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ABSTRACT

Theauthorsintroduceanewcomputationalmodeltosolveefficientproblems.Thisresearchgeneralizes
theconceptofbipolarfuzzysoftsets(BFSS)totherealmofcomplexnumbers.However,theranges
ofpositiveandnegativevaluesmembershipBFSSfunctionsareextendedtounitdiskinsteadof[0,
1]and[-1,0]respectively.ThemainbenefitofbipolarcomplexfuzzysoftsetsBCFSSsappearsin
theabilitytotransferbipolarfuzzysoftinformationtoamathematicalformulawithoutlosingthefull
meaningofinformationthatmayappearfromdifferentphases.Somebasicoperationsandtheorems
onBCFSSaredefinedwithnumericalexamples.Thisresearchhasextendedtoillustratetheutilization
ofBCFSSindecision-makingproblemsbygeneralizingtheapplicationsandalgorithms.
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1. INTRodUCTIoN

Thefuzzyset(FS)hasannouncedbythemidofthesixtiesby(Zadeh,1965).Ithasbeenextensively
considered,developed,andeffectivelyappliedtoseveralgrounds.Fuzzysetsandnumberscanoffer
verygoodsolutionsinmultiattributesindecisionmaking(MADM)cases(Bellman&Zadeh,1970;
Yager,1977).However,fuzzysetsfailedtorepresentuncertaindatabeingofseveraltypesowingto
itslimitationinconveyinformationbyonlyasinglevaluethatliesin[0,1]sothatthesoftset(SS)
cametoovercomethislimitation(Molodtsov,1999).Furtherresearcheshaveshownstrongattentionin
thismethodandseveralapplicationsinMADM(Maji,etal.2002;2003;Alietal.,2009;2011;2012;
Sezgin&Atagün,2011;Jiang,etal.,2011;Min,2012;Aktas&Çağman,2007;Acaretal.,2010;
Gongetal.,2010;Babitha&Sunil,2010;Çağman&Engino’glu,2010;Feng&Çağman,2012).
Duetothecomplicationcausedbythefuzzynatureofparametersinmanysituations,SSandFS
werecombinedtoformalizefuzzysoftsets(FSS)todealwiththesesituations(Majietal.,2001).
Therefore,someoperations,neworderrelation,anddecompositionfinitevaluespacesofFSSare
discussed(Borahetal.,2012;Guanetal.,2012;Fengetal.,2014).
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Onemorecombination,bipolarfuzzyset(BFS)(Zhang,1994)andSSinnateanewnotionnamed
bipolarfuzzysoftset(BFSS)(Abdullahaetal.,2014)andtheyintroducedfundamentalproperties
andoperationsontheBFSS.AnapplicationandanalgorithmofBFSStosolvedecision-making
problemswerestudied(Abdullahaetal.,2014).Thebipolarfuzzyset(Zhang,1994)hasanexclusive
property,whichistherepresentingbipolarinformation“two-sided”aboutthegivenset(forinstance:
positiveandnegative,possibleandimpossible,Maleandfemale,effectandsideeffect,etc.).The
notionofBFS is anextension toFS (Zhang,1994), inwhich themembership is extended from
membershipofdegreein 0 1,


 toamembershipofdegreein − ×








1 0 0 1, , toindicatethattheelement

satisfiessomewhataninterestingproperty(Zhangetal.,2003;2004;2005;2006;2007;2009).Recently,
somegeneralizationsandapplicationsinMADM,TOPSISandVIKORmethodwerestudiedand
genralizedbyusingBipolar fuzzysets,BipolarFuzzySoftSets,LinearDiophantineFuzzySoft
RoughSets,andLinearDiophantineFuzzySetssee(Tehrim&Riaz,2019;Riazet.al.,2020;Riaz
&Raza,2019;Riaz&Tehrim,2019;Riaz&Tehrim2020,Mandal,2021;AliG,2019;TahirMahmood.
2020).

Onthestageofextendingthecodmain 0 1,

 tounitdiskinthecomplexplane,manyresearchers

havebeenstudiedandappliedtheideaofgeneralizingseveraluncertaintysetsfromthereal-valued
interval 0 1,


 totherealmofcomplexnumbers(unitdisk)inseveralfields,in(Tamir&Kandal,2011;

Tamiretal.,2012b;Ramotetal.,2002;Rani&Grag,2017;Sing,2020;Al-Quran&Hassan,2018;
Alkourietal.,2012;2013;2014;Li&Tu,2019)Complexfuzzyset(CFS)isafuzzysetdescribedby
acomplex-valuedmembershipfunctionthatthecodomainliesintheunitdiskin� (Ramotetal.,
2002).Thephaseofthegradeofmembershipisdenotedby θ x( ) ,sowithoutthephaseterm,the
CFSreduces to traditional fuzzyset (Ramotetal.,2002).However, the ideaofgeneralizing the
codomainoffuzzysettoawidercodomainofcomplexfuzzysetliesinitsabilitytorepresentthe
semanticsofuncertaintyandperiodicityinformationsimultaneously.Theywereidentifyingthephase
ofdegreestodistinguishthedifferentmeaningsindifferentphasesorlevelsforperiodicdata/degrees.
Singh,P.K. (Singh, 2020)proposed recently thebipolar complex fuzzy concept latticewith its
applicationandstudiedtheproblemwhichcalculatestheperiodicvariationinbipolarinformationat
thegivenphaseoftimewiththreemethodsandillustrativeexamplesforthesuitablerepresentation
ofbipolarcomplexdataset.Singhrepresentedthephaseterminthecomplexfuzzysetasareal-valued
component.In2020,(Alkourietal,2020)introducedthenotionofbipolarcomplexfuzzysets(BCFS)
andcompareditwithSingh’swork.Theystudiedthemultipleattributesdecisionmaking(MADM)
problemthatmeasuringthe“bipolarityofperiodic”variationinbipolarinformationwithanillustration
exampleinordertofindanoptimalnutritionprogramforapersonX.

Frequentfactorswiththeperspectiveofbipolaritymanipulateveryimportantrulestoprovide
properselectionmethodsinMADMproblems,see(Alkouriet.al.2020).Also,Softset(Molodtsov,
1999)describestheobjectswithoutanyrestrictionsonthesetofparameters,withdifferenttypesof
parameters.CFS(Ramoteet.al.2002)offerswiderrangetorepresentthephase/timeonperiodic
data, thus, CFS covers the limitation of losing full meaning in the process of transferring the
informationfromwordstonumbersandviceversa.Thesepropertiesofprecedesnotionsmotivate
ustointroducethecurrentmathematicalstructure.Thiscombinationgivesustheabilitytotreatand
presentspecialandwidertypeofinformationwithoutlosingfullmeaning.Also,thiscombination
leadsustointroduceanewalgorithmsolvingmanyproblemsinMADMasillustratesinsection6.
Inthisstudy,theauthorsconcludethatsomelimitationsintheabilityofdiverseuncertaintysetto
conveydifferenttypesofinformationcanberesolvedbycombining,extendingandintegratingthese
setsandtheirpropertiesandovercomesuchlimitations.Anewcombinationandinterpretationof
bipolar complex fuzzy softpositiveandnegativemembershipgradesareobtained, inwhich the
bipolar complex fuzzy soft membership grade can be represented with two bipolar fuzzy soft
components.Byextendingtherangeofbipolarfuzzysoftset(BFSS)totherealmofcomplexnumbers,
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