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ABSTRACT

Inthisarticle,theauthorsinvestigatethemultipleattributedecisionmakingproblemswithpicture
2-tuple linguistic information. The utilized power average and power geometric operations used
todevelopsomepicture2-tuple linguisticpoweraggregationoperators:picture2-tuple linguistic
powerweightedaverage(P2TLPWA)operator,picture2-tuplelinguisticpowerweightedgeometric
(P2TLPWG) operator, picture 2-tuple linguistic power ordered weighted average (P2TLPOWA)
operator,picture2-tuplelinguisticpowerorderedweightedgeometric(P2TLPOWG)operator,picture
2-tuplelinguisticpowerhybridaverage(P2TLPHA)operatorandpicture2-tuplelinguisticpower
hybridgeometric(P2TLPHG)operator.Theprominentcharacteristicoftheseproposedoperators
isstudied.Thisarticlehasutilizedtheseoperatorstodevelopsomeapproachestosolvethepicture
2-tuple linguistic multiple attribute decision making problems. Finally, a practical example for
enterpriseresourceplanning(ERP)systemselectionisgiventoverifythedevelopedapproachand
todemonstrateitspracticalityandeffectiveness.
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1. INTRODUCTION

Multipleattributedecisionmaking(MADM)problemsunderlinguisticenvironmentareaninteresting
researchtopichavingreceivedmoreandmoreattentionduringthelastseveralyears.Oneofthewell-
knownlinguisticinformationprocessingmodelsarethe2-tuplelinguisticcomputationalmodel(Beg
&Rashid,2016;Dutta&Guha,2015;Herrera,Herrera-Viedma2000a,2000b;Herreraetal.,2005;
Herrera&Martínez,2001;Martínez-Lópezetal.,2015;Linetal.,2014;Wei,2009a,2010a,2010b,
2010c,2010d,2011c,2011d,2011e,2013;Weietal.,2013,2014;Wei&Merigó2012;Wei&Zhao,
2012;Wuetal.,2015;Zhang&Liu,2010;Zhang&Chu,2009).HerreraandMartínez(1991)show
2-tuple linguistic informationprocessingmanner caneffectivelyavoid the loss anddistortionof
information.Herrera,Herrera-Viedma(2000a)developed2-tuplearithmeticaverage(TAA)operator,
2-tupleweightedaverage(TWA)operator,2-tupleorderedweightedaverage(TOWA)operatorand
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extended2-tupleweighted average (ET-WA)operator.Herrera et al. (2005)presented thegroup
decisionmakingmodelformanagingnon-homogeneousinformationprocessing.Herrera-Viedmaet
al.(2005)developedtheconsensussupportsystemwithmulti-granularlinguisticpreferencerelations.
Liaoetal.(2007)usedlinguisticinformationprocessingmodelforselectinganERPsystem.Herrera
etal.(2008)proposedafuzzylinguisticmethodologytodealwithunbalancedlinguistictermsets.
Wang(2009)presenteda2-tuplefuzzylinguisticevaluationmodelforselectingappropriateagile
manufacturing system. Tai and Chen (2009) developed the intellectual capital evaluation model
linguisticvariable.Fanetal.(2009)evaluatedknowledgemanagementcapabilityoforganizationsby
usingafuzzylinguisticmethod.Wei(2010a)extendedTOPSISmethodtomultipleattributegroup
decisionmakingwith2-tuplelinguisticinformation.Wei(2010b)proposedET-WGandET-OWG
operatorsformultipleattributegroupdecisionmakingwith2-tuplelinguisticinformation.Fanand
Liu(2010)developedthemulti-granularityuncertainlinguisticgroupdecisionmakingmodel.Chang
andWen(2010)developedanovelefficientapproachforDFMEAcombining2-tupleandtheOWA
operator. Jiang & Wei (2014) proposed some Bonferroni mean operators with 2-tuple linguistic
information.Xuetal.(2014)developedsomemethodstodealwithunacceptableincomplete2-tuple
fuzzylinguisticpreferencerelationsingroupdecisionmaking.Liuetal.(2014)proposedthedependent
interval2-tuplelinguisticaggregationoperatorsformultipleattributegroupdecisionmaking.Duttaet
al.(2015)developedamodelbasedonlinguistic2-tuplesfordealingwithheterogeneousrelationship
amongattributes inmulti-expertdecisionmaking.Dong&Herrera-Viedma(2015)proposedthe
consistency-drivenautomaticmethodologytosetintervalnumericalscalesof2-tuplelinguisticterm
setsanditsuseinthelinguisticGDMwithpreferencerelation.Wangetal.(2015)developedthe
multi-criteriagroupdecisionmakingmethodbasedoninterval2-tuplelinguisticinformationand
Choquetintegralaggregationoperators.Qin&Liu(2016)proposedthe2-tuplelinguisticMuirhead
meanoperatorsformultipleattributegroupdecisionmakinganditsapplicationtosupplierselection.
Zhangetal.(2016)developedtheconsensusreachingmodelfor2-tuplelinguisticmultipleattribute
groupdecisionmakingwithincompleteweightinformation.

Recently,Cuong(2013)proposedpicturefuzzyset(PFS)andinvestigatedsomebasicoperations
andpropertiesofPFS.Thepicturefuzzysetischaracterizedbythreefunctionsexpressingthedegree
ofmembership, thedegreeofneutralmembershipand thedegreeofnon-membership.Theonly
constraintisthatthesumofthethreedegreesmustnotexceed1.Basically,PFSbasedmodelscan
beappliedtosituationsrequiringhumanopinionsinvolvingmoreanswersoftypes:yes,abstain,no,
refusal,whichcan’tbeaccuratelyexpressedinthetraditionalFSandIFS.Untilnow,someprogress
hasbeenmadeintheresearchofthePFStheory.Singh(2014)investigatedthecorrelationcoefficients
forpicturefuzzysetandapplythecorrelationcoefficienttoclusteringanalysiswithpicturefuzzy
information.Son(2015)andThong&Son(2015)introducedseveralnovelfuzzyclusteringalgorithms
onthebasisofpicturefuzzysetsandapplicationstotimeseriesforecastingandweatherforecasting.
Thong(2015)developedanovelhybridmodelbetweenpicturefuzzyclusteringandintuitionistic
fuzzyrecommendersystemsformedicaldiagnosisandapplicationtohealthcaresupportsystems.

Although,picturefuzzysettheoryhasbeensuccessfullyappliedinsomeareas,butthereare
situationsinreallifewhichcan’tberepresentedbypicturefuzzysets.Votingcanbeagoodexample
ofsuchsituationasthehumanvotersmaybedividedintofourgroupsofthosewho:votefor,abstain,
refusalofvoting.Basically, picture fuzzy sets (Cuong,2013)basedmodelsmaybe adequate in
situationswhenwefacehumanopinionsinvolvingmoreanswersofthetype:yes,abstain,no,refusal.
However,alltheaboveapproachesareunsuitabletodescribethedegreeofpositivemembership,
degreeofneutralmembership,degreeofnegativemembershipanddegreeofrefusalmembershipof
anelementtoalinguisticlabel,whichcanreflectthedecisionmaker’sconfidencelevelwhentheyare
makinganevaluation.Inordertoovercomethislimit,Wei(2016)andWeietal.(2016)proposedthe
conceptofpicture2-tuplelinguisticsettosolvethisproblembasedonthepicturefuzzysets(Cuong,
2013)and2-tuplelinguisticinformationprocessingmodel(Herrera&Martínez,2000a;Herrera&
Martínez,2000b).Thus,howtoaggregatethesepicture2-tuplelinguisticnumberswhichtakeinto
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