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ABSTRACT

In the current era of bigdata, highvolumesof awidevarietyof valuabledata—whichmaybe
of different veracities—can be easily generated or collected at a high speed in various real-life
applicationsrelated toart,culture,design,engineering,mathematics,science,andtechnology.A
datasciencesolutionhelpsmanage,analyze,andminethesebigdata—suchasmusicaldata—for
thediscoveryofinterestinginformationandusefulknowledge.As“apictureisworthathousand
words,”avisualrepresentationprovidedbythedatasciencesolutionhelpsvisualizethebigdataand
comprehendtheminedinformationanddiscoveredknowledge.Thisjournalarticlepresentsavisual
analyticsystem—whichusesahue-saturation-value(HSV)colormodeltorepresentbigdata—for
datascienceonmusicaldataandbeyond(e.g.,othertypesofbigdata).
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INTRoDUCTIoN

Inthecurrenteraofbigdata,highvolumesofawidevarietyofvaluabledata—whichmaybeof
differentveracities(e.g.,precisedata, impreciseanduncertaindata)—canbeeasilygeneratedor
collectedatahighvelocityinvariousreal-lifeartistic,cultural,design,engineering,mathematical,
scientific,andtechnologicalapplications.Musicrepository,musicandsoundart,newmediaart,net
art,performanceart,visualarts,poems,videogames,socialnetworks,andWorldWideWebare
somesourcesofbigdata.Embeddedinthesebigdataarerichsetsofimplicit,previouslyunknown,
andpotentiallyusefulinformationandvaluableknowledge,whichcanbediscoveredbydatascience
solution.Ingeneral,datasciencesolutionsapplybigdatamining,machinelearning,highperformance
computing, statistical methods, mathematical modelling, and other related tools for managing,
analyzingandvisualizingdata.

Ingeneral,musiccanbeplayed,sungandheardasaformofartorentertainment(e.g.,inmusic
concerts,orchestraperformance, theatershows,radios,TVs,CDorMP3players). Itcanalsobe
usedastherapytoimproveormaintainpeoplehealth.Inaddition,itcanplayakeyroleinreligious
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ritualorculturalceremonies.Withadvancesintechnology,musicaldataontraditionalforms(e.g.,
audioorvideorecords,CDs)canbeeasilydigitalized,collectedandstoredontheinternet.These
musicaldataareexamplesofbigdata.Sincemusichasplayedanimportantroleinourlife,havingthe
capabilitytomanagethesemusicaldataandunderstandtheircontentsisdesirable(Li&Li,2011).For
instance,musicdatamanagementhelpsuserseffectivelymanagehugevolumesofdata(e.g.,search
andretrieveaparticularsongbasedonlyrics).Musicdatamining(Lietal.,2011,2014;Neubarth
&Conklin,2016;Martínez&Liern,2017;Barkwelletal.,2018;Karydisetal.,2018)helpsusers
discoverimplicit,previouslyunknown,andpotentiallyusefulinformationandvaluableknowledge
frommusicaldata(e.g.,findpopularverses).Differentmusicdataminingtechniques—suchaslyric
textmining,cognitivemusicology,computationalmusicology,andcomputationalmusicanalysis
(Meredith,2016)—focusonminingdifferentaspectsofmusicaldata,aslistedbelow:

• Lyrics(e.g.,verses,choruses);
• Metadata(e.g.,songtitle,bandorsinger’sname,albumname);
• Genre(e.g.,classical,folk,Jazz,Blues,country,hip-hop,rock,metalorheavymusic);
• Socialtags(e.g.,hashtags);and/or
• Acousticfeatures(e.g.,harmony,intensity,melody,pitch,rhythm,tempo,timbre).

In thecurrent journalarticle,we focuson lyric textmining,whichaims toanalyzemusical
lyrics—i.e.,setsofwordsinversesorchorusesthatmakeupasonginatextualform—forinteresting
patternssuchasfrequentlyoccurringsetsofwordsindifferenttypesofmusicgenre(i.e.,popular
wordsorphrasesinamusicalpieceorsong).Thisminedknowledgeandusefulinformationreveals
characteristicsofthemusicalpieces,stylesofsongwriters(ormusiccomposersorlyricists),and
preferenceofaudiencesorlisteners.This,inturn,tellsusmoreabouttheartandculturalofsongwriters
inaparticularregionoftheworldand/orataparticulartimeperiod.

Lyrictextminingcanbeconsideredasaspecialcaseoffrequentpatternminingwherethedatato
beminedaremusicallyrics.Overthepasttwodecades,numerousfrequentpatternminingalgorithms
(Rompréetal.,2017)havebeendesignedanddeveloped.Manyofthemhavebeenfocusedoneither
functionalityorefficiency.Thesealgorithmsusuallyreturntheminingresultsintextualform(e.g.,
averylonglistoffrequentpatterns).Consequently,usersmaynoteasilycomprehendthemined
knowledgeandusefulinformationfromthetextuallist.Whencomparedwithtextualrepresentationof
thedataandtheminedresults,visualrepresentation(Keimetal.,2010;Tanakaetal.,2016;Ventocilla
&Riveiro,2017;Jentner&Keim,2019)ismorecomprehensibletousers.

Someexistingvisualizationsystemsweredevelopedtovisualizedata(e.g.,VisDB(Keim&
Kriegel,1996))ormissingdata(Sjöbergh&Tanaka,2017),aswellasdecisiontrees(Ankerstet
al.,1999),associationrules(Yang,2005;Blanchardetal.,2007),andclusters(Hassanetal.,2010).
However,nottoomanyvisualizationtoolsweredesignedtosupportfrequentpatternmining,letalone
lyrictextmining.Inthepastfewyears,wedesignedsometoolsandtechniquestovisualizepatterns
involvingsetsofitemsorrelatedco-occurringentities.Acommoncharacteristicamongthevisualizers
thatweredesignedtosupportfrequentpatternminingisthattheydisplaytheminedfrequentpatterns
inatraditionaltwo-dimensionalrectangularspace.Consequently,theuserswhofacetheunfavorable
orientationmayhavedifficultyincomprehendingthedisplayedfrequentpatterns(e.g.,important
informationsuchasfrequencyisnoteasytoreadfromthoserotatedgraphs).Moreover,manyexisting
visualizersdonotclearlyindicatethesubset-supersetrelationshipsbetweenitems(e.g.,{a, c}isa
subsetof{a, b, c}).Forthosevisualizersthattrytorevealtheserelationships(e.g.,multi-circular
graph(Bothoreletal.,2013)),theyarenotclearlyshowduetomassiveoverlappingofcurves.

Ourobjectiveofthecurrentjournalarticleistoimprovethesesituations.Specifically,wepresent
asystemforvisualizingandanalyzingbig(musical)data.Ourkeycontributionofthisarticleisour
systemthatfocusesonthebigdatasciencetaskofthediscoveryandexplorationoffrequentpatterns
(e.g.,frequentlyoccurringsetsoflyricsindifferenttypesofmusicgenre)frommusicaldata.Our
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