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ABSTRACT

The paper proposes a generalized ordered weighted simplified neutrosophic cosine similarity
(GOWSNCS)measurebycombiningthecosinesimilaritymeasureofsimplifiedneutrosophicsets
(SNSs) with the generalized ordered weighted averaging (GOWA) operator and investigates its
propertiesandspecialcases.Then,theauthordevelopsasimplifiedneutrosophicgroupdecision-
makingmethodbasedontheGOWSNCSmeasuretohandlemultipleattributegroupdecision-making
problemswithsimplifiedneutrosophicinformation.TheprominentcharacteristicsoftheGOWSNCS
measurearethatitnotonlyisageneralizationofthecosinesimilaritymeasurebutalsoconsiders
theassociatedweightsforattributesanddecisionmakersintheaggregationofthecosinesimilarity
measuresofSNSstoalleviatetheinfluenceofundulylargeorsmallsimilaritiesintheprocessof
informationaggregation.Finally,anillustrativeexampleofinvestmentalternativesisprovidedto
demonstratetheapplicationandeffectivenessofthedevelopedapproach.
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1. INTRODUCTION

In complexengineering, economics, andmanagement,multiple attributegroupdecisionmaking
isaveryimportantresearchtopic(Zhengetal.2018,Linetal.2018,Liuetal.2019aand2019b).
Althoughfuzzysets(Zadeh1965),intuitionisticfuzzysets(IFSs)(Atanassov1986),andinterval-
valuedintuitionisticfuzzysets(IVIFSs)(AtanassovandGargov1989)havebeendevelopedinvague,
incomplete,anduncertainsetting,theycannotdescribeanddealwithindeterminateandinconsistent
informationinvariousrealproblems.Inthiscase,Smarandache(1999)proposedtheconceptofa
neutrosophicsetasageneralizationoftheconceptsoftheclassicset,fuzzyset,IFSandIVIFS.In
the neutrosophic set, a truth-membership T(x), an indeterminacy-membership I(x) and a falsity-
membershipF(x)arerepresentedindependentlyandliewithintherealstandardornonstandardunit
interval]−0,1+[.Then,theindeterminacypresentedintheneutrosophicsetisindependentonthe
truthandfalsityvaluesandcanincludeinconsistentinformation,whiletheincorporateduncertainty
intheIFSisdependentonthedegreesofbelongingnessandnon-belongingnessandcannotinclude
inconsistentinformation.Hence,theneutrosophicsetcanbetterexpressincomplete,indeterminateand
inconsistentinformation.However,theneutrosophicsetisdifficulttobeappliedinreal-lifesituations
duetothenonstandardunitinterval]−0,1+[fortherangeofthethreefunctionsT(x),I(x)andF(x).
Thus,therangeofthefunctionsT(x),I(x)andF(x)canberestrainedtotherealstandardunitinterval
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[0,1]tobeeasilyappliedinrealscienceandengineeringproblems.Consequently,asingle-valued
neutrosophicset(SVNS)(Wangetal.2010),anintervalneutrosophicset(INS)(Wangetal.2005),
andasimplifiedneutrosophicset(SNS)(Ye2014a)wereintroducedbysomeresearchers.Then,
SNSsarethesubclassofneutrosophicsets(Ye2014a)andincludetheconceptsofSVNSsandINSs.

In recent years, SNSs have been mainly applied to decision making and medical diagnosis
problems.Ye(2013)presentedacorrelationcoefficientofSVNSsandappliedittosingle-valued
neutrosophicmultipleattributedecision-makingproblems.Then,Ye(2014b)introducedthecross-
entropymeasureofSVNSsanditssingle-valuedneutrosophicmultipleattributedecision-making
method.Further,Ye(2014c)putforwardthedistances-basedsimilaritymeasuresofINSsandtheir
intervalneutrosophicmulticriteriadecision-makingmethod.Moreover,ChiandLiu(2013)proposed
anextendedTOPSISmethodforintervalneutrosophicmultipleattributedecisionmakingproblems.
Pengetal.(2014)introducedanoutrankingapproachformulticriteriadecision-makingproblems
withsimplifiedneutrosophicinformation.Zhangetal.(2014)developedtheintervalneutrosophic
numberweightedaverage(INNWA)andintervalneutrosophicnumberweightedgeometric(INNWG)
operatorsandtheirintervalneutrosophicmultipleattributedecision-makingmethod.LiuandWang
(2014)alsodevelopedsingle-valuedneutrosophicnormalizedweightedBonferronimeanoperators
forsingle-valuedneutrosophicdecision-makingproblems.Further,Liuetal.(2014)developedsome
generalizedsingle-valuedneutrosophicnumberHamacheraggregationoperatorsandtheirsingle-
valuedneutrosophicgroupdecision-makingmethod.Also,Ye(2014d)developedamultipleattribute
groupdecision-makingmethodwithcompletelyunknownweightsbasedonsimilaritymeasuresunder
single-valuedneutrosophicenvironment.Ye(2014e)presentedvectorsimilaritymeasuresofSNSs
andtheirapplicationinmulticriteriadecisionmaking.Ye(2015)furtherproposedtheimprovedcosine
similaritymeasuresofSNSsbasedonthecosinefunctiontoovercomesomedisadvantagesofthe
cosinesimilaritymeasureofSNSsinvectorspaceandappliedthemtomedicaldiagnoses.Zhanget
al.(2016)alsointroducedanoutrankingapproachformulticriteriadecision-makingproblemswith
intervalneutrosophicinformation.Furthermore,YangandLi(2016)introducedpoweraggregation
operatorsofsingle-valuedneutrosophicsetsandusedthemfordecisionmaking.Then,Sahinand
Liu(2017)presentedpossibility-inducedsimplifiedneutrosophicaggregationoperatorsforgroup
decision-making problems. Ye (2017) put forward simplified neutrosophic harmonic averaging
projectionmethodandappliedittomultipleattributedecisionmakingproblems.Further,Tuetal.
(2018)proposedsimplifiedneutrosophicsymmetrymeasuresfordecisionmakingProblems.

However, in the aforementioned decision making methods based on similarity measures,
theyscarcelyconsider theimportanceof theorderedpositionofeachsimilaritydegree.Insome
cases,theimportantdegreeoftheorderedpositionsofargumentsisveryimportantintheprocess
of informationaggregation (Yager2004;Zhouetal2014).Hence,wemayneed toconsider the
weightsoftheorderedpositionofargumentsintheinformationaggregation.Forexample,inthe
divingcontestofOlympicGames,generallyonecantaketheaveragevalueoftheremainingscores
afterremovingthehighestandlowestscores,i.e.,onecanassignthattheweightsofthehighestand
lowestscoresare0.Therefore,thepositionalweightsareveryimportantinsomerealgroupdecision
makingproblems.Toalleviatetheinfluenceofundulylargeorsmallsimilaritiesintheprocessof
informationaggregation,weshouldassignthemspecificweights.Insuchsituations,thedegreesof
similaritycanberearrangedindescendingorder,andthenaggregatedtogetherwiththeweightsof
theirorderedpositions.Obviously,theexistingdecision-makingmethodsbasedonsimilaritymeasures
areunsuitablefordealingwithsuchcasesundersimplifiedneutrosophicenvironment.Thus,weneed
todefineorderedweightedaggregationoperatorsforthecosinesimilaritymeasureofSNSstohandle
thedecision-makingproblems.Motivatedbythegeneralizedorderedweightedaveraging(GOWA)
operator(Yager2004)andtheintuitionisticfuzzyorderedweightedcosinesimilaritymeasure(Zhou
etal2014), thepurposesof thispaperare todevelopageneralizedorderedweightedsimplified
neutrosophic cosine similarity (GOWSNCS) measure by combining the simplified neutrosophic
cosinesimilaritymeasurewiththeGOWAoperatorasanextensionofthetwomajorworksin(Yager
2004andZhouetal2014)anditsgroupdecisionmakingmethodinSNSsetting.Itisobviousthat
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