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ABSTRACT

The real-lifeproblemsaremultidimensional innature andmay involve someambiguitywhen it
comestodecisionmaking.Itis,therefore,difficulttodesigntheevaluationcriteriapreciselyand
determinetheexactvalueoftheattributesinthemulticriteriaanalysis.Theintuitionisticfuzzyset
(IFS)achievedgreatsuccessintreatingthiskindofambiguityinagreatdealofresearch.Thestudy
ofsortingproblemsisanactiveresearchissueinthemultiplecriteriadecisionaid(MCDA)area.This
paperinvestigatedoneofthesortingmethods,FLOWSORT,andextendedittothemulticriteriagroup
decisionmakingbasedontheoutputaggregationoftheindividualsortingresults.Theratingofeach
alternativewasdescribedthroughlinguistictermsthatcanbeexpressedintriangularintuitionistic
fuzzynumbers.Anillustrativeexampleaswellasanempiricalcomparisonwithothermulti-criteria
decision-makingmethodswerecarriedouttovalidatetheextension.
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1. INTRoDUCTIoN

Multi-criteria decision making (MCDM) is considered as an essential part of modern decision
scienceandoperationalresearch.Itistheprocessoffindingthebestcompromiseamongthefeasible
alternatives.Itprovidesawidevarietyofmethodologiesandtechniquesthatenablethesystematic
treatmentofdecisionproblemsundermultiplecriteria.TheMCDAmethodscanbeappliedtofour
differentkindsofanalysesthatcanbeperformedinordertoprovidesignificantsupporttodecision-
makers(RemadiandFrikha,2019).Theseare:(1)thechoiceofthebestalternative,(2)theranking
ofthesetof thealternativesfromthebest totheworst,(3) thedescriptionof thefeaturesof the
alternativesand(4)theclassificationofthealternativesintopredefinedhomogenousgroups.

Inthispaper,westudiedtheordinalclassificationproblem,alsocalledsortingproblem.Itconsists
toorientingthedecisionproblemtoanassignmentofalternativestooneofthepredefined,ordered
andhomogenouscategoriesorclasses.Theclassisasetofalternativeswithsimilarpropertiesor
evenvaluesforthesameproperties,whencomparedtothealternativesoftheotherclasses.Multiple
methodshavebeenproposedduringthepreviousdecades.Amongthese,wecanmentionthewell-
knownsortingmethods,theELECTRE-TRI(Shenetal.2016),theTHESEUS(FernandezandAvarro,
2011),etc.RelyingonthePROMETHEE(Bransetal.1984)methodology,severalauthorsproposed
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thePROMETHEE-TRI(Figueiraetal.2004),thePROMSORT(ArazandOzkarahan,2007)and
theFlowSort(NemeryandLamboray,2007).Infact,thePROMETHEEisoneofthemostfamous
MCDMmethodssinceitiseasytouse,simpletoprocessanduseslessparameterthantheother
MCDMmethodslikeELECTRE(GovindanandJepsen,2016).Figueiraetal.werepioneersinthe
PROMETHEE-TRI(Figueiraetal.2004)method,extendingittothesortingcontext,butitrather
usedincompletelyorderedcategories.In2007,Araz&OzkarahanproposedthePROMSORT(Araz
andOzkarahan,2007)methodwhichusescompletelyorderedcategoriesbuttheassignmentofthe
alternativeswasnotindependent.

DevelopedbyNemeryandLamborayin2007,FlowSort(NemeryandLamboray,2007)was
proposedforassigningactionstocompletelyorderedcategoriesdefinedbylimitingprofilesorcentral
profiles. It solves the drawbacks of PROMETHEE-TRI (Figueira et al. 2004) and PROMSORT
(ArazandOzkarahan2007)andtreatstheproblematicsortingissueforindependentassignments
andcompletelyorderedcategories.Thealternativesandpreferenceparameters evaluationof the
FlowSortmethodaredefinedascrispvalues.But, ina real-worldsituation,decisionalproblems
aremultidimensionalandambiguousinnature.So,itisdifficulttoexpresstheevaluationcriteria
precisely.MultipleextensionsoftheFlowSortmethodhavebeendevelopedtosolvetheseproblems.
Indeed,JanssenandNemery(2012)proposedanextensionoftheFlowSortsortingmethodtothecase
ofinputdataimprecision.Moreover,Camposetal.(2015)extendedFlowSortmethodtointroduce
a fuzzysortingmethodcalledFuzzyFlowSort (F-FlowSort).ForasimplifiedFlowSortversion,
AsscheandDeSmet(2016)foundtheparametersofasortingmodelusingclassificationexamples
inthecontextoftraditionalsortingandintervalsorting.Moreover,Pelissarietal.(2019)suggested
anewmulticriteriamethodSMAA-Fuzzy-FlowSortforsortingproblemsunderuncertaintythrough
applyingtheStochasticAcceptabilityAnalysistotheFuzzy-FlowSortmethod.

Asclearlystatedabove,thefuzzyset(FS)theory(Zadeh,1965)hasbeensuccessfullyapplied
inagoodnumberofstudies.But,thistheoryisnotflawlessasitusesonlythemembershipdegree
ofanelementtoafuzzysetwhichisbelongszeroandone.Actually,itisnecessarytodefinethe
non-membershipdegreeofanelementtoafuzzysetbecauseitisnotnecessarilyequalto1minus
thedegreeofmembership.Toovercomethislimitation,theintuitionisticfuzzysetstheoryconcept
seemstobemoresuitabletodealwithuncertaintythanothergeneralizedfuzzysetsforms(Zhang
etal.2013).Further,comparedtothetraditionalfuzzyset,theIFScandescribethefuzzynatureof
therealworldmorecomprehensively(Wangetal.2012).Infact,itprovidesmoreflexibilitytotreat
reallifeproblemsunderanuncertainenvironmentbecausewhentheareachanges,theintuitionistic
fuzzysetsareeasytomodify(Zhangetal.2013).RemadiandFrikha,(2019)extendedtheFlowSort
method for solving uncertainty using the IFS theory. This study presented the input data in the
decisionmatrixastriangularintuitionisticfuzzynumberandweconsideredparametervaluessuch
asindifferenceandpreferencethresholds,criteriaweightsandreferenceprofilesascrispnumbers.

Thecomplexityofthesocio-economicenvironmentcausessingledecision-makerstobeunable
to express their opinions or preferences on multiple criteria. In fact, the multiple criteria group
decisionmaking(MCGDM)problemisanimportantresearchtopicthathasdrawntheattentionof
manyresearchersintheliterature.Inaddition,theintuitionisticfuzzysetwasappliedtosolvereal
complexMulticriteriaGroupDecisionMakingproblems.Parketal.(2011)forinstance,extended
thegroupdecision-makingVIKORmethodforaninterval-valuedintuitionisticfuzzyenvironment,
inwhichtheattributeweightsinformationwaspartiallyknown.Inaddition,Chen(2015)developed
anextendedTOPSIS(ChenandHwang,1992)methodwhichincludedthecomparisonapproachto
addressmultiplecriteriagroupdecision-makingmedicalproblemsintheinterval-valuedintuitionistic
fuzzysetframework.Inthecontextofsortingproblem,Shenetal.(2016)providedanewoutranking
sortingmethodforsolvingMulti-CriteriaGroupDecisionMaking(MCGDM)problemsusingthe
IntuitionisticFuzzySet(IFS).Furthermore,Lollietal.(2015)introducedagroupdecisionsupport
system,namedFlowSort-GDSS,forsortingthefailuremodesintopriorityclasses.JiangandMa(2018)
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