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ABSTRACT

Thispaperaimstointroducethepheneticmethodforprocessingpaleographicaldatasetsandevaluating
theirsimilarityrelationships.Thepresentednumericaltaxonomicmethodwasappliedforselected
varieties of the Arabic and Aramaic scripts. The phenetic model was evaluated by hierarchical
clusteringand—afterapplyingmultidimensionalscaling—acentroid-basedclusteringmethod.The
hierarchical clustering resultswerepresentedasdendrograms (phenograms),while thecentroid-
basedresultsweregivenin2-and3-dimensionalCartesiancoordinatesystems.Theobtainedresults
demonstratethatthenumericaltaxonomy’spheneticapproachisusefulindescribingthedistances
betweendifferentwritingsystems.Thelong-termgoaloftheresearchistoapplymachinelearning
toolstoclarifytherelationshipsbetweenthelargenumberofAramaicandArabicscriptvariants.
Thisstudybelongstothefieldofpatternevolution,inwhichmachinelearningmethodsofbiological
evolutionareusedtomodelevolvingpatterns(suchaswritingsystems)overtime.
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INTRoDUCTIoN

Scriptinformaticsdealswiththeinvestigationconcerningtheevolutionofgraphemesinscriptsand
theexplorationofrelationshipsbetweenscripts,wherescriptscouldbeanysequenceofsymbolsof
culturalorigin,suchashistoricalwritingsystems(Hosszú,2017;Hosszú,2021a,p.9).Evolutionary
modelingofscriptsincludesphylogeneticmodelling,namelyphenetic,evolutionary,andstatistical
analysesofthestudiedscripts’features(Hosszú,2014;Hosszú,2021b).

Thispaper’smaingoalistodemonstratehowthedevelopedexploratorydataanalysisalgorithm
appliestoprocessingpaleographicaldatasetsandevaluatingtheirpheneticmodelling.Thepresented
pheneticmethodwasusedfortheselectedvarietiesoftheArabicandAramaicscripts.Thismodelling
demonstratesthatpheneticmodelling,knownfrombiology,canbeusedtodetectsimilaritiesbetween
otherwisecloselyrelatedwritingvariants.Theobtainedpheneticresultscorrelatewellwiththeir
evolutionaryrelationships.
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Background
Todate,severalscriptevolutiontypesofresearchhavebeenpublished.Theevolutionandthereasons
forcharactercomplexityareexaminedindetail,anditwasfoundthatthecharactercomplexityina
scriptisinfluencedbytheevolutionofthatscript(Miton&Morin,2021).Thelogicalrelationship
amongglyphsbelongingtothesamescriptwasmodelledmathematicallyasthreelogicallayers:
topology,visualidentity,andphoneticlayers(Pardedeetal.,2012).Itwaslaterimprovedbyadding
thesemanticlayer(Pardedeetal.,2016),andrecentlyitwasextendedwiththestylelayer(Hosszú,
2021a,pp.14–15).Whencomparinggraphemesthatarethekeycomponentsofscripts,thecomparison
ofgraphemeswithmorecharacteristicshapes(glyphs)ismorereliablebecausethereislesschanceof
randomcoincidenceofevolutionaryindependentgraphemes.Theshapecharacteristicofgraphemesis
expressedbytheglyphcomplexityparameter(Hosszú,2015).Aninvestigationprovidesdeciphering
algorithmsforreadinghistoricalinscriptions(Tóthetal.,2015;Tóth&Hosszú,2019).Aresearch
wasconductedtodeterminetheactualversionofascriptusedinaninscriptionfromanunknown
origin; in thisresearch, theclusteranalysiswasapplied(Tóthetal.,2016).Themodelingof the
evolutionofvariouswritingsystems(scripts)isbasedonvariousphylogeneticsmethods,including
explorationofpheneticrelationsofscriptsbasedonthetopologicalpropertiesoftheirgraphemes
(Hosszú&Kovács,2016)andotherfeatures(Hosszú,2021a).Anotherresearchdirectionisapplying
convolutionalneuralnetworkstodeterminethedegreeofvisualsimilaritybetweenpairsofglyphs
invariousscripts(Daggumati&Revesz,2019).

Amongthevariousscriptsdevelopedduringtheevolutionofwriting,theAramaicandArabic
scriptvariantsareespeciallyinterestingsincecalligraphicinfluencesfullysurvive,andglyphsare
intendedtoreproducecursivehandwriting(Baird,2014).ThetwomostimportantvarietiesofArabic
script are theKuficand theNashk (Taylor,1883,Vol. I,pp.317–318); theKufic is squareand
monumental,ithaspracticallyfallenintodisusesincethe14thc.,andtheNashkisthecursiveArabic
scriptinwhichbooksandnewspapersareprinted.Thereareseveralalteringclassificationsofvarieties
oftheArabicscriptswithdifferentnames,e.g.,African(Fry,1799,p.8),Qarmatians(Carmatic,
Karmathian,usedinthenorthofArabia);Diwani(Divân,Dīwānī,usedduringtheageoftheearly
OttomanTurks);JeliThuluth(usedforstonesandbuildings);Kufic(Cufic,Kufic,Kufi,istheearliest
calligraphicvarietyoftheArabicscript),Maghrebi(Maġribī,wasdevelopedinNorthAfricaand
Al-Andalus[Iberia]);Mauritanian(usedinMorocco,FezandNorthAfrica);Naskh(Nischi,Nasḫ,
Nesh,Nesih,Neshkhi,usedfortextprocessing);Nastaliq(Nastaʿlīq,Nashk-i-taʿliq,usedforPersian,
PunjabiandUrdulanguages);Reqaʿ(usedforprivatecorrespondence);Ruqʿah(Ruqʿä,Riqʿa,Rikaʿa),
Taliq(Taʿliq,Taʿalik,usedforthePersianlanguage)andThuluth(Sulsi,Ṯuluṯ,Thulth,Sülüs,used
forornamentalpurposes)(Fry,1799,p.7;Milo,2002,p.114,122;Milo,2013;Shahzad,2020,p.
1).Thesecategoriespartlyoverlapwitheachother.TheArabicscriptalsohasnationalsubvariants,
differingchieflyinthenumberofgraphemes,e.g.,Afghan,Hindustani,Malay,PersianandTurkish.
Eachofthemcontainsadditionalgraphemestoexpressthepeculiarsoundsoftheselanguages.Only
someselectedArabicscriptvarietiesareinvolvedinthecurrentresearch,namely,theso-calledearly,
African,Kufic,Mauritanian,modernandNaskh.

Thispaperpresentsinvestigationsandfindtherelationshipsamong10 differentscriptvarieties
usingmachinelearningalgorithms,where73 featuresoftheexaminedscriptvariantswereinvolved
inthepheneticanalysis.

MACHINe-LeARNING ALGoRITHMS FoR PHeNeTICS

Phenetics
Formodelingtheevolutionofvariouswritingsystems,itisusefultointroduceanumericaltaxonomic
approach. Numerical taxonomic research recognizes similarities and classifies taxa employing
numerically-orientedprocedures.Themajorityof thenumerical taxonomic studies arebasedon
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