereattentionhasbeenmoreand
moreconcentratedn the directrelationbetweera statemenainda stateof the
world. By concentratinghis methodologicalvork on this “knowledgability”,
he hascometo explore by what mentaloperationsand semanticstructuresa
decisionmaler is capableof understandingvhatis themeaningof preferential
situationsandin particularof outrankingones.In this sensehe hasshavn us
the way of how to naturallyenrichclassicaltruth-functionalsemanticaith a
semioticalfoundation.

Firstwe presenthelogical approactor multicriteriapreferencenodelling
aspromoteddy BernardRoy. Heredecisioraidis basediponarefinedmethod-
ological constructionthat providesthe family of criteriawith importantlogi-
cal propertieggiving accesgo the concordancerinciple usedfor aggrgating
preferentiabssertionfrom multiple semioticapointsof view. Generallythese
propertiesarediscussediarepresentatiotheoremshaving thekind of global
preferencenodelsthatit is possibleto constructfrom acoherenfamily of cri-
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teria(se€[10, 9, 12]). In this contritution we shallhowever concentrat@n the
logical foundationof the concordancerincipleasrevealedby the semioticsof
Roy’s methodology

In asecondsectionwewill thereforantroducethe semioticalfoundationof
theconcordancerincipleandpresentinew formulationof it with its associated
necessargoherencexiomsimposedon the family of criteria. A mainresult,
a priori a negative one, will be to make even more apparenthe well knowvn
Achilles’ heel of the concordanceprinciple, i.e. the necessarilynumerical
(cardinal)assessmenmf theimportanceneightsassociateavith the family of
criteria.

But our methodologicafframevork will allow usin a third part, and this
wasour main motivation for undertakinghis researchto extendthe classical
concordanceprinciple and its associatedoherenceaxiomsimposedon the
family of criteria— first to potentiallyredundantriteria,— but alsoto missing
individualevaluationsaandevenpattial pefformanetabdeaux Thesextensions,
we hope,shouldhelpmakingtheconcordancerincipleandtherebythelogical
approacho preferencenodellingaspromotedby B. Roy morecorvincing for
applicationsn decisionaid.

2. How to tell that a preferential assertionis true?

In this sectionwe presenthe constructie approacto multicriteriaprefer
encemodellingproposedoy BernardRoy (see[17, 18]). In orderto describe
the preferences decisionmaker might expressconcerninga given setof de-
cision actions,we consideressentiallythe multiple pragmaticconsequences
they involve. Onthebasisof theseconsequencese introducea family of cri-
terionfunctionsfor partialtruth assessmerntf desiredpreferentialassertions,
namelyoutrankingsituatons. Aggregatingmultiplepartialtruth asgssnentsof
theseoutrankingassertionsvill beachievedvia the concordancerinciple. To
give adequateesults this concordancerincipleimposemecessargoherence
propertieson theunderlyingfamily of criteria.

2.1. Describing decisionaction’s consequencefr om
multiple points of view

We assumatthis placethatin agivendecisionproblem,asetA of potential
decisionactionshasbeendefinedandrecognizedy theactualdecisionmaler.
Our main interestgoesnow to describingthe decisionmaler’s preferences
concerninghesedecisionactions.In our discussiorwe restrainour interestto
preferencesxpressedispairwiseoutranking i.e. "to be at leastasgoodas’
situationson A.

In a constructivepragmaticway, Roy statesthat”every effect or attribute
characterizinga givendecisiomactiona € A which couldinterfere with theop-
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erationalgoalsor theethicpositionof thedecision-madr asa primaryelement
to elabomte justify or transformhis/herprefeiencess called a consequence
ofa” (Roy [17]).

Definition 1. Tospealof all possiblesuchconsequenceaxf thedecisioractions
A beforeary formal decision-aidactivity hasbeengoingon, Roy introduces
the concepbf cloudof consequencedenoted/(A).

Modellingthis cloudof consequencansistdirstin identifyingelementary
consequencese. semanticallywell recognizecdeffectsor attributeswith well
definedandobserable statesdescribingthe consequencebatwould occurif
apotentialdecisionactiona is goingto be executed.

A strongpragmaticcommitmentis taken hereby Roy with respecto what
kind of consequencewill containthe formal model of the cloud of conse-
guenceslndeednovagueimpressionsintuitionsor beliefsaresupposedo be
takeninto account.

Being principally interestedn capturingan adequatesemioticalreference
of preferentialssertionsRoy restrictshis attentionto suchelementaryconse-
guenceghatsupporta preferencalimension.

Definition 2. A prefeencedimensiore is anelementargonsequencsuchthat
the setof its possiblestateanay be organizedasa prefeencescaleF,, i.e. a
totalorder(E,, <) with thefollowing property: consideringwo idealdecision
actionsa andb which may be comparedexactly with the help of two statese
ande’ of E., thena andb areconsideredndifferentiff e = ¢/, whereas: is
consideredo bepreferredo b iff e > €'.

Thecompletesetof preferencalimensionson which all elementaryconse-
guencef all the decisionactionsmay be completelyand operationallyde-
scribedis calledthe consequencspecta of the decisionactionsanddenoted
T'(A).

Twoimportantconstructreimplicationsmaybeoutlinedatthispoint: —first,
thecloudof consequencds splitinto agenerallysmallnumberof elementary
consequencesvell identifiedandrecognizedaspreferencalimensiondy the
decision-ma&r; — secondly eachsuchelementaryconsequencgivessupport
to somekind of independenprefeenceassessmenin the set A througha
“toute chosepatreille par ailleurs’ reasoningprinciple.

Summarizingwe noticethatthe elaboratiorof aconsequencspectrd’(A)
follows precisemethodologicatequirementgseeRoy [17, p.220])thatare:

= anintelligibility principle Its componentsnust gatheras directly as
possiblallimaginableconsequencesichthatthedecisiormalkeris able
to understandhemwith respecto eachof them preferencelimensions.
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= anunivessality principle The componentsnustideally cover all pref-
erencedimensionghat reflect fundamentabnd unanimousoutranking
judgmentsconcerninghe setof all decisionactionsin A.

2.2. Partial truth assessmenof outranking assertions

Following the exhaustve formal descriptiornl’(a) of theindividual multiple
consequencesf a decisionactiona € A, Roy now introduceshe conceptof
criterion function

Definition 3. A criterionfunctiong: A — R is areal-\aluedfunction,defined
on the setof potentialdecisionactions A, which capturesoperationallythe
preferentiatlescriptiorof adeterminegpartl’,(A) of theconsequencspectra,
calledthesupporbof g. Suchacriterionfunctionverifiesthereforghefollowing
operationatonditions:

= Thenumbery(a) is definedff thesub-cloudf consequences,(a) taken
into accounby thecriterionfunctiong is effectively evaluatedn agiven
sub-spectrd’y(a).

= Thedecision-ma&r recognizeghe existenceof a significantpreference
dimensionwith respectio which two decisionactionsa andb may be
comparedelatively to theonly consequenceswveredby Iy (a) and(s)he
acceptgo modelthis comparisorasfollows!:

g(a) +d > g(b) & aSgb,

whered € R, representapossiblendifferencethresholdands, stands
for thesemioticarestrictionof anoutrankingrelationS tothesub-spectra
I'y(a) coveredby criteriag.

Roy is using the conceptof ’criterion’ in the senseof a formal basis,a
modelfor supportingpreferentiajudgments.For ary two decisionactionsa
andb, a given criterionfunction g allows to warrant truth or falsenes®f the
global outrankingassertioria Sb" with respecto a recognizedpartI'y(a) of
the consequencspectracoveredby criteriong.

Definition 4. A family F' of criteria constitutesfinite setof criterionfunctions
that cover the whole consequencepectral’(a), Ya € A . Evaluatingall
decisionactionson sucha family of criteriaresultsin a performancdableau
T = (A, F), i.e. atwo-way tablerepresentingi(a) for eachdecisionaction
a € A oneachcriterionfunctiong € F'.

INeglectingin this definitiona possiblendifferencethreshold Roy usesnormallya singleimplication. But
we preferto work with a doubleimplication asit allows to captureat the sametime the semanticof the
negatedassertion.



Here, the term 'family’ refersto the fact that the consideredset of crite-
rion functionssupportsxhaustiely the pragmatiqoreferencesf thedecision-
maker. More generally we noticein Definition 3 thatthe universalassertion
'aSb' is truth or falsenessvarrantedfrom multiple pointsof view depending
on the decompositiorof its cloud of consequenceisito separategreference
dimensions.

2.3. The concordanceprinciple

A given performancdableauT”” = (A, F'), involving a set A of decision
actionsandafamily F' of criteria,allows a partialtruth assessmerf pairwise
outrankingsituationsalongall individual criterion. It istherefinedconstructie
methodologythat givesthe decisionmaler the ability to clearlyacknavliedge
suchpartial outrankingsituationson behalfof the performances.

In orderto aggrgatenow thesepartial outrankingassertionsye needto
considerthe significance,eachindividual criterion takes in the eyes of the
decisiommaler, for asessngthetruth of thecorrespndinguniversal outrarking
situation.

Definition 5. LetT = (A4, F) beagivenperformanceableawandletk, € Q. ,

measurenumericallythe significance criteriong € F takesin the eye of the
decisionmaler with resectto thetruth assessmentf the universaloutranking
situation.Let kr denotethe universalclosureof the significanceweightsover
thewholefamily of criteria,i.e. kr = deF (kg). WedenoteF'*, thesubsebf

criteriathatclearly supporthetruthfulnessof agivenoutrankingassertiorand
we definethecredibility 7 (a S b) of theuniversaloutrankingassertioria S b’ as
follows:

2]
kg

r(aSb) = Z (

geFt

).

If r(aSga’) > %,aS¥b' is consideredo bemore or lesstrue.

Thecredibility of the universaloutrankingsituationis computedasthesum
of the relative weight of the subsetF'* of criteria confirming truthfulnessof
thisassertionlf amajority of criteriais concodantaboutsupportinghegiven
outrankingsituation jt maybeaffirmedto bemoreorlesstruedependingnthe
effective majority it obtained.Following Roy, thislogical concodanceprinci-
ple maybeinterpretedasa votingmedanismin favour of thetruth concerning
a given outrankingassertiongachcriteriong € F' participatingin the voting
with anumberof votersequialentto theamountk, of knowvledgeconcerning
thetruth assessmeritt supports.
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2.4.

Necessarycoherenceof the family of criteria

The performancedableau,representing syntheticdescriptionof the con-
sequencespectrathus appearsas an essentialput alsovery difficult stepin
a practicaldecisionaid problem. Indeed,as pointedout by Roy (see[17] p.
310),besides cognitive problemof acceptancef thecriteriaby thedecision-
maker, therearethefollowing logicalrequiremernsto respectwhencorstructing
afamily of criteria:

Exhaustivityof the family of criteria: All individual consequencesut
of I'(a) andT'(b) for two decisionactionsa andb andof relevancefor
their mutualcomparisorin termsof preferenceor indifference have to
betakeninto account.This requirementakesits origin in the universal
closureof therelative significanceweightsof the criteriaover thewhole
family of criteriausedin Definition 5.

Cohesionbetweenlocal preferencesiodelledat the level of the indi-

vidual criterion,andglobalpreferencemodelledby thewholefamily of

criteria: Globalpreferencgudgmentsnustcoherentlyreflectthemseles
whentransposeghto individual criteriabasedpreferencesThedecision
malker recognizes clearuniversaloutrankingsituation’a S b’ wheneer
theperformancéevel of actiona is significantlybetterthanthatof action
b on one of the criteria of positive significance performancdevels of

theseactionsstayingthe sameon eachof the remainingcriteria. This
requiremenguaranteeseparabilityof theindividual preferencalimen-
sionswhich in term allows the additive computationof the credibility

dgyrees.

Non-redundancyof the criteria: The family is minimal with respecto
bothprecedingroperties Againtheimportancethateachcriterionwill
takein thetruthassesmemof anoutrarkingsituationviatheconcadance
principle,is coherentlyneasureanly if noredundantonsequencesre
takeninto account.

Definition 6. A family of criteria, verifying the exhaustvity, the cohesiorand
the minimality requirements calleda coheentfamily.

Beforediscussingmorethoroughlyin Section3 thesecoherenceroperties
from a semioticalpoint of view, let usfirst turn our attentionto the logical
denotationthecredibility calculusasresultingfrom theconcordancerinciple,
transfergo outrankingassertions.

2.5.

Truth assessmenby balancingreasons

"The rule for thecombinationof independentoncurrenagumentdakesavery
simpleform whenexpressedn termsof theintensityof belief... It is this: Take



the sumof all the feelingsof belief which would be producedseparatelyy all
the agumentspro, subtractfrom that the similar sumfor agumentscon, and
the remainderis the feeling of belief which oughtto have the whole. Thisis a
proceedingvhich menoften resortto, underthe nameof balancingreasons,

(C.S.Peirce, Theprobability of induction [16]).

Inspiredby Peirces proceedingf balancingreasonsasquotedabove, we may
reformulatethe concordancerinciplein thefollowing way:

Definition 7. Let A beasetof decisionactionsevaluatedonacoherenfamily
of criteria. Let S denoteanoutrankingrelationdefinedon A. Forall a,b € A,
let F* denotethe subsebf criteriain favour of the universalassertioria S b’
andF~ = F — F* thecomplementargubsein F. We definethe credibility
r'(a S b) of assertioria S b" asfollows:

k

Yas) = Y (1) - X ()

geF+ geF—

Following this definition, the degreeof credibility of an outrankingasser
tion implementsa rationalfunctionon A x A varying between—1 and1. If
r'(a Sb) = 1 thereis unanimityin favourof 'a S andif r'(a Sb) = —1 there
is unanimityin disfavour of it. If 7'(a Sb) = 0 boththereasonsn favour and
thosein disfavour balanceeachotherandthereappearso cleardenotational
result.

Definitions5 and7 arelinked throughthefollowing proposition.

Proposition1. Letr : A x A — [0,1] andr’ : A x A — [-1,1] represent
the computationof the degreesof credibility of the outranking relation S on
A following Definition5 respectivel\Definition 7. Thenthefollowing relation
holdsbetweerr andr’:

r'=2r—1 (1.1

Proof Equationl.lresultsimmediatelyfrom thefollowing development:
k k
ONCORIEDINCED
geEF— geFt+
O

Propositionl evidently reliesagainuponthethreepropertieof thecoherent
family of criteriaandit hasaninterestingogical corollary

Corollary 1. Let A bea setof decisionactionsevaluatedon a givencoheent
family of criteria F' andletr(a Sb),Va,b € A denotethe deggreeof credibility
of a pairwiseoutrankingsituationcomputedollowing Definition 5.

n ifr(aSbh) > % then'a S b’ is consideed to be more or lesstrue
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m if r(aSb) < 1then’aS¥ is consideed to be more or lessfalseand
finally,

» if r(aSb) = 3 then'aS¥’ is consideedto belogically undetermined

Proof The linear transformationof Equationl.1, representingan orderiso-
morphismbetweercredibility degrees- andr’, givesa faithful transformation
from thetruth denotatiorof Definition 7 to thetruth denotatiorof Definition 5,
in the sensehat

r(p) > 5 & r'(p) > 0.

In its truth denotationtheconcordancerincipleis therefordsomorphicto the
balancingeasongroceeding. O

It is importantto noticethattherefutationof anoutrankingsituation’a S b’
in caseweobsereits credibility to bebelov % doesnotnecessarilynducethat
thecorverseoutrankingsituation,i.e. b6 S a’ shouldbeautomaticallyaffirmed.
Onthecontrary evenwhenwe mayobsene completepreordern A onevery
singlecriterion,the concordance@rinciple commonlygeneratesiniversalout-
rankingrelationson A tha givenocompletepreaders, evennopartialpreomers
arnymore,asno globaltransitiity is formally implied by Definition 5.

The split truth versusfalsenessienotation,installed by the concordance
principleappearssapowerful naturalfuzzificationof BooleanLogic (seeBis-
dorff [6]). Indeed thealgebraidramework of the credibility calculus,coupled
to its split logical denotationallows usto solve selection rankingandclus-
tering problems(seeBisdorf [3, 5, 8]) directly on the baseof a moreor less
crediblepairwiseoutrankingrelationwithoutusingintermediateuttechniques
asis usualin theclassicElectremethodqseeRoy & Bouyssoy18]).

As mentionedearlier the concordancerinciple requiresthe assessmeruf
cardinal significanceweightsfor all criteria. This requirementrepresentsa
well knowvn weak point whenit comesto practicaldecisionaid. Numerous
theoreticaland empirical efforts have thereforebeendevotedto develop ade-
guatemethodologiedor helpingdefinetheseweight coeficientsfor different
preferenceaggr@ationmethodgseeRoy & Mousseayl9, 15]), but few have
consideredheessentiallysemioticainatureof thecredibility calculusinstalled
troughthe balancingreasongroceeding.

3. Semioticalfoundation of the concordanceprinciple

In this sectionwe will thereforeexplore in depththe relationshipbetween
a givenfamily of criteriaandits semioticalinterpretationin termsof the un-
derlying cloud of consequencesOur approachcloselyfollows the classical
measure-theoreticakiomatization of probability theay. Whererandonmevents
supportthe probability measurewe usesemioticalinterpretationgo support
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the credibility calculus.Theamountof truth assessmeminowledg carriedby
the family of criteriais thus supportedby the denotationakemanticof the
family of criteriawith respecto thegivenconsequencsgpectraln thiswaywe
axiomatizethe concordancerinciplein a measure-theoreticatay anda nev
versionof the coherencexiomsof thefamily of criteriais presented.

3.1. Credibility versusstate of belief

Indeed following the Peirciandiscriminationbetweerdegreeof credibility
andstateof belief ([16, p.175])givesusa broaderapproacho the problemof
evaluatingthe credibility, adecision-mak&r shouldhave in the propositionthat
a certainactiona outranksanotheractionb on behalfof a given performance
tableau.Indeed,Peircestateghat: “ to expressthe proper stateof our belief
notonenumberbut two are requisite thefirstdependingn theinferred [cred-
ibility], the secondon the amountof knowledg on which that [credibility] is
based' 2

Whenthe exhaustiity of the family of criteriais given, a single degreeof
credibility is solely sufficient for expressingour belief in a given outranking
assertion. But when suchexhaustvity is not given, the secondnumbey the
actualamountof knowledge usedto assesshe truthfulnessof this assertion
becomesmportant.

WhatPeircemeansn generahere refersto thefactthatsolely considering
a relative credibility degreeor ratio, is necessarilyrestrictedto the condition
thatanuniversal,.e. constanamountof truthassessmekinowledgeunderlies
all amuments.

To illustrate the point, we may indeedconsiderthat the family of criteria
represents globalvotingassemblywith acertainnumberof individual voters,
eachonerepresentingneof thegivencriteria. Thisassemblys splitinto sub-
assembliesachrepresentinghe preferencelimensiormodelledoy oneof the
possiblecriteria.

Following this metapharthe three basicrequirementsa coherentfamily
of criteria hasto meetin orderto comply to the concordancerinciple, may
be understoodasfollows: —first, concerningexhaustvity, we have to assume
that the union of all sub-assembliesompletelyreturnsthe global assembly
No significantvotersconcerninghe truth assessmerntdf a given assertiorare
missingin the global assembly:=— secondlyto guarantedhe necessargepa-
rability condition, all votersmustparticipatein at mostone sub-assembly:-
finally, the minimality conditionimposegshateachpartial point of view must
berepresentetly at mostonesub-assembly

2We have addedthe credibility term ([16, p. 179]).
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Undertheseconditions,we may computethe credibility of a givenoutrank-
ing situationsimply by dividing the sum of positive votescollectedin each
sub-assemblpy the sumof votersof the globalassembly The concordance
principlethusappearaisaweightedaveiage of truth assessmenfsommultiple
pointsof view.

More fundamentallythe conceptof significanceunderstoodisthe amount
of truth assessmerknowledg modelledby a single criterion, a coalition of
criteria, or even by the exhaustve family of criteria appeargo be of utmost
importance.

We now introducean explicit axiomatizatiorfor measuringhis knowvledge
in the context of the multicriteria preferenceaggreationvia the concordance
principle.

3.2. Basicsemioticsfor alogical credibility calculus

Let A be a setof potentialdecisionactionsuponwhich a decisionmaler
M wishesto describehis outrankingpreferencess C A x A. LetT(A, F)
representheperformancéableawelaboratedn adecisionaid processin order
to simplify our presentationve mayassumehateachcriterion-functiong € F
is modellingadifferentsingleelementarypreferencalimension.

Let’a Sb beanaffirmative outrankingassertion Whatwe have to axioma-
tize, is the precisemeasurementf the amountof truth assessmernowledge
eachpreferencalimensionjdentifiedin theconsequencspectrd’(A), brings
in.

Definition 8. We call refelentialevaluationof’a S b’ with respecto thesubset
J C F of criteria,theinterpretationof thepair (gs(a), g7 (b)) of performances
of decisionactionsa, b € A onthesubset/ of criteriain termsof thepractical
significanceof theconcernedgubsebf elementanconsequencefor warrant-
ing truth or falsenessf 'a Sb’. We call semioticalrefeenceanddenoteR(J),
theresultof areferentialevaluationrestrictedto a subsetJ of criteria.

In accordancwith theuniversalityprincipleof theconstructiorof theconse-
quencespectrd’(A) (seeSection2.1),weassumén thesequethatareferential
evaluationremainsuniversally constantfor ary givensubsetJ of criteriaover
all possiblepairsof decisionactions?.

Definition 8 installs the cognitive processof interpretingcriterial perfor
mancesn termsof pragmaticconsequencesdn thisway, we introduceinto the
decisionaid modelthepragmaticgoal of thedecisionmaleraswell ashis(her)
subjectivevaluesystemi.e. his(her)propersubjectve preferencgudgments.

3The universality of the semioticalreferenceover all possiblepairs of decisionactions,as assumedn
Definition 8, is ahighly problematicassumptiorirom acognitive pointof view, but dueto spacdimitations,
we do notdiscusghis issuewithin this contrikution.
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Definition 9. We call refeencefamily R , the setof all semioticalreferences
R(J) for J C F associatedvith a referentialevaluationof an outranking
relationthroughthefamily F of criteria. R(.J) is calledanelementaryefeence
if J is confinedto asinglecriterion-functionwhereasve call emptyrefeence
areferenceR(J) suchthatits significances zero. OtherwiseR(/J) is calleda
composedeference We call exhaustivaefeence acomposedeferenceR(J)
suchthatthesignificanceof the setof criteriaJ coversthewholeconsequence
cloud.

It is importantto notice that a semioticalreferencein our senses differ-
ent from the material statesof the consequencewe actually obsere in the
performanceableawiathecorrespondingriterion-functions Herewe arein-
terestedessentiallyin the significanceof thesestatesj.e. the semioticé of the
relationalformula’a S b’ in factsupportedy the pairs(gs(a), gs(b)) of eval-
uations.Thesegormulasareseenjn the sensef Peirce asiconic signsfor the
presencer the absencef anoutrankingsituationbetweerthe corresponding
pair of decisionactions.

Definition 10. A finite setR = {R; € Rr / i = 1l..m} of m semiotical
referencessuchthat R; N R; givesan emptyreferencevi # j = 1..m, is
calledamutuallyexclusiverefeenceclass

If thesereferencesignificantlycoverthewholeconsequencspectra(A),
i.e Ui~ R; givesanexhaustve referenceye call this classanexhaustiveone.
A mutually exclusive andexhaustve referenceclassis alsocalleda complete
semioticalrefelencesystem

We are now preparedor introducingthe measureof the significancej.e.
theamountof truth assessmeiknowvledgecarriedby eachpossiblesemiotical
reference.

Definition 11. Letp denoteanaffirmative outrankingassertiorassociategvith
agivenreferencdamily R r.

w : Rr — Q measuretheamountof truth assessmernowledg captured
by eachpossiblesemioticakeference&oncerninghepotentialtruth of assertion
p asarationalnumberverifying following structuralconditions:

1VReRr : w(R) >0,

2|fR={Ri€RF/’i=
referenceclassthenw(R)

..m} constitutesa mutually exclusive

1.
2211 w(R;).

4Generallyspeaking,semioticsonly apply to social interpretationsof signs. But in accordancewith a
Peircianapproachwe may very well specializesemioticalconsiderationso local cognitve contets, here
the socialworking context of the decisionmaler. In this way, we explicitly introducea socialdimension
into thedecisionaid model.
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For ary semioticalreferencethe w measuremay be interpretedasits ab-
solute significancemeasurenot in the senseof the utility of the pragmatic
consequenceferencegerse,asit is the casefor instancen classicutility
theory but insteadof the amountof truth assessmerknowledg the preferen-
tial agument,modelledby the criterion-functionsis providing. Therelatve
versionof this significancaneasures definedasfollows.

Definition 12. Letp denoteanaffirmative assertiorassociatedvith areference
family R containinganexhaustve andmutuallyexclusive referenceclassU of
strictly positive universalmeasures(U). We denotek : R — Q, therelatve
versionof thew measure:
w(R)
VR € Rr : k(R) = ——.
R = )
k(R) representsherelativesignificancethatreferenceR takesin thetruth
assessmermf assertiorp. Thusk modelsa weightdistribution on all possible
partialalumentsconcerninghetruth assessmenmf assertion.

Proposition 2. Themeasue k on Ry verifiesthefollowing conditions:
1VReRr:k(R)>0.
2 theweightof anyexhaustiverefelencel equalsl.
3 theweightof an emptyrefelenceequals0.

4 If R = {Ry,...,, Ry} constitutesa mutually exclusiverefeenceclass
thenk(R) = >0, k(R;).

Proof. All theseconditionstrivially follow from the definingpropertieq Defi-
nition 11) andthe normalization(Definition 12) of thew measure. O

This last propositiongivesus the necessarglementdor reformulatingthe
concordancerinciplein termsof semioticalreferences.

3.3. Reformulating the concordanceprinciple

Let p representn affirmative assertiorassociatedvith a referencefamily
Rr. Wedenotep r thesemioticarestrictionof assertiorp to agivenreference
ReRF.

Thesemioticakestrictionprinciplegeneratefor ary affirmative assertiom,
afamily of partial assertiong r, oneassociatewvith eachpossiblesemiotical
referenceR € Rp.

Letusfirstconcentrat®nthetruthassessmeitf suchpartialassertionghat
arerestrictedto elementaryeferences.
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Definition 13. Let p represenanaffirmative assertiorassociateavith arefer
encefamily R containinga setof elementaryeferences.

If R, € R representsuchanelementaryeferencethedegreeof credibility
' (p|g,) Of assertior, g, is definedasfollows:

i) = 1 if R, certainlyconfirmsassertior, g,
TWIR) = 0 otherwise

Assertionp, , is warrantedo be:

true if r"(pp) =1,
false if r"(pg,) = 0.

Indeed, restrictedto elementarypreferencedimensions,the constructie
methodologyallows us to assumehat the relative measuref significanceof
the agumentrestrictedto an elementaryreferencejs 1, in the senseahatit is
preciselytheoperationapurposeof acriterion-functionto mostclearly signify;
undertheprinciple"toute chosepareilleparailleurs”, whatof thetwo possible
truthvaluegtrueorfalsg is actually thecaswhenlookingatagivenoutrarking
situation.

Basedupontheseelementaryeferencesye maynow recursvely definethe
degreeof credibility of the universalassertion.

Definition 14. Let p representin affirmative outrankingassertiorassociated
with a referencamily R r supportinga weightdistribution £ andlet {R; €
Rr /i=1...n} denoteacompletesemioticalreferencesystem.Thedegree
r"" of credibility of assertiorp is givenby thefollowing recursve definition:

n

r(p) =) (k(R) x r"(pjg,))-

=1

Assertionp is warrantedo be:

more or lesstrue it (p) > %,
more or lessfalse if 7"(p) < ok
logically undetermined if 7"(p) = 3.

Proposition3. Definitionsl3and14 aboveareidertical totheclassicddfinition
of theconcodanceprinciple (seeDefinition 5).

Proof IndeedDefinition 13implementghesplit of thefamily of criteriainto a
subsef' T of criteriain favour of theuniversa assertion, andthecomplementy
subsetF'— of criteriain disfavour. Definition 14 implementsthe balancing
reasonproceedingwhichwe sav beingisomorphido theclassicconcordance
principle (seePropositionl). O
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The elementaryreferenceassociatedvith eachindividual criteriong € F
allows a clear partial truth assessmentin caseof mutual exclusvenessand
universalclosureof the elementaryeferencesyniversaloutrankingassertions
maybetruthassessethroughaweightedmeanof credibilitiesassociategvith
theinvolved elementaryconsequences.

We maythusreformulatethe coherenceropertiesof the underlyingfamily
of criteria.

3.4. Reformulating the coherenceaxiomsof the family of
criteria

Aggragatingthecredibility degreefor assertionsvith acomposedeference,
requiresdecomposinghis referencento an exhaustve classof mutually ex-
clusive elementaryeferences.

Proposition 4. Let A be a setof decisionactionsevaluatedon a family F’
of criteria. F' is coherent(in the senseof Definition 6) only if it provides
ead affirmative outrankingassertionon A with a semioticalrefeencefamily
containinga setof elementaryefeencesvhich constitutesa completesystem.

Proof Indeed,Ray’s coherencegropertiesj.e. exhaustvenesscohesieness
ad minimality areall threeimplied by the factthatthe elementaryreferences
associateavith eachindividual criterion-functionconstitutean exhaustve and
mutually exclusive referenceclass. O

It is worthwhile noticingthatProposition4 shavs a singleimplicationfrom
the conditionsimposedon the semioticalreferencefamily towardsRay’s co-
herenceropertieof thefamily of criteria. Thesemioticakonditionsappeaas
antecedentonditionsfor apossiblecoherencef thefamily of criteriawhereas
thelatterformulateconsequentonditionsthatconstrainmainly via the cohe-
sivenessaxiom,the out cominguniversaloutrankingrelation.

Weillustratethesemioticafoundationof theconcordancerinciplewith the
following didacticexamplé.

3.5. Practical example: Ranking statistic students

Threestudentdn a MathematicdDepartmentspecializingin statisticsand
denoted{a, b, c}, areto be ranked with respectto their competencieén the
following subjects:linear algebra (la), calculus(ca) andstatistics(st). The
performancesf thestudentsn thesehreesubjectsareshavnin Tablel.1. We
supposdhatin the eye of the assessoeachsubjectappearsasan elementary
referencdor assessinthetruth of his rankingassertions\We maynoticehere

Stakenfrom Marichal [14, p. 192].
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Tablel1l.1. Studentperformanceéableau

student la ca st
a 12 12 19
b 16 16 15
c 19 19 12

Table1.2. Credibility of the pairwiseoutrankingassertions

r(zSy) a b c
a 10 042 042
b 058 1,0 0,42
c 0,58 058 1,0

thattheperformanceableaushavsin facttwo oppositerankings onecommon
for thetwo puremathematicadubjectsandonefor statistics.Well, thetwo math
resultsclearly supporttherankinga < b < ¢ whereagheresultsin statistics
supportthe oppositeranking: a > b > c¢. Let usfurthermoresupposehat
the assessoadmitsthe following significanceweightsfor theseelementary
referencedn the truth assessmentf his(her)global ranking: w;, = 0.29,
weg = 0.29 andwg = 0.42.

Underthe hypothesighatthethreeelementaryeferencegonstituteacom-
pletesemioticakeferencesystemwe areindeedn presencef acoherentam-
ily of criteriaandwe maycomputethecredibilitiesof the pairwiseoutrankings
shavnin Tablel.2.

Thisvaluedglobaloutrankingrelationclearlydenotesherankingsupported
by the puremathsubjectsaresultthatmayfor instancenotreally corvincethe
givenassessoaprofessoin statigicsfor instance. Indeed(s)hewouldperhaps
moreexpectthebeststudenin statisticto comefirst. In thishypotheticatase,
the family of criteriawould not verify oneor the otherof thethreecoherence
requirementsj.e. exhaustveness,cohesrenessand minimality. Following
Proposition4, we know now that anincoherentfamily of criteriaimpliesin
factthatthe criteriadon't provide in this casea completesemioticalreference
system.

And indeed let’s supposdor instancethatboth statisticsand calculussub-
jects presentsomeoverlappingwith respectto their respectre significance!
Indeed,calculus and statisticssubjectsare typically not mutually exclusive
with respecto their semanticcontent,at leastin a MathematicdDepartment.
A studentwho getsvery high marksin statisticsandrelatively low onesin cal-
culuspresentshereforea someha ambiguougprofile. The statisticiarwould
tendto extendthe high marksin statisticsto the universalevaluation,whereas
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a pure mathematiciarwould ratherhave the reflex to extendthe low markin
calculusandlinear algebra to his(her)universalevaluation.

We investigatesuchtypical casesof incoherencedn the next Sectionand
shawv possibleextensiongo the concordancerinciple.

4. Extensionsof the concordanceprinciple

Fromtheclosingexampleof theprevioussectionwerecognizehatpossible
originsfor incoherences thefamily of criteriamaybethefollowing:

m  Overlappingriteria: someelementargemiotichreferencesareactually
notmutuallyexclusive, i.e. thecorrespondingriteriaappeato bepartly
redundant

= Incompleteperformanceableau the setof elementaryeferencesup-
portedby the criterion-functiors don't provide an exhaustie reference
classand/orwe obsenre missingperformancesn somecriteria.

Besidestheseinconsistenciesibore, one may naturally questionthe precise
numericalmeasurabilityof the relative significanceof eachcriteria. This is
a well known weak point of the logical approachfor multicriteria reference
aggrgationandmary work-aroundsave beenproposedseeMoussealil5]).
We do not have the spacehereto discussthis issue,thereforewe postpone
this topic to a future publicatiol¥ andconcentrateow our attentionfirst, ona
situationwherewe mayobsenre partly redundantriteria.

4.1. Pairwise redundantcriteria

To illustratethe problem,we reconsidetthe evaluationof the statisticsstu-
dents. Let's assumehat the assessoadmitsfor instancesome50% overlap
betweerthe statisticsand calculussubjectsj.e. 50% of the truth assessment
knowledgeinvolvedin thestatisticperformancess alsocoveredby the calcu-
lus performancesNumericallyexpressed50% x 0.42 = 0.21 of the weight
of statistics or the other side round, 84% x 0.29 = 0.21 of the weight of
calculusis in fact sharedby both aguments. More anchoredn statisticsfor
instance our assessoexhibits, for judging this overlappingpart, a tendeng
in favour of the very positive outcomeof the statisticstest. Whereasa more
pure mathematicorientedassessowould considerfirst the lesshbrilliant re-
sult of the sameoverlappingpartin the context of the calculustest,thereby
motivating his(her)more scepticalappreciatiorof studenta. Overlappingof

5We have presentedh purely ordinal versionof the concordancerinciplein a communicatiorat the 22nd
Linz Seminaron Fuzzy SetTheoryon Valued Relationsand Capacitiesin DecisionTheory organisedoy
E.P KlementandM. RoubensFebruary2001(seeBisdorf [7]).
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elementaryreferenceseemshereforeintroducingunstableand conflictuous
relative weightsof semioticalreferences.

We now formally introducethis potentialoverlappingof semioticalrefer
ences.

Definition 15. Let p represenanaffirmative assertiorassociatedavith arefer
encefamily Rr. Let R; and R; beary two referencesrom Rr. We denote
R;; = R; N R; thesemioticalreferencesharecbetweenk; andR;.

Theoretically ary possiblefigure of overlappingcriteriamay be described
by the precedingformalism, but in practicewe are only interestedn partly
pairwiseoverlappingcriteria.

Definition 16. If no semioticalreferencanaybe shaedby morethantwoele-
mentaryreferencesd, e. overlappingbetweerelementaryeferencess reduced
to pairsof elementaryeferencesywe saythatthefamily of criteriais pairwise
decomposable

In apairwisedecomposablamily of criteria,elementaryeferencesnaybe
split into pairsof mutually exclusive elementaryreferences.Adding to these
sharedreferenceghe exclusive part of eachelementaryreferencewe obtain
againa completesemioticalreferencesystem,i.e. a mutually exclusive and
exhaustve referenceclass.

Proposition 5. Let Rr be the refelencefamily associatedwith a pairwise
decomposablexhaustivefamily of criteria F'. LetR;;, Vi = 1...n, represent
the exclusiveparts of ead elementaryrefeenceR; € Ry, i.e. R;; = R; —
(U;—; Rij). Thenthe pairwisedecomposedefeenceclassR? = {R;; :
i, = 1...n} rendes a completesemioticalrefelencesystem.

Proof. Indeed,R? constitutesipartitioncoveringcompletelyall givenelemen-
tary references:

UUR; = URrs (1.2)

i=1j5=1 =1
Vi#j, Rii N Ryj 0, (1.3)
O

Wemaynow evaluatehepairwisedecompoedweight distribution supparted
by thenew completereferencesystemRi?.

Definition 17. Let R; andR; betwo differentelementaryeferencefrom R i
supportingrespectrely w(R;) andw(R;) amountof truth assessmerknowl-
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edgeconcerningassertiorp. The conditionalweightcoeficient

- w(Ry)
T w(R,)

capturegormally theoverlappingof referenceR?; with respecto referencez;.

Knowing thusthe overlappingpartbetweernwo elementaryeferenceswe
areableto computeheamountof truth assessmeikhowvledgesharedetween
them. It is importantto notice,following Proposition5, thatsucha decompo-
sition of theelementarysemioticalreferenceseturnsin factanexhaustve and
mutuallyexclusive referenceslass. Thereforewe areableto computearelative
weightdistribution on the pairwisedecomposeélementaryeferences.

Definition 18. Let F' bea pairwisedecomposablexhaustve family of criteria
andlet R? (seeProposition5) representhe setof pairwisedecomposeele-
mentaryreferences We denotek;;,7 < j therelatve weightassociateavith

asharedsemioticalreferenceR;; andk;;,« = 1..n therelatve weightassoci-
atedwith R;;, the exclusive partof eachelementaryeferenceR;. Let w(R?)

representhe global amountof truth assessmertnowledgesupportedoy the
completesystemR?. Formally, Vi, j = 1..n andi < j:

wi — (Xhpiz1 W(Rik))
w(R?)

w(Rij)

w(R?)

ki

(1.5)

kij = (1.6)
In Tablel.3weshav thecorrespondinglecompositioffior thethreesubjects
underlyingtheevaluationof thestatisticsstudentsinderthehypothesighatthe
calculusreferencepresentsa 50% overlapwith respecto statisticsreference.
The mamginal distributions k;, andk.; shavn in Table 1.3 allow two different

Table1.3. Exampleof relativepairwisedecomposettuth assessmenteights

topics la ca st U
ki 0,29 0,29 042 1,00
ki; la ca st ki.
la 037 0 0 0,37
ca - 0,10 0,265 0,365
st - - 0,265 0,265

k.; 0,37 0,10 0,583 1.00

semioticalinterpretationsof thepairwisedecompositiorof theelementaryef-
erencess-thefirst morestatisticsand— the secondmoregenerl mathematics
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oriented. A morestatisticsorientedassessocould on the onehandadoptthe
weightsk;, = 0.37, k., = 0.10 andk 45 = 0.53, with the consequencthat
thestatisticsresultswould prevail in theglobalranking. Themathorientedas-
sessopn the otherhand,could adoptthe otherlimit weights,i.e. k;,. = 0.37,
keo. = 0.365 andk,:. = 0.265 andtherebyavenmorestressherankingshovn
by boththe mathsubjects.
Possibleambiguousnterpretationsappearthusasa suresign of partial re-
dundang betweercriteria. Well, in orderto stayfaithful with our decisionaid
methodologywe will promote,in the absencef otherrelevantinformation,a
neutralinterpretationsituatedn themiddlebetweerbothextremeones.To do
so,we first extendthe credibility calculusto pairwisesharedeferences.

Definition 19. Let p represenainoutrankingassertiorassociateavith arefer
encdamily R containingasetof pairwisedecanposabe elemenary referenes
If R;; € R representasharedeferencéetweerelementaryeferences; and
Rj, thedegreeof credibility r(p|g,; ) of assertiorp,. is givenasfollows:

r(pir;) +7(P|R;)
2

T(p\R,-j) =

If both elementaryreferencegive unanimousresults,eitherzeroor one,
theresultingcredibility will bethe sameasthe credibilitiesof the underlying
elementaryeferencesilf they disagreethedegreeof credibility of theirshared
referencepartwill beputto % i.e. thelogically undeterminedalue.

Now we may reformulatethe generaldefinition of the concordancdor an
universal outrankingassertionbasedon a pairwise decomposabléamily of
criteria.

Definition 20. Letp represenainoutrankingassertiorevaluatedon a pairwise
decomposabland exhaustve family of criteria F. The correspondingair
wise decomposee@lementaryeferencesreassociatedvith a relative weight
distribution k)”

Thecredibility r(p) of assertiorp is computedasfollows:

r(p) = Z (kii - (P g;)) + Z (kij - m(pR;;))

i 17:1<j

On the exclusive partsof the elementaryreferences®;, we keepthe stan-
dardtwo-valuedcredibility denotationasintroducedin Definition 13. Onthe
sharedreferencefiovever, we take the meanof both elementancredibilities,
asformulatedin Definition 19.

Reconsideringhe rankingof the statisticsstudentsyve maynoticein Table
1.4, thatthe original global outrankingshavn by the mathematicakestshas
beenslightly morestressedswasbefore(seeTablel.2). Thisresult,perhaps
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Table1.4. Outrankingindex from pairwisedecomposabléamily of criteria

r(xSy) a b c
a 10 04 04
b 0,6 10 04
c 0,6 06 1,0

decevingthestatisticsorientedassessa, isneverthelesdogical asweconsder
thata large part of the calculustestis now interpretedin factasa statistical
test. Let us closethis sectionby shaving that our extensionis a compatible
extensionof the classicalkconcordancerinciple.

Proposition 6. Theextendedconcodanceprinciple of Definitions19 and 20
is identical to the classicconcodanceprinciple (seeDefinition 5) if no over
lappingis observedi.e. if R, N R; = 0 Vi,j = 1..n.

Proof. Indeed,in this case,the exclusie part R;; becomesddenticalto the
originalelementaryeferenceR; andwe recoser completelyDefinitions13and
14 of theconcordancerinciple. O

Finally, we may notice, that this extensionof the concordanceprinciple
to pairwisedecomposabléamiliesof criteriastill requiresan exhaustve per
formancetableau. Thereexist however quite commonlydecisionsproblems,
wherenot all decisionactionshave beenevaluatedon all criteria (see[4, 5]).
The classicalconcordancerinciple doesnot admitsuchmissingevaluations.
We now presenta compatibleextensionfor handlingsuchsituations.

4.2. Incomplete performancetableaux

We have extensvely publishedour approachto incompleteperformance
tableaux(seeBisdorf [5, 8]) so that we may only briefly sketch this topic
in thesequel.

Ourideais thatin thelimit, if two decisionactionsa, b € A have notbeen
both evaluatedon a given criterion functiong € A, the credibility r(a S, b)
givento the outrankingassertioria S b’ musttake the logically undetermined
valuei.

Now, the more a decisionactionis missingcommonevaluationswith all
the others,the moreits universaloutrankingwith respecto all the others,is
tendingtowardsacredibility of % Formally, we adjustDefinition 13, giving the
degreeof credibility of anoutrankingsituationobsered on a singlecriterion,
asfollows.

Definition 21. Let 'aSb’ represenian outrankingassertionevaluatedon a
performanceableaunvolving afamily F' of criteria. Forall g € F, thedegree
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of credibility 7(a S, b) of the outrankingsituationrestrictedto the semiotical
referenceof criterion g is definedasfollows:

if (9(a),g(b)) confirmsassertioria S, ',
if g(a) and/org(b) is undefined
otherwise

r(aSgb) =

O =

Assertion'a Sy b’ is warrantedo be:

true if r(aSyb) =1,
undetermined if r(aSyb) = 3,
false if r(aSyb) =0.

With this extensionof the concordancerinciple, we weight the universal
outrankingindex r(a S b) with therelative frequeng of commonevaluations,
andwe addhalve of the relatively missingevaluationsasconfirmingandthe
otherhalve asnot confirmingthe givenassertion.

This techniqueallows us to take into accountat the sametime sporadic
missingevaluations put alsocompletelymissingcriteria. In thelattercaseall
decisionactionswill compareon a missingcriterion with a credibility of 1,
i.e. thelogical denotatiorof the outrankingassertionrestrictedto the missing
criterion,will beundeterminedor all couplesof decisionactions.

5. Conclusion

In thischapterwe have investigatedhelogicalandsemioticafoundationof
theconcordancerinciple,i.e. thelogical approachio multicriteriapreference
aggr@ationpromotedsince1970by BernardRoy.

We first shaved the denotationaisomorphismwhich exists betweenthis
concordancerincipleandtheproceedingf balancingeasonsaspromotecdoy
C.S. Peirce. This resultillustratesthe split truth versusfalsenesslenotation
installedby the concordancerinciple.

Taking furthermoresupporton the Peirciandistinction betweencredibility
andstateof belief concerninga preferentialassertionye proposea semiotical
foundationfor the numericaldeterminatiorof the significance,.e. the truth
assessmerknowledgecarriedby the family of criteria. This approachmalkes
apparenthesemioticalrequirementguaranteeinghecoherencef afamily of
criteria.

Finally, basedon thesesemioticalrequirementsye proposean extension
of the concordancerinciple in orderto supportpairwiseoverlappingcriteria
and/orincompleteperformancdableaux.

References



REFERENCES 23

[1]

[2]

3]

[4]

[5]

[6]

[7]

[8]
[9]

R. Bisdorf andM. Roubeng1996), On definingfuzzy kernelsfrom L-
valuedsimplegraphs,n: Proceedingdnformation Processingand Man-
agementof Uncertainty IPMU’96, Granada593-599.

R. Bisdorf and M. Roubens(1996), On defining and computingfuzzy
kernelsfrom £-valuedsimplegraphsjn: DaRuanandal.,(eds.) Intelligent
Systemaind Soft Computingfor NuclearScienceand Industry FLINS'96
workshop pp 113-123World ScientificPublishersSingapoure.

R. Bisdorff (1997),0n computingkernelsfrom L-valuedsimplegraphs.
In Proceeding$th EuropeanCongeesson Intelligent Techniquesand Soft
ComputingeUFIT’97, vol. 1 97-103 Aachen.

R. Bisdorff (1998),Bi-pole rankingfrom pairwisecomparisongy using
initial and terminal L-valued kernels.In Proceedingsof the confeence
IPMU’'98, pp 318-323EditionsE.D.K., Paris.

R. Bisdorf (1999),Bi-pole rankingfrom pairwisefuzzy outranking.Bel-
gian Journal of Opemtions Reseath, Statisticsand ComputerScience
37(4) 53-70.

R. Bisdorf (2000),Logical foundationof fuzzy preferentialsystemswith
applicationto the Electredecisionaid methods Computes & Opeiations
Reseath 27 pp673—-687.

R. Bisdorf (2001),SemioticalFoundationof Muticriteria PreferencéAg-
gregation.In E.R KlementandM. Roubens(eds), Abstactsof the22nd Linz
Seminaron FuzzySetTheory pp 61-63,Universittsdirektion, Johannes
KeplerUniversitt, Linz, Austria.

R. Bisdorff (2001),Electrelik e clusteringfrom a pairwisefuzzy proximity
index, EuropeanJournal of Opeational Reseath, (to appear).
D. BouyssouandM. Pirlot (1999),Non-transitve decomposableonjoint

measurementn N. MeskensandM. RoubensAdvancesn DecisionAnal-
ysis Kluwer, Dordrecht

[10] D. Dubois,H. Famier, P. Perry andH. Prade(2001),On Concordance

RulesBasedon Non-Additve measuresAn Axiomatic Approach.In E.P
Klementand M. Roubengeds),Abstacts of the 22nd Linz Seminaron
FuzzySetTheory pp 44— 47, Universittsdirektion Johanne&eplerUni-
versi@t, Linz, Austria.

[11] U. Eco(1999),Kantetl'ornithorynque GrassetParis.
[12] H.FamierandP.Perry (2001),Modelisationdespreferenceparuneregle

deconcordancegererali€e.ln M. Parruccini,A. ColorniandB. Roy (eds),
SelectedPapers from49thand 50thmeetingof the EURO Working Group
on MCDA, EuropearUnion, forthcoming.

[13] J.FodorandM. Roubeng1994),Fuzzyprefeencemodellingand multi-

criteria decisionsupport Kluwer AcademicPublishersPordrecht.



24

[14] J.-L. Marichal (1999), Aggregation opemators for multicriteria decision
aid, PhDThesis,University of Liege,Belgium.

[15] V. Moussea|f1995),Eliciting informationconcerningherelatve impor
tanceof criteria. In PM. Pardalos,Y. Syslos and C. Zopounidis(eds.),
Advancesn Multicriteria DecsionAid. Kluwer, Noncomwvex Optimization
andits Application,vol. 5 pp 17-43.

[16] C. S. Peirce (1878), The probability of induction, Popular Science
Monthly, in J. Buchler(ed.),Philisophicalwritings of Peirce, Dover, New
York, 1955.

[17] B. Roy (1985),Méthodolgie Multicritere d’'Aide ala Décision Econom-
ica, Paris.

[18] B. Roy andD. Bouyssou(1993), Aide Multicritére & la Décision Eco-
nomica,Paris.

[19] B.RoyandV. Moussea|1996, A theoreticalframavork forandysingthe
notion of relatve importanceof criteria. Journal of Multicriteria Decision
Analysis Wiley, vol. 5 pp 145-159.



