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ABSTRACT

Breastcancer,atypeofmalignanttumor,affectswomenmorethanmen.Aboutone-thirdofwomen
withbreastcancerdieofthisdisease.Hence,itisimperativetofindatoolfortheproperidentification
andearlytreatmentofbreastcancer.Unliketheconventionaldataminingalgorithms,fuzzylogic-
based approaches help in the mining of association rules from quantitative transactions. In this
study,anovelfuzzymethodology,IFFP(improvedfuzzyfrequentpatternmining),basedonafuzzy
associationruleminingforbiologicalknowledgeextraction,isintroducedtoanalyzethedatasetin
ordertofindthecorefactorsthatcausebreastcancer.Itisdeterminedthatthefactor,mitoses,has
lowrangeofvaluesonbothmalignantandbenign,andhenceitdoesnotcontributetothedetectionof
breastcancer.Ontheotherhand,thehighrangeofbarenucleishowsmorechancesforthepresenceof
breastcancer.Experimentalevaluationsonrealdatasetsshowthattheproposedmethodoutperforms
recentlyproposedstate-of-the-artalgorithmsintermsofruntimeandmemoryusage.
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INTRoDUCTIoN

Breastcancerisoneofthediseasesthatmostlyaffectwomenandisthesecondleadingcauseof
cancerdeath(Jemaletal.,2003).Itisthemostdangerousdiseasebecauseaboutonethirdofwomen
withbreastcancerdieofthedisease,althoughitiscurablewhendetectedearly(Scheidhaueretal.,
2004).Womenovertheageof50aremostlyaffectedbythisdisease.Everyyearabout48,000cases
occurintheUK(Dr.TimKennyetal.,2012).Aroundoneinninewomenisaffectedbythisdiseaseat
somestageintheirlife.Itcaneasilybecuredifdiagnosedatanearlystage.Thereforeitisnecessary
fortheproperidentificationandearlytreatmentofthedisease.

Mammographyisoneofthefrequentlyusedmethodstodetectbreastcancer(Chouetal.,2004).
Thevalueofmammographycanidentifybreastabnormalitieswith85-90%accuracy(Elsayad,2010).
Fineneedleaspirationcytology(FNAC)isalsowidelyusedinthediagnosisofbreastcancer.Still,
itsaveragecorrectidentificationrateisonly90%(Elmoreetal.,1994).Hence,itisnecessaryto
developbetteridentificationmethodtodiagnosethebreastcancer.Severalresearchershaveemployed
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statisticaltechniquesandartificialintelligencetechniquestopredictbreastcancer(Pendharkaretal.,
1999;Kovalerchucketal.,1997).Themainobjectiveoftheseidentificationtechniquesistoidentify
whetherthepersonbelongstoeitherabenigngroupthatdoesnothavebreastcanceroramalignant
groupthathasastrongevidenceofhavingbreastcancer.So,thediagnosisofbreastcancerproblems
ismoregeneralandwidelydiscussedclassificationproblem(Anderson,1984;Hand,1981;Johnson
andWichern,2001;DillonandGoldstein,1984;Gilaletal.,2019;Okikiolaetal.,2019).

ReLATeD woRK

Previousstudiesrefertoanumberoftechniquestodiagnosebreastcancerpattern.Neuralnetwork,
aclassificationmethodbasedonwhichmanyalgorithms(Chouetal.,2004;KarabatakandInce,
2009;Seralet al.,2007;Marcano-Cedenoetal.,2011;Abbass,2002;TubaandYildirim,2004,
Shuklaetal.,2018)havebeendevelopedfordiagnosingbreastcancer.Artificialneuralnetworksand
multivariateadaptiveregressionsplinesapproach(Chouetal.,2004),AssociationrulesandNeural
networkapproach(KarabatakandInce,2009),radialbasisfunctionneuralnetworkclassification
technique (Subashini et al., 2009), Genetic algorithm based approach (Pena-Reyes and Sipper,
1999)andsupportvectormachines(SVM)(PolatandGunes,2007;Akay,2009;Majidetal.,2014;
Maglogianniset al., 2009;Zhenget al., 2014)are someof the techniquesused inbreast cancer
detection.Adataseparation/classificationmethodcalledisotonicseparationtechnique(Ryuetal.,
2007)isoneofthemethodsfollowedinpredictingbreastcancer.InSalamaetal.,(2012)different
classifierslikemultilayerperceptronneuralnetwork,combinedneuralnetwork,probabilisticneural
network,recurrentneuralnetworkandSVMwereanalyzedforclassificationaccuraciesofbreast
cancerdetection.Luetal.,(2017)proposedanautomatedcomputeraideddiagnosisframeworkwhich
consistsofensembleunder-sampling(EUS)forimbalanceddataprocessing,thereliefalgorithmfor
featureselection,thesubspacemethodforprovidingdatadiversity,andAdaboostforimprovingthe
performanceofbaseclassifiers.Theyextractedmorphological,varioustexture,andGaborfeatures
formagneticresonanceimaging(MRI).

Wangetal.,(2018)proposedanSVM-basedensemblelearningalgorithmtoreducethediagnosis
varianceandincreasediagnosisaccuracy.Sivakumaretal.,(2018)developedanalgorithmforbreast
cancerdiagnosisbasedonSupervisedLearninginQuest(SLIQ)andDecisionTreealgorithms.Peng
atal.,(2016)proposedanautomatedbreastcancerdiagnosisalgorithmwhichorganicallyintegrates
artificialimmunewithsemi-supervisedlearning.Jafari-Marandietal.,(2018)presentedadataand
decisionanalyticmethodthatemploysbothsupervisedandunsupervisedlearningpowersofANNs
tooptimizebreastcancerdiagnosiswithregardtodecision-makinggoals.Alwidianetal.,(2013)
developedanewtechniquebasedonaweightedmethodtoselectmoreusefulassociationrulesand
astatisticalmeasureforpruningrulesforbreastcancerdisease.

Dataminingplaysthemainroleinthedetectionofknowledgefrommedicaldatarepositories
that could benefit medical diagnosis and for disease prevention (Nahar et al., 2013). Most of
conventional data mining algorithms find the relation among transactions with binary values.
However,transactionswithquantitativevaluesarecommonlyseeninrealworldapplications.Fuzzy
logicbasedapproaches(Linetal.,2015;Khezrietal.,2014;KelesandYavuz,2011;Nilashietal.,
2017;Lietal.,2018;Tranetal.,2018;Leeetal.,2019)takethemajorroleinminingofassociation
rulesfromquantitativetransactions.

Severalfuzzyminingmethodshavebeenproposedforfindinginterestinglinguisticassociation
rulesfromtransactiondatawithquantitativevalues.Thesemethodscanbedividedintotwotypes:
level-wise(ChanandAu,1997;HongandChen,1999;Hongetal.,2004;Hongetal.,2001;Kuok
etal.,1998)algorithmsandpattern-growth(Linetal.,2015;Linetal.,2009,2010;Hongetal.,
2010;andPapadimitriouandMavroudi(2005)algorithms.Level-wiseapproachgeneratespatterns
containing1items,then2items,3items,etc.Itrepeatedlyscansthedatabasetocountthesupport
ofeachpattern.Ontheotherhand,pattern-growthalgorithmsutilizeadepth-firstsearchinsteadof
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