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The rapid development of social networks has enabled users to publish, republish,
and comment on a wide range of information. However, users may—either deliberately
or unknowingly—become agents of misinformation. Since truth is a core value for de-
mocracy, justice, and social cohesion, it is essential to protect its integrity within digital
networks, which have largely replaced traditional social structures. Given the significance
of truth, the development of techniques for detecting fake news is increasingly important.
Different approaches focus on various features to assess the validity of content: the re-
liability of the source, the pattern of dissemination, the writing style, and the accuracy of
the provided material.

Although there is no globally accepted definition for fake news, they share one common
trait: their content is fundamentally false. Previous studies in the fields of Social and
Economic Sciences provide theoretical frameworks for understanding human behavior
and cognitive processes, aiding both the qualitative and quantitative analysis of fake
news, as well as the creation of models for their detection and management. These
theories can be classified into those related to information (e.g., writing style, expression
quality, emotional content) and those related to individuals (e.g., malicious users who
knowingly distribute false information, or regular users who unintentionally contribute
to the spread of misinformation).

In this study, we utilize the pattern of information dissemination. Specifically, we
construct dissemination trees, which are transformed into feature vectors through ap-
propriate methods (Graph Kernels). A supervised learning model is then trained on these
vectors, with labels indicating whether the original post was true (1) or false (0). The
ultimate objective is to evaluate the correlation between the structure of the dissemina-
tion tree and the reliability of the conveyed information, laying the groundwork for more

robust methods of fake news detection.

Keywords

Fake News Detection,Graph Kernels,Tree Edit Distance,Machine Learning,Unfolding
Trees,Tree Encoding,Tree Isomorphism,Graph Algorithms,NetworkX,Wasserstein Distance, Twitter

,Data Analysis,Weisfeiler-Lehman Graph Kernel k-Means Algorithm,Gradient Descent






Ba 1feda KATapXnV va €Uxaplotnom toug Kabnyniég Xprjoto ZapoAldykn Kat Lupo
Kovtoyiavvn yla tyv eniBAeyn auvtrg tng SmMAoPatikng epyaciag Kat tyv ayoyrn ouvepyaoia
ovu eixape. e O0An ) Sidpkela g EKIOvong tng nrav wiaitepa kabodnynukoti, BonOntikoti
Kal pou mépaocav agieg Katl Tporo oKEWPng 60ov agpopd Ty £MOTHUn KAl TV £pEUvd ITOU
pou frav kat Sa pou esivat onpavukd. Euxapiot® toug @idoug pou mou otékoviav dimia
HOU Kal ota €UKOAd KAl KUPIOG oTa SUOKOAA KAl € EMNPPEACAV O TOAAEG TITUXEG NG
[IPOCKITKOTTAG Pou. Euxaploted v owkoyéveld 11ou yia v otpiln Iou Jou rapeixe 0Aa
autd ta xpovia, g agieg, v epovtida kat tv aydrnn kaboin ) Sidpkela g {wng pou.
Tédog, 9a nbeda va euxaplo)on dlaitepa 6Aoug toug SaokAAoug JouU TToU pou £dwoav ta
arapaitta epebiopata oote va e§edixbe. Amo ta @ounuka pou Xpovia ,1daitepn Ty
Kal unoypéwon opeide otoug kabnyniég OepiotokAn Pacowd, mou pe v éumveuon Kat
VvV ®ONon Mou Pou TapeiXe, AVECTNOE TV VEKPI] EIMIOTHOVIKI] POU TEPIEPYELA KAl OTOUG
kabnyntég Anurtpn Petdkn kat Apn [Hayouptdr] yia v S1apoppaorn evog TPOTIOU OKEWYNS
KAl Vv [Poogyylon eriAuong rpoBAnPAtev pe €5urnvo Tporo, epyaleia onpavuka yla évav

HNXAVIKO.
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Prilogoc

H ergasba aut apoteleb th Diplwmatik Ergasba mou ergasba gia th Sqol twn H-
lektroligwn Mhganik,n & Mhganik,n Upologist,n tou EjnikoO MetsobPou Polutegnebou.
Dienerg jhke upi thn epbbleyh twn kajhght,n tou tm matoc Mhganik,n Hlektronik,n U-
pologist.n & Plhroforik ¢ tou PanepisthmBou Patr,n Qr stou Zaroli"gkh kai SpOrou
Kontogi"nnh, sto Ergast rio Intelligent Computing & Engineering ex apost’sewc mesw
diadiktuak,n sunant sewn.
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H agdaba an’ptuxh tou diadiktOou kai twn koinwnik,n diktOwn éqei metamorf,sei

izik™ ton tripo me ton opobo oi plhroforbec par"gontai, diamoir“zontai kai kata-
nal,nontai. Ta yhfiak™ mésa epitrépoun th dhmosbeush kai anadhmosbeush enic ter“stiou
igkou dedoménwn se pagkismia klbmaka, dbnontac stouc qr stec thn dunatithta tiso na
katanal,noun iso kai par’goun plhroforbec mésw twn dhmosieOsewn pou gbnontai sta
mésa aut”. Wc apotélesma, h di"dosh yeud,n plhrofori,n ( fake news ) égei exeligjeb se
éna api ta pléon anhsughtik™ ainimena thc sOgqronhc epog c. Oi eid seic autéc endége-
tai na eéqoun politikec, koinwnikec oikonomikéc skopimithtec, alloi,nontac drastik™ th
dhmisia sfabra kai ton tripo pou oi polbtec lamb"noun apof’seic.

Se auti to suneq,c metaballimeno epikoinwniaki perib’llon, h paraplhrofirhsh
(misinformation ) kai h kakiboulh diaspor” yeudoOc perieqoménou ( disinformation ) su-
gn” allhlepikalOptontai, sunjétontac éna polOploko ainimenon diataraq ¢ thc plhro-
orbac (information disorder ). Péran thc duskolPac di‘krishc twn orbwn metaxO égkurhc
kai analhjoOc plhroforbac, ta koinwnik™ dbktua parégoun éna polOpleuro pedbo, sto o-
pobo sunant,ntai "toma me diaforetikéc projéseic kai kbnhtra. K poioi gr stec mporeb na
ebnai anupoyPastoi , anadhmosieOontac yeudéc periegimeno qwrDc prijesh parapl'nhshc,
en, “lloi, kakibouloi gr stec, epidi,koun suneidht™ th diaspor” tétoiwn eid sewn.

1.1 Shmasba tou probl matoc

Oi epipt,seic thc di"doshc yeud, n eid sewn ebnai poludi”statec. H dhmokratba, oi koi-
nwnikéc sgéseic kai h empistosOnh twn polit,n proc ta mésa enhmeérwshc apeiloOntai soba-
", kaj,c h paraplhrofirhsh uponomeQei thn poiithta kai thn axiopistDa thc dhmisiac
plhrofirhshe. Par’lihla, ta teleutaba grinia éqoun anaptugjeb di“forec proseggbseic
gia thn anbgneush kai ton periorismi twn yeud,n eid sewn, k’je mba api tic opobec esti"zei
se diaforetik™ stoigeba thc plhroforbac.

Mia klasik mejodoc pou asbzetai sto perieqimeno exet zei ta glwssik”, ufologik”
shmasiologik™ garakthristik™ tou keiménou, prospaj,ntac na epishm™nei anwmalbec pou
upodhl,noun yeud af ghsh. Epipléon, merikéc éreunec analOoun thn egkurithta thc
Bdiac thc phg ¢, eléggontac progenésterec dhmosieOseic kai sugkrbnont™c tec me égkura
shmeba anafor’c. Wstiso, h diark ¢ exélixh thc tegnologbac kai oi ilo kai pio sOnjetoi
mhganismob paraplhrofirhshc (p.q. bots, deepfakes ) kajistoOn dusger thn apotelesma-



tik anbgneush touc mino mésw thc an’lushc tou periegomenou.

Gia ton ligo auti, oloéna kai megalOterh prosoq dPnetai stic proseggbseic pou sth-
Bzontai ston tripo di"doshc  (propagationsbased detection ). H emeli,dhc idéa egkeitai sto
gegonic iti oi yeudebc eid seic teBnoun na emfanbzoun monadik™ motbba di"qushc mésa stic
diadiktuakéc platfirmec. Sugkritik® me tic alhjePc eid seic, parousi"zoun megalOterh
taqOthta met"doshc, sugn™ mésw om™dwn uyhl ¢ diasOndeshc, kakiboulwn logariasm_n

diadiktuak,n ompit ( bots). Epipléon, akimh kai itan to perieqimeno tropopoiebtai
elafr,c, to {apotOpwma} sth dom thc di"doshc parameénei se meg’lo ajmi anigneOsimo,
gegonic pou kajist™ aut thn proseggish idiabtera elkustik .

1.2 Stigoi thc ergasbac

Sthn paroOsa ergasbPa, esti"zoume sthn an“ptuxh kai axiolighsh mejodologi,n pou
asbzontai sth diereOnhsh kai an’lush twn diktOwn di"doshc gia thn anBgneush yeud.n
eid sewn. Eidikitera, epidi koume:

1. Meléeth twn asik n qarakthristik,n di"doshc: Prosdiorismic twn motBbwn pou
entopbzontai se yeudebc eid seic kai diaféroun api aut™ twn alhjin, n, an"luontac ta
garakthristik™ pou parousi“zontai sta déntra di"doshc thc plhroforbac tiso stic
alhjebc iso kai stic yeudebc eid seic kai dhmiourg,nac énan taxinomht “sei aut,n
twn garakthristik,n san arqgiki shmebo ,ste na katadebxoume iti h tegnik pou emebc
proteBnoume ebnai pio eOrwsth.

2. An"ptuxh montélou anbgneushc: Sqedi“zetai kai ulopoiebtai éna sOsthma to opo-
Do, lamb™nontac wc eBsodo ta déntra anadnmosieOsewn, efarmizei tegnikéc Pur nwn
Upodéntrwn WeisfeilersLehman (WeisfeilereLehman Subtree Kernels ) gia thn anapa-
“stash thc dom ¢ touc se dianOsmata garakthristik,n. Me autin ton tripo, apotu-
p,nontai krbsimec topologikéc diaforopoi seic pou sqetbzontai me yeudec égkuro
perieqimeno, epitrépontac thn apotelesmatikiterh dikrish an"mesa se axiipistec
kai paraplanhtikéc dhmosieOseic.

3. Peiramatik axiolighsh: UlopoioOme kai dokim“zoume thn proséggis mac me
uparkt™ dedoména koinwnik n diktOwn (  Twitter15/Twitterl6 ), sugkrBnont’c th me
mejidouc stic opoPec ta dianOsmata garakthristik.n ex"gontai api sugkekriménec
metrikec p"nw sta déntra di"doshc (p.q. “joc, pl“toc, akoloujpa ajm,n).

4. DiatOpwsh prot’sewn gia mellontik éreuna: ProteBnoume néec idéec gia eltbw-
sh kai epéktash tou sust matoc, lamb“nontac upiyh thn tageba teqnologik exélixh
kai tic suneq,c metaballimenec strathgikéc paraplhrofirhshc.

Me autin ton tripo, epidi_.koume na sumb’loume sth diark,c enteinimenh prosp~jeia
thc episthmonik ¢ koinithtac gia apotelesmatikiterh kai autimatopoihménh anbgneush
yeud n eid sewn, akolouj,ntac tic kateujOnseic kai ta eur mata thc sOggronhc iblio-
grafbac. H dunatithta an”lushc tou tripou di"doshc den proorbzetai na antikatast sei
pl rwc tic paradosiakéc mejidouc Wstisw anadeiknOetai we éna isquri sumplhrwmatiki



ergalebo se mia epoq ipou h paraplhrofirhsh exelbssetai suneq,c kai gbnetai ilo kai
pio polOplokh kai sunep,c ilo kai pio epikBndunh.

1.3 Suneisfor”

1.3.1 Meléth

Kaj ilh th dirkeia thc paroOsac Diplwmatik ¢ ErgasPac, antikePmeno endeleqoOc
melethc apotélesan kurbwc algirijmoi grafhm™twn kai algirijmoi mhganik ¢ m7jhshc.
Epiprisjeta, exetsthke to aparabthto majhmatiki upibajro pou apait jhke tiso gia thn
ulopobhsh exeidikeuménwn kl"sewn iso kai gia th emelbwsh thc mejodologbac, h opoba
stogeOei sth diereOnhsh thc sgéshc metaxO thc egkurithtac miac dhmosPeushc kai tou
tripou di"dos c thc.

1.3.2 Ulopoihjentec Algirijmoi

Sto plabsio thc Diplwmatik ¢ Ergasbac, se sunergasba me touc epiblépontec kajhghtec,
ulopoi jhkan oi akiloujoi algirijmoi:

1. WeisfeilersLehman Subtree Graph Kernel

2. Relaxed WeisfeilersLehman Subtree Kernel

3. i*Unfolding Tree

4. Unfolding Tree Vectors

5. Wasserstein keMeans Algorithm for Unfolding Trees
6. String Tree Encoding

7. Isomorphic Tree Representative

Oi parap™nw algirijmoi parousi"zontai ekten,c sta epimena kef'laia, tiso se ew-
htiki iso kai se ulopoihtiki epbpedo.

1.3.3 Axiolighsh Apotelesm™twn

H an’lush twn peiramatik,n apotelesm™twn katédeixe iti ufbstatai susgeétish metax®
thc egkurithtac thc metadidimenhc plhroforbac kai twn tripwn me touc opobouc aut
diageéetai. Sthn Enithta 6.3 paratbjentai analutik” ta apotelésmata pou proékuyan api
th gr sh diaforetik,n mejodologi,n kai algorBjmwn.

1.4 Di'rjrwsh thc Diplwmatik ¢ Ergasbac

H ergasPa domebtai se éxi kOria kef'laia K'je kef'laio uphreteb énan saf,c kajo-
ismeno stiqo, ,ste 0 anagn,sthc na akoloujeD grammik™ th met"bash api th ewrba sthn
pr'xh kai, telik”, sthn axiolighsh.



Kef'laio 2 Episkipish Tegnologik ¢ St'jmhc Xekin™ me mba analutik episkiph-

sh twn tess“rwn asik,n mejodologi,n éreunac sthn anbgneush yeud,n eid sewn ( gn,sh ,
Ofoc, axiopistba phg ¢, tripo di"doshc ). Gia k’je tegnik parousi"zontai oi kuriiterec
mejodoi, ta pleonekt mata kai ta meionekt mat” touc, kaj,c kai ta meqri s mera anoiqt”

ereunhtik™ ht mata.

Kef'laio 3 Jewrhtiki Upibajro Edrai,nei to majhmatiki kai algorijmiki plabsio
pou apaitebtai gia thn katanihsh thc proteinimenhc mejidou. Perilamb™nei: ( i) asikéc
énnoiec api metrikoOc q,rouc, g,rouc Hilbert kai th gewmetrba Wasserstein , (ii) eme-

li,deic orismoOc kai énnoiec api th ewrba grafhm™twn, kaj,c kai algirijmoi ipwc h
kwdikopobhsh déntrwn an”ptuxhc se dianusmatik morf kaj,c, h isomorfik kanoniko-

pobhsh dentrwn me epigraféc stouc kimbouc kaj,c kai oi Pur nec Grafhm™twn Weisfeilers
Lehman (jii) tic epilegménec tegnikéc mhganik ¢ m’jhshc ( Logistic Regression, Gradient
Boosted Trees k.".) pou axiopoioOntai sta peirmata wc taxinomhtéc wc endi'mesec me-
idoi ( kMeans,kMeans in 1+d, Wasserstein kMeans ) kaj,c epbshc kai oi metrikéc apido-
seic pou grhsimopoOntai kat™ thn peiramatik axiolighsh.

Kef'laio 4 Ulopobhsh Grafojewrhtik ¢ Mejidou Qrhsimopoieb th ewrba pou
parousi“sthke sto prohgoOmeno kef’laio gia na k™nei mPa pl rh perigraf thc arqi-

tektonik ¢ tou sust matoc. Perigr-fei th montelopobhsh tou probl matoc, thn anapa-

“stash twn déntrwn di"doshc wc grifouc, thn tegnik twn pur nwn Weisfeiler Lehman
kai thn genikeuménh ekdogq tou me gr sh sustadopobhshc Wasserstein . Parousi“zontai

kai sugkrbnontai treic parallagéc: asik , aploO pur na kai genikeuménou pur na.

Kef'laio 5 Leptomeéreiec Ulopobhshc Sto kef'laio auti pragmatopoiebtai h tek-
mhrbwsh k,dika. Perigr-fontai analutik® oi doméc dedoménwn,oi exart seic logismikoO,

h org’nwsh klI’sewn kai h diagebrish tegnik,n prokl sewn (meg-loc igkoc dedoménwn,
poluplokithta algorBjmwn, isomorfismic grafhm™twn).

Kef'laio 6 Peiramatik Axiolighsh Sto kef'laio auti parousi“zetai analutik™ h
peiramatik diadikasPa kai ta apotelésmata sta sOnola dedoménwn Twitterl5  kai Twite
terl6 . Axiologebtai h apidosh mejidwn pou kumabnontai api apl” domik™ qarakthristik™,

ipwc h akoloujpa ajm,n, éwc pio sOnjetec tegnikéc asisménec se pur nec grafhm’twn
(WeisfeilersLehman ). H sOgkrish pragmatopoieBtai me gr sh metrik,n ipwc h akrBbeia

kai to F;-score, parégontac mia oloklhrwmeénh an’lush thc apotelesmatikithtac kai thc
upologistik ¢ apodotikithtac k'je proséggishc.

Kef'laio 7 Sumper“smata kai Prooptikéc Sto kef'laio auti sunoybzontai ta asi-

k™ eur mata thc éreunac, me kuriitero iti h apl domik plhroforba (ipwc h akoloujba
ajm_n) upertereD tiso se apidosh iso kai se taqOthta énanti pio sOnjetwn mejidwn. Epi-

pléon, sto kef'laio protebnontai idéec gia mellontik éreuna, ipwc o sunduasmic thc do-

mik ¢ an”lushc me  garakthristik® perieqgoménou kai grhst,n , han™ptuxh  montélwn



1.4 Dirjrwsh thc Diplwmatik ¢ Ergasbac

pragmatikoO grinou kaj,c kai h gr sh statistik,n mejidwn kai tagOterec mejodoi oma-
dopobhshc déntrwn an”ptuxhc me skopi thn mebwsh thc poluplokithtac tou montélou.

Diplwmatik Ergasba






Meroc [

Episkipish Teqgnologik ¢ St"jmhc

gia Anbgneush Yeud,n Eid sewn
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H tageba kai se meg’lo ajmi anexélegkth di"qush plhrofori,n sta koinwnik™ dbktua

egei anag’gei thn Anbqgneush Yeud,n Eid sewn se krbsimo ereunhtiki pedbo. H die-
nc ibliografba, kai idbwc h susthmatik anaskiphsh twn Zhou & Zafarani [1], dia-
qwrbzei tic mejidouc pou grhsimopoioOntai gia thn anBgneush yeud,n eid sewn stic ex ¢

tésseric  kOriec kathgorbec:

1. Méjodoi asisménec sth Gn, sh (knowledgesbased ). EpalhjeOoun thn akrbbeia
twn dhl,sewn antiparab’llontac to perieqimeno twn dhmosieOsewn me axiipistec

“seic gn,shc me autimata sumper"smata gegonitwn.[6, 7]

2. Mejodoi asisménec sto 'Ufoc (stylesbased ). EkmetalleOontai htorik”, lexilo-
gik™ kai yugoglwssik™ garakthristik® keiménou kai eikinac gia na anigneOsoun
paraplanhtik™ motbba graf c asumfwnba keiménou eikinac.[8, 9]

3. Méjodoi asisménec ston tripo Di"doshc (propagation based ). MontelopoioOn
thn ex"plwsh twn eid sewn wc graf mata di"doshc kai axiopoioOn domik™ gronik”
garakthristik™ (p.q. “joc, tagOthta, pur nec grafhm’twn) gia na diakrBnoun tic
yeudebc api tic alhjebc eid seic.[10, 11]

4. Méjodoi asisménec sthn Phg (source based ). AxiologoOn thn axiopistba tou
suggraféa, tou ekdith twn grhst,n pou diadbdoun thn ebBdhsh, axiopoi,ntac meta-
dedoména, istoriki dnmosieOsewn kai domik™ pritupa ston koinwniki grifo.[12, 13]

Sta epimena tm mata exet’zoume analutik™ k“je kathgorba, sunoybzontac tic kuriite-
ec teqnikéc, ta pleonekt mata kai touc periorismoQOc touc, kaj.c kai thn allhlepbdras
touc me efarmogéc egkairhc anbgneushc kai mebwshc paraplhrofirhshc.

2.1 Anbgneush mésw SOgkrishc me Gn_sh

H proséggish pou asbzetaisth  Gn,sh (knowledgesbased ) epigeireb na elégxei thn auje-
ntikithta miac ebdhshc sugkrbnontac ta gegonita pou dhl nontai se aut me gegonita pou
ebnai tekmhriwmena. H diadikasba aut ebnai gnwst sto dhmosiografiki pedbo wc Epa-
| jeush Gegonitwn (factechecking ) kai apotelebtai api dOo asik” st'dia: ( i) exagwg



gn,shc api to kebmeno kai (ii) epal jeush  thc gn,shc se sgésh me mia “sh/grifhma
gn,shc ( knowledgesbase/knowledgesgraph ) [1].To sunoptiki sq ma thc autimathc epa-
| jeushc gegonitoc parousi“zetai sto Sqma 2.1 :

Sqma 2.1: Diadiakasba epal jeushc gegonitoc. [1]

2.1.1 Qeirokbnhtoc 'Eleggoc Gegonitwn

Me eidikoOc ( expertsbased ). O éleggoc dienergePtai api mikréc om"dec uyhl ¢ axiopi-
stbac; istitopoi ipwc  PolitiFact kai GossipCop dhmosieOoun leptomerebc analOseic, oi opo-
Pec grhsimeOoun wc epalhjeuména dedoména @roundstruth ) gia thn ekpaBdeush algorDjmwn
[14, 15]. Pleonékthma apoteleb h uyhl akrbbeia. Parilauta ta asik”™ meionekt mata

ebnai ta akilouja:

~ Periorisménh klimakwsimithta ligw thc an“gkhc gia émpeirouc epalhjeutéc kai
gronobirec diadikasbec.

~ Upyhli leitourgiki kistoc pou prokOptei api touc eidikoOc anjr,pinouc pirouc
kai tic apaithtikec mejodologbec.

~ Adunamba tagePac epexergasPac meg’lwn igkwn dedoménwn se pragmatiki grino.

Me th suneisfor™ twn grhst.n ( crowdesourced ). PlatfirmectOpou  Mechanical Turk
Fiskkit asbzontai sth sullogik nohmosOnh (  collective intelligence ). Pariti epitug-

g noun kalOterh klim*kwsh, p“sqoun api eterogéneia axiopistbac kai gr zoun epblushc

antikrouimenwn apant sewn [16]. WSstiso, epitrépoun leptomer sqoliasmi (st"sh, suna-

Bsjhma) pou mporeb na axiopoihjeb sthn an”lush thc prijeshc.

2.1.2 Autimatoc 'Eleggoc Gegonitwn

H geirokbnhth diadikasba den klimak, netai ston ujmi paragwg c perieqoménou sta
koinwnik™ dbktua. Ta autimata sust mata sundu”zoun Tegnikéc An"kthshc Plhrofori.n,
Epexergasbac Fusik ¢ Gl,ssac kai Mhganik ¢ M"jhshc [1].

Anapar”stash gn,shc. K'je isqurismic metatrépetai se tripléta (Subject, Predicate,
Object) (SPO triple ). 'Ena sOnolo epibebaiwménwn gegonitwn apoteleD thn “sh gn_shc

(knowledge*base gia suntomografba KB). H “sh gn,shc apeikonbzetai wc  grfoc gn,shc

(KG), ipou kimboi ePnai oi ontithtec kai akmeéc apoteloOn tic metaxO touc sgéseic [17].



St’dio A: Exagwg Gegonitwn. H exagwg pragmatopoiebtai ebte api monadik phg

(p.q. Wikipedia, DBpedia ), ebte api pollapléc anoiqtec phgéc (openssource extraction ).

Kat™ th dhmiourgba tou telikoO grfou-gn,shc prépei na antimetwpistoOn poll” pro-

I mata ipwc oi pleonasmob (entity resolution ), h gronik akrbbeia , ta antikrouimena

gegonita, oi anaxiipistec phgéc kai oi ellebyeic . Oi tegnikéc sumpl rwshc grifwn gn,shc

asbzontai kurbwc se treic kathgorbec mejidwn:

~ Montéla lanj"nouswn garakthristik n (latent feature models ), ipwc ta TranskE
kai DistMult ,
~ Mejidoi asisménec se grafo-garakthristik™ (graph featuresbased ), ipwc o al-

girijmoc  Path Ranking ,

” Pijanotik™ montéla (probabilistic graphical models ), ipwc ta Markobian™ Tugaba

Pedba Markov Random Fields MRFs) [17].

St™dio B: Epal jeush Gegonitwn. Gia K'je tripleta (s;p; 0) thc ebdhshc, pragmato-

poioOntai ta akilouja mata:

1.

2.

Entopismic ontot twn : ta (s;0) antistoigbzontai se kimbouc thc “shc gn,shc.

'Elegqoc sgéshc : an up’rgei akm (s;p;0) sth “sh gn,shc, o isqurismic ewrebtai
alhj c.

Mh Oparxh akmc : Se perbptwsh pou h tripléta (s;p;0) den antistoigeD se kamba
up“rqousa akm thc “shc gn she, h egkurithta tou isqurismoO exart’tai api thn
paradog pou uiojetebtai:

" Upijesh kleistoO kismou ( Closedsworld assumption  ): h mh Oparxh thc
sgéshc upodhl nei iti h tripléta ePnai yeud c .

Upijesh anoiktoO kismou ( Openeworld assumption ): h mh Oparxh thc
sgéshc upodhl nei iti h tripléta ebnai “gnwsth kai endeqomeéenwc alhjc yeu-
dc.

Upijesh topik™ kleistoO kismou ( Local closedsworld assumption ): h tri-

pleta ewrebtai yeudc an up'rgoun “llec katagegramménec sgeseic (s; p;oO)
gia to Ddio upokePmeno kai kathgirhma ( T(s;p) > 0), allic garakthrDzetai
“gnwsth [18].

Se peript,seic abebaiithtac, efarmizontai tegnikéc pribleyhc sundésmwn  (link pres
diction ), ipwc shmasiologik eggOthta (semantic proximity ) LinkNBed , gia ektDmh-
sh pijan,n sgésewn metaxO twn ontot twn.



Anoikt” ht mata. Par” th shmantik priodo ston tomea thc autimathc epal jeushc
eid sewn me gr sh gn shc, exakoloujoOn na ufbstantai krbsimec prokl seic pou perio-

Bzoun thn efarmog thc se pragmatik™ perib’llonta. Eidikitera:

" Dunamik enhmeérwsh gr'fwn gn,shc ( dynamic KG ): Oi eid seic qarakthrbzontai
api entonh gronik euaisjhsba, kaj,c epikentr,nontai se prisfata kai mh egkuklo-
paidik™ gegonita. Wc ek toOtou, h statik gn_sh pou parégoun paradosiakéc phgeéc,
ipwc h Wikipedia , sugn” apodeiknOetai anepark c. H dunatithta autimathc pro-
sj khc newn gegonitwn kai afabreshc parwghménhc esfalménhc plhroforbac ebnai
emeli,douc shmasPac gia thn axiopistDa kai th grhsimithta enic sOggronou grfou
gn,shc [1].

Epilog kai apoj keush {polOtimhc} gn,shc : An kai oi sOggronec proseggbseic
epikentr,nontai sth sullog iso to dunatin perissiterwn gegonitwn, h an"gkh gia

egkairo kai apodotiki elegqo apaiteb th gr sh mikriterwn all” pio stogeumenwn

gr'fwn gn,shc. Oi grifoi autob a prépei na perilamb™noun apokleistik™ uyhl ¢

poiithtac kai shmasbac gegonita, epitrépontac taqOterh kai akribésterh sOgkrish

me ta proc epal jeush gegonita [1].

Entopismic elégximwn isqurism,n ( checkeworthy claims ): H autimath ana-
gn. rish twn apospasm™twn enic keiménou pou gr zoun epal jeushc sunist”™ éna
xeqwristi kai en mérei “luto priblhma. H akrib ¢ kai apodotik anbgneush tétoiwn
isqurism_n apoteleb aparabthth prodpijesh gia thn apotelesmatik efarmog me-

idwn autimatou elégqou gegonitwn [1].

Sunoybzontac, h anbgneush yeud,n eid sewn me “sh th gn,sh sundu“zei thn akrbbeia
thc geirokbnhthc dhmosiografik ¢ epal jeushc me thn klim"kwsh pou prosféroun oi
automatopoihménec tegnikéc. Wstiso, h epitug ¢ ulopobhs thc apaiteb thn antimet,pish
poludi“statwn ereunhtik,n prokl sewn, metaxO twn opoPwn sugkatalégontai h dunamik
kataskeu grifwn gn.shc kai h taqOthta epexergasPac, émata ta opoPa paraménoun
antikePmeno energoOc episthmonik ¢ meléthc [1].

2.2 Anbgneush me B’sh to 'Ufoc kai to Periegimeno tou Kei-

menou
H anbgneush yeud,n eid sewn “sei tou Ofouc (stylesbased fakeenews detection )
epikentr netai sthn exagwg plhrofori.n pou aforoOn tic projéseic tou sunt’kth, anigne-

Oontac garakthristik® Ofouc  htorik™ motBba pou sunodeQoun paraplanhtik™ kePDmena,
se antbjesh me tic mejidouc pou asbzontai sth Gn,sh (knowledge+based ) oi opobec elegqoun
th gnhsiithta twn dhlwjéntwn gegonitwn [1].

Orismic 2.1  (‘'Ufoc yeud,n eid sewn [1]) . Wc Ofoc yeud.n eid sewn orbzetai to sOnolo
posotikopoi simwn qarakthristik,n f 2 R pou anaparistoOn epark_c thn plhroforba miac
yeudoOc eBdhshc kai thn diaforopoioOn api tic eid seic me alhjéc periegimeno.



To priblhma diatup,netai wc duadik taxinimhsh . Se k’je ebdhsh N antistoiqgoOme
ena di"nusma garakthristik,n f 2 R. Mésw tou sunilou ekpaBdeushc:

Toan = (O;y0) fO 2R yO 270,19 1=1;:::;n ;

skopic mac ePnai h ekpabdeush enic montélou S : R¥ I f 0;1gpou gia k’je di"nusma
garakthristik,n tou Ofouc tou keiménou antistoigeD thn etikéta y (me0 =true , 1 =fake):

y = s (f):

Oi par"metroi tou montélou prokOptoun api thn elagistopoPhsh kat'llhlhc sun™r-
thshc kistouc (p.g. thc  binary cross entropy L S ; Tyain ).

H epitugba tou montélou exart’tai exart™tai api (a) api thn poiithta twn garakthri-
stik,n f pou kwdikopoioOn to stul thc dhmosPeushc kai () api th ujmistik ikanithta
tou montélou S .

2.2.1 Anapar’stash 'Ufouc ( Style Representation )

H anapar’stash tou Ofouc enic eidhseografikoO “rjrou epitugg netai mésw enic
sunilou posotik,n garakthristik,n. Aut” ta garakthristik® mporoOn na kathgoriopoih-
oOn se dOo kOriec kathgorbec: keimenik™ kai optik™ qgarakthristik”.

Keimenik™ Qarakthristik™

Ta keimenik™ garakthristik™ qwrbzontai se (a) genik™ kai () lanj"nonta garakthri-
stik™.

Genik™ qarakthristik”. Aut™ aforoOn metr simec statistikéc idiithtec tou keiménou
kai diakrbnontai se tésseric asikec om“dec:[8, 9, 19, 20]:

1. Lexik™ qarakthristik™: Statistikec sugnot twn léxewn n-gramm’twn pou upolo-
gbzontai me tegnikéc ipwc BageofsWords (BoW) kai TF IDF .

2. Suntaktik™ garakthristik™: Perilamb™noun tiso hqg" suntaktik™ gnwrbsmata,
ipwc statistikec katanomeéec mer,n tou ligou ( POS tags), iso kai ajOtera suntakii-
k™ gnwrbsmata meésw kaninwn Pijanotik,n Grammatik n Eleujérwn Sumfrazoménwn
(Probabilistic ContextsFree Grammars « PCFG ), kaj,c kai di*forec parallagéc au-
t.n.

3. Qarakthristik™ htorik ¢ dom c: QrhsimopoioOn th Jewrba Rhtorik ¢ Dom ¢
(Rhetorical Structure Theory « RST ) gia thn an’lush twn sgésewn metaxQ prot’sewn
entic tou keimenou, katagr-fontac tic sugnithtec twn diaforetik,n ennoiologik,n
sgésewn. (Sq ma 2.2)

4. Shmasiologik™ kai yugoglwssik™ qarakthristik”™: AntloOntai api ergalePa a-
n“lushc, ipwcto  LIWC, kai “llec yuqoglwssikéc kathgorbec pou perilamb™noun ga-



akthristik™ ipwc sunaisjhmatiki ortbo, upokeimenikithta, poluplokithta, poi-

kilomorfba, kai anagnwsimithta.

Sqma 2.2: Par"deigma an’lushc pritashc me gr sh Jewrbac Rhtorik ¢ Dom c.

H sugnithta mporeb na oristeb kai na upologisteD me treic tripouc. 'Estw éna s,ma
keiménwn €orpus ) C pou periégei p “rjra eid sewn, C = fA1;A2; 11, Apg kai éna sOnolo

k.lp.). Anto xji dhl,nei ton arijmi emfanDsewn tou stoigebou  w; mésa sto “rjro  Aj, tite h

sugnithta} tou wj giato riro  A; mporeb na ebnai:
i

" Apiluth sugnithta fa: orbzetai wc o apilutoc arijmic emfanbsewn tou garakthri-
stikoO wj sto rjro  Aj:
fa = X
" Kanonikopoihménh sugnithta fs: kanonikopoieb thn apiluth sugnithta wc proc to
sunoliki m koc tou “rjrou, ,ste na exaleifieb h epbdrash tou m kouc tou keiménou:

i
X

fS: P_I
i %

" Sgetik sugnithta ( TF IDF ) f,: upologbzei th sugnithta tou garakthristikoQ Wi

sugkritik® me th sugnithta emf nis ¢ tou se oliklhro to sOnolo twn “rjrwn

f=P Inp P
- X Py
17 i=17j
Lanj"nonta qarakthristik™. Ta lanj’nonta garakthristik™ prokOptoun api ensw-
mat,seic ( embeddings ) léxewn prot’sewn (p.g. word2vec , GloVe, Doc2Vec). Tétoiec
enswmat seic sun jwc trofodotoOn montéla aji"c mijhshc, ipwc CNN, LSTM/ GRU Kkai

Transformer , ta opoPa par"goun autimata uyhloO epipédou anaparast’seic pou axio-
poioOntai gia thn taxinimhsh.



Optik™ Qarakthristik™
'Opwc kai sto kePmeno, ta gnwrbsmata eikinac qwrbzontai se (a) geirokPnhta kai ()

lanj"nonta [1].

Qeirokbnhta (handecrafted) gnwrbsmata. Perilamb™noun metrikéc pou upologbzontai
apeujebPac api ta eikonostoigePa, p.q. oxOthta, grwmatik sunoq , poikilDa kai puknithta
sust"dwn . Ta statistik™ garakthristik® pou protebnontai [1] égoun apodeigjeb idiabtera
apotelesmatik™ sthn anbgneush:

" Alloiwmeénou optikoO perieqoménou ( tampered visual content )

~ Paraplanhtik n polumesik, n stoigeBwn ( deceptive multimedia elements )

Lanj'nonta Gnwrbsmata (  Latent Features ). K’je yhfiak eikina anaparbstatai ma-

hmatik™ wc tanust ¢ trbthc t"xhc:

IZRWHC

ipou:
" W;H: oi qwrikéc diast’seic (eOroc/Oyoc se  pixels)
"~ C: o arijmic kanali,n grwmatik ¢ anapar“stashc

C = 1: Asprimaurh Gkrbza KIPmaka ( Grayscale )

C = 3: Qrwmatikic g,roc  RGB (Kikkino-Pr’sino-Mple)

O tanust c eisidou diérgetai api pro-ekpaideumena suneliktik™ dbktua, ipwc VGG-16/19
ResNet. Ta dbktua aut”

ex"goun ierargikéc apeikonbseic mésw diadogik,n strwm™twn sunelbxewn kai sugkéntrw-

shc (convolution / pooling ),

par"goun sumpag dianOsmata garakthristik n e 2 RY pou kwdikopoioOn to optiki

perieqimeno, kai

sullamb”™noun afhrhména shmasiologik™ motbba sq matoc, ufc kai grwmatik c

sOnjeshc.

Oi prokOptousec enswmat, seic (embeddings ) mporoOn sth sunégeia na suggwneujoOn
me keimenik® gnwrDsmata se polutropikéc argitektonikéc, enisqOontac thn akrBbeia twn
taxinomht,n sthn anBgneush paraplanhtikoO perieqoménou pou sunodeQetai api eikinec.

Sunolik™, h apotelesmatikithta thc anBgneushc yeud, n eid sewn mésw an’lushc Ofouc
exart'tai “'mesa api thn epilog twn garakthristik,n aut,n kai thn apotelesmatik en-
swmtws touc sta montéla taxinimhshc pou a parousiastoOn sth sunégeia.



2.2.2 Taxinimhsh 'Ufouc ( Style Classi cation )

H anBgneush sthrizimenh sto Ofoc ulopoiebtai eDte me paradosiakéc  tegnikéc Mhga-

nik c M'jhshc ebte me  aji neurwnik”™ dbktua. Oi méjodoi diaforopoioOntai kurbwc wc
proc (i) ton tripo anapar”stashc twn garakthristik n kai ( i) ton algirijmo ekpabdeushc.

Klasikéc Mejidoi Mhganik ¢ M jhshc

SOmfwna me thn klasik mejodologPa, to “rjro kwdikopoieDtai me geirokPnhta epileg-
meéna gnwrbsmatae lanj"nonta  ht"s p.q. lexilogikéc sugnithtec, POS/ PCFG kaninec,
htorikéc sgéseic kai yugoglwssikoOc debktec. Epoménwec, to priblhma an"getai se duadi-
k taxinimhsh : montelaipwc SVM, Random Forest kai XGBoost eqoun apodeigjeb idiabtera
apotelesmatik”, idbwc itan  mh lanj"nonta  ( ht") gnwrbsmata sundu”zontai api pollapl®
glwssik™ epPpeda [8, 9, 20]. Ta apotelésmata thc meléthc tou [20] upodeiknOoun iti (a) ta
ht™ qarakthristik™ uperéqoun twn lanjanintwn, () h diastrwm™twsh gnwrism™twn elti-
.nei thn epbdosh eénanti monoepipedwn, kai (g) oi kanonikopoihménec sugnithtec lexilogbwn
kai kaninwn PCFG apoteloOn ton pléon diakritiki perigraféa Ofouc, an kai ePnai upolo-
gistik”™ kostobiro.

Mejodoi Baji"c M“jhshc

Stic proseggPseic pou gPnetai gr sh neurwnik, n diktOwn, to keDmeno antistoigbzetai argi-
k™ se enswmat,seic léxewn prot’sewn ( word2vec , GloVe k.".), en, oi eikinec se tanustec
eikonostoigeBbwn. Oi enswmat seic diérgontai api dbktua  CNN (p.. Text CNN , VGG-19),
RNN (LSTM, GRU), Transformer , par"gontac lanj'nonta optiko-keimenik™ dianOsmata
ta opoPa sunen nontai kai taxinomoOntai mésw miac sunrthshc ~ softmax . Aut h genik dia-
dikasBa mporeb na epektajeb me pio sOnjetec argitektonikéc pou eis"goun exeidikeuménouc
mhganismoQc gia th eltbwsh thc apidoshc kai thc ermhneusimithtac, ipwc:

~

EANN (Event Adversarial Neural Network) [21]: Mia argitektonik pou enisqQOei

thn poiithta twn garakthristik,n, ex"gontac anaparast™seic pou ebnai anex’rthtec

api to ek’stote gegonic (eventeinvariant ). Apotelebtai api trba mérh: (1) enan
polutropiki exagwgéa qarakthristik.n ( multiemodal feature extractor ) gia kebmeno
kai eikina, (2) enan diaqwrist gegonitwn (  event discriminator ) pou mesw antagw-
nistik c mjhshc (  adversarial learning ) apomon,nei ta anex'rthta api to gegonic
garakthristik™, kai (3) énan teliki anigneut yeud,n eid sewn ( fake news detector ).

SAFE (SimilarityeAware MultieModal Fake News Detection) [22]: Mia polutro-
pik meéjodoc pou esti"zei sthn anbgneush thc asumfwnPac (disagreement ) metaxQ
tou keiménou kai thc eikinac enic “rjrou. Basbzetai sthn parat rhsh iti stic yeu-

debc eid seic emfanDzetai sugn” éna shmasiologiki g"sma metaxO tou keimenikoO kai

tou optikoO perieqomeénou, gia par"deigma, me th gr sh elkustik,n all® ematik”

“sqgetwn eikinwn.



2.2.3 Entopismena Motbba 'Ufouc

Empeirikéc melétec se politik® sOnola dedoménwn [20, 23] &éqoun katadeDxei iti ta yeud
“rjra:

"~ grhsimopoioOn anepBshmigl ssa (uyhl sugnithta aprep,n Iéxewn),
"~ epideiknOoun megalOterh poikilba hm“twn kai eikinwn anaforc,
" ePnai perissitero upokeimenik™/sunaisjhmatik®

" en, oi sunodeutikéc eikinec parousi“zoun uyhliterh eukrbneia kai sunoq , all”
gamhliterh  poikilba .

H susthmatik enswm’twsh twn parap™nw motbbwn se ubridik™ sust mata anaménetai
na elti,sei tiso thn akrbbeia iso kai thn ermhneusimithta twn mejidwn anbgneushc yeud,n
eid sewn.

2.2.4 Suzthsh Anoiktéc Prokl seic

H isqur ex'rthsh twn mejidwn aut,n api to perieqimeno prosférei to pleonékthma
thc égkairhc anbgneushc (early detection ), dhlad prin mia ebdhsh diadojeb eurewc. W-
stiso, aut akrib,c h ex’rthsh apoteleb kai th megalOter touc adunamPa. Oi dhmiourgob
yeud.n eid sewn mporoOn na diamorf soun to Ofoc graf ¢ touc me tétoio tripo ,ste na
parak"'myoun touc anigneutéc, odhg,ntac se éna diarkéc {paignBdi g tac-pontikoO} ( cate
andsmouse game ) [1]. K'je epitugba sthn anbgneush mporeb na dhmiourg sei néec tegnikéc
par"kamyhc.

Epipléon, ta uprqonta eur mata gia ta ufologik®™ motbba ebnai sugn” periorisména
se sugkekriménec ematikéc periogéc (p.q. politik) gl ssec. Gia touc ligouc autoOc, h
mellontik éreuna kalePtai na diex"gei pio oloklhrwmeénec analOseic tou Ofouc se diafo-
etikoOc tomebc, gl ssec kai gronikéc periidouc. Gia thn enBsqush thc anjektikithtac twn
susthm’twn, krbnetai anagkaPoc o sunduasmic thc an’lushc Ofouc me plhroforbec api to
koinwniki plabsio.

2.3 Anbgneush me B"sh thn Axiopistba thc Phg c

H proseggish pou asbzetai sthn phg (  sourcesbased ) apoteleD mia émmesh mejodo
anbgneushc, kaj,c den exet"zei to perieqimeno K'je eBdhshc xeqwrist”, all” axiologeb thn
axiopistba tou oréa thc plhroforbac. Wc {phg } orbzetai o suggraféac, o ekdithc (p.g.
eidhseografikic istotipoc) o gr sthc koinwnik n diktOwn pou diadBdei thn ebdhsh [12].

H logik ebnai iti mia ebdhsh pou proérgetai api anaxiipisth phg ebnai pijanitero na
ebnai yeud c.

An kai aut h méjodoc enegei ton kbnduno na garakthrbsei esfalména mia alhj ebdhsh
wc yeud , ePnai upologistik™ polO apodotik ( e cient ), kaj,c o arijmic twn phg,n ebnai
kat™ polO mikriteroc api ton arijmi twn eid sewn pou par“gontai kajhmerin” [24].



2.3.1 Axiolighsh Suggraféwn kai Ekdot,n

Motbba Omoiogéneiac se Dbktua. '‘Ereunec éqoun debxei iti suggrafebc kai ekditec em-
anbzoun éntonh omoiogeneia homogeneity ) sta dbktu” touc. Gia par"deigma, se dbktua
sunergasPac suggraféwn, oi dhmiourgoB yeud n eid sewn tePnoun na sunerg zontai pol®
pio pukn™ metaxO touc par” me suggrafebc alhj,n eid sewn. Parimoia, se dbktua dia-
moirasmoO perieqoménou (contentesharing networks ) metaxO eidhseografik n istotipwn,
parathroOntai eudi’kritec koinithtec “sei politik ¢ ideologbac kai axiopistDac (p.q. Ku-

Parga mesa, sunwmosiologik™ dbktua, k.Ip.), kajist,ntac th ésh enic kimbou sto gr*fh-

ma isqur éndeixh gia thn axiopistba tou [13].

Automatopoihménh AnBgneush AnepijOmhtou Perieqgoménou ston Isti ( Web Spam ).
H axiopistba enic ekdith ebnai sten™ sundedeménh me thn poiithta tou istotipou tou. E-
poménwec, tegnikéc anBgneushcWeb spam mporoOn na grhsimopoihjoOn gia ton entopismi
anaxiipistwn phg,n. Oi teqnikéc autéc diakrbnontai se mejidouc pou asbzontai:

A

sto periegimeno  (p.g. an’lush sugnot twn Iéxewn),

stouc upersundésmouc (p.g. algirijmoi ipwc oi PageRank kai HITS, an’lush
anwmali,n sth dom tou gr-fou),

sth sumperifor™ twn grhst.n (p-g. an’lush  clickstreams ).

Exwterikob Kat"logoi Axiopistbac. Platfirmec ipwc oi Media Bias/FacteCheck , Newse
Guard kai sust mata ipwc to MediaRank [25] paréqoun axiolog seic gia thn axiopistba

kai thn politik merolhyPa gili"dwn istotipwn. Autéc oi axiolog seic mporoOn na grh-
simopoihjoOn wc dedoména anafor’c ( ground truth ) gia thn ekpaPdeush thn epikOrwsh
algorbjmwn.

2.3.2 Axiolighsh Qrhst,n Koinwnik,n DiktOwn

Kakibouloi Qr stec kai Koinwnik™ Bots . Qi autimatoi logariasmob, gnwstob wc  social
bots, pabzoun dusan’loga meg’lo ilo sth di"dosh paraplhrofirhshc, eqontac grhsi-

mopoihjeD akima kai gia thn prosp’jeia ephreasmoO eklogik,n anametr sewn [26]. E-

ktim“tai iti to 9-15% twn energ,n logariasm. n sto Twitter ePnaibots [27]. Sust mata
ipwc to Botometer tautopoioOn autoOc touc logariasmoOc me uyhl akrbbeia ( AUC 0.95),
analOontac qarakthristik™ api to dbktuo, to profbl, to periegimeno kai ton gronismi twn

anart sewn. 'Eqei apodeigjeD itita  bots diadBdoun yeudebc eid seic polO nwrbc ston kOklo
w ¢ touc, aux"nontac thn pijanithta na gbnoun dhmofilebc ( viral ) [28].

Eulwtoi Kanonikob Qr stec. Péra api touc kakiboulouc gr stec, orisménoi kanoni-

koD gr stec ePnai pio epirrepeDc ( vulnerable ) sthn akoOsia anamet™dosh yeud n eid sewn.
Aut h eualwtithta ephre”zetai api par"gontec ipwc: (i) h koinwnik epirro (p.q.
pisoi “lloi diadbdoun thn ebdhsh) kai (ii) h auto-epirro (p.g. kat™ piso h ebdhsh e-
pibebai,nei tic prodp rqousec pepoij seic tou gr sth - con rmation bias ). H akribc



posotikopobhsh aut,n twn paragintwn paramenei mia shmantik anoikt priklhsh sthn

ereuna.

2.3.3 Suz thsh

H proseggish pou asbzetai sthn phg ebnai exairetik™ klimak,simh kai apotelesma-
tik , eidik™ gia ton geirismi ter’stiou igkou eid sewn. To kOrio meionékthm™ thc ePnai o
kbndunoc esfalménhc taxinimhshc, dhlad h apirriyh miac alhjoOc eBdhshc apl.c kai
mino epeid proérgetai api mia phg pou éqgei garakthristeb istorik™ wc anaxiipisth.
Gia ton ligo auti, h méjodoc aut apodbdei kalOtera itan sundu’zetai me mejidouc pou
asbzontai sto periegimeno ( stylesbased ) kai ta gegonita ( knowledgesbased ).

2.4 Anbgneush me B"sh ton Tripo Di"doshc thc Plhroforbac

H di"dosh (propagation ) miac ebdhshc sta koinwnik™ dbktua apoteleD ploOsia phg
s matoc gia thn anbgneush yeud.n eid sewn, kaj,c to {apotOpwma} thc plhroforbac sto
koinwniki gr'fhma enswmat, nei th sullogik sumperifor” twn grhst,n. Se antidiasto-
| me tic mejidouc pou exet"zoun to perieqimeno, oi tegnikéc pou asbzontai ston tripo
di"doshc ( propagationebased ) esti"zoun stic domeéc di"doshc kai igi sto Bdio to kebmeno.
Oi proseggbseic autéc lamb™noun wc ebsodo ebte (a) déntra di"doshc (news cascades ),

pou apoteloOn thn “mesh anapar“stash thc ex“plwshc thc plhroforDac, ebte () idio-
kataskeuasmenouc gr-fouc (selfede ned graphs ), pou apotup,noun émmesa kai “llec
sgeseic.

2.4.1 Anbgneush mésw Déntrwn Di"doshc

'Ena déntro di"doshc (cascade) ePnai mia dendrik dom T = (V;E) pou apotup,nei
thn ex’plwsh miac ebdhshc, me Bza ton arqiki gr sth kai akméc pou dhl noun tic a-
nametadiseic [12]. Ta déntra aut™ mporoOn na analujoOn “sei hm“twn (hopebased ),
epitrépontac ton upologismi metrik,n ipwc to “joc, to pl'toc kai to mégejoc, “sei
grinou (timesbased ), me metrikéc ipwc h di‘rkeia w c kai h entash ( heat) thc di"doshc
(Sg ma 2.3).

Sg ma 2.3: Déntra di"doshc me B"sei Bhm™twn vs B"sei Qrinou.

Paradosiak™ Montéla Mhganik ¢ Mjhshc. Sto klasiki plabsio, api kje déntro
ex'getai ena di"nusma qarakthristik,n (p.g. meégejoc, “joc, domik iogeneia - struce
tural virality  [29]), to opobo grhsimopoiebtai wc eDsodo se taxinomhtéc ipwec SVM  Random



Forests . Empeirikec melétec [30] eqoun apodebxei iti oi yeudebc eid seic diadbdontai shma-
ntik> grhgoritera, ajOtera kai eurOtera , me apotélesma ta déntra di"dos ¢ touc na

ebnai megalOtera kai pio polOploka api aut™ twn alhj.n eid sewn.

Proseggbseic Baji"c M jhshc. B"sei aut ¢ thc proséggishc, to déentro di"doshc tro-
odotebtai apeujePac se éna neurwniki dbktuo me dendrik dom, ipwc ta Anadromik™
Neurwnik™ DPktua (Recursive Neural Networks « RYNN ) me kimbouc tOpou GRU. Gia pa-
“deigma, to montélo twn Ma et al. [31] majaPnei anadromik™ mia anapar’stash gia k’je
kimbo tou déntrou kai sth sunéqeia grhsimopoieb éna epbpedo sugkéntrwshc megbstou ( maxe
pooling ) gia na par"gei mia sunolik anapar”stash gia oliklhro to dentro, epitugq™no-

ntac uyhl akrbbeia taxinimhshc.

2.4.2 Anbgneush mésw ldiokataskeuasménwn Gr fwn

'‘Otan to pragmatiki déntro di"doshc den ebnai diajéesimo  éloume na enswmat,soume
prisjetec plhroforbec, kataskeu™zoume gr-fouc pou mporeb na ePnai omoiogenebc, etero-

genebc ierargikob.

Omoiogenebc Grfoi. Periéqoun énan tOpo kimbwn kai akm_n. ParadeBgmata apotelo-
On ta dbktua diadot,n (spreader networks ), ipou oi kimboi ePnai gr stec kai oi akméc
dhl.noun sgéseic "akoloOjhshc" ( follow ), kai ta dPktua st'shc  (stance networks ), ipou
oi kimboi ebnai anart seic kai oi akméc dhl noun upost rixh antbjesh. H anbgneush
yeud,n eid sewn se aut” ta dbktua an"getai sun jwc se priblhma taxinimhshc grifwn

se priblhma eltistopobhshc [32].

Eterogenebc Grfoi. Periégoun pollaploOc tOpouc kimbwn (p.g. gr stec, rjra, ek-
ditec) kai akm,n. Auti epitrépei ton sunduasmi plhrofori,n api diaforetikéc phgéc,
ipwc to periegimeno enic “rijrou, h merolhyba tou ekdith kai ta garakthristik™ twn
grhst,n pou to diadBdoun. [1]

lerargik™ DBktua. ApoteloOn epekt’seic twn déntrwn di"doshc, ipou oi kimboi kai oi
akmec organ,nontai se ierargik” epbpeda (p.g. ebdhsh I tweets ! retweets ! apa-
nt seic). Epitrépoun mia pio poluepbpedh an’lush thc di"doshc, sugn™ mésw mejidwn
eltistopobhshc se grfouc [1].

2.4.3 Suzthsh

Oi méjodoi pou asPzontai sth di"dosh ebnai  anjektikéc  sthn epit deush tou Ofouc
graf c, kaj,c axiopoioOn th sullogik sumperifor”. To kOrio meionékthm™ touc, wstiso,
ePnai iti apaitoOn na éqgei dh pragmatopoihjeD éna shmantiki méroc thc di"doshc, Kaji-
st,ntac tec anapotelesmatikéc gia thn égkairh anbgneush  (early detection ).

Mia “llh krBsimh priklhsh ePnai h ex'rthsh api ta dedomena ekpabdeushc . Poll”
montéla eDnai epiblepimena ( supervised ) kai apaitoOn etikétec, imwc ta perissitera sOnola



dedomeénwn den parégoun plhroforbec gia thn {prijesh parapl’nhshc}, thn opoba akrib,c
upotDjetai iti apokalOptoun ta motbba di"doshc.

Téloc, h ereuna egei debxei iti oi yeudebc eid seic me politiki periegimeno diadbdontai
diaforetik™ api autec se “llouc tomebc (p.g. epist mh, tromokratba) [30]. H anak’luyh
perissiterwn tétoiwn diaforetik,n protOpwn kai o sunduasmic mejidwn di"doshc, phg ¢
kai perieqgoménou apoteloOn asikéc kateujOnseic gia th dhmiourgba pio eOrwstwn Kai

ermhneOsimwn susthm™twn.

2.5 SOnoyh & Mellontik 'Ereuna

H prisfath ibliografba epibebai,nei iti kambamemonwmeénh proséggish (gn,sh, Ofoc,
tripoc di"doshc axiopistba phg c) den eparkeb gia thn apotelesmatik antimet,pish
tou ainoménou; Oi pléon apotelesmatikéc IOseic prokOptoun api sunduastikec pro-
seggbseic oi opobec sundu“zoun tekmhriwmena garakthristik® api pollapl® epbpeda
[33, 34, 35]. Par” ta ousiastik™ mata proidou, paraménoun krbsimec ereunhtikéc pro-
kl seic ipwc:

1. Mh-paradosiakéc morféec. Entopismic parwghmenwn merik,c yeud,n eid sewn
apaiteb dunamik™ gr'fhmata gn,shc kai poluepigrafik montelopobhsh [21].

2. 'Egkairh anbgneush. H argik “sh di"doshc diajétei el’gisto koinwniki plabsio;
apaitoOntai sumbatéc diatomeakeéc/diglwssikéc diast’seic Ofouc kai apotelesmati-
kob algirijmoi se {arai"} dedomena [36, 37].

3. Entopismic  checkeworthy  periegoménou. ler'rghsh r'sewn em’twn me uyh-
| eidhseografik axPa kai istorik op se paraplhrofirhsh [38].

4. Diatomeak /diglwssik genbkeush. Susthmatik meléth motbbwn di"doshc se po-
litikéc kai mh ematikec periogéc, pollapléec gl,ssec kai platfirmec [30].

5. Exhghsimithta. Enswm’twsh yugokoinwnik,n ewri.n kai mhqganism ,n prosoq c
gia diafanebc probléeyeic [39, 40].

6. Stogeuménec paremb’seic. Sunduasmic domik ¢ apokop ¢ krbsimwn akm.n me

diaforopoihménh metaqebrish kakiboulwn/eu’lwtwn grhst,n [41].

H diereOnhsh twn parap™nw kateujunt riwn anaménetai na enisqOsei tautigrona axio-
pistba, ermhneusimithta kai dialeitourgikithta twn susthm™twn anbgneushc se dunamik”,

poluglwssik™ perib“llonta uyhl ¢ plhroforiak ¢ o c.






Meroc |I.

Jewrhtiki Meroc

Diplwmatik Ergasba






Kef'laio

Jewrhtiki upibajro

Sto kef'laio auti parousi“zontai analutik™ ila ta ewrhtik” ergaleBa pou égoun

grhsimopoihjeb gia thn an“ptuxh thc ulopobBhshc. EPnai gwrismeéno se treic enithtec:

a) Majhmatiki Upibajro
) Orismob kai Algirijmoi Grafhm™twn
g) Ergaleba Mhganik ¢ M jhshc

To pr,to upokef’laio perilamb™nei ila ta majhmatik™ ergaleba pou ebnai aparabth-
ta gia thn katanihsh thc ulopoPhshc mac. Sto deOtero upokef laio parousi“zontai isoi
orismob kai algirijmoi ebnai apairabthtoi wc ewrhtiki upibajro sthn efarmog mac. Sto
trbto upokef’laio perilamb™nontai orismob kai mejodologbec api ton ki"do thc Mhqgani-
k ¢ M7jhshc kai pou eégoun grhsimopoihjeb sthn ulopobBhshc thc Diplwmatik ¢ Ergasbac
kaj,c kai to pwc ta efarmizoume sthn dik mac ulopoBhsh. Stigoc tou kefalaBou autoO
ebnai mia, iso to dunatin, pio pl rhc ewrhtik emelPwsh twn ennoi,n kai twn ergalebwn
pou grhsimopoioOntai sto Praktiki Méroc.

Diplwmatik Ergasba



3.1 Majhmatiki Upibajro

3.1.1 Metrikob Q,roi

"Metrhse i,ti ePnai metr simo kai k'ne metr simo i,ti den ePnai."
Galileo Galilei

Metrikic g,roc ebnai énac g,roc pou apotelebtai api éna mh keni sOnolo K mazb me
mba sun“rthsh d : K x K 7! R pou orbzei thn apistash metaxO twn stoigePwn tou sunilou
K. Hsunrthsh d(; )giakije x;y;z 2K ikanopoieD tic akiloujec idiithtec:
1. d(x;x)=0
2. d(x;y), Ogiax, y (3.1)
3.d(x;y) =d(y;x)

4. d(x;z) d(xsy)+d(y;z)

3.1.2 Q.roi Hilbert

"Wir missen wissen.Wir werden wissen."
David Hilbert

Mba akoloujPa Xi;X»;Xs;:: se énan metriki gq,ro  (X;d) légetai akoloujpa Cauchy

an gia k'je pragmatiki arijmi r > 0 up'rgei usikic arijmic no tétoioc ,ste gia k'je
n;m>n q:
d(Xn;Xm) <T (3.2)
'Opwc lépoume kai sto Sq ma 3.1, h pr,th eikina apeikonbzei mba akoloujba Cauchy h

opoBa sugklbnei se éna teliki shmebo, en, sthn deQterh eikina, h akoloujPa pou eikonbzetai
den ebnai akoloujpa Cauchy .

Sg ma 3.1: Cauchy and NoneCauchy Sequence.

'Enac metrikic g,roc  (X,d) légetai plrhc  anisqQOei iti to irio kje akoloujPac Cauchy
tou Q ebnai ena shmebo pou an kei sto Q.



'Estw énac q,roc E = K" efodiasménoc me thn prxh tou eswterikoO ginoménou. An
0 g,roc autic ebnai pl rhc wc proc thn metrik pou orbzei to eswteriki ginimeno,tite, o
g,roc (E, h; i) légetai g,roc  Hilbert .

3.1.3 Nirma Frobenius ,Apistash  Wasserstein kai BarOkentra

H nirma Frobenius gia énan pPnaka A, ,, orbzetai wc akoloOjwc:

P P Y%
kak- =  bha; Al = trace@ATA) = jaijJ? (3.3)
i=1 j=1
To eswteriki ginimeno Frobenius metaxO dOo pinkwn A, », B, » 2C" " orbzetai wc:
X
hA; Bif = ajby = Tr AB (3.4)

i
. A LA ! | . ~ s
Gia dOo dianOsmata, x; 2 R","x, 2 R"2, énac pPnakac metafor'c ebnai énac pbnakac

T R"™X2 tetoioc ste:

= X1 (3.5)

h i |
2) 11 ;1 T =Xo
Gia dOo dianOsmataxy 2 R™, x, 2 R"2 kai énan pPnaka kistouc C 2 R"™ "2 pou orbzei to
kistoc metatrop ¢ miac mon“dac "m"zac" miac sunist,sac tou X1 Se mon“da "m°zac" miac
sunist,sac tou xy, h apistash  Wasserstein orbzetai wc ex ¢ [3]:

WElxe 1) = minfC; Tie (3.6)

Sto Sq ma 3.2 Iépoume diaisjhtik” thn usik ermhneba tou megeéjouc autoO. Gia dOo
katanoméc P(x) , Q(y) gia tic opoPec isqOei:
Z Z
P(x)dx = Q(y)dy (3.7)

kai gia mPa sun’rthsh  d(x;y) h opoPa ePnai mia sun“rthsh kistouc metatrop ¢ (sto Sq ma

mac metafor’c) miac mon“dac apito  P(x) 7! Q(y). 'Eqoume mba katanom P(x) kai éloume
na thn metatréyoume se mba katanom Q(y). Gnwrbzontac th sun“rthsh d(x;y) h opoba
ebnai mia sun’rthsh kistouc metatrop ¢ (sto Sq ma mac metafor"c) miac mon“dac api to

P(x) 7! Q(y), h apistash Wasserstein orDzetai wc to el’gisto sunoliki kistoc metatrop ¢

thc katanom ¢ P(x) sth Q(y).



Sg ma 3.2: Fusik ermhneba apistashc Wasserstein:

O eéltistoc pbnakac metafor'c ePnai o pPnakac metafor”c api ton opoBo prokOptei
h apistash Wasserstein kai orbzetai api thn Sgésh 3.6:

Topt = argmirtir ; Cig (3.8)
T

. . . . . A I 1
Mba asik prodpijesh gia na metr soume apistash Wasserstein  metaxO twn X1,X»
ePnai na isqOei iti a éqoun Pdia L1 « nirma, dhlad na isqOei h akiloujh sgésh:

I(Xlkl = I(sz]_ (39)

R |1 | R
Gia éna sOnolo stoigePwnxy ; X»; ;7 Xk 2 R" kai énan pbnaka kistouc C" ", to arOkentro
orbzetai wc [3]:
X
barycenter =argmin  W°(x;; c) (3.10)
¢ iz
Gia par"deigma, sto Sq ma 3.3 eikonbzontai oi katanoméc  X;; N (20; 52) kai h
X, N (50; 92) kai to arOkentro. To arOkentro ePnai mba katanom pou elagistopoieb
to “rjoisma thc apistashc Wasserstein twn katanom.n X;, X,, dedoménou enic pbnaka

kistouc.



Sg ma 3.3: Katanomeéc Xq; X, kai BarOkentro.

3.2 Orismob kai Algirijmoi Grafhm™twn

3.2.1 Basikob Orismob

"Arq sofbac h twn onom“twn epbskeyic"
Swkr’thc

Gia éna grifhma G = (V; E), orbzoume wcV (G) to sOnolo twn koruf,n tou kai wc E(G)
to sOnolo twn akm,n tou.

'Estw éna alf"bhto api n epigrafec S = fly;l; 1,9 Grifhma me Epigrafec , legetai
ena grifhma G = (V(G);E(G);!) ipou () ePnai mba sunrthsh | : V(G) 7!  [2]. 'Etsi, h
sun’rthsh aut antistoigbzei k’je kimbo tou graf matoc G se mba epigraf tou alf*bhtou

S. Mésw aut ¢ thc kwdikopoBhshc égoume mba pio ploOsia anapar’stash tou graf matoc
kaj,c enswmat,noume sto gr'fhma plhroforba pou sqetbzetai me touc kimbouc. Oi kimboi
tou graf matoc kathgoriopoioOntai me “sh tic epigraféc touc, ipou k’je diaforetik
epigraf orbzei mia xeqwrist klI"sh kimbwn tou graf matoc..

Gia éna kateujunimeno déntro T me mba sunektik sunist,sa kai epoméenwc mba Dza,
orbzoume [3] :

1. Thn Bzatou T wc r(T)

2. To sOnolo twn upodéntrwn ta opoPa égoun wc Dza ta paidi” thc Dzac tou déntrou T
wc F(r(T))

Gia pardeigma, gia to déntro T tou Sq matoc 3.4 to r(T) ePnai o kimbocu;. Ta paidi®
tou r(T) = u; ePnai oi kimboi uy;us. To F(r(T)) gia to sugkekriméno déntro ePnai to sOnolo



pou apotelebtai api ta dOo upodéntra, to prisino kai to mwb, ipou &goun wc Bzec touc
Kimbouc u,;us. Sto sugkekriméno dentro, to alf’bhto ebnai to = f1;2; 3gkai oi epigraféc
twn Kimbwn uq;u;uz ePnail(uy) = 1, I(up) = 2, I(uz) = 3.

Sgma 3.4: Rbza(T) = uy B 1F(r(T))[2]

Gia par"deigma, gia to déntro T tou Sq matoc 3.4 to r(T) ePnai o kimbocu;. Ta paidi®
tou r(T) = u; ePnai oi kimboi u,;us. To F(r(T)) gia to sugkekriméno déntro ePnai to sOnolo
pou apotelebtai api ta dOo upodéntra, to prsino kai to mwb, ipou égoun wc DBzec touc
kimbouc u,;us. Sto sugkekriméno déntro, to alf"bhto ePbnai to = f1;2; 3gkai oi epigraféc
twn kimbwn uq;u;;uz ebnail(uy) = 1, I(uz) = 2, I(uz) = 3.

Sgma 3.5: Grifhma G kai eéna i-Déntro An"ptuxhc.

O tupikic orismic tou Déntrou An“ptuxhc dPbnetai api thn akiloujh anadromik sgésh
[42]:

8
3 Tree(u) ;i=0

T (Gu) =3 Tree(u;T! 1(G:N(u)) :i> 0

(3.11)

ipou Tree(u) ePnai éna déntro pou perilamb™nei mino ton kimbo u me thn epigraf tou,
kai Tree(u;T' *(G;N(u))) ebnai éna déntro me Bza ton kimbou, sto opobDo sundéontai ta



upodéntra Tree(v;T' 1(G;v)), mev 2 Neighbour (u), kai perilamb“noun tic epigraféc pou
eqoun oi kimboi sto grfhma  G.

Ta déntra an“ptuxhc ston algirijmo Weisfeiler Lehman éqoun ousi,dh ilo kaj,c
ipwc a doOme analutikitera sto Kef'laio 3.2.4, kat™ th diadikasba metatrop ¢ enic
graf matoc se mPa dianusmatik anaparstash, k’je sunist sa tou dianOsmatoc gara-
kthristik,n pou prokOptei apoteleD éna sugkekriméno déntro an”ptuxhc [3].

3.2.2 Kwdikopobhsh Déntrwn me gr sh Sumboloseir,n

Dedomenhc miac sullog ¢ dentrwn me epigraféc stouc kimbouc, epidi koume thn ka-
taskeu enic sunilou déntrwn me epigraféc tetoiou ste k'je eOgoc stoigePwn se auti
to sOnolo na ePnai isomorfik™. H asik idéa ePnai na metasghmatDsoume ta déntra se mia
eniaba anapar’stash, ,ste na mporoOme na elégxoume gr gora an dOo déntra eDnai isomor-
ik™. 'Enac asikic endi"mesoc algirijmoc ePnai o Algirijmoc Kwdikopobshc Dentrwn
me epigraféc me gr sh Sumboloseir,n ,0 opoboc lambnei éna gr'fhma me epigraféc
kai to antistobgizei se k"poia sumboloseir”.

Sq ma 3.6: BFS Di"sqish Déntrou

Basik Idea tou Algorbjmou

1. Enopobhsh Isomorfik,n Déentrwn: Xekin"me api éna sOnolo déntrwn T me epi-
graféc kai epidi_koume na anagnwrbsoume poia ePnai isomorfik™ metaxO touc. K'je
isomorfiki sOnolo déntrwn mporeD na anaparastajeD api énan koini antipriswpo
(éna {pritupo} déntro). 'Etsi, diagwrDzoume to sOnolo T se anex’rthta uposOnola

Ty, Ty :::; Tk, ipou Kje dOo stoigeDa api k™poio api ta sOnola T; ebnai isomorfi-
K.
2. Metatrop se Monadiki Antipriswpo: DOo isomorfik™ déntra metatrépontai se

enan koini antipriswpo; etsi, o antipriswpoc autic antistoiqgeb se mia kl"sh isomor-
ismoQ. Ton algirijmo gia to pwc leitourge autito ma a to doOme analutikitera
sto Keflaio 3.2.3 pou afor” ton Isomorfismi Déntrwn me epigraféc stouc kimbouc.



3. Kwdikopobhsh mésw BFS se Sumboloseir”: AfoO epiléxoume ton antipriswpo
thc kI"shc IsomorfismoO, metatrépoume th dom tou se sumboloseir”. H kwdikopo-
Phsh pragmatopoiebtai diasqbzontac to dentro kat”™ epPbpeda ( BFS traversal ), arister”
proc ta dexi”, ipwc sto Sq ma 3.6. Me auti ton tripo égoume se mba sumbolosei-
" apojhkeuménh thn topologba tou déntrou mazb me thn plhroforba pou éroun oi
kimboi.

4. 'Elegqoc Isomorfbac meésw Sumboloseir,n: DOo déntra ePnai isomorfik™ an, met®
th metatrop touc stic antbstoigec sumboloseirec oi sumboloseiréc autec tautbzontai.
Tupik DiatOpwsh:
Dedomeénou enic sunilou Dentrwn me epigrafec T, orbzoume:

“f(): T !T miasun'rthsh pou antistoigeD k’je déntro ston {antipriswpo} thc
kl"shc isomorfismoO tou.

Ts():T! mia sun’rthsh pou antistoigeb k’je déntro me epigraféc stouc kimbouc
tou se mia sumboloseir”.

B’sei aut,n twn orism,n, dOo déntra T,T' ebnai isomorfik™ an:

s(f(T)) = s(f (T9) (3.12)
H aparabthth plhroforba ison afor” thn dom tou déntrou ebnai :

1. H dom tou déntrou, dhlad h arBjmhsh twn kimbwn kai pwc oi kimboi sundéontai

metaxO touc.
2. Oi epigrafec pou eroun oi kimboi.

'Etsi, gia na kwdikopoi soume ilh th apaitoOmenh plhroforba thn opoPa perilamb™nei éna
déntro, akoloujoOme thn mejodologba pou anaféroume ston Algirijmo 3.1.

Gia na antistoigbsoume dOo isomorfik™ déntra sthn Bdia sumboloseir’, eDnai shmantiki
oi kimboi na ePnai arijmhmeénoi api arister” proc ta dexPa kai api th Bza proc ta Olla.
'Etsi, k'je sumboloseir” antiproswpeQei éna sOnolo déntrwn pou eBPnai isomorfik™ metaxO
touc.

Sto Sq ma 3.7 lepoume thn tim thc sumboloseir"c thc kwdikopobhshc gia eéna sugke-
kriméno déntro me epigraféec T.



Algorijmoc  3.1: Kwdikopobhsh Déntrou me epigraféc stouc Kimbouc me gr sh Sumboloseir,n

EDsodoc: Deéntro T me epigraféc p"nw stouc kimbouc 2 f1;2;3;:::;ng
'Exodoc: Sumboloseir” sthn opoba perilamb~netai ilh h plhroforba gia thn dom tou
déntrou T
treeStrEnc =
for u 2 V(T) do
if outDegree (u), O then
nodeChildren =fv 2V(T)j(u;v) 2 E(T)g
nodeChldStr ="
for nodeChild 2 nodeChildren do
nodeChldStr = nodeChldStr + (nodeChild; label (nodeChild )) + "#”

”

end for
Di"graye to teleutabo garakt ra api to nodeChldStr
nodeChldStr = (u;label (u)) +” > " + nodeChldStr
treeStrEnc = treeStrEnc + nodeChldStr +":”
end if
end for
Di"graye to teleutabo qarakt ra api to treeStrEnc

Epéstreye th metablht treeStrEnc

Sqg ma 3.7: KwdikopobBhsh Déntrou T me gr sh Sumboloseir,n.

O algirijmoc  Kwdikopobhshc Déntrou me epigraféc stouc Kimbouc me qr sh
Sumboloseir,n egei wc stigo na metatréyei th dom enic déentrou T se mia monadik
sumboloseir” pou perilamb™nei ilec tic plhroforbec gia th dom Kkai tic epigraféc twn
kimbwn tou. AkoloujoOn analutik® ta mata tou:

1. Argikopobhsh: Dhmiourgebtai mia ken sumboloseir™ treeStrEnc h opoba a periegei



to apotélesma thc kwdikopobhshc.

2. Di'sqish Kimbwn: O algirijmoc epanalamb’nei ta parak™tw gia k'je kimbo u tou

déntrou:

(ap) Eléggetai an o kimboc u éqei paidi”, dhlad an to outDegree (u) , O.

(b) An o kimboc u éeqgei paidi”:

Dhmiourgebtai éna sOnolo nodeChildren pou perilamb™nei ilouc touc kim-
ouc Vv pou ePnai paidi”~ tou u (dhlad gia touc opoPouc isqOei  (u;v) 2 E(T)).

. Dhmiourgebtai mia ken sumboloseir™ nodeChldStr gia thn proswrin apo-

keush twn plhrofori,n twn paidi,n tou kimbou u.

Gia k'je paidb nodeChild tou u, prostbjetai sth sumboloseir nodeChldStr
to eOgoc (nodeChild; label (nodeChild )), akoloujoOmeno api to garakt ra
.

iv . Diagr-fetai o teleutaboc garakt rac " #" api th sumboloseir” nodeChldStr .
v . Sth sunéqgeia, prostbjetai h plhroforba tou kimbou u (dhlad to eOgoc
(u; label (u))) sthn argq thc  nodeChldStr .
vi . Teloc, prostbjetai h  nodeChldStr sth sunolik sumboloseir” treeStrEnc ,
diagwrizimenh me ton garaktra ..
3. Telik Epexergasba: Met” thn olokl rwsh thc di"sqishc ilwn twn kimbwn, dia-
gr-fetai o teleutaboc qarakt rac . api th sumboloseir” treeStrEnc .
4. Epistrof Apotelésmatoc: H telik sumboloseir” treeStrEnc epistréfetai wc
apotelesma.

Me th diadikasPa aut, @goume apojhkeOsei ilh thn apaitoOmenh plhroforba se mba

sumboloseir”, k’nontac étsi taqOtero ton algirijmo dhmiourgBac enic sunilou déntrwn

tetoiwn ,ste dOo opoiad pote stoigePa tou na mhn ePnai ismorfik™ metaxO touc.

3.2.3 Isomorfismic Déntrwn

Sthn efarmog mac prokOptei to ex ¢ priblhma. 'Eqoume mia sullog déntrwn me

epigraféc kai eloume na roOme éna emeli,dec sOnolo tétoio ste dOo opoiad pote

stoigePa tou na ebnai mh isomorfik® metaxO touc. Gi' auti ePnai shmantiki na roOme mba

diadikasPa meésw thc opoPac na exet’zoume an dOo Déntra me epigraféc ePnai isomorfik™.

Auti to epitugg"noume me ton algirijmo pou parousi’zoume se auti to kef’laio.

Tupik DiatOpwsh Probl matoc

'Estw dentro T me epigraféc stouc kimbouc pou an koun sto alf’bhto S = f1;2;:::;n4g

O stigoc ebnai na tropopoihjeb to déntro auti kai na metasghmatisteb se mba monadik



morf  TO'Etsi, “sei autc thc mejidou gia dOo isomorfik™ déntra T, kai T, met” thn
efarmog thc aut ¢ thc diadikasbac na isqQei:

T2=TJ

H diadikasba perilamb™nei thn exBswsh twn aj,n, thn taxinimhsh kimbwn kai thn kwdiko-
pobhsh mésw sumboloseir,n, me skopi th dhmiourgba enic monadikoO antipros,pou Togia
k'je kI’sh isomorfismoO.

Tupikic Orismic IsomorfismoO

DOo graf mata G1,G, ePnaiisomorfik®  an isqOoun ta akilouja:
1. V(G1)j = V(Gy)j
2. JE(G1)] = JE(G2)j

3. UpTrgei sun“rthsh  f :V(Gy)! V(G,), tetoia ,ste:
8e = (uj;uj) 2E(Gy))  (f(ui):f (u))) 2 E(Gz)

O orismic pou d,same parap’nw ePnai o genikic orismic isomorfismoO dOo grafh-
m“twn. Wstisw, se perbptwsh pou égoume Graf mata me epigraféc up“rgei san epipléon
proupijesh oi dOo kimboi ui; f (uj) twn grafhm™twn G;; G, na éqoun thn Bdia epigraf ,
dhlad na isqOei:

I(ui) = 1(f (ui))

Basik Idea tou Algorbjmou

O algirijmoc upologismoO tou antipros,pou miac kI"shc isomorfik.n déntrwn me
epigraféc metatrépei éna déntro T me epigraféc stouc kimbouc se mia monadik kanoniko-
poihménh morf TO H kanonikopoihménh morf diasfalbzei iti opoiad pote dOo isomor-
ik déentra  Tq; T, antistoigbzontai sto Bdio déntro T® Ta asik® mata tou algorbjmou
ebnaitaexc:

1. ExDswsh twn Baj,n : Ta Olla me diaforetik® “jh apoktoOn to Pdio “joc mésw
prosj khc kimbwn me epigraf 0 sta Olla pou den égoun meégisto “joc sto grfh-

ma. (Sq ma 3.9)

2. Taxinimhsh Kimbwn : Oi kimboi me koini gonéa taxinomoOntai me “sh tic epigraféc
touc (Sq ma 3.8).

3. Kwdikopobhsh Upodéntrwn : Ta upodéntra sta dOo teleutaba epPpeda metatrépo-
ntai se sumboloseiréc. (Sq ma 3.12)

4. SOmptuxh Upodéntrwn : Ta dQo teleutaba epPpeda tou déntrou antikajbstantai api
énan kimbo, tou opoPou h epigraf prokOptei api thn kwdikopoBhsh. (Sq mata 3.13
,3.14)



5. Afabresh Bohjhtik,n Kimbwn : Oi kimboi me epigraf 0 afairoOntai, af nontac
mino th dom Kai tic epigraféc pou perigr~foun to déntro.

Sg ma 3.8: Taxinimhsh kimbwn me koini gonéa “sei twn epigraf,n

Algorijmoc  3.2: Upologismic Antipriswpou Kl shc Isomorfik,n Déntrwn

'Exodoc: Isomorphic Tree Representative T
*MaxTreeDepth = Maximum distance between the root and the leaves
*Add to leaves nodes whose distance is leafDist < MaxTreeDepth path with nodes with
label 0 and size = MaxTreeDeptheleafDist
while treeDepth 2 do
*Sort leaves of T which have the same parent according to their labels.
*SubtreeStrs = Last Two Level Subtree Strings.
*MaxTreeLabel = Maximum Label of the tree T.
*Sort SubtreeStrs and create a physical enumaration of these strings begining the
enumaration with beggining value MaxTreeLabel + 1
*Replace each subtree of the last two levels with one node and label that is de ned
from the previous step.
end while
*Sort all Leaves of the tree T.
while treeDepth , MaxTreeDepth do
*Replace each node whose label didn't exist initial with its equivalent subtree.
end while
*Delete nodes with zero labels.
*Return the isomorphic tree representative T.




An’lush Bhm“twn tou Algorbjmou

B ma 1: Upologismic Mégistou B7jouc To mégisto “joc  MaxTreeDepth orbzetai wc
h megalOterh apistash api th Bza méqri opoiod pote Ollo. Aut h plhroforBa grhsi-
mopoiePtai gia thn exDswsh twn aj.n twn Ollwn.

B ma 2: ExPswsh Baj,n FOllwn Prostbjentai kimboi me epigraf 0 sta Olla pou
eqgoun “joc mikritero api MaxTreeDepth , steilata Olla na apokt soun to Bdio “joc
ipwc abnetai sto Sqma 3.9. To ma auti ePnai aparabthto giatb mac mei,nei shmantik™
ton apaitoOmeno grino gia thn an’lush ilwn twn epimérouc peript,sewn.

B ma 3: Taxinimhsh Kimbwn Oi kimboi me koini gonéa taxinomoOntai me “sh tic epi-
graféc touc, diasfalbzontac stajer seir” anex'rthta api thn arqgik dom ipwc |époume
sto Sq ma 3.9.

B ma 4: Kwdikopobhsh Upodéntrwn Ta upodéntra sta dOo teleutaba epPpeda meta-
trépontai se sumboloseiréc, oi opobec perigr-foun th dom Kkai tic epigraféc twn kimbwn.
Api ta Sq mata 3.12 kai 3.13 lépoume pwc kwdikopoioOntai ta upodéntra se sumbolo-

seirec.

B ma 5: Lexikografik Taxinimhsh Sumboloseir,n Oi sumboloseiréc taxinomoOntai
lexikografik”, kai se k'je sumboloseir” antistoigbzetai mia néa epigraf , xekin ntac api
MaxTreeLabel + 1. Sto Sq ma 3.13 lepoume pwc egei gbnei h Lexikografik Taxinimhsh
twn sumboloseir,n pou proékuyan api to prongoOmeno ma.

B ma 6: SOmptuxh Upodéntrwn Ta upodéntra antikajbstantai api énan kimbo me thn
antbstoigh néa epigraf , mei,nontac to “joc tou déentrou. Sto Sq ma 3.14 lépoume se
antistoigeb o néoc kimboc kai pwc éna upodéntro kwdikopoi jhke ston arijmi thc néac
epigraf c.

B ma 7: Epanalhptik Kanonikopobhsh H diadikasba epanalamb™netai éwc itou to
déntro apokt sei “joc 1. 'Otan to déntro égei mino dOo epPpeda, taxinomoOme ta paidi®
tou r(T). Sth sunéqeia k'noume "xedPplwsh" tou déntrou, antikajist,ntac k“je kimbo pou
egei k“poia epigraf li me to upodéntro sto opoba antistoigeb aut h epigraf .

B ma 8: Afabresh Bohjhtik,n Kimbwn Oi kimboi me epigraf 0 pou prostéjhkan
kat™ thn exDswsh twn aj,n afairoOntai, af nontac mino to arqiki tm ma tou déntrou.

B ma 9: Epistrof Apotelésmatoc To apotélesma ebnai h kanonikopoihménh morf
T%h opoba ebnai monadik gia k'je kI"sh isomorfik,n déntrwn.

Meésw autoO tou algorBjmou k™noume to pr,to  ma pou ePnai aparabthto gia apnthsh
sto er,thma an dOo déntra  T1; T, ePnai isomorfik® “sei twn epigraf,n tou. Sth sunéqeia,



Kef'laio 3. Jewrhtiki upibajro

me gr sh thc diadikasbac pou debxame sto Kef'laio 3.2.2 , antistoigbzoume ta metasgh-
matisméena déntra se sumboloseiréc kai tic sugkrbnoume. An ebnai bdiec, ta arqik™ déntra
T1; T, ebPnai isomorfik”, diaforetik™ den ebnai.

Sqgma 3.9: Isoby ¢ metatrop dentrou

Sgma 3.10: Taxinimhsh Ollwn “sei epigraf c.

Diplwmatik Ergasba



Sg ma 3.11: Ditrexh kKimbwn upodéentrwn gia sumpbesh.

Sg ma 3.12:  Antistobgish upodéntrwn se sumboloseiréc.

Sqg ma 3.13:  Sumpbesh upodéntrwn.

Apideixh orjithtac : Sto teleutabo ma tou algorbjmou prin xekin sei h diadikasba
thc xedBplwshc tou déntrou,ipou prokOptei éna déntro me dOo epPpeda kai ta Olla ePnai
taxinomhmeéna “sei thc epigraf ¢ touc, k’je kimboc antistoiqeb se ena upodéntro. Oi kim-
oi ebnai taxinomhmeénoi lexikografik™. 'Etsi, gia eéna dentro T me F(r(T)) = fTy; T2 55 Tho
up’rgei sun’rthsh f(): T 7' N h opoba pabrnei éna déntro me epigrafec kai to anti-
stoigbzei se énan usiki arijmi mésw thc opobac orbzetai di'taxh metaxO twn stoigePwn tou
sunilou F(r(T)). Htim thc sun“rthshc  f(T;) antistoigeD sth tim thc epigraf ¢ tou kim-
ou pou anaparast” to upodéntro Ti. 'Etsi, gia dOo déntra Ti;Tj mei <j, f(T;) f(T)).



Sg ma 3.14: Antikat"stash upodéntrou me énan kimbo.

'Otan isqOei iti  f(T;) = f(T;) auti shmabnei pwc ta upodéntra T;; T; ePnai isomorfik”, kai
epoménwc h antallag twn ésewn touc den ephrre”zei thn telik morf tou prokOptontoc
déntrou T '. Diaforetik™, to déntro T, ePnai lexikografik™ mikritero api to T; (Sq ma 3.15).

Sg ma 3.15:  Anadi“taxh upodéntrwn me gr sh Lexikografik ¢ Taxinimhshc epigraf n.

3.2.4 Pur nec Grafhm™twn

"Whether you can observe a thing or not
depends on the theory which you use."
Albert Einstein

Kat™ thn ulopoBhsh tou asikoO mac algorBjmou, sugn” apaitebtai h sugkritik axio-
lighsh kai taxinimhsh grafhm™twn pou apoteloOn ta dedoména eisidou. Gia na petOgoume
aut thn taxinimhsh, pr.ta metatrépoume ta graf mata se dianusmatikéc anaparast’seic,
.ste na mporoOn na grhsimopoihjoOn api montéla Mhganik ¢ Mjhshc [2]. Se auti to
st’dio, eis"goume touc  Pur nec Grafhm™twn (Graph Kernels ), oi opoboi grhsimopoio-
Ontai wc algirijmoc sthn ulopoBhs mac gia thn antistoDqish twn graf mata se dianOsmata
garakthristik,n.



Orismic

Oi Pur nec Grafhm™twn ePnai sunart seic pou upologbzoun to eswteriki ginimeno twn
dianusmatik,n anaparast’sewn dOo grafhm™twn. Me autin ton tripo, mporoOme na me-
tr soume ton ajmi omoiitht’c touc. 'Estw éna sOnolo grafhm™twn me epigraféc stouc
kimbouc:

= fGjc=(MEI())g

kai dOo grafmata  Gi;G, 2 . 'Estw epPshc énac q.,roc QPImpert H kai mBPa sun’rthsh
' I' H pou apeikonbzei k'je gr'fhma se éna shmebo thc H. Tite énac Pur nac
Grafhm™wn Kk : I R orbzetai wc:

k(G1;G2) = hH (G1);' (Go)in;

ipou htim tou k(Gy;G,) ePnai an’logh thc omoiithta twn dOo grafhm“twn [43].

Kathgorbec Pur nwn Grafhm™twn

H epilog tou kat'llhlou Pur na Grafhm™wn exart™tai api th dom kai thn efar-
mog tou probl matoc [43]. Up“rqoun treic emeli,deic kathgorbec [2]:

1. Pur nec Upodéntrwn ( Subtree Kernels ).
2. Pur nec Tugabwn Perip“twn ( Random Walk Kernels ).
3. Pur nec Suntomiterwn Monopati.n ( Shortest Path Kernels ).

Sth dik mac perbptwsh, mac endiaférei h plhroforba twn upodéntrwn enic grfhma-
toc kai gia auti kat'llhloi ebnai oi Pur nec Upodéntrwn, kai sugkekriména o Weisfeilere
Lehman Pur nac Upodéntrwn.
Algirijmoc

Sto Sqma 3.16 parousi“zetai o yeudok,dikac gia mba epan’lhyh tou algorbjmou
WeisfeilereLehman . Parak’tw dbnoume epex ghsh twn hm“twn tou algorbjmou.

Sgma 3.16: Mba epan’lhyh tou algorbjmou  WeisfeilersLehman



B mata tou AlgorBjmou WeisfeilersLehman  Pur na Grafhm™twn
Se k'je epan’lhyh tou WeisfeilersLehman , pragmatopoioOntai ta ex ¢ mata:

1. Upologismic epigraf,n Polusunilwn . Gia k’je kimbo upologbzoume mia sum-
oloseir” pou periéqei thn epigraf tou kimbou kai tic epigraféc twn geitinwn tou,
taxinomhmeénec se aOxousa seir".Gia par"deigma, h epigraf polusunilou pou pro-
kOptei gia to déntro T tou Sq matoc 3.17 gia ton kimbo u; ebnai"1.2.3.4"kaj,c I(uy)
= 1 kai oi epigraféc twn geitonik,n kimbwn tou u; ebnai se taxinomhmeénh seir”

[1;2;3]

2. Dhmiourgba Arbjmhshc Néwn epigraf, n : Oi sumboloseiréc taxinomoOntai lexiko-
grafik™ kai antistoigbzontai se néec akeraiec timéc, xekin ntac thn arbjmhsh api mba
tim megalOterh thc meégisthc epigraf ¢ tou argikoO déntrou. Sto par"deigma tou
Sq matoc 3.17, prokOptoun oi epigraféc Polusunilou gia ilouc touc kimbouc tou
déntrou T pou aPnetai sto Sq ma 3.18 . Sth sunégeia, tic taxinomoOme lexikografik™
kai antistoigbzoume K’je epigraf polusunilou se eénan diadoqgiki usiki arijmi. H
megalOterh tim epigraf ¢ sto déntro T ePnai 4, kai gia auti xekin"ei h antistobgish

twn epigraf,n Polusunilou api thn tim 5.

3. Epanatopojéthsh epigraf,n : Oi kimboi ilwn twn grafhm™twn enhmer,nontai me
tic neéec epigraféc. H diadikasba aut mporeb na epanalhfieb polléc oréc, kajemi”
exet’zontac pio sOnjeta upodéntra. Sto Sqma 3.19 lépoume tic néec epigraféc
twn kimbwn tou déntrou T tou Sq matoc 3.17 grhsimopoi,ntac thn antistobgish pou
prokOptei api th diadikasPa pou aPnetai sto Sq ma 3.16.

Sgma 3.17: Deéntro T me epigraféc stouc kimbouc

Met™ to pérac twn epanal yewn tou algorbjmou, upologbzetai h sugnithta emf nishc
K'je epigraf c gia kK'je grfhma kai etsi dhmiourgebtai to teliki di"nusma garakthri-
stik,n gia kje grifhma. Auti to di"nusma enswmat,netai sto asiki mac algirijmo wc
ebsodoc se énan taxinomht , epitrépontac thn pribleyh thc ki"shc enic néou graf matoc.



Sg ma 3.18: Sumpbesh epigraf.n

Sqma 3.19: Déntro T met” thn ananéwsh twn tim n twn epigraf,n

Sqésh epigraf,n kai Déntrwn An"ptuxhc

Oi epigraféc pou prokOptoun api thn diadikasBa WeisfeilersLehman egoun "mesh su-

sgétish me ta upodéntra ilwn twn grafhmtwn. K’je sunist,sa tou dianOsmatoc gara-
kthristik,n antistoigeP ston arijmi emf nishc enic sugkekriménou déntrou an“ptuxhc [3].
Sthn efarmog mac, oi kimboi mporeD na antiproswpeOoun gr stec se déntra di"doshc miac
dhmosPeushc. Ston kI"do thc ghmePac, oi ghmikéc en, seic a mporoOsan na anaparasta-
oOn me graf mata me epigraféc ipou o k'je kimboc éqei epigraf an’loga me to ghmiki
stoigebo pou anaparast” [2].

'Etsi, €’'n h dom sqetbzetai me k™poia idiithta (p.q. toxikithta miac ghmik ¢ énwshc),

h dianusmatik anapar’stash epitrépei thn ekpabdeush enic montélou taxinimhshc pou,
gia mia néa énwsh, a ektim sei an diajétei aut n thn idiithta, axiopoi,ntac apokleistik™

thn topologik plhroforba pou enswmat jhke sto di"nusma[2].

Me auti ton tripo, oi Pur nec Grafhm™twn parégoun éna apotelesmatiki plabsio gia
thn enswm”twsh thc dom c kai twn epigraf n tou graf matoc se algorbjmouc taxinimhshc
kai “llec analutikec tegnikec, enswmat, nontac pl rwc thn topologik plhroforba ston
asiki algirijmo.



Sto Sq ma 3.21 lepoume kai tupik™ ton algirijmo gia mba epan’lhyh thc diadikasbac
sth perbptwsh pou éqgoume N graf mata. To pl joc twn epanal yewn h exet"zei ilo kai

megalOtera se “joc Déntra An"ptuxhc.

Sgma 3.20: Algirijmoc WL gia 1 epan’lhyh se N graf mata

Sto Sq ma 3.21 Iépoume sugkentrwmeéna ena praktiki par"deigma tou pwec leitourgeb
o algirijmoc gia dOo graf mata me epigraféc G, G' gia dOo epanal yeic kai pwc mésw
autoO lamb™noume ta dianOsmata garakthristik,n.

Sqg ma 3.21: Upologismic dianusm“twn garakthristik,n mésw tou algorbjmou Weisfeiler-
Lehman

Par"deigma

Oi epigraféc stouc kimbouc twn grafhm™twn paréqoun prisjeth plhroforba sqetik”
me touc kimbouc. Gia par"deigma, sto Sq ma 3.22, me th gr sh antistoigbsewn ghmik.n
stoigePwn stouc diadogikoOc usikoOc arijmoOc tou alfab tou S = {1,2,3}, anaparistoOme
ghmikéc en,seic wc Graf mata me epigraféc. Aut h anapar“stash sunteleb sthn exagwg



dianusmatik, n garakthristik,n mésw tou algorbjmou WeisfeilersLehman , pou efarmizetai
gia enan kajorisméno arijmi epanal yewn ( h =1, meh = 0;1). 'Opwc parousi“zetai sto

Sq ma 3.23, gia ta graf mata tou Sq matoc 3.22, upologbzoume ila ta i-Déntra An"ptuxhc
gia i = 0;1 gia ta graf mata aut.

Sg ma 3.22:  Anapar’stash ghmik ,n en ,sewn me gr sh Grafhm™twn me epigraféc



Kef'laio 3. Jewrhtiki upibajro

Sgma 3.23: 0,1 - Dentra An"ptuxhc sta graf mata tou Sq matoc 3.22

Sth sunégeia, dhmiourgoOme mia néa kwdikopobhsh gia ila ta Déntra An"ptuxhc Oyouc
i = 1. TaxinomoOme aut” ta déntra kai touc apodBdoume néec epigraféc, ipwc apeikonbzetai
sto Sq ma 3.24.

Sg ma 3.24: Antistobgish upodéntrwn se epigraféc

Diplwmatik Ergasba



Upologismic Dianusmatik,n Qarakthristik,n

Met™ thn kwdikopobhsh twn upodéntrwn, upologbzoume th sugnithta emf nishc k'je
epigraf ¢ stic dOo epanal yeic tou algorbjmou WeisfeilersLehman . Ta dianOsmata gara-
kthristik,n pou antistoigbzetai k“je ghmik eénwsh upologbzontai wc h sugnithta emf nishc
kajemPac epigraf ¢ stic dOo epanal yeic tou algorbjmou kai isoOntai me:

' (H20) = [2;0;1;2;0;0;1;0]

' (CO)=10;1;1;0;1;0;0;1]

' (C20) =[0;1;2;0;0;1;0;2]
An"lush Omoiithtac Qhmik, n Ousi,n

H omoiithta metaxO twn dom_n twn ghmik.n en sewn axiologeBtai mésw twn apost™sewn
metaxO twn dianusm™twn twn garakthristik n touc. Sugkekriména:

dist (* (H20);' (CO)) >dist (" (CO);"' (CO3))
dist (' (H20);" (CO2)) > dist (' (CO);" (CO2))

Auteéc oi sgéseic upodeiknOoun iti oi doméc twn ousi;n  CO kai CO, ePnai pio imoiec
metaxO touc se sOgkrish me thn H,0O ipwc aPnetai kai sto Sq ma 3.25.

Sg ma 3.25: Dianusmatik anapar”stash twn ghmik n stoigeBwn



3.2.5 Diorjwtik Apistash Déntrwn

H diorjwtik apistash déntrwn ( Tree Edit Distance ) ebnai mia metrik pou kajorbzei
piso imoia ePnai dOo déntra me epigraféc stouc kimbouc. BasPzetai stic akiloujec epitre-
ptéc leitourgbec pou efarmizontai se éna déntro me epigraféc T gia thn metatrop tou se

eéna dentro T"

Metonomasba kimbou: Allag thc epigraf ¢ enic kimbou.

" Eisagwg kimbou: Prosj kh enic néou kimbou sto déntro me mba sugkekriménh
epigraf .

" Diagraf kimbou: Afabresh enic kimbou api to déntro me mba sugkekrimenh epi-
graf .

H apistash orbzetai wc to el"qisto sunoliki kistoc pou apaitebtai gia th metatrop enic
déntrou T se éna “llo déntro T grhsimopoi,ntac tic parap™nw leitourgbec.

Tupik DiatOpwsh

Dosmeénwn dOo déntrwn me epigraféc Tq; T, kai miac sunrthshc kistouc

?  ?1 R, hopoba orbzei to kistoc gia:
" th metatrop enic kimbou me epigraf I, se mia “llh me epigraf lo
~ thn eisagwg enic kimbou me epigraf I, (itan 1, =7?),
~ th diagraf enic kimbou me epigraf I; (itan 1, =7?)

h (I3;1,) orbzetai wc:

8
kistoc metatropc Iy ! Ip; anlg;ly, ?;
(I1;12) = gkistoc eisagwg c  |y; anly =2
~kistoc diagraf ¢ l1; anl, =7 :

H diorjwtik apistash upologbzetai wc to el"gisto kistoc ilwn twn pijan,n akolou-
i,n aut,n twn leitourgi,n gia thn metatrop tou T sto To.

Sto Sq ma 3.26 lepoume ton yeudok,dika gia ton algirijmo Structure & Depth Pree
serving Tree Edit Distance . O algirijmoc lamb™nei wc eBsodo dOo déntra xedBplwshc T, T'
Bbdiou Oyouc me epigraféc kai ton pPnaka kistouc ilwn twn leitourgi,n epexergasDac. Ta

mata tou algorbjmou perigr-fontai akoloOjwec.



Sg ma 3.26: Algirijmoc  SD Tree Edit Distance [3]

Algirijmoc UpologismoO

O algirijmoc upologismoO thc diorjwtik ¢ apistashc déntrwn apotelebtai api ta ex ¢
mata:

1. Upologismic twn sunilwn upodéntrwn: Gia k'je déntro T kai TC upologbzontai

ta sOnola F kai FC ta opoba perieqoun ta upodéntra pou eqoun wc Bza touc ta
paidi” thc Bzac twn T kai TOantDstoiqa. Sto Sq ma 3.27 lepoume p"nw sto sq ma

éna deéntro T kai pwc api auti prokOptei to F(r(T)).

2. ExBbswsh pljouc upodéntrwn: Eis"gontai ken” déntra sta sOnola F kai FY étsi
ste na isqOei jFj = jJFY = deg(r(T)) + deg(r(T9). Sto Sqma 3.28 égoume iti

deg(r(T)) = 2 kai deg(r(T%) = 1. Epeid éloume na isqOei h sqésh  jFj = jFY =

deg(r(T)) + deg(r(TY)) = 3, prosjetoume éna keni déntro sto sOnolo  F(r(T)) (epeid

periégei dh 2 stoigeDa) kai dOo ken” déntra sto  F(r(T9))

3. Upologismic kistouc metatrop ¢ upodéntrwn: To kistoc metatrop ¢ k’je u-
podéntrou f 2 F se k“je upodentro f02 FO upologbzetai “sei thc sun’rthshc
peript,seic ePnai:

(ap) An kai ta dOo upodéntra ebnai ken”, to kistoc ePnai 0.

(p) Anto deOtero upodéntro ePnai keni, to kistoc eDnai to sunoliki kistoc diagraf ¢
ilwn twn kKimbwn tou pr,tou upodéntrou. Sto par“deigma tou Sg matoc 3.29,
to sunoliki kistoc metatrop ¢ tou déntrou T sto keni déntro ebnai:

2;?2)+ (2;?2)+ (3;?2)+ (1;7?).

(gp) An to pr.to upodéntro ebnai keni, to kistoc ebnai to sunoliki kistoc eisagwg ¢
ilwn twn kimbwn tou deOterou upodéntrou. Sto Sq ma 3.30 Iépoume mba tétoia
perbptwsh. To sunoliki kistoc metatrop ¢ tou kenoO déntrou sto teliki déntro
T isoOtai me:

L;?2)+ (2:?)+ (3;?).

. Oi



(dp) An kanéna upodeéentro den ebnai keni epanalamb™netai anadromik™ h Bdia diadi-

kasPa gia ta dOo upodéntra.

4. EOresh elgistou kistouc dimeroOc tairi"smatoc: Me “sh ta upologisména
kisth  j; gia kje eOgoc upodéntrwn  f; 2 F Kai ij2 FO kataskeu“zetai éna dimeréc
grifhma ipwc lépoume sto Sq ma 3.28. Oi koruféc anaparistoOn ta upodéntra
kai oi akmeéc to kistoc metatrop c. H eOresh tou el gistou kistouc dimeroOc tairi-
“smatoc dbnei to éltisto tripo metatrop c.

5. Upologismic sunolikoO kistouc: To sunoliki Kistoc apoteleb to “jroisma twn

akiloujwn kistwn:

(ap) To Kkistoc metatrop c thc epigraf c thc Bzac tou T se aut thc Dzactou TO

(p) To sunoliki kistoc tou el'gistou kistouc dimeroOc tairi'smatoc twn upo-

dentrwn.

Sqma 3.27: Déntro T (p'nw) kai  F(r(T)) (K'tw)

Me “sh to par"deigma tou Sq matoc 3.31, gia na metatreyoume to déntro T me epi-
graféc sto déntro me epigraféc T'.exet't"’zoume an sumférei na diagr'youme to pr'sino
upodéntro kai na metatréyoume to mwb upodéntro sto portokal® an sumféerei na dia-
gryoume to mwb upodéntro kai na metatréyoume to pr'sino upodéntro sto portokalb.

Sthn pr,th perbptwsh, to kistoc upologbzetai wc ex c:

del(green) + Transform(purple ! orange) =3+3 =6



3.2.5 Diorjwtik Apistash Déntrwn

Sqma 3.28: Dimeréc grfhma metatrop ¢ upodéntrwn  F(r(T)) 7! F(r(T9) [3]

Sgma 3.29: Metatrop enic déntrou T sto keni déntro.

Sg ma 3.30: Metatrop enic kenoO déntrou se éna déntro T

Antbstoiga, sth deOterh perbptwsh, to kistoc ePnai:
del(purple) + Transform(green ! orange) =2+2 =4

'Etsi, efiswn oi timéc twn epigraf,n twn iz,n ePnai Ddiec, prokOptei pwc h Diorjwtik
Apistash twn Déntrwn T,T' ebnai 4.

Diplwmatik Ergasba



Sqgma 3.31: Dentra me epigrafec T, T' kai pPnakec kistouc epigraf.n kai upodéntrwn
M;; M¢ antistobqwc. [3]

Efarmogeéc thc Diorjwtik ¢ Apistashc Déntrwn

H diorjwtik apistash déntrwn rbskei efarmog se poll” episthmonik™ pedba, ipwc:
~ Bioplhroforik /Upologistik Biologba: SOgkrish ulogenetik .n déntrwn.

" EpexergasPa Fusik ¢ Gl ssac: SOgkrish suntaktik,n shmasiologik,n déntrwn
prot"sewn (Sq ma 3.32)

" Epexergasba Eikinac: SOgkrish ierargik,n dom,n eikinwn.

" Logismiki:  Metrhsh omoiithtac metaxO phgaBwn keiménwn dom n dedoménwn. Gia
par‘deigma, h anapar“stash keiménwn me déntra twn opoBwn oi kimboi perilam-
“noun léxeic mporeb na debxei omoiithta metaxO dOo keiménwn mésw thc apistashc.

Sg ma 3.32:  Anapar’stash dOo prot’sewn me qr sh déntrwn [4]



3.2.6 Kwdikopobsh Déntrwn An“ptuxhc me Qr sh Dianusm’twn

H kwdikopobhsh Déntrwn An"ptuxhc me gr sh dianusm™wn aposkopeb sthn anapa-
“stash enic déntrou an"ptuxhc me epigrafec T me gr sh enic dianOsmatoc garakthristi-
k,n V(T) [3]. To di"nusma auti apotelebtai api dOo sunist,sec:

" To V,(T), to opoPo anaparist” thn epigraf thc Dzac tou dentrou.

A~

To V¢(T), to opoPo kwdikopoieb th dom kai thn plhroforBa twn upodentrwn.

H diadikasPa aut ePnai gr simh gia thn exagwg garakthristik,n, th sOgkrish kai
thn omadopobhsh déntrwn, kaj,c parégei mia arijmhtik anapar”stash kat’llhlh gia
algorbjmouc mhganik ¢ m“jhshc.

Tupik DiatOpwsh

8
31, ani(r(T) = Ii;
3

-0; allic

8
_ET2r@m)iT 1" Ygi ani 2[q);
-§2d deg((T)); ani =q+1:

me

To V,(T) apoteleD mia monadiaba kwdikopobhsh (one hot encoding ) thc epigraf ¢ thc
Dzac tou déntrou T en, to V.(T) perilamb™nei thn plhroforDa twn upodéntrwn tou T. To
d ebnai 0 meégistoc ajmic thc Bzac ilwn twn déntrwn  T; (d = max(deg((T))) ).



Algirijmoc Kwdikopobhshc Déntrwn An“ptuxhc

Algorijmoc  3.3: Kwdikopobhsh Déntrwn An“ptuxhc me Qr sh Dianusm™twn

1: for Kjedentro T 2fTy;Ty;:::;Tkgdo
2: Upologismic V. (T):
3: DhmiourgoOme to V,(T), éna di"nusma m kouc n + 1, me:

8
_ 21; anl(r(T)) =
' Po; alli,c
Upologismic  V(T):
Upologbzoume ila ta h-Déntra An"ptuxhc tou T.
: DhmiourgoOme usik aparbjmhsh  twn mh isomorfik n  upodéntrwn
(h 1)..... (h 1)
fT" 00T g
7 Gia Kje sunist,;sa  x; tou V¢(T), étoume:

8
- §jfT 2F(r(M)jT T" Ygi ani2]q]
" Pod  degf(T)); ani=q+1
med = max fdeg¢(T))j T 2 Gg.
Epistrefoume to  V(T) = (V,(T); Vc(T)).
9: end for

B mata UpologismoQ thc Kwdikopobhshc

1. Upologismic epigraf c Rbzac : DhmiourgoOme to di"nusma V,(T), me mkoc n + 1.
K'je sunist,sa  x; deBgnei an h epigraf thc Bzac 1(r(T)) isoOtai me I;.

2. Sullog Upodentrwn : Gia ila ta déntra sto sOnolo T =1Ty; Tp;::1; Tegupologbzou-
me to sOnolo U =~ ¥, F(r(T)).

3. Fusik AparbBjmhsh Upodentrwn . DhmiourgoOme mia aparBjmhsh twn mh iso-
morfik.n upodéntrwn sto sOnolo U antistoig,ntac k“je upodéentro se énan usiki
arijmi.

4. Upologismic  V(T): Gia k’je déntro T, to V¢(T) perilamb nei th sugnithta emfni-
shc k’je upodéntrou api to sOnolo U kaj,c kai mia epipléon sunist,sa Xg+1, pou
exasfalDzei thn Bdia L;-nirma gia ila ta dianOsmata  V¢(T;).

5. Epistrof apotelésmatoc . Epistréefoume gia k’je Déntro An"ptuxhc T; thn dia-
nusmatik tou anapar’stash V(T) = (V,(T); Ve(T)).



Sqma 3.33: DOo Déntra An"ptuxhc T kai TO[3].

Par"deigma Ekteleshc

Giatadéentra T kai T° pou parousi’zontai sto Sq ma 3.33:

Vi (T) =[1;0;0;0]; V(T =[1;0;0;0]:

Ta dianOsmata V,(T) kai V,(T% égoun m koc 4, kaj,c to pljoc twn diaforetik n
epigraf,n sta déntra T kai T? ebnai 3. Kje sunist,sa tou dianOsmatoc pabPrnei thn
tim 1 sth ésh pou antistoigeb sthn epigraf thc Bzac tou dentrou kai O stic upiloipec
sunist,sec. Sunep,c, prokOptoun ta dianOsmata:

Vi(T) =[1;0;0;0]; V. (TY =[1;0;0;0];

kaj,c isqOeiiti  1(r(T)) =1(r(TY) = 1.

Sqg ma 3.34: Fusik Aparbjmhsh Upodéntrwn twn T kai TC

SOmfwna me th usik aparDjmhsh pou aPnetai sto Sqma 3.34, ta dianOsmata
Ve(T),Ve(TY twn déntrwn T kai T° orbzontai we ex c:

Ve(T) = [1;1;0;1]; V(T =10;0;1:2]:

H tim Kk'je sunist,sac sta dianOsmata Ve(T) kai V(T antistoigeD ston pl joc twn
upodéntrwn pou rbskontai se k“jena api ta déntra T,T'. Sugkekriména, to déentro T peri-
&gei éna pr'sino upodeéntro kai @éna mwb upodéntro (adxwn arijmic upidentrou 1,2), en, to
déntro TO periégei mino to portokal® upodéntro (aOxwn arijmic upidentrou 3).

H teleutaba sunist,sa k’je dianOsmatoc grhsimopoiebtai wc upoleipimenh tim , ste na

exasfalDzetai h kanonikopobhsh twn dianusm™twn  V(T;). Me autin ton tripo, diasfalDzetai
iti ila ta dianOsmata éqoun thn Bdia  L-nirma.



Shmasba kai Efarmogec

H kwdikopoBhsh enic Déntrou An"ptuxhc T me th gr sh tou dianOsmatoc V(T) éqgei
shmantikéc efarmogéc ipwc:

" Epitrépei th sOgkrish kai th sustadopoPhsh déntrwn an”ptuxhc.

" Qrhsimopoiebtai se algorbjmouc ipwc 0 Generalized WeisfeilersLehman Subtree Kere
nel gia th pio {galar} antimet,pish upodéntrwn pou den ebnai isomorfik™ all®
egoun parimoia dom .

" Meésw thc apistashc  Wasserstein kai tou algorDjmou  Wasserstein K-Méswn, mporo-
Ome na omadopoi soume déntra me mikréc diaforéc. (Sq ma 3.35)

Sg ma 3.35: Qrsh tou AlgorBjmou  Wasserstein K-Méswn se Déntra An"ptuxhc. [3]



3.3 Ergaleba Mhganik ¢ M’jhshc

3.3.1 Logistic Regression

"Data is the new oil."

Clive Humby
H Logistik Palindrimhsh ebnai enac Taxinomht ¢ Mhganik ¢ M“jhshc me Epbble-
yh.O taxinomht c leitourgeb wc ex ¢ égoume éna sOnolo klI’sewn kai mésw enic Sunilou

Dedoménwn Ekpabdeushc ujmbzontai kat'llhla ta “rh tou montélou. 'Epeita k'je antike-
Pmeno tbjetai se mPa api tic up’rqousec kl"seic an“loga me thn tim exidou tou montélou.

Gia to priblhma thc Duadik ¢ Taxinimhshc me qr sh Logistik ¢ Palindrimhshc, an oi
I I
enic stoigeDou x 2 R" pou éloume na taxinom soume se mba klI'sh ¢ 2 f0;1gebnaix =

2.17:

x 1o
z= Wi Xi+b=w’x +h: (3.13)
i=1
Sth sunégeia, grhsimopoioOme thn sigmoeid sun’rthsh (): R 7! (0;1), h opoba
orbzetai wc ex c:

)= —* 3.14

X) = 1+ex (3.14)

kai etontac thn tim Z thc Sqgeshc 3.13 se aut, kai an"loga me to an h tim (z) ebnai
. N 1

mikriterh megalOterh tou 0.5, ektimoOme iti to stoigebo * X an kei sthn KI'sh 0 sthn

KI'sh 1 antistobqwc, ipwc abnetai kai api th Sgésh 3.15.

8
I 20 @ (2)<05
class'(x) = 3 1 @) 05 (3.15)

To s(z) orbzetai wc ex c:

l. 1
(z2) = P(c=1jx) = m (3.16)
Sto Sq ma 3.36 lépoume gia tic timéc  a 2 f1;2;3gthn morf thc kampOlhc (a x).
'Oso megalOterh ePnai h tim tou a tiso pio apitomh ePnai h kiDsh thc kampOlhc gOrw api
ton “xona x = 0 kai epoménwc, gia sugkekriménh tim tou  z dbdetai megalOterh pijanithta
na an kei se mPa api tic dOo ki"seic.
Auti apodeiknOetai wc ex ¢: An ewr soume thn (x;a) = ﬁ, rbskoume thn

kibsh thc eujebac sto shmebo x = 0, kai rBskoume iti:

d (x;a) _a e
da 4= ((Q+e )2 _,

NI

dhlad h kibsh thc eujebac sto shmebo x =0 ebnai an’logh thc paramétrou  a.



Sq ma 3.36:  Sigmoieid ¢ KampOlec gia diaforertikéc timéc Paramétrou a.

Me th metabol thc paramétrou ephre“zetai apokleistik™ h kiDsh thc sigmoeidoOc
sunrthshc. Wstiso, gia thn orizintia metatipish thc kampOlhc apaitebtai h eisagwg
miac parametrou, thc parametrou merolhybac (bias b). H par'metroc b epitrépei thn
orizintia metakbnhsh thc kampOlhc, ipwc parousi“zetai sto Sq ma 3.37.

Gia par"deigma, se efarmogéc anbgneushc ap“thc, an diapist,soume iti h argik tim
thc sun’rthshc den exuphreteD éltista th di‘krish metaxO twn peript,sewn ap’thc kai
mh-ap“thc, h par"metroc b mporeb na prosarmosteb ,ste to irio apifashc na metaferjeb
se shmebo pou eltistopoieb thn akrbbeia twn probléyewn. 'Etsi, h gr sh thc b kajbstatai

krbsimh gia thn epbteuxh eltiwménwn apotelesm™twn se pragmatik™ probl mata taxinimh-
shc.

Sqma 3.37: Sigmoieid ¢ KampOlec gia diaforertikéc timéc Paramétrwn MerolhyPac.



H sun’rthsh kistouc ePnai to “jroisma thc Diastaurwménhc Entropbac (crosseentropy )
ilwn twn dedomenwn ekpabdeushc. Gia éna stoigeDd(x ';y') tou sunilou ekpabdeushc, h tim

thc sun’rthshc  diastaurwménhc entropbac (crosseentropy function ) orbzetai wc:
- Lol [P
Lee(iy)= [y log( (W’ x +b))+(1 y) log(T ‘(w’x +b))] (3.17)
n
'Etsi, gia @na SOnolo Dedoménwn !(x L. yl);!(x 2:y2); 0 (x ™ y™) |, h sun’rthsh kistouc
orbzetai wc:
. X
Cost(iy) = —  Lee(¥:y) (3.18)

i=1
Sto plabsio tou asikoO mac algorBjmou, skopi égoume na taxinom soume dhmosie-

Oseic se dOo kathgorbec frue/false ) grhsimopoi,ntac ta garakthristik™ pou égoun exagjeD

api ta antbstoiga déntra di"dos ¢ touc. AfoO égoume upologbsei mia dianusmatik ana-

par’stash k'je déntrou di"doshc mésw tou Pur na Grafhm™twn WeisfeilereLehman , to

teleutaDo ma tou asikoO algorbjmou mac ePnai na efarmisoume énan taxinomht . Gia to

skopi auti, énan api touc taxinomhtéc pou epilégoume ebnai h Logistik Palindrimhsh,

,ste na ektim soume thn pijanithta miac dhmosbeushc na ebnai yeud ¢ alhj c.

To sunoliki kistoc dbdetai api th Sgésh 3.18. 'Etsi, grhsimopoi, ntac ton Algirijmo
Bajmwt ¢ Kajidou gia thn ekpabdeush tou montélou (pou a parousi"soume sto ke-
“laio 3.3.4), upologbzontai oi par'metroi gia touc opobouc elagistopoiebtai to sunoliki
sf’lma kai epoménwc megistopoiebtai h sunolik akrBbeia tou montelou.

3.3.2 Algirijmoc KeMeans

#Omoioc omobw aeb pelzei.
Pl'twn

Kat" thn ulopoBhsh tou asikoO mac algorbjmou, prokOptei sugn™ h an"gkh na omado-
poi soume dedomeéna se sust’dec, “sei thc eggOthtac twn dianusmatik n anaparast™sewn.
Se auti to shmebo ent’ssetai h gr sh tou Algorbjmou K-Méswn ( KeMeans ), o opoboc ebnai
énac mh epiblepimenoc algirijmoc sustadopobhshc. Lamb nei wc eDsodo éna sOnolo dedo-
ménwn kai énan arijmi sust"dwn K, kai par"gei wc éxodo ta kéntra twn sust"dwn, kaj,c
kai thn an’jesh k'je stoigebou se k“poia api autec.

Sto plabsio tou asikoO algorbjmou, o algirijmoc K-Méswn grhsimopoiebtai sto stdio
ipou eqoume dh exag”gei dianusmatikéc anaparast™seic api ta dedomena (p.q. mésw ga-
akthristik,n pou égoun upologisteD se prongoOmena mata). Me “sh autéc tic anapa-
ast"seic, o algirijmoc autic analamb’nei na sustadopoi sei ta dedoména, ,ste parimoia
antikebmena na katal goun sthn Bdia sust"da, elti,nontac étsi thn org”nwsh kai thn ka-
tanihsh tou sunilou dedomenwn.



Algorijmoc 3.4 : Algirijmoc K-Méswn

'Exodoc: Cluster centroids C = fcy;c,;:::;ckg Cluster assignments A =faj;as;:::;ang
1: Basik™ B mata tou Algorbjmou:
2. Bma 1. Argikopobhsh Epilegoume tugaba K shmeba api to X wc argik™ kentra

3:  DhmiourgoOme énan pPnaka an’jeshc A me kenéc timéc, ipou a; debgnei se poia sust’da
an kei to stoigebo " x;. |

4: B ma 2: An’jesh Stoigebwn se Sust™dec | Gia k’je " xj, upologbzoume thn apistash
d(xi;c;) api k'je kentro  ¢j. Anajétoume to” x; sth sust’da tou eggOterou kéntrou:

a; = arg mind!(xi ;Cj):
i

5. B ma 3: Enhmérwsh Kentrwn Gia K'je sust'da  j, upologbzoume to neo kéntro ¢; wc
to méso ilwn twn stoigePwn pou an koun sth sust™da aut .
6: B ma 4: 'Elegqoc gia SOgklish An ta kéntra den all"zoun shmantik®™ éqgei su-

mplhrwjeb to megisto pl joc epanal yewn, o algirijmoc stamat”.

Sqg ma 3.38:  Yeudok,dikac AlgorBjmou K-Méswn

Yeudok,dikac
An"lush twn Bhm™twn

1. Argikopobhsh: O KeMeans ebnai eénac algirijmoc sustadopobhshc pou grhsimo-
poiebtai itan &loume na omadopoi soume dedoména se omoiogenebc om™dec (sOstadec).
Arqik”, epilegoume tugaba K stoigeba wc kéntra. Aut h tugaba epilog exasfalbzei
diaforetikéc argikéc diamerbseic, ephre”zontac thn telik dom twn sust"dwn.

2. An"jesh Stoigebwn: Qrhsimopoi,ntac th metrik apistashc (p.q. Euklebdeia a-
pistash, apistash Wasserstein ), anajétoume K'je stoigebo sthn plhsiésterh su-
st"da. Auti apoteleb to kurbwc algorijmiki ma ipou oi dianusmatikec anapara-
st"seic axiopoioOntai apeujePac.

3. Enhmeérwsh Kéntrwn: Met" thn an”jesh, upologbzoume to méso twn shmebwn se k'je
sust’da gia na enhmer,soume to kéntro thc. Auti to ma epanalamb’netai se k'je
epan’lhyh, odhg,ntac stadiak™ se pio stajeréc sust™dec.

4. 'Eleggoc SOgklishc: O algirijmoc stamat” itan ta kéntra den metab~llontai shma-
ntik™ itan sumplhrwjeb énac megistoc arijmic epanal yewn. Sto asiki algirij-
mo, auti shmabPnei iti @goume epitOgei mia stajer sustadopobPhsh twn dedoménwn.

Ston Algirijmo  Wasserstein K-Méswn to arOkentro grhsimopoiebtai ipwc grhsimo-
poiebtai to kéntro m°zac gia éna sOnolo stoigePwn pou an koun se mPa sugkekriménh su-
st’da. H diafor” twn dOo algorbjmwn égkeitai sto pwc upologbzoume apost’seic gia thn
eOresh thc sust"dac sthn opoPa an kei to k'je stoigePo tou sunilou kaj,c kai sto pwc



anane noume ta kainoOrgia kéntra thc k'je sust’dac. Sto Sq ma 3.39 Iépoume tic dia-
oréc twn algorbjmwn  K-Méswn kai Wassertein K-Méswn ..

Sg ma 3.39: keMeans vs Wasserstein keMeans

Paradebgmata Ektéleshc

Par"deigma se 2 Diast’seic: Sto Sq ma 3.40 parousi“zetai h leitourgba tou algorbj-
mou K-Méswn K-Meanc gia K = 2 sust"dec kai 3 epanal yeic. Arqik”, epilegontai tugaba
dOo shmeba wc kéntra. Se k’je epan’lhyh:

~ Anajétoume k’je shmebo sth sust’da ekeBnh thc opobac to kéntro ePnai eggQtera.

" Upologbzoume ta néa kéntra k’je sust'dac wc to arOkentro twn shmeBwn pou a-
n koun sthn sugkekriménh sust’da.

'Opwc abnetai kai sto to parak’tw sq maa, met” api 3 epanal yeic, oi sust’dec

stajeropoioOntai.

Sg ma 3.40: Algirijmoc K-Méswn gia 3 epanal yeic kai K =2.



Par"deigma se 1 Di'stash: Se 1-Di"stash, o algirijmoc K-Méswn ( KeMeans ) mporeb
na d,sei mia pio "dbkaih" katanom tim n se sustdec. 'Estw o pPnakac tim n:
[1;5;10;55;453;784;964 ;1043 ;4382 ;7382 ;9013 ]. QwrbckeMeans , mporeD na prokOyei
mia omadopoPhsh pou den antikatoptrDzei pragmatik™ thn eggOthta twn tim .n. An efar-
misoume ton KeMeans meK = 4, prokOptei h ex ¢ diamérish:

ff1;5;10;55;453;784 ;964 ;1043 g f4382 g f7382 g f9013 gg
Ta kéntra twn sust"dwn ePnai:

f414:375;4382 :0; 7382 :0; 9013 :09g

Sg ma 3.41:  Anapar’stash apotelésmatoc AlgorBjmou K-Méswn sth 1-Di“stash met™ api
5 epanal yeickai K = 3.

Se auti to par"deigma, to KeMeans se mba di"stash prosférei mia pio ealistik
omadopoBhsh twn tim n, anadeiknOontac th shmasba thc efarmog ¢ tou algorBjmou se
diaforetikoOc q.rouc qarakthristik.n gia th eltisth org"nwsh twn dedoménwn, sugkri-
tik® me “llec tegnikéc ipwc thn omadopobhsh tim n se logarijmik™ diast mata ( logebin
bucketing [43]).

Ananéwsh twn Kéntrwn

Met" thn argik an”jesh twn shmebwn stic sust™dec , akoloujeb h ananéwsh twn kéntrwn
touc. Aut h ananéwsh ebnai kajoristik gia thn proodeutik eltbwsh thc poiithtac twn
sust™dwn, kaj,c se k’je epan’lhyh ta kéntra prosarmizontai ,ste na antiproswpeOoun
kalOtera ta dedoména pou touc &goun anatejep.



B mata ston Basiki Algirijmo:

1. An’jesh stoigebwn se sustdec: AfoO upologbsoume thn apistash k’je shmebou
api ta up’rqonta kentra, anajetoume k'je shmebo sthn kontiniterh sust™da.

2. Ananéwsh kéntrwn: Me “sh thn an’jesh, epanupologbzoume ta kéntra twn su-
st’dwn. H diadikasba aut eggu’tai iti oi sust"dec a ePnai pio omoiogenebc se k’je
epimenh epan’lhyh.

'Estw iti se mia sugkekriménh epan’lhyh tou algorbjmou K-Méswn egoume upologbsei
ton pbnaka an’jeshc, dhlad gnwrbzoume se poia sust™da an kei k’je stoigeDo. Orbzoume:

I . [P o1
Ly =Tx 2X jdist’(x; ¢) <dist(x;¢c);j, i™i;j 2[K]g
I R
ipou * ¢} ¢; ebnai ta kentra twn sust’dwn i;j antbstoiga, ! ; to sOnolo twn shmebwn pou
an koun sth sust’da |, kai dist (u;v) h Euklebdeia apistash metaxO twn shmeBwn u kai v.

L \ \ | . . ~
O upologismic tou neou kentrou ° ¢; asbzetai sthn elagistopobhsh mbac sun’rthshc
kistouc L;j, h opoba orbzetai wc to “jroisma twn tetrag,nwn twn apost’sewn ilwn twn
1
shmebwn thc sust’dac !  api to kentro * ¢;:

!jX ! GfF =(x1 o)’ +(x2 )+  +(xa Cn)*:

. N I | . - . R
JewroOme to sOnolo ! = !fxl;xz; o ;'xnjgpoulperllamb nei ta stoigeba pou egoun ana-
tejeD sthn kI'sh  j. Jéloume na roOme to shmebo’ ¢j pou elagistopoieb to L.
AnaptOssontac th sun"rthsh kistouc:
L= 'ix ‘gj°= (Xik  Cjk )™
i=1 i=1 k=1

merikéc parag,gouc thc  Lj wc proc cy:

@ Xi X
@—l_ = 2k a)(1)= 2  (xk ck):
F i i=1
Jétontac g—é' = 0, katal goume:
Xi Xi
Xk &)=0 =) njcxk = Xi:
i=1 i=1
‘Ara:

X1k T Xok ¥+ Xpk
c = : —: k 2[n]:
n;




Sunep,c, to kéntro miac sust’dac isoOtai me to shmebo twn opoPwn oi sunist,sec ePnai
oi mésec timéc twn antbstoigwn sunistws,n twn stoigeBPwn pou an koun sth sust'da. H
exagwg aut ebnai emeli,dhc kai grhsimopoiebtai se k'je epan’lhyh tou algorbjmou
K-Méswn kat™ thn ananéwsh twn kéntrwn, odhg,ntac telik® se sOgklish tou algorbjmou

se mia stajer diamerish twn dedoménwn.

3.3.3 Gradient Boosted Trees

"H isqOc en th en,sei."
ADPswpoc

H tegnik twn Gradient Boosted Trees an kei sth kathgorba algorbjmwn enbsqushc
(Boosting ), epitrépontac th dhmiourgPa enic isquroO probleptikoO montélou api éna sOno-
lo apl,n kai sgetik®™ adOnamwn montélwn. Stigoc ePnai, akima ki an k’je epimérouc

na odhgeb se éna teliki montélo me uyhl akrbbeia. Ston asiki mac algirijmo, h méjodoc
twn Gradient Boosted Trees qrhsimopoiebtai sto st’dio ipou epidi,koume th éltisth a-
xiopobhsh miac sullog ¢ apl,n montélwn déntrwn, anabajmbzontac diadoqik™ thn apidos
touc se K’je epan’lhyh. Paraktw Ieépoume ton algirijmo gia thn tegnik aut kai sth
sunéqgeia dbnoume exhgebtai h gr sh kajenic matoc pwc pragmatopoiebtai.

Algorijmoc  3.5: Algirjmoc  Gradient Boosted Trees

EPsodoc: SOnolo dedoménwn(X;Y ), ipou X ePnai ta garakthristik” eisidou kai Y oi epi-
umhtec epigraféc exidou, kaj,c kai arijmic asjen,n montélwn k.
'Exodoc: Teliki montélo M pou sundu”zei ta montéla fMq;Ms;:::; Mggia uyhl akrbbeia.

1: B ma 1: Argikopobhsh Xekin"me me éna apli montélo Mo.

2: Bma 2: Upologismic Upolobpwn Gia K'je debgma, upologbzoume thn apiklish me-
taxO thc problepimenhc tim ¢ tou trégontoc montélou kai thc pragmatik ¢ tim ¢, dh-
miourg,ntac éna di"nusma upolobpwn.

3: B ma 3: Ekpabdeush Néou Déntrou EkpaideOoume éna néo asjenéc montélo déntrou
M; p"nw sta tréqonta upiloipa, epigeir,ntac na elti, soume tic probléyeic ekeb ipou
to tréqon montélo ustereb.

4: B ma 4: Enhmeérwsh tou SunduastikoO Montélou Prosjétoume to néo dentro  M; sto
sunduastiki montélo, anaprosarmizontac tic probléyeic ,ste na mei, netai to sf’'Ima.
5. Bma 5: Epan’lhyh Epanalamb®noume ta mata 2-4 gia k oréc meqri na epi-

teugjeD sOgklish. To teliki montélo ePnai to “jroisma ilwn twn asjen,n montélwn pou
egoun prostejeb diadoqik”.

Epex ghsh twn hm“twn tou Algorbjmou

1. Argikopobhsh : H diadikasba xekin™ api ena apli montélo. Ston asiki algirijmi
mac, auti shmabnei iti prin grhsimopoihjoOn ta Gradient Boosted Treec, éqoume dh
kataskeu’sei éna arqgiki shmebo ekkbnhshc.



2. Upologismic Upolobpwn  : Ta upiloipa ekfr"zoun piso makri” rbskontai oi tréqou-
sec probléyeic tou montélou api tic pragmatikéc timéc. ApoteloOn ton odhgi gia to
p.c a elti; soume to montelo se epimena mata.

3. Ekpabdeush Néou Déntrou : Se kJje epan’lhyh, ekpaideOoume éna néo, apli
dentro (weak learner) p"nw sta upiloipa. Auti to neo dentro esti"zei sta shmeba
ipou to montelo apotugq™nei, elti.nontac stadiak™ thn apidosh.

4. Enhmeérwsh tou SunduastikoO Montélou . Prosjetontac to néo déntro sto montelo,
mei,noume to sunoliki sfima. Se auti to st'dio tou asikoO algorbjmou, ta Gra-
dient Boosted Treec axiopoioOn ta apl” déntra ste na diorj,noun susthmatik™ ta
I"jh twn prohgoOmenwn hm’twn.

5. Epan’lhyh éwc SOgklish . H diadikasba epanalamb™netai meqri h eltbwsh na
p'yei na ebnai shmantik. Telik”, to sunduastiki montelo, pou apotelebtai api
thn ajroistik suneisfor™ ilwn twn apl,n déntrwn, parousi“zei uyhl probleptik
ikanithta.

Sghmatik anapar’stash thc Beltbwshc tou telikoO montélou

Sto Sq ma 3.42 parousi“zetai h logik thc mejidou Gradient Boosting . Se K’je epa-
n’lhyh, prosjetoume éna montélo pou suneisférei sth mebwsh tou sfilmatoc. Me autin
ton tripo, h telik pribleyh proseggbzei oloéna kai perissitero tic pragmatikéec timec.

Sg ma 3.42: Elaqgistopobhsh Sflmatoc me qr sh Gradient Boosted Trees .

Sunduasmic Montélwn se perbptwsh Taxinimhshc

Gia probl mata taxinimhshc me kl"seic fC1;Co;:i:;Chganta fMy;My;:::;Mgebnai ta
montéla pou eqoun prostejeb diadoqik™, kai an yg)(x) ebnai h éxodoc touk -ostoO montélou
gia thn kI'sh i, tite, an ewr soume ila ta montéla isodOnama, to teliki sunduastiki



montélo apofasbzei thn klI"'sh mésw yhfoforbac:

M
J(x) = argmax y(?(x):
i=1
Me autin ton tripo, ta Gradient Boosted Trees axiopoioOn stadiak” ta asjen montéla
gia na sugklbnoun se éna teliki, isquri montélo uyhl ¢ akrbbeiac.

3.3.4 Algirijmoc Bajmwt ¢ Kajidou

"H epitugba ebnai to “jroisma twn
mikr,n prospajei,n, pou
epanalamb™nontai méra me th mera."
Robert Collier

O Algirijmoc Bajmwt ¢ Kajidou ebnai énac algirijmoc pou grhsimopoiebtai gia
ton upologismi twn parameétrwn pou elagistopoioOn mia sun’rthsh kistouc. Gewmetrik®
h diadikasba sthrbzetai sthn akiloujh idea xekin"me api ena arqiki shmebo kai pro-
spajoOme na roOme met™ api &na pl joc epanal yewn éna teliki shmebo sto opobo na
elagistopoiebtai h sun’rthsh kistouc. Gia par"deigma sto Sq ma 3.43 ,0i "xonec X,y ana-
paristoOn tic metablhtéc pou éloume na elagistopoi soume kai 0 “xonac z anaparistoOn
thn tim thc sun’rthshc kistouc gia tic sugkekriménec timéc X,y . Blépoume p,c xekin ntac
api eéna argiki shmebo, katal goume se eéna shmebo sto opobo h sunrthsh elagistopoiebtai.

Sq ma 3.43: EOresh elagbstou me ton Algirijmo Bajmwt ¢ Kajidou.
Pio tupik”, éstw iti €goume énan ektimht y = f(x;w) o opoPoc k™nei pribleyh gia éna

stoigebo x grhsimipoi ntac thn par"metro w. An orBsoume wcl(y,y) mbPa mba sun’rthsh
kistouc, tite skopic mac ebnai na elagistopoi soume thn posithta:

L(V;y) = L(F(x;w);y) (3.19)



An grhsimopoi soume mba par"metro, ton ujmi m’jhshc h , mba stajer” pou orbzei
to m koc tou matoc proc thn éltisth IOsh, h IOsh tou parap™nw probl matoc gbnetai
me gr sh thc anadromik ¢ sgéshc:

dL (f (x;w); ;
witt = wi dL(f s w)iy) : mew? tugaPa epilegméno (3.20)
dw w=w!

Sto Sq ma 3.44 eloume na prosdiorBsoume to el’gisto miac sun“rthshc kistouc miac
metablht c. An h kIbsh ebnai etik , anane houme to par’metro mei nontac thntim thc. An
h kibsh ebnai arnhtik , anane nhoume thn par"metro aux"nontac thn tim thc paramétrou.
Me autin ton tripo h ananéwsh twn par"metrwn égoun kateOjunsh antbjeth thc kiDshc thc
eujebac sto sugkekriméno shmebo.

Sq ma 3.44: EOresh elagbstou mbac paramétrou.

3.3.5 Metrikéc Apidoshc twn Montélwn

"To na ebsai gr goroc ebnai kali,
all” h akrbbeia ebnai to pan."
Wyatt Earp

Gia thn ektbmhsh thc apidoshc twn montélwn kai thc probleptik c touc ikanithtac, ebnai
shmantiki na orbsoume metrikéc me tic opobec na upologbzoume thn akrbBbeia tou montélou.

Sto Sq ma 3.45, lépoume ton  PPnaka SOgqushc ston opobo orbzontai ta ex ¢ megejh:

" TP = Ta stoigePa pou probléfihka wc True kai an koun sthn ki"sh True.

TN = Ta stoigeba pou probléfjhkan wc False kai an koun sthn kI"sh False.

A~

FP = Ta stoigeba pou probléfjhkan wc True all” an koun sthn kl"sh False.

FN = Ta stoigePa pou probléfijhkan wc False all” an koun sthn ki"sh False.
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