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Περίληψη

Η ϱαγδαία ανάπτυξη των κοινωνικών δικτύων έχει επιτρέψει στους χρήστες να δηµοσιε-
ύουν, να αναδηµοσιεύουν και να σχολιάζουν ένα ευρύ ϕάσµα πληροφοριών. Ωστόσο, οι
χρήστες ενδέχεται, είτε εσκεµµένα είτε ακούσια να αποτελέσουν παράγοντες παραπληρο-
ϕόρησης. Καθώς η αλήθεια συνιστά κοµβικής σηµασίας αξία για τη δηµοκρατία, τη δικαιο-
σύνη και τη κοινωνική συνοχή, καθίσταται αναγκαία η διασφάλισή της στα ψηφιακά δίκτυα,
τα οποία εν πολλοίς έχουν αντικαταστήσει τα ϕυσικά κοινωνικά δίκτυα.

∆εδοµένης της σηµασίας που έχει η αλήθεια, καθίσταται αναγκαία η ανάπτυξη τεχνικών
ανίχνευσης ψευδών ειδήσεων. Οι διαφορετικές προσεγγίσεις εστιάζουν στα χαρακτηριστικά
που αξιοποιούνται για να εκτιµήσουν την εγκυρότητα του περιεχοµένου: την αξιοπιστία της
πηγής, το µοτίβο διάδοσης, το συγγραφικό ύφος και την ακρίβεια του παρεχόµενου υλικού.

Μολονότι δεν υπάρχει ένας παγκοσµίως αποδεκτός ορισµός για τα fake news, κοινό
γνώρισµα όλων παραµένει η αναληθής υπόστασή τους. Προηγούµενες µελέτες σε πεδία των
Κοινωνικών και Οικονοµικών Επιστηµών προσφέρουν ϑεωρητικά πλαίσια κατανόησης της
ανθρώπινης συµπεριφοράς και γνωσιακών µηχανισµών, συµβάλλοντας στην ποιοτική και
ποσοτική ανάλυση των ψευδών ειδήσεων, καθώς και στη δηµιουργία µοντέλων εντοπισµού
και διαχείρισής τους. Οι εν λόγω ϑεωρίες διακρίνονται σε αυτές που σχετίζονται µε την
πληροφορία (π. χ. συγγραφικό ύφος, ποιότητα έκφρασης, συναισθήµατα του κειµένου) και
σε εκείνες που αφορούν τα άτοµα (π. χ. κακόβουλοι χρήστες που διαδίδουν εν γνώσει τους
ψευδείς ειδήσεις, αλλά και συνηθισµένοι χρήστες που εµπλέκονται ακούσια στη µετάδοση
αναληθών πληροφοριών).

Στο πλαίσιο της παρούσας µελέτης, αξιοποιούµε το µοτίβο διάδοσης της πληροφορίας.
Συγκεκριµένα, παράγονται δέντρα διάδοσης τα οποία, µέσω κατάλληλων µετασχηµατισµών
(Πυρήνες Γραφηµάτων), µετατρέπονται σε διανύσµατα χαρακτηριστικών. Στη συνέχεια, ένα
µοντέλο επιβλεπόµενης µάθησης εκπαιδεύεται πάνω σε αυτά τα διανύσµατα, µε τις ετικέτες
να υποδηλώνουν αν η αρχική δηµοσίευση ήταν αληθής (1) ή ψευδής (0). Στόχος είναι
να αποτιµηθεί η συσχέτιση µεταξύ της δοµής του δέντρου διάδοσης και της εγκυρότητας
της πληροφορίας, ϑέτοντας τα ϑεµέλια για πιο αξιόπιστες µεθόδους ανίχνευσης ψευδών
ειδήσεων.

Λέξεις Κλειδιά

Ανίχνευση Ψευδών Ειδήσεων, Πυρήνες Γραφηµάτων, ∆ιορθωτική Απόσταση ∆έντρων,
Μηχανική Μάθηση, ∆έντρα Ανάπτυξης, Κωδικοποίηση ∆έντρων, Ισοµορφισµός ∆έντρων, Αλ-
γόριθµοι Γραφηµάτων, NetworkX, Αλγόριθµος Wasserstein Κ-Μέσων, Twitter, Ανάλυση ∆εδο-
µένων, Πυρήνες Γραφηµάτων Weisfeiler-Lehman, Αλγόριθµος Κ-Μέσων, Βαθµωτή Κάθοδος
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Abstract

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
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Kefˆlaio 1

Eisagwg 

H �agdaÐa anˆptuxh tou diadiktÔou kai twn koinwnik¸n diktÔwn èqei metamorf¸sei

�izikˆ ton trìpo me ton opoÐo oi plhroforÐec parˆgontai, diamoirˆzontai kai kata-

nal¸nontai. Ta yhfiakˆ mèsa epitrèpoun th dhmosÐeush kai anadhmosÐeush enìc terˆstiou

ìgkou dedomènwn se pagkìsmia klÐmaka, dÐnontac stouc qr stec thn dunatìthta tìso na

katanal¸noun ìso kai parˆgoun plhroforÐec mèsw twn dhmosieÔsewn pou gÐnontai sta

mèsa autˆ. Wc apotèlesma, h diˆdosh yeud¸n plhrofori¸n ( fake news ) èqei exeliqjeÐ se

èna apì ta plèon anhsuqhtikˆ �ainìmena thc sÔgqronhc epoq c. Oi eid seic autèc endèqe-

tai na èqoun politikèc, koinwnikèc   oikonomikèc skopimìthtec, alloi¸nontac drastikˆ th

dhmìsia sfaÐra kai ton trìpo pou oi polÐtec lambˆnoun apofˆseic.

Se autì to suneq¸c metaballìmeno epikoinwniakì peribˆllon, h paraplhrofìrhsh

(misinformation ) kai h kakìboulh diasporˆ yeudoÔc perieqomènou ( disinformation ) su-

qnˆ allhlepikalÔptontai, sunjètontac èna polÔploko �ainìmenon �diataraq c thc plhro-

�orÐac� ( information disorder ) . Pèran thc duskolÐac diˆkrishc twn orÐwn metaxÔ ègkurhc

kai analhjoÔc plhroforÐac, ta koinwnikˆ dÐktua parèqoun èna polÔpleuro pedÐo, sto o-

poÐo sunant¸ntai ˆtoma me diaforetikèc projèseic kai kÐnhtra. Kˆpoioi qr stec mporeÐ na

eÐnai �anupoyÐastoi�, anadhmosieÔontac yeudèc perieqìmeno qwrÐc prìjesh paraplˆnhshc,

en¸ ˆlloi, �kakìbouloi qr stec�, epidi¸koun suneidhtˆ th diasporˆ tètoiwn eid sewn.

1.1 ShmasÐa tou probl matoc

Oi epipt¸seic thc diˆdoshc yeud¸n eid sewn eÐnai poludiˆstatec. H dhmokratÐa, oi koi-

nwnikèc sqèseic kai h empistosÔnh twn polit¸n proc ta mèsa enhmèrwshc apeiloÔntai soba-

�ˆ, kaj¸c h paraplhrofìrhsh uponomeÔei thn poiìthta kai thn axiopistÐa thc dhmìsiac

plhrofìrhshc. Parˆllhla, ta teleutaÐa qrìnia èqoun anaptuqjeÐ diˆforec proseggÐseic

gia thn anÐqneush kai ton periorismì twn yeud¸n eid sewn, kˆje mÐa apì tic opoÐec estiˆzei

se diaforetikˆ stoiqeÐa thc plhroforÐac.

Mia klasik  mèjodoc pou �asÐzetai sto perieqìmeno exetˆzei ta glwssikˆ, ufologikˆ  

shmasiologikˆ qarakthristikˆ tou keimènou, prospaj¸ntac na epishmˆnei anwmalÐec pou

upodhl¸noun yeud  af ghsh. Epiplèon, merikèc èreunec analÔoun thn egkurìthta thc

Ðdiac thc phg c, elègqontac progenèsterec dhmosieÔseic kai sugkrÐnontˆc tec me ègkura

shmeÐa anaforˆc. Wstìso, h diark c exèlixh thc teqnologÐac kai oi ìlo kai pio sÔnjetoi

mhqanismoÐ paraplhrofìrhshc (p.q. bots , deepfakes ) kajistoÔn dusqer  thn apotelesma-
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tik  anÐqneush touc mìno mèsw thc anˆlushc tou perieqomènou.

Gia ton lìgo autì, oloèna kai megalÔterh prosoq  dÐnetai stic proseggÐseic pou sth-

�Ðzontai ston trìpo diˆdoshc (propagation•based detection ). H �emeli¸dhc idèa ègkeitai sto

gegonìc ìti oi yeudeÐc eid seic teÐnoun na emfanÐzoun monadikˆ motÐba diˆqushc mèsa stic

diadiktuakèc platfìrmec. Sugkritikˆ me tic alhjeÐc eid seic, parousiˆzoun megalÔterh

taqÔthta metˆdoshc, suqnˆ mèsw omˆdwn uyhl c diasÔndeshc, kakìboulwn logariasm¸n

  diadiktuak¸n �ompìt ( bots ). Epiplèon, akìmh kai ìtan to perieqìmeno tropopoieÐtai

elafr¸c, to {apotÔpwma} sth dom  thc diˆdoshc paramènei se megˆlo �ajmì aniqneÔsimo,

gegonìc pou kajistˆ aut  thn prosèggish idiaÐtera elkustik .

1.2 Stìqoi thc ergasÐac

Sthn paroÔsa ergasÐa, estiˆzoume sthn anˆptuxh kai axiolìghsh mejodologi¸n pou

�asÐzontai sth diereÔnhsh kai anˆlush twn diktÔwn diˆdoshc gia thn anÐqneush yeud¸n

eid sewn. Eidikìtera, epidi¸koume:

1. Melèth twn �asik¸n qarakthristik¸n diˆdoshc : Prosdiorismìc twn motÐbwn pou

entopÐzontai se yeudeÐc eid seic kai diafèroun apì autˆ twn alhjin¸n, anˆluontac ta

qarakthristikˆ pou parousiˆzontai sta dèntra diˆdoshc thc plhroforÐac tìso stic

alhjeÐc ìso kai stic yeudeÐc eid seic kai dhmiourg¸nac ènan taxinomht  �ˆsei aut¸n

twn qarakthristik¸n san arqikì shmeÐo ¸ste na katadeÐxoume ìti h teqnik  pou emeÐc

proteÐnoume eÐnai pio eÔrwsth.

2. Anˆptuxh montèlou anÐqneushc : Sqediˆzetai kai ulopoieÐtai èna sÔsthma to opo-

Ðo, lambˆnontac wc eÐsodo ta dèntra anadhmosieÔsewn, efarmìzei teqnikèc Pur nwn

Upodèntrwn Weisfeiler•Lehman (Weisfeiler•Lehman Subtree Kernels ) gia thn anapa-

�ˆstash thc dom c touc se dianÔsmata qarakthristik¸n. Me autìn ton trìpo, apotu-

p¸nontai krÐsimec topologikèc diaforopoi seic pou sqetÐzontai me yeudèc   ègkuro

perieqìmeno, epitrèpontac thn apotelesmatikìterh diˆkrish anˆmesa se axiìpistec

kai paraplanhtikèc dhmosieÔseic.

3. Peiramatik  axiolìghsh : UlopoioÔme kai dokimˆzoume thn prosèggis  mac me

uparktˆ dedomèna koinwnik¸n diktÔwn ( Twitter15/Twitter16 ), sugkrÐnontˆc th me

mejìdouc stic opoÐec ta dianÔsmata qarakthristik¸n exˆgontai apì sugkekrimènec

metrikèc pˆnw sta dèntra diˆdoshc (p.q. �ˆjoc, plˆtoc, akoloujÐa �ajm¸n).

4. DiatÔpwsh protˆsewn gia mellontik  èreuna : ProteÐnoume nèec idèec gia �eltÐw-

sh kai epèktash tou sust matoc, lambˆnontac upìyh thn taqeÐa teqnologik  exèlixh

kai tic suneq¸c metaballìmenec strathgikèc paraplhrofìrhshc.

Me autìn ton trìpo, epidi¸koume na sumbˆloume sth diark¸c enteinìmenh prospˆjeia

thc episthmonik c koinìthtac gia apotelesmatikìterh kai autìmatopoihmènh anÐqneush

yeud¸n eid sewn, akolouj¸ntac tic kateujÔnseic kai ta eur mata thc sÔgqronhc �iblio-

grafÐac. H dunatìthta anˆlushc tou trìpou diˆdoshc den proorÐzetai na antikatast sei

pl rwc tic paradosiakèc mejìdouc Wstìsw anadeiknÔetai wc èna isqurì sumplhrwmatikì
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1.3 Suneisforˆ

ergaleÐo se mia epoq  ìpou h paraplhrofìrhsh exelÐssetai suneq¸c kai gÐnetai ìlo kai

pio polÔplokh kai sunep¸c ìlo kai pio epikÐndunh.

1.3 Suneisforˆ

1.3.1 Melèth

Kaj� ìlh th diˆrkeia thc paroÔsac Diplwmatik c ErgasÐac, antikeÐmeno endeleqoÔc

melèthc apotèlesan kurÐwc algìrijmoi grafhmˆtwn kai algìrijmoi mhqanik c mˆjhshc.

Epiprìsjeta, exetˆsthke to aparaÐthto majhmatikì upìbajro pou apait jhke tìso gia thn

ulopoÐhsh exeidikeumènwn klˆsewn ìso kai gia th �emelÐwsh thc mejodologÐac, h opoÐa

stoqeÔei sth diereÔnhsh thc sqèshc metaxÔ thc egkurìthtac miac dhmosÐeushc kai tou

trìpou diˆdos c thc.

1.3.2 Ulopoihjèntec Algìrijmoi

Sto plaÐsio thc Diplwmatik c ErgasÐac, se sunergasÐa me touc epiblèpontec kajhghtèc,

ulopoi jhkan oi akìloujoi algìrijmoi :

1. Weisfeiler•Lehman Subtree Graph Kernel

2. Relaxed Weisfeiler•Lehman Subtree Kernel

3. i•Unfolding Tree

4. Unfolding Tree Vectors

5. Wasserstein k•Means Algorithm for Unfolding Trees

6. String Tree Encoding

7. Isomorphic Tree Representative

Oi parapˆnw algìrijmoi parousiˆzontai ekten¸c sta epìmena kefˆlaia, tìso se �ew-

�htikì ìso kai se ulopoihtikì epÐpedo.

1.3.3 Axiolìghsh Apotelesmˆtwn

H anˆlush twn peiramatik¸n apotelesmˆtwn katèdeixe ìti ufÐstatai susqètish metaxÔ

thc egkurìthtac thc metadidìmenhc plhroforÐac kai twn trìpwn me touc opoÐouc aut 

diaqèetai. Sthn Enìthta 6.3 paratÐjentai analutikˆ ta apotelèsmata pou proèkuyan apì

th qr sh diaforetik¸n mejodologi¸n kai algorÐjmwn.

1.4 Diˆrjrwsh thc Diplwmatik c ErgasÐac

H ergasÐa domeÐtai se èxi kÔria kefˆlaia � kˆje kefˆlaio uphreteÐ ènan saf¸c kajo-

�ismèno stìqo, ¸ste o anagn¸sthc na akoloujeÐ grammikˆ th metˆbash apì th �ewrÐa sthn

prˆxh kai, telikˆ, sthn axiolìghsh.
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Kefˆlaio 1. Eisagwg 

Kefˆlaio 2 � Episkìpish Teqnologik c Stˆjmhc Xekinˆ me mÐa analutik  episkìph-

sh twn tessˆrwn �asik¸n mejodologi¸n èreunac sthn anÐqneush yeud¸n eid sewn ( gn¸sh ,

Ôfoc , axiopistÐa phg c , trìpo diˆdoshc ). Gia kˆje teqnik  parousiˆzontai oi kuriìterec

mèjodoi, ta pleonekt mata kai ta meionekt matˆ touc, kaj¸c kai ta mèqri s mera anoiqtˆ

ereunhtikˆ 
ht mata.

Kefˆlaio 3 � Jewrhtikì Upìbajro Edrai¸nei to majhmatikì kai algorijmikì plaÐsio

pou apaiteÐtai gia thn katanìhsh thc proteinìmenhc mejìdou. Perilambˆnei : ( i ) �asikèc

ènnoiec apì metrikoÔc q¸rouc, q¸rouc Hilbert kai th gewmetrÐa Wasserstein , (ii ) �eme-

li¸deic orismoÔc kai ènnoiec apì th �ewrÐa grafhmˆtwn, kaj¸c kai algìrijmoi ìpwc h

kwdikopoÐhsh dèntrwn anˆptuxhc se dianusmatik  morf  kaj¸c, h isomorfik  kanoniko-

poÐhsh dèntrwn me epigrafèc stouc kìmbouc kaj¸c kai oi Pur nec Grafhmˆtwn Weisfeiler•

Lehman (iii ) tic epilegmènec teqnikèc mhqanik c mˆjhshc ( Logistic Regression, Gradient

Boosted Trees k.ˆ.) pou axiopoioÔntai sta peirˆmata wc taxinomhtèc   wc endiˆmesec me-

�ìdoi ( kMeans,kMeans in 1•d, Wasserstein kMeans ) kaj¸c epÐshc kai oi metrikèc apìdo-

seic pou qrhsimopoÔntai katˆ thn peiramatik  axiolìghsh.

Kefˆlaio 4 � UlopoÐhsh Grafojewrhtik c Mejìdou QrhsimopoieÐ th �ewrÐa pou

parousiˆsthke sto prohgoÔmeno kefˆlaio gia na kˆnei mÐa pl rh perigraf  thc arqi-

tektonik c tou sust matoc. Perigrˆfei th montelopoÐhsh tou probl matoc, thn anapa-

�ˆstash twn dèntrwn diˆdoshc wc grˆfouc, thn teqnik  twn pur nwn Weisfeiler�Lehman

kai thn genikeumènh ekdoq  tou me qr sh sustadopoÐhshc Wasserstein . Parousiˆzontai

kai sugkrÐnontai treic parallagèc : �asik , aploÔ pur na kai genikeumènou pur na.

Kefˆlaio 5 � Leptomèreiec UlopoÐhshc Sto kefˆlaio autì pragmatopoieÐtai h tek-

mhrÐwsh k¸dika. Perigrˆfontai analutikˆ oi domèc dedomènwn,oi exart seic logismikoÔ,

h orgˆnwsh klˆsewn kai h diaqeÐrish teqnik¸n prokl sewn (megˆloc ìgkoc dedomènwn,

poluplokìthta algorÐjmwn, isomorfismìc grafhmˆtwn).

Kefˆlaio 6 � Peiramatik  Axiolìghsh Sto kefˆlaio autì parousiˆzetai analutikˆ h

peiramatik  diadikasÐa kai ta apotelèsmata sta sÔnola dedomènwn Twitter15 kai Twit•

ter16 . AxiologeÐtai h apìdosh mejìdwn pou kumaÐnontai apì aplˆ domikˆ qarakthristikˆ,

ìpwc h akoloujÐa �ajm¸n, èwc pio sÔnjetec teqnikèc �asismènec se pur nec grafhmˆtwn

(Weisfeiler•Lehman ). H sÔgkrish pragmatopoieÐtai me qr sh metrik¸n ìpwc h akrÐbeia

kai to F1-score, parèqontac mia oloklhrwmènh anˆlush thc apotelesmatikìthtac kai thc

upologistik c apodotikìthtac kˆje prosèggishc.

Kefˆlaio 7 � Sumperˆsmata kai Prooptikèc Sto kefˆlaio autì sunoyÐzontai ta �asi-

kˆ eur mata thc èreunac, me kuriìtero ìti h apl  domik  plhroforÐa (ìpwc h akoloujÐa

�ajm¸n) upertereÐ tìso se apìdosh ìso kai se taqÔthta ènanti pio sÔnjetwn mejìdwn. Epi-

plèon, sto kefˆlaio proteÐnontai idèec gia mellontik  èreuna, ìpwc o sunduasmìc thc do-

mik c anˆlushc me qarakthristikˆ perieqomènou kai qrhst¸n , h anˆptuxh montèlwn
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1.4 Diˆrjrwsh thc Diplwmatik c ErgasÐac

pragmatikoÔ qrìnou kaj¸c kai h qr sh statistik¸n mejìdwn kai taqÔterec mèjodoi oma-

dopoÐhshc dèntrwn anˆptuxhc me skopì thn meÐwsh thc poluplokìthtac tou montèlou.

Diplwmatik  ErgasÐa 31





Mèroc I

Episkìpish Teqnologik c Stˆjmhc

gia AnÐqneush Yeud¸n Eid sewn
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Kefˆlaio 2

Mèjodoi AnÐqneushc Yeud¸n Eid sewn : Epi-

skìphsh

H taqeÐa kai se megˆlo �ajmì anexèlegkth diˆqush plhrofori¸n sta koinwnikˆ dÐktua

èqei anagˆgei thn AnÐqneush Yeud¸n Eid sewn se krÐsimo ereunhtikì pedÐo. H die-

�n c �ibliografÐa, kai idÐwc h susthmatik  anaskìphsh twn Zhou & Zafarani [1], dia-

qwrÐzei tic mejìdouc pou qrhsimopoioÔntai gia thn anÐqneush yeud¸n eid sewn stic ex c

tèsseric kÔriec kathgorÐec :

1. Mèjodoi �asismènec sth Gn¸sh (knowledge•based ). EpalhjeÔoun thn akrÐbeia

twn dhl¸sewn antiparabˆllontac to perieqìmeno twn dhmosieÔsewn me axiìpistec

�ˆseic gn¸shc   me autìmata sumperˆsmata gegonìtwn.[6, 7]

2. Mèjodoi �asismènec sto 'Ufoc (style•based ). EkmetalleÔontai �htorikˆ, lexilo-

gikˆ kai yuqoglwssikˆ qarakthristikˆ keimènou kai eikìnac gia na aniqneÔsoun

paraplanhtikˆ motÐba graf c   asumfwnÐa keimènou�eikìnac.[8, 9]

3. Mèjodoi �asismènec ston trìpo Diˆdoshc (propagation�based ). MontelopoioÔn

thn exˆplwsh twn eid sewn wc graf mata diˆdoshc kai axiopoioÔn domikˆ   qronikˆ

qarakthristikˆ (p.q. �ˆjoc, taqÔthta, pur nec grafhmˆtwn) gia na diakrÐnoun tic

yeudeÐc apì tic alhjeÐc eid seic.[10, 11]

4. Mèjodoi �asismènec sthn Phg  (source�based ). AxiologoÔn thn axiopistÐa tou

suggrafèa, tou ekdìth   twn qrhst¸n pou diadÐdoun thn eÐdhsh, axiopoi¸ntac meta-

dedomèna, istorikì dhmosieÔsewn kai domikˆ prìtupa ston koinwnikì grˆfo.[12, 13]

Sta epìmena tm mata exetˆzoume analutikˆ kˆje kathgorÐa, sunoyÐzontac tic kuriìte-

�ec teqnikèc, ta pleonekt mata kai touc periorismoÔc touc, kaj¸c kai thn allhlepÐdras 

touc me efarmogèc ègkairhc anÐqneushc kai meÐwshc paraplhrofìrhshc.

2.1 AnÐqneush mèsw SÔgkrishc me Gn¸sh

H prosèggish pou �asÐzetai sth Gn¸sh (knowledge•based ) epiqeireÐ na elègxei thn auje-

ntikìthta miac eÐdhshc sugkrÐnontac ta gegonìta pou dhl¸nontai se aut  me gegonìta pou

eÐnai tekmhriwmèna. H diadikasÐa aut  eÐnai gnwst  sto dhmosiografikì pedÐo wc Epa-

l jeush Gegonìtwn (fact•checking ) kai apoteleÐtai apì dÔo �asikˆ stˆdia : ( i ) exagwg 
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Kefˆlaio 2. Mèjodoi AnÐqneushc Yeud¸n Eid sewn : Episkìphsh

gn¸shc apì to keÐmeno kai ( ii ) epal jeush thc gn¸shc se sqèsh me mia �ˆsh/grˆfhma

gn¸shc ( knowledge•base/knowledge•graph ) [1].To sunoptikì sq ma thc autìmathc epa-

l jeushc gegonìtoc parousiˆzetai sto Sq ma 2.1 :

Sq ma 2.1: DiadiakasÐa epal jeushc gegonìtoc. [1]

2.1.1 QeirokÐnhtoc 'Elegqoc Gegonìtwn

Me eidikoÔc ( expert•based ). O èlegqoc dienergeÐtai apì mikrèc omˆdec uyhl c axiopi-

stÐac; istìtopoi ìpwc PolitiFact kai GossipCop dhmosieÔoun leptomereÐc analÔseic, oi opo-

Ðec qrhsimeÔoun wc epalhjeumèna dedomèna (ground•truth ) gia thn ekpaÐdeush algorÐjmwn

[14, 15]. Pleonèkthma apoteleÐ h uyhl  akrÐbeia. Parìlauta ta �asikˆ meionekt mata

eÐnai ta akìlouja :

ˆ Periorismènh klimakwsimìthta lìgw thc anˆgkhc gia èmpeirouc epalhjeutèc kai

qronobìrec diadikasÐec.

ˆ Uyhlì leitourgikì kìstoc pou prokÔptei apì touc eidikoÔc anjr¸pinouc pìrouc

kai tic apaithtikèc mejodologÐec.

ˆ AdunamÐa taqeÐac epexergasÐac megˆlwn ìgkwn dedomènwn se pragmatikì qrìno.

Me th suneisforˆ twn qrhst¸n ( crowd•sourced ). Platfìrmec tÔpou Mechanical Turk

  Fiskkit �asÐzontai sth sullogik  nohmosÔnh ( collective intelligence ). Parìti epitug-

qˆnoun kalÔterh klimˆkwsh, pˆsqoun apì eterogèneia axiopistÐac kai qr zoun epÐlushc

antikrouìmenwn apant sewn [16]. Wstìso, epitrèpoun leptomer  sqoliasmì (stˆsh, suna-

Ðsjhma) pou mporeÐ na axiopoihjeÐ sthn anˆlush thc prìjeshc.

2.1.2 Autìmatoc 'Elegqoc Gegonìtwn

H qeirokÐnhth diadikasÐa den klimak¸netai ston �ujmì paragwg c perieqomènou sta

koinwnikˆ dÐktua. Ta autìmata sust mata sunduˆzoun Teqnikèc Anˆkthshc Plhrofori¸n,

EpexergasÐac Fusik c Gl¸ssac kai Mhqanik c Mˆjhshc [1].

Anaparˆstash gn¸shc. Kˆje isqurismìc metatrèpetai se triplèta (Subject, Predicate,

Object) (SPO triple ). 'Ena sÔnolo epibebaiwmènwn gegonìtwn apoteleÐ thn �ˆsh gn¸shc

(knowledge•base   gia suntomografÐa KB). H �ˆsh gn¸shc apeikonÐzetai wc grˆfoc gn¸shc

(KG), ìpou kìmboi eÐnai oi ontìthtec kai akmèc apoteloÔn tic metaxÔ touc sqèseic [17].
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2.1.2 Autìmatoc 'Elegqoc Gegonìtwn

Stˆdio A : Exagwg  Gegonìtwn. H exagwg  pragmatopoieÐtai eÐte apì monadik  phg 

(p.q. Wikipedia, DBpedia ), eÐte apì pollaplèc anoiqtèc phgèc ( open•source extraction ).

Katˆ th dhmiourgÐa tou telikoÔ grˆfou-gn¸shc prèpei na antimetwpistoÔn pollˆ pro-

�l mata ìpwc oi pleonasmoÐ (entity resolution ), h qronik  akrÐbeia , ta antikrouìmena

gegonìta , oi anaxiìpistec phgèc kai oi elleÐyeic . Oi teqnikèc sumpl rwshc grˆfwn gn¸shc

�asÐzontai kurÐwc se treic kathgorÐec mejìdwn :

ˆ Montèla lanjˆnouswn qarakthristik¸n (latent feature models ), ìpwc ta TransE

kai DistMult ,

ˆ Mejìdoi �asismènec se grafo-qarakthristikˆ (graph feature•based ), ìpwc o al-

gìrijmoc Path Ranking ,

ˆ Pijanotikˆ montèla (probabilistic graphical models ), ìpwc ta Markobianˆ TuqaÐa

PedÐa (Markov Random Fields   MRFs) [17].

.

Stˆdio B: Epal jeush Gegonìtwn. Gia kˆje triplèta (s; p; o ) thc eÐdhshc, pragmato-

poioÔntai ta akìlouja � mata :

1. Entopismìc ontot twn : ta (s; o) antistoiqÐzontai se kìmbouc thc �ˆshc gn¸shc.

2. 'Elegqoc sqèshc : an upˆrqei akm  (s; p; o ) sth �ˆsh gn¸shc, o isqurismìc �ewreÐtai

alhj c.

3. Mh Ôparxh akm c : Se perÐptwsh pou h triplèta (s; p; o ) den antistoiqeÐ se kamÐa

upˆrqousa akm  thc �ˆshc gn¸shc, h egkurìthta tou isqurismoÔ exartˆtai apì thn

paradoq  pou uiojeteÐtai :

ˆ Upìjesh kleistoÔ kìsmou ( Closed•world assumption ): h mh Ôparxh thc

sqèshc upodhl¸nei ìti h triplèta eÐnai yeud c .

ˆ Upìjesh anoiktoÔ kìsmou ( Open•world assumption ): h mh Ôparxh thc

sqèshc upodhl¸nei ìti h triplèta eÐnai ˆgnwsth kai endeqomènwc alhj c   yeu-

d c.

ˆ Upìjesh topikˆ kleistoÔ kìsmou ( Local closed•world assumption ): h tri-

plèta �ewreÐtai yeud c an upˆrqoun ˆllec katagegrammènec sqèseic (s; p; o 0)

gia to Ðdio upokeÐmeno kai kathgìrhma ( T (s; p ) > 0), alli¸c qarakthrÐzetai

ˆgnwsth [18].

Se peript¸seic abebaiìthtac, efarmìzontai teqnikèc prìbleyhc sundèsmwn (link pre•

diction ), ìpwc shmasiologik  eggÔthta (semantic proximity )   LinkNBed , gia ektÐmh-

sh pijan¸n sqèsewn metaxÔ twn ontot twn.
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Kefˆlaio 2. Mèjodoi AnÐqneushc Yeud¸n Eid sewn : Episkìphsh

Anoiktˆ 
ht mata. Parˆ th shmantik  prìodo ston tomèa thc autìmathc epal jeushc

eid sewn me qr sh gn¸shc, exakoloujoÔn na ufÐstantai krÐsimec prokl seic pou perio-

�Ðzoun thn efarmog  thc se pragmatikˆ peribˆllonta. Eidikìtera :

ˆ Dunamik  enhmèrwsh grˆfwn gn¸shc ( dynamic KG ) : Oi eid seic qarakthrÐzontai

apì èntonh qronik  euaisjhsÐa, kaj¸c epikentr¸nontai se prìsfata kai mh egkuklo-

paidikˆ gegonìta. Wc ek toÔtou, h statik  gn¸sh pou parèqoun paradosiakèc phgèc,

ìpwc h Wikipedia , suqnˆ apodeiknÔetai anepark c. H dunatìthta autìmathc pro-

sj khc nèwn gegonìtwn kai afaÐreshc parwqhmènhc   esfalmènhc plhroforÐac eÐnai

�emeli¸douc shmasÐac gia thn axiopistÐa kai th qrhsimìthta enìc sÔgqronou grˆfou

gn¸shc [1].

ˆ Epilog  kai apoj keush {polÔtimhc} gn¸shc : An kai oi sÔgqronec proseggÐseic

epikentr¸nontai sth sullog  ìso to dunatìn perissìterwn gegonìtwn, h anˆgkh gia

ègkairo kai apodotikì èlegqo apaiteÐ th qr sh mikrìterwn allˆ pio stoqeumènwn

grˆfwn gn¸shc. Oi grˆfoi autoÐ �a prèpei na perilambˆnoun apokleistikˆ uyhl c

poiìthtac kai shmasÐac gegonìta, epitrèpontac taqÔterh kai akribèsterh sÔgkrish

me ta proc epal jeush gegonìta [1].

ˆ Entopismìc elègximwn isqurism¸n ( check•worthy claims ) : H autìmath ana-

gn¸rish twn apospasmˆtwn enìc keimènou pou qr zoun epal jeushc sunistˆ èna

xeqwristì kai en mèrei ˆluto prìblhma. H akrib c kai apodotik  anÐqneush tètoiwn

isqurism¸n apoteleÐ aparaÐthth proôpìjesh gia thn apotelesmatik  efarmog  me-

�ìdwn autìmatou elègqou gegonìtwn [1].

SunoyÐzontac, h anÐqneush yeud¸n eid sewn me �ˆsh th gn¸sh sunduˆzei thn akrÐbeia

thc qeirokÐnhthc dhmosiografik c epal jeushc me thn klimˆkwsh pou prosfèroun oi

automatopoihmènec teqnikèc. Wstìso, h epituq c ulopoÐhs  thc apaiteÐ thn antimet¸pish

poludiˆstatwn ereunhtik¸n prokl sewn, metaxÔ twn opoÐwn sugkatalègontai h dunamik 

kataskeu  grˆfwn gn¸shc kai h taqÔthta epexergasÐac, �èmata ta opoÐa paramènoun

antikeÐmeno energoÔc episthmonik c melèthc [1].

2.2 AnÐqneush me Bˆsh to 'Ufoc kai to Perieqìmeno tou Kei-

mènou

H anÐqneush yeud¸n eid sewn �ˆsei tou Ôfouc (style•based fake•news detection )

epikentr¸netai sthn exagwg  plhrofori¸n pou aforoÔn tic projèseic tou suntˆkth, aniqne-

Ôontac qarakthristikˆ Ôfouc   �htorikˆ motÐba pou sunodeÔoun paraplanhtikˆ keÐmena,

se antÐjesh me tic mejìdouc pou �asÐzontai sth Gn¸sh (knowledge•based ) oi opoÐec elègqoun

th gnhsiìthta twn dhlwjèntwn gegonìtwn [1].

Orismìc 2.1 ('Ufoc yeud¸n eid sewn [1]) . Wc Ôfoc yeud¸n eid sewn orÐzetai to sÔnolo

posotikopoi simwn qarakthristik¸n f 2 Rk pou anaparistoÔn epark¸c thn plhroforÐa miac

yeudoÔc eÐdhshc kai thn diaforopoioÔn apì tic eid seic me alhjèc perieqìmeno.
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To prìblhma diatup¸netai wc duadik  taxinìmhsh . Se kˆje eÐdhsh N antistoiqoÔme

èna diˆnusma qarakthristik¸n f 2 Rk . Mèsw tou sunìlou ekpaÐdeushc :

T train =
�
(f (l ); y (l ))

��� f (l ) 2 Rk ; y (l ) 2 f0; 1g; l = 1; : : : ; n
	
;

skopìc mac eÐnai h ekpaÐdeush enìc montèlou S� : Rk ! f 0; 1gpou gia kˆje diˆnusma

qarakthristik¸n tou Ôfouc tou keimènou antistoiqeÐ thn etikèta ŷ (me0 =true , 1 =fake ):

ŷ = S� (f ):

Oi parˆmetroi tou montèlou prokÔptoun apì thn elaqistopoÐhsh katˆllhlhc sunˆr-

thshc kìstouc (p.q. thc binary cross�entropy L
�
S� ; T train

�
).

H epituqÐa tou montèlou exartˆtai exartˆtai apì (a) apì thn poiìthta twn qarakthri-

stik¸n f pou kwdikopoioÔn to stul thc dhmosÐeushc kai (�) apì th �ujmistik  ikanìthta

tou montèlou S� .

2.2.1 Anaparˆstash 'Ufouc ( Style Representation )

H anaparˆstash tou Ôfouc enìc eidhseografikoÔ ˆrjrou epitugqˆnetai mèsw enìc

sunìlou posotik¸n qarakthristik¸n. Autˆ ta qarakthristikˆ mporoÔn na kathgoriopoih-

�oÔn se dÔo kÔriec kathgorÐec : keimenikˆ kai optikˆ qarakthristikˆ.

Keimenikˆ Qarakthristikˆ

Ta keimenikˆ qarakthristikˆ qwrÐzontai se (a) genikˆ kai (�) lanjˆnonta qarakthri-

stikˆ.

Genikˆ qarakthristikˆ. Autˆ aforoÔn metr simec statistikèc idiìthtec tou keimènou

kai diakrÐnontai se tèsseric �asikèc omˆdec :[8, 9, 19, 20]:

1. Lexikˆ qarakthristikˆ : Statistikèc suqnot twn lèxewn   n-grammˆtwn pou upolo-

gÐzontai me teqnikèc ìpwc Bag•of•Words (BoW) kai TF�IDF .

2. Suntaktikˆ qarakthristikˆ : Perilambˆnoun tìso �hqˆ suntaktikˆ gnwrÐsmata,

ìpwc statistikèc katanomèc mer¸n tou lìgou ( POS tags), ìso kai �ajÔtera suntakti-

kˆ gnwrÐsmata mèsw kanìnwn Pijanotik¸n Grammatik¸n Eleujèrwn Sumfrazomènwn

(Probabilistic Context•Free Grammars • PCFG ), kaj¸c kai diˆforec parallagèc au-

t¸n.

3. Qarakthristikˆ �htorik c dom c : QrhsimopoioÔn th JewrÐa Rhtorik c Dom c

(Rhetorical Structure Theory • RST ) gia thn anˆlush twn sqèsewn metaxÔ protˆsewn

entìc tou keimènou, katagrˆfontac tic suqnìthtec twn diaforetik¸n ennoiologik¸n

sqèsewn. (Sq ma 2.2)

4. Shmasiologikˆ kai yuqoglwssikˆ qarakthristikˆ : AntloÔntai apì ergaleÐa a-

nˆlushc, ìpwc to LIWC , kai ˆllec yuqoglwssikèc kathgorÐec pou perilambˆnoun qa-
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�akthristikˆ ìpwc sunaisjhmatikì �ortÐo, upokeimenikìthta, poluplokìthta, poi-

kilomorfÐa, kai anagnwsimìthta.

Sq ma 2.2: Parˆdeigma anˆlushc prìtashc me qr sh JewrÐac Rhtorik c Dom c.

H suqnìthta mporeÐ na oristeÐ kai na upologisteÐ me treic trìpouc. 'Estw èna s¸ma

keimènwn (corpus ) C pou perièqei p ˆrjra eid sewn, C = fA1 ; A2 ; : : : ; A pg, kai èna sÔnolo

apì q stoiqeÐa W = fw 1 ; w 2 ; : : : ; w qg(p.q. POS tags, rewrite rules , rhetorical relationships

k.lp.). An to x i
j dhl¸nei ton arijmì emfanÐsewn tou stoiqeÐou w j mèsa sto ˆrjro Ai , tìte h

{suqnìthta} tou w j gia to ˆrjro Ai mporeÐ na eÐnai :

ˆ Apìluth suqnìthta fa : orÐzetai wc o apìlutoc arijmìc emfanÐsewn tou qarakthri-

stikoÔ w j sto ˆrjro Ai :

fa = x i
j

ˆ Kanonikopoihmènh suqnìthta fs : kanonikopoieÐ thn apìluth suqnìthta wc proc to

sunolikì m koc tou ˆrjrou, ¸ste na exaleifjeÐ h epÐdrash tou m kouc tou keimènou :

fs =
x i

j
P

j x i
j

ˆ Sqetik  suqnìthta ( TF�IDF ) fr : upologÐzei th suqnìthta tou qarakthristikoÔ w j

sugkritikˆ me th suqnìthta emfˆnis c tou se olìklhro to sÔnolo twn ˆrjrwn :

fr =
x i

j
P

j x i
j

� ln
p

P p
i=1 x i

j

Lanjˆnonta qarakthristikˆ. Ta lanjˆnonta qarakthristikˆ prokÔptoun apì ensw-

mat¸seic ( embeddings ) lèxewn   protˆsewn (p.q. word2vec , GloVe, Doc2Vec ). Tètoiec

enswmat¸seic sun jwc trofodotoÔn montèla �ajiˆc mˆjhshc, ìpwc CNN, LSTM/ GRU kai

Transformer , ta opoÐa parˆgoun autìmata uyhloÔ epipèdou anaparastˆseic pou axio-

poioÔntai gia thn taxinìmhsh.
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Optikˆ Qarakthristikˆ

'Opwc kai sto keÐmeno, ta gnwrÐsmata eikìnac qwrÐzontai se (a) qeirokÐnhta kai (�)

lanjˆnonta [1].

QeirokÐnhta (hand•crafted) gnwrÐsmata. Perilambˆnoun metrikèc pou upologÐzontai

apeujeÐac apì ta eikonostoiqeÐa, p.q. oxÔthta, qrwmatik  sunoq  , poikilÐa kai puknìthta

sustˆdwn . Ta statistikˆ qarakthristikˆ pou proteÐnontai [1] èqoun apodeiqjeÐ idiaÐtera

apotelesmatikˆ sthn anÐqneush :

ˆ Alloiwmènou optikoÔ perieqomènou ( tampered visual content )

ˆ Paraplanhtik¸n polumesik¸n stoiqeÐwn ( deceptive multimedia elements )

Lanjˆnonta GnwrÐsmata ( Latent Features ). Kˆje yhfiak  eikìna anaparÐstatai ma-

�hmatikˆ wc tanust c trÐthc tˆxhc :

I 2 RW � H � C

ìpou :

ˆ W; H : oi qwrikèc diastˆseic (eÔroc/Ôyoc se pixels )

ˆ C: o arijmìc kanali¸n qrwmatik c anaparˆstashc

� C = 1: Asprìmaurh   GkrÐza KlÐmaka ( Grayscale )

� C = 3: Qrwmatikìc q¸roc RGB (Kìkkino-Prˆsino-Mple)

O tanust c eisìdou dièrqetai apì pro-ekpaideumèna suneliktikˆ dÐktua, ìpwc VGG•16/19

  ResNet. Ta dÐktua autˆ

ˆ exˆgoun ierarqikèc apeikonÐseic mèsw diadoqik¸n strwmˆtwn sunelÐxewn kai sugkèntrw-

shc (convolution / pooling ),

ˆ parˆgoun sumpag  dianÔsmata qarakthristik¸n e 2 Rd pou kwdikopoioÔn to optikì

perieqìmeno, kai

ˆ sullambˆnoun afhrhmèna shmasiologikˆ motÐba sq matoc, uf c kai qrwmatik c

sÔnjeshc.

Oi prokÔptousec enswmat¸seic (embeddings ) mporoÔn sth sunèqeia na sugqwneujoÔn

me keimenikˆ gnwrÐsmata se polutropikèc arqitektonikèc, enisqÔontac thn akrÐbeia twn

taxinomht¸n sthn anÐqneush paraplanhtikoÔ perieqomènou pou sunodeÔetai apì eikìnec.

Sunolikˆ, h apotelesmatikìthta thc anÐqneushc yeud¸n eid sewn mèsw anˆlushc Ôfouc

exartˆtai ˆmesa apì thn epilog  twn qarakthristik¸n aut¸n kai thn apotelesmatik  en-

swmˆtws  touc sta montèla taxinìmhshc pou �a parousiastoÔn sth sunèqeia.
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2.2.2 Taxinìmhsh 'Ufouc ( Style Classi�cation )

H anÐqneush sthrizìmenh sto Ôfoc ulopoieÐtai eÐte me paradosiakèc teqnikèc Mhqa-

nik c Mˆjhshc eÐte me �ajiˆ neurwnikˆ dÐktua. Oi mèjodoi diaforopoioÔntai kurÐwc wc

proc ( i) ton trìpo anaparˆstashc twn qarakthristik¸n kai ( ii ) ton algìrijmo ekpaÐdeushc.

Klasikèc Mejìdoi Mhqanik c Mˆjhshc

SÔmfwna me thn klasik  mejodologÐa, to ˆrjro kwdikopoieÐtai me qeirokÐnhta epileg-

mèna gnwrÐsmata• lanjˆnonta   �htˆ• p.q. lexilogikèc suqnìthtec, POS/ PCFG kanìnec,

�htorikèc sqèseic kai yuqoglwssikoÔc deÐktec. Epomènwc, to prìblhma anˆgetai se duadi-

k  taxinìmhsh : montèla ìpwc SVM, Random Forest kai XGBoost èqoun apodeiqjeÐ idiaÐtera

apotelesmatikˆ, idÐwc ìtan mh lanjˆnonta (�htˆ) gnwrÐsmata sunduˆzontai apì pollaplˆ

glwssikˆ epÐpeda [8, 9, 20]. Ta apotelèsmata thc melèthc tou [20] upodeiknÔoun ìti (a) ta

�htˆ qarakthristikˆ uperèqoun twn lanjanìntwn, (�) h diastrwmˆtwsh gnwrismˆtwn �elti-

¸nei thn epÐdosh ènanti monoepipèdwn, kai (g) oi kanonikopoihmènec suqnìthtec lexilogÐwn

kai kanìnwn PCFG apoteloÔn ton plèon diakritikì perigrafèa Ôfouc, an kai eÐnai upolo-

gistikˆ kostobìro.

Mèjodoi Bajiˆc Mˆjhshc

Stic proseggÐseic pou gÐnetai qr sh neurwnik¸n diktÔwn, to keÐmeno antistoiqÐzetai arqi-

kˆ se enswmat¸seic lèxewn   protˆsewn ( word2vec , GloVe k.ˆ.), en¸ oi eikìnec se tanustèc

eikonostoiqeÐwn. Oi enswmat¸seic dièrqontai apì dÐktua CNN (p.. Text�CNN , VGG•19 ),

RNN (LSTM, GRU),   Transformer , parˆgontac lanjˆnonta optiko-keimenikˆ dianÔsmata

ta opoÐa sunen¸nontai kai taxinomoÔntai mèsw miac sunˆrthshc softmax . Aut  h genik  dia-

dikasÐa mporeÐ na epektajeÐ me pio sÔnjetec arqitektonikèc pou eisˆgoun exeidikeumènouc

mhqanismoÔc gia th �eltÐwsh thc apìdoshc kai thc ermhneusimìthtac, ìpwc :

ˆ EANN (Event Adversarial Neural Network) [21]: Mia arqitektonik  pou enisqÔei

thn poiìthta twn qarakthristik¸n, exˆgontac anaparastˆseic pou eÐnai anexˆrthtec

apì to ekˆstote gegonìc (event•invariant ). ApoteleÐtai apì trÐa mèrh : (1) ènan

polutropikì exagwgèa qarakthristik¸n ( multi•modal feature extractor ) gia keÐmeno

kai eikìna, (2) ènan diaqwrist  gegonìtwn ( event discriminator ) pou mèsw antagw-

nistik c mˆjhshc ( adversarial learning ) apomon¸nei ta anexˆrthta apì to gegonìc

qarakthristikˆ, kai (3) ènan telikì aniqneut  yeud¸n eid sewn ( fake news detector ).

ˆ SAFE (Similarity•Aware Multi•Modal Fake News Detection) [22]: Mia polutro-

pik  mèjodoc pou estiˆzei sthn anÐqneush thc asumfwnÐac (disagreement ) metaxÔ

tou keimènou kai thc eikìnac enìc ˆrjrou. BasÐzetai sthn parat rhsh ìti stic yeu-

deÐc eid seic emfanÐzetai suqnˆ èna shmasiologikì qˆsma metaxÔ tou keimenikoÔ kai

tou optikoÔ perieqomènou, gia parˆdeigma, me th qr sh elkustik¸n allˆ �ematikˆ

ˆsqetwn eikìnwn.
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2.2.3 Entopismèna MotÐba 'Ufouc

Empeirikèc melètec se politikˆ sÔnola dedomènwn [20, 23] èqoun katadeÐxei ìti ta yeud 

ˆrjra :

ˆ qrhsimopoioÔn anepÐshmhgl¸ssa (uyhl  suqnìthta aprep¸n lèxewn),

ˆ epideiknÔoun megalÔterh poikilÐa �hmˆtwn kai eikìnwn anaforˆc,

ˆ eÐnai perissìtero upokeimenikˆ/sunaisjhmatikˆ ,

ˆ en¸ oi sunodeutikèc eikìnec parousiˆzoun uyhlìterh eukrÐneia kai sunoq  , allˆ

qamhlìterh poikilÐa .

H susthmatik  enswmˆtwsh twn parapˆnw motÐbwn se ubridikˆ sust mata anamènetai

na �elti¸sei tìso thn akrÐbeia ìso kai thn ermhneusimìthta twn mejìdwn anÐqneushc yeud¸n

eid sewn.

2.2.4 Suz thsh � Anoiktèc Prokl seic

H isqur  exˆrthsh twn mejìdwn aut¸n apì to perieqìmeno prosfèrei to pleonèkthma

thc ègkairhc anÐqneushc (early detection ), dhlad  prin mia eÐdhsh diadojeÐ eurèwc. W-

stìso, aut  akrib¸c h exˆrthsh apoteleÐ kai th megalÔter  touc adunamÐa. Oi dhmiourgoÐ

yeud¸n eid sewn mporoÔn na diamorf¸soun to Ôfoc graf c touc me tètoio trìpo ¸ste na

parakˆmyoun touc aniqneutèc, odhg¸ntac se èna diarkèc {paiqnÐdi gˆtac-pontikoÔ} ( cat•

and•mouse game ) [1]. Kˆje epituqÐa sthn anÐqneush mporeÐ na dhmiourg sei nèec teqnikèc

parˆkamyhc.

Epiplèon, ta upˆrqonta eur mata gia ta ufologikˆ motÐba eÐnai suqnˆ periorismèna

se sugkekrimènec �ematikèc perioqèc (p.q. politik )   gl¸ssec. Gia touc lìgouc autoÔc, h

mellontik  èreuna kaleÐtai na diexˆgei pio oloklhrwmènec analÔseic tou Ôfouc se diafo-

�etikoÔc tomeÐc, gl¸ssec kai qronikèc periìdouc. Gia thn enÐsqush thc anjektikìthtac twn

susthmˆtwn, krÐnetai anagkaÐoc o sunduasmìc thc anˆlushc Ôfouc me plhroforÐec apì to

koinwnikì plaÐsio.

2.3 AnÐqneush me Bˆsh thn AxiopistÐa thc Phg c

H prosèggish pou �asÐzetai sthn phg  ( source•based ) apoteleÐ mia èmmesh mèjodo

anÐqneushc, kaj¸c den exetˆzei to perieqìmeno kˆje eÐdhshc xeqwristˆ, allˆ axiologeÐ thn

axiopistÐa tou �orèa thc plhroforÐac. Wc {phg } orÐzetai o suggrafèac, o ekdìthc (p.q.

eidhseografikìc istotìpoc)   o qr sthc koinwnik¸n diktÔwn pou diadÐdei thn eÐdhsh [12].

H logik  eÐnai ìti mia eÐdhsh pou proèrqetai apì anaxiìpisth phg  eÐnai pijanìtero na

eÐnai yeud c.

An kai aut  h mèjodoc enèqei ton kÐnduno na qarakthrÐsei esfalmèna mia alhj  eÐdhsh

wc yeud , eÐnai upologistikˆ polÔ apodotik  ( e�cient ), kaj¸c o arijmìc twn phg¸n eÐnai

katˆ polÔ mikrìteroc apì ton arijmì twn eid sewn pou parˆgontai kajhmerinˆ [24].
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2.3.1 Axiolìghsh Suggrafèwn kai Ekdot¸n

MotÐba Omoiogèneiac se DÐktua. 'Ereunec èqoun deÐxei ìti suggrafeÐc kai ekdìtec em-

�anÐzoun èntonh omoiogèneia (homogeneity ) sta dÐktuˆ touc. Gia parˆdeigma, se dÐktua

sunergasÐac suggrafèwn, oi dhmiourgoÐ yeud¸n eid sewn teÐnoun na sunergˆzontai polÔ

pio puknˆ metaxÔ touc parˆ me suggrafeÐc alhj¸n eid sewn. Parìmoia, se dÐktua dia-

moirasmoÔ perieqomènou (content•sharing networks ) metaxÔ eidhseografik¸n istotìpwn,

parathroÔntai eudiˆkritec koinìthtec �ˆsei politik c ideologÐac kai axiopistÐac (p.q. ku-

�Ðarqa mèsa, sunwmosiologikˆ dÐktua, k.lp.), kajist¸ntac th �èsh enìc kìmbou sto grˆfh-

ma isqur  èndeixh gia thn axiopistÐa tou [13].

Automatopoihmènh AnÐqneush AnepijÔmhtou Perieqomènou ston Istì ( Web Spam ).

H axiopistÐa enìc ekdìth eÐnai stenˆ sundedemènh me thn poiìthta tou istotìpou tou. E-

pomènwc, teqnikèc anÐqneushcWeb spam mporoÔn na qrhsimopoihjoÔn gia ton entopismì

anaxiìpistwn phg¸n. Oi teqnikèc autèc diakrÐnontai se mejìdouc pou �asÐzontai :

ˆ sto perieqìmeno (p.q. anˆlush suqnot twn lèxewn),

ˆ stouc upersundèsmouc (p.q. algìrijmoi ìpwc oi PageRank kai HITS , anˆlush

anwmali¸n sth dom  tou grˆfou),

ˆ sth sumperiforˆ twn qrhst¸n (p.q. anˆlush clickstreams ).

ExwterikoÐ Katˆlogoi AxiopistÐac. Platfìrmec ìpwc oi Media Bias/Fact•Check , News•

Guard kai sust mata ìpwc to MediaRank [25] parèqoun axiolog seic gia thn axiopistÐa

kai thn politik  merolhyÐa qiliˆdwn istotìpwn. Autèc oi axiolog seic mporoÔn na qrh-

simopoihjoÔn wc dedomèna anaforˆc ( ground truth ) gia thn ekpaÐdeush   thn epikÔrwsh

algorÐjmwn.

2.3.2 Axiolìghsh Qrhst¸n Koinwnik¸n DiktÔwn

Kakìbouloi Qr stec kai Koinwnikˆ Bots . Oi autìmatoi logariasmoÐ, gnwstoÐ wc social

bots , paÐzoun dusanˆloga megˆlo �ìlo sth diˆdosh paraplhrofìrhshc, èqontac qrhsi-

mopoihjeÐ akìma kai gia thn prospˆjeia ephreasmoÔ eklogik¸n anametr sewn [26]. E-

ktimˆtai ìti to 9-15% twn energ¸n logariasm¸n sto Twitter eÐnaibots [27]. Sust mata

ìpwc to Botometer tautopoioÔn autoÔc touc logariasmoÔc me uyhl  akrÐbeia ( AUC 0.95),

analÔontac qarakthristikˆ apì to dÐktuo, to profÐl, to perieqìmeno kai ton qronismì twn

anart sewn. 'Eqei apodeiqjeÐ ìti ta bots diadÐdoun yeudeÐc eid seic polÔ nwrÐc ston kÔklo


w c touc, auxˆnontac thn pijanìthta na gÐnoun dhmofileÐc ( viral ) [28].

Euˆlwtoi KanonikoÐ Qr stec. Pèra apì touc kakìboulouc qr stec, orismènoi kanoni-

koÐ qr stec eÐnai pio epirrepeÐc ( vulnerable ) sthn akoÔsia anametˆdosh yeud¸n eid sewn.

Aut  h eualwtìthta ephreˆzetai apì parˆgontec ìpwc : (i) h koinwnik  epirro  (p.q.

pìsoi ˆlloi diadÐdoun thn eÐdhsh) kai (ii) h auto-epirro  (p.q. katˆ pìso h eÐdhsh e-

pibebai¸nei tic proôpˆrqousec pepoij seic tou qr sth - con�rmation bias ). H akrib c
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2.3.3 Suz thsh

posotikopoÐhsh aut¸n twn paragìntwn paramènei mia shmantik  anoikt  prìklhsh sthn

èreuna.

2.3.3 Suz thsh

H prosèggish pou �asÐzetai sthn phg  eÐnai exairetikˆ klimak¸simh kai apotelesma-

tik , eidikˆ gia ton qeirismì terˆstiou ìgkou eid sewn. To kÔrio meionèkthmˆ thc eÐnai o

kÐndunoc esfalmènhc taxinìmhshc, dhlad  h apìrriyh miac alhjoÔc eÐdhshc apl¸c kai

mìno epeid  proèrqetai apì mia phg  pou èqei qarakthristeÐ istorikˆ wc anaxiìpisth.

Gia ton lìgo autì, h mèjodoc aut  apodÐdei kalÔtera ìtan sunduˆzetai me mejìdouc pou

�asÐzontai sto perieqìmeno ( style•based ) kai ta gegonìta ( knowledge•based ).

2.4 AnÐqneush me Bˆsh ton Trìpo Diˆdoshc thc PlhroforÐac

H diˆdosh (propagation ) miac eÐdhshc sta koinwnikˆ dÐktua apoteleÐ ploÔsia phg 

s matoc gia thn anÐqneush yeud¸n eid sewn, kaj¸c to {apotÔpwma} thc plhroforÐac sto

koinwnikì grˆfhma enswmat¸nei th sullogik  sumperiforˆ twn qrhst¸n. Se antidiasto-

l  me tic mejìdouc pou exetˆzoun to perieqìmeno, oi teqnikèc pou �asÐzontai ston trìpo

diˆdoshc ( propagation•based ) estiˆzoun stic domèc diˆdoshc kai ìqi sto Ðdio to keÐmeno.

Oi proseggÐseic autèc lambˆnoun wc eÐsodo eÐte (a) dèntra diˆdoshc (news cascades ),

pou apoteloÔn thn ˆmesh anaparˆstash thc exˆplwshc thc plhroforÐac, eÐte (�) idio-

kataskeuasmènouc grˆfouc (self•de�ned graphs ), pou apotup¸noun èmmesa kai ˆllec

sqèseic.

2.4.1 AnÐqneush mèsw Dèntrwn Diˆdoshc

'Ena dèntro diˆdoshc (cascade ) eÐnai mia dendrik  dom  T = (V; E) pou apotup¸nei

thn exˆplwsh miac eÐdhshc, me �Ðza ton arqikì qr sth kai akmèc pou dhl¸noun tic a-

nametadìseic [12]. Ta dèntra autˆ mporoÔn na analujoÔn �ˆsei �hmˆtwn (hop•based ),

epitrèpontac ton upologismì metrik¸n ìpwc to �ˆjoc, to plˆtoc kai to mègejoc,   �ˆsei

qrìnou (time•based ), me metrikèc ìpwc h diˆrkeia 
w c kai h èntash ( heat ) thc diˆdoshc

(Sq ma 2.3).

Sq ma 2.3: Dèntra diˆdoshc me Bˆsei Bhmˆtwn vs Bˆsei Qrìnou.

Paradosiakˆ Montèla Mhqanik c Mˆjhshc. Sto klasikì plaÐsio, apì kˆje dèntro

exˆgetai èna diˆnusma qarakthristik¸n (p.q. mègejoc, �ˆjoc, domik  iogèneia - struc•

tural virality [29]), to opoÐo qrhsimopoieÐtai wc eÐsodo se taxinomhtèc ìpwc SVM   Random
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Forests . Empeirikèc melètec [30] èqoun apodeÐxei ìti oi yeudeÐc eid seic diadÐdontai shma-

ntikˆ grhgorìtera, �ajÔtera kai eurÔtera , me apotèlesma ta dèntra diˆdos c touc na

eÐnai megalÔtera kai pio polÔploka apì autˆ twn alhj¸n eid sewn.

ProseggÐseic Bajiˆc Mˆjhshc. Bˆsei aut c thc prosèggishc, to dèntro diˆdoshc tro-

�odoteÐtai apeujeÐac se èna neurwnikì dÐktuo me dendrik  dom , ìpwc ta Anadromikˆ

Neurwnikˆ DÐktua (Recursive Neural Networks • RvNN ) me kìmbouc tÔpou GRU. Gia pa-

�ˆdeigma, to montèlo twn Ma et al. [31] majaÐnei anadromikˆ mia anaparˆstash gia kˆje

kìmbo tou dèntrou kai sth sunèqeia qrhsimopoieÐ èna epÐpedo sugkèntrwshc megÐstou ( max•

pooling ) gia na parˆgei mia sunolik  anaparˆstash gia olìklhro to dèntro, epitugqˆno-

ntac uyhl  akrÐbeia taxinìmhshc.

2.4.2 AnÐqneush mèsw Idiokataskeuasmènwn Grˆfwn

'Otan to pragmatikì dèntro diˆdoshc den eÐnai diajèsimo   �èloume na enswmat¸soume

prìsjetec plhroforÐec, kataskeuˆzoume grˆfouc pou mporeÐ na eÐnai omoiogeneÐc, etero-

geneÐc   ierarqikoÐ.

OmoiogeneÐc Grˆfoi. Perièqoun ènan tÔpo kìmbwn kai akm¸n. ParadeÐgmata apotelo-

Ôn ta dÐktua diadot¸n (spreader networks ), ìpou oi kìmboi eÐnai qr stec kai oi akmèc

dhl¸noun sqèseic "akoloÔjhshc" ( follow ), kai ta dÐktua stˆshc (stance networks ), ìpou

oi kìmboi eÐnai anart seic kai oi akmèc dhl¸noun upost rixh   antÐjesh. H anÐqneush

yeud¸n eid sewn se autˆ ta dÐktua anˆgetai sun jwc se prìblhma taxinìmhshc grˆfwn  

se prìblhma �eltistopoÐhshc [32].

EterogeneÐc Grˆfoi. Perièqoun pollaploÔc tÔpouc kìmbwn (p.q. qr stec, ˆrjra, ek-

dìtec) kai akm¸n. Autì epitrèpei ton sunduasmì plhrofori¸n apì diaforetikèc phgèc,

ìpwc to perieqìmeno enìc ˆrjrou, h merolhyÐa tou ekdìth kai ta qarakthristikˆ twn

qrhst¸n pou to diadÐdoun. [1]

Ierarqikˆ DÐktua. ApoteloÔn epektˆseic twn dèntrwn diˆdoshc, ìpou oi kìmboi kai oi

akmèc organ¸nontai se ierarqikˆ epÐpeda (p.q. eÐdhsh ! tweets ! retweets ! apa-

nt seic). Epitrèpoun mia pio poluepÐpedh anˆlush thc diˆdoshc, suqnˆ mèsw mejìdwn

�eltistopoÐhshc se grˆfouc [1].

2.4.3 Suz thsh

Oi mèjodoi pou �asÐzontai sth diˆdosh eÐnai anjektikèc sthn epit deush tou Ôfouc

graf c, kaj¸c axiopoioÔn th sullogik  sumperiforˆ. To kÔrio meionèkthmˆ touc, wstìso,

eÐnai ìti apaitoÔn na èqei  dh pragmatopoihjeÐ èna shmantikì mèroc thc diˆdoshc, kaji-

st¸ntac tec anapotelesmatikèc gia thn ègkairh anÐqneush (early detection ).

Mia ˆllh krÐsimh prìklhsh eÐnai h exˆrthsh apì ta dedomèna ekpaÐdeushc . Pollˆ

montèla eÐnai epiblepìmena ( supervised ) kai apaitoÔn etikètec, ìmwc ta perissìtera sÔnola
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2.5 SÔnoyh & Mellontik  'Ereuna

dedomènwn den parèqoun plhroforÐec gia thn {prìjesh paraplˆnhshc}, thn opoÐa akrib¸c

upotÐjetai ìti apokalÔptoun ta motÐba diˆdoshc.

Tèloc, h èreuna èqei deÐxei ìti oi yeudeÐc eid seic me politikì perieqìmeno diadÐdontai

diaforetikˆ apì autèc se ˆllouc tomeÐc (p.q. epist mh, tromokratÐa) [30]. H anakˆluyh

perissìterwn tètoiwn diaforetik¸n protÔpwn kai o sunduasmìc mejìdwn diˆdoshc, phg c

kai perieqomènou apoteloÔn �asikèc kateujÔnseic gia th dhmiourgÐa pio eÔrwstwn kai

ermhneÔsimwn susthmˆtwn.

2.5 SÔnoyh & Mellontik  'Ereuna

H prìsfath �ibliografÐa epibebai¸nei ìti kamÐamemonwmènh prosèggish (gn¸sh, Ôfoc,

trìpoc diˆdoshc   axiopistÐa phg c) den eparkeÐ gia thn apotelesmatik  antimet¸pish

tou �ainomènou; Oi plèon apotelesmatikèc lÔseic prokÔptoun apì sunduastikèc pro-

seggÐseic oi opoÐec sunduˆzoun tekmhriwmèna qarakthristikˆ apì pollaplˆ epÐpeda

[33, 34, 35]. Parˆ ta ousiastikˆ � mata proìdou, paramènoun krÐsimec ereunhtikèc pro-

kl seic ìpwc :

1. Mh-paradosiakèc morfèc. Entopismìc parwqhmènwn   merik¸c yeud¸n eid sewn

apaiteÐ dunamikˆ grˆfhmata gn¸shc kai poluepigrafik  montelopoÐhsh [21].

2. 'Egkairh anÐqneush. H arqik  �ˆsh diˆdoshc diajètei elˆqisto koinwnikì plaÐsio;

apaitoÔntai sumbatèc diatomeakèc/diglwssikèc diastˆseic Ôfouc kai apotelesmati-

koÐ algìrijmoi se {araiˆ} dedomèna [36, 37].

3. Entopismìc check•worthy perieqomènou. Ierˆrqhsh �rˆsewn   �emˆtwn me uyh-

l  eidhseografik  axÐa kai istorik  �op  se paraplhrofìrhsh [38].

4. Diatomeak  / diglwssik  genÐkeush. Susthmatik  melèth motÐbwn diˆdoshc se po-

litikèc kai mh �ematikèc perioqèc, pollaplèc gl¸ssec kai platfìrmec [30].

5. Exhghsimìthta. Enswmˆtwsh yuqokoinwnik¸n �ewri¸n kai mhqanism¸n prosoq c

gia diafaneÐc problèyeic [39, 40].

6. Stoqeumènec parembˆseic. Sunduasmìc domik c apokop c krÐsimwn akm¸n me

diaforopoihmènh metaqeÐrish kakìboulwn / euˆlwtwn qrhst¸n [41].

H diereÔnhsh twn parapˆnw kateujunt riwn anamènetai na enisqÔsei tautìqrona axio-

pistÐa, ermhneusimìthta kai dialeitourgikìthta twn susthmˆtwn anÐqneushc se dunamikˆ,

poluglwssikˆ peribˆllonta uyhl c plhroforiak c �o c.
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Mèroc II

Jewrhtikì Mèroc
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Kefˆlaio 3

Jewrhtikì upìbajro

Sto kefˆlaio autì parousiˆzontai analutikˆ ìla ta �ewrhtikˆ ergaleÐa pou èqoun

qrhsimopoihjeÐ gia thn anˆptuxh thc ulopoÐhshc. EÐnai qwrismèno se treic enìthtec :

a) Majhmatikì Upìbajro

�) OrismoÐ kai Algìrijmoi Grafhmˆtwn

g) ErgaleÐa Mhqanik c Mˆjhshc

To pr¸to upokefˆlaio perilambˆnei ìla ta majhmatikˆ ergaleÐa pou eÐnai aparaÐth-

ta gia thn katanìhsh thc ulopoÐhshc mac. Sto deÔtero upokefˆlaio parousiˆzontai ìsoi

orismoÐ kai algìrijmoi eÐnai apairaÐthtoi wc �ewrhtikì upìbajro sthn efarmog  mac. Sto

trÐto upokefˆlaio perilambˆnontai orismoÐ kai mejodologÐec apì ton klˆdo thc Mhqani-

k c Mˆjhshc kai pou èqoun qrhsimopoihjeÐ sthn ulopoÐhshc thc Diplwmatik c ErgasÐac

kaj¸c kai to pwc ta efarmìzoume sthn dik  mac ulopoÐhsh. Stìqoc tou kefalaÐou autoÔ

eÐnai mia, ìso to dunatìn, pio pl rhc �ewrhtik  �emelÐwsh twn ennoi¸n kai twn ergaleÐwn

pou qrhsimopoioÔntai sto Praktikì Mèroc.
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3.1 Majhmatikì Upìbajro

3.1.1 MetrikoÐ Q¸roi

"Mètrhse ì,ti eÐnai metr simo kai kˆne metr simo ì,ti den eÐnai."

Galileo Galilei

Metrikìc q¸roc eÐnai ènac q¸roc pou apoteleÐtai apì èna mh kenì sÔnolo K mazÐ me

mÐa sunˆrthsh d : K x K 7! R pou orÐzei thn apìstash metaxÔ twn stoiqeÐwn tou sunìlou

K. H sunˆrthsh d (�; �) gia kˆje x; y; z 2 K ikanopoieÐ tic akìloujec idiìthtec :

1. d (x; x ) = 0

2. d (x; y ) , 0 gia x , y (3.1)

3. d (x; y ) = d (y; x )

4. d (x; z ) � d (x; y ) + d (y; z )

3.1.2 Q¸roi Hilbert

"Wir müssen wissen.Wir werden wissen."

David Hilbert

MÐa akoloujÐa x1 ; x2 ; x3 ; ::: se ènan metrikì q¸ro (X; d ) lègetai akoloujÐa Cauchy

an gia kˆje pragmatikì arijmì r > 0 upˆrqei �usikìc arijmìc n0 tètoioc ¸ste gia kˆje

n; m > n 0 :

d (xn ; xm ) < r (3.2)

'Opwc �lèpoume kai sto Sq ma 3.1, h pr¸th eikìna apeikonÐzei mÐa akoloujÐa Cauchy h

opoÐa sugklÐnei se èna telikì shmeÐo, en¸ sthn deÔterh eikìna, h akoloujÐa pou eikonÐzetai

den eÐnai akoloujÐa Cauchy .

Sq ma 3.1: Cauchy and Non•Cauchy Sequence.

'Enac metrikìc q¸roc (X,d) lègetai pl rhc an isqÔei ìti to ìrio kˆje akoloujÐac Cauchy

tou Q eÐnai èna shmeÐo pou an kei sto Q.
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3.1.3 Nìrma Frobenius ,Apìstash Wasserstein kai BarÔkentra

'Estw ènac q¸roc E = Kn efodiasmènoc me thn prˆxh tou eswterikoÔ ginomènou. An

o q¸roc autìc eÐnai pl rhc wc proc thn metrik  pou orÐzei to eswterikì ginìmeno,tìte, o

q¸roc (E, h�; �i ) lègetai q¸roc Hilbert .

3.1.3 Nìrma Frobenius ,Apìstash Wasserstein kai BarÔkentra

H nìrma Frobenius gia ènan pÐnaka An � n orÐzetai wc akoloÔjwc :

kAkF =
p

hA; A i =
p

trace(AT A) =

vt nX

i=1

nX

j=1

ja i;j j2 (3.3)

To eswterikì ginìmeno Frobenius metaxÔ dÔo pinˆkwn An � n , Bn � n 2 Cn � n orÐzetai wc :

hA; Bi F =
X

i;j

a ij bij = Tr
�
A � B

�
(3.4)

Gia dÔo dianÔsmata, �! x1 2 Rn1 , �! x2 2 Rn2 , ènac pÐnakac metaforˆc eÐnai ènac pÐnakac

T � Rn1xn2 tètoioc ¸ste :

1) T �

2
66666666666666666664

1

1
:::

1

3
77777777777777777775
n2 � 1

= �! x1 (3.5)

2)
h
1 1 : : : 1

i

1� n1
� T = �! x2

T

Gia dÔo dianÔsmata ~x1 2 Rn1 , ~x2 2 Rn2 kai ènan pÐnaka kìstouc C 2 Rn1 � n2 pou orÐzei to

kìstoc metatrop c miac monˆdac "mˆzac" miac sunist¸sac tou ~x1 se monˆda "mˆzac" miac

sunist¸sac tou ~x2 , h apìstash Wasserstein orÐzetai wc ex c [3]:

W C(�! x1 ; �! x1) = min
T

hC; Ti F (3.6)

Sto Sq ma 3.2 �lèpoume diaisjhtikˆ thn �usik  ermhneÐa tou megèjouc autoÔ. Gia dÔo

katanomèc P(x ) , Q(y) gia tic opoÐec isqÔei :

Z
P(x ) dx =

Z
Q(y) dy (3.7)

kai gia mÐa sunˆrthsh d (x; y ) h opoÐa eÐnai mia sunˆrthsh kìstouc metatrop c (sto Sq ma

mac metaforˆc) miac monˆdac apì to P(x ) 7! Q(y). 'Eqoume mÐa katanom  P(x ) kai �èloume

na thn metatrèyoume se mÐa katanom  Q(y). GnwrÐzontac th sunˆrthsh d (x; y ) h opoÐa

eÐnai mia sunˆrthsh kìstouc metatrop c (sto Sq ma mac metaforˆc) miac monˆdac apì to

P(x ) 7! Q(y), h apìstash Wasserstein orÐzetai wc to elˆqisto sunolikì kìstoc metatrop c

thc katanom c P(x ) sth Q(y).
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Sq ma 3.2: Fusik  ermhneÐa apìstashc Wasserstein:

O �èltistoc pÐnakac metaforˆc eÐnai o pÐnakac metaforˆc apì ton opoÐo prokÔptei

h apìstash Wasserstein kai orÐzetai apì thn Sqèsh 3.6:

Topt = argmin
T

hT ; Ci F (3.8)

MÐa �asik  proôpìjesh gia na metr soume apìstash Wasserstein metaxÔ twn �! x1 ,�! x2

eÐnai na isqÔei ìti �a èqoun Ðdia L1 • nìrma, dhlad  na isqÔei h akìloujh sqèsh :

k�! x1k1 = k�! x2k1 (3.9)

Gia èna sÔnolo stoiqeÐwn�! x1 ; �! x2 ; :::; �!xk 2 Rn kai ènan pÐnaka kìstouc Cn � n , to �arÔkentro

orÐzetai wc [3]:

barycenter = arg min
c

nX

i=1

W C(xi ; c) (3.10)

Gia parˆdeigma, sto Sq ma 3.3 eikonÐzontai oi katanomèc X1 ; � N (20 ; 52) kai h

X2 � N (50 ; 92) kai to �arÔkentro. To �arÔkentro eÐnai mÐa katanom  pou elaqistopoieÐ

to ˆrjoisma thc apìstashc Wasserstein twn katanom¸n X1 , X2 , dedomènou enìc pÐnaka

kìstouc.
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3.2 OrismoÐ kai Algìrijmoi Grafhmˆtwn

Sq ma 3.3: Katanomèc X1 ; X2 kai BarÔkentro.

3.2 OrismoÐ kai Algìrijmoi Grafhmˆtwn

3.2.1 BasikoÐ OrismoÐ

"Arq  sofÐac h twn onomˆtwn epÐskeyic"

Swkrˆthc

Gia èna grˆfhma G = (V; E), orÐzoume wcV (G) to sÔnolo twn koruf¸n tou kai wc E(G)

to sÔnolo twn akm¸n tou.

'Estw èna alfˆbhto apì n epigrafèc S = fl1 ; l2 ; :::l n g. Grˆfhma me Epigrafèc , lègetai

èna grˆfhma G = (V (G); E(G); l ) ìpou l (�) eÐnai mÐa sunˆrthsh l : V (G) 7! � [2]. 'Etsi, h

sunˆrthsh aut  antistoiqÐzei kˆje kìmbo tou graf matoc G se mÐa epigraf  tou alfˆbhtou

S. Mèsw aut c thc kwdikopoÐhshc èqoume mÐa pio ploÔsia anaparˆstash tou graf matoc

kaj¸c enswmat¸noume sto grˆfhma plhroforÐa pou sqetÐzetai me touc kìmbouc. Oi kìmboi

tou graf matoc kathgoriopoioÔntai me �ˆsh tic epigrafèc touc, ìpou kˆje diaforetik 

epigraf  orÐzei mia xeqwrist  klˆsh kìmbwn tou graf matoc..

Gia èna kateujunìmeno dèntro T me mÐa sunektik  sunist¸sa kai epomènwc mÐa �Ðza,

orÐzoume [3] :

1. Thn �Ðza tou T wc r(T)

2. To sÔnolo twn upodèntrwn ta opoÐa èqoun wc �Ðza ta paidiˆ thc �Ðzac tou dèntrou T

wc F(r(T))

Gia parˆdeigma, gia to dèntro T tou Sq matoc 3.4 to r(T ) eÐnai o kìmbocu1 . Ta paidiˆ

tou r(T ) = u1 eÐnai oi kìmboi u2 ; u3 . To F(r(T )) gia to sugkekrimèno dèntro eÐnai to sÔnolo
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pou apoteleÐtai apì ta dÔo upodèntra, to prˆsino kai to mwb, ìpou èqoun wc �Ðzec touc

kìmbouc u2 ; u3 . Sto sugkekrimèno dèntro, to alfˆbhto eÐnai to � = f1; 2; 3gkai oi epigrafèc

twn kìmbwn u 1 ; u2 ; u3 eÐnail (u1) = 1, l (u2) = 2, l (u3) = 3.

Sq ma 3.4: RÐzar(T) = u1 Ð ìF(r(T)) [2]

Gia parˆdeigma, gia to dèntro T tou Sq matoc 3.4 to r(T ) eÐnai o kìmbocu1 . Ta paidiˆ

tou r(T ) = u1 eÐnai oi kìmboi u2 ; u3 . To F(r(T )) gia to sugkekrimèno dèntro eÐnai to sÔnolo

pou apoteleÐtai apì ta dÔo upodèntra, to prˆsino kai to mwb, ìpou èqoun wc �Ðzec touc

kìmbouc u2 ; u3 . Sto sugkekrimèno dèntro, to alfˆbhto eÐnai to � = f1; 2; 3gkai oi epigrafèc

twn kìmbwn u 1 ; u2 ; u3 eÐnail (u1) = 1, l (u2) = 2, l (u3) = 3.

Sq ma 3.5: Grˆfhma G kai èna i-Dèntro Anˆptuxhc.

O tupikìc orismìc tou Dèntrou Anˆptuxhc dÐnetai apì thn akìloujh anadromik  sqèsh

[42]:

T i (G; u ) =

8
>><
>>:

Tree(u ) ; i = 0

Tree(u; T i � 1(G; N(u )) : i > 0
(3.11)

ìpou Tree(u ) eÐnai èna dèntro pou perilambˆnei mìno ton kìmbo u me thn epigraf  tou,

kai Tree(u; T i � 1(G; N(u ))) eÐnai èna dèntro me �Ðza ton kìmbou , sto opoÐo sundèontai ta
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upodèntra Tree(v; T i � 1(G; v)), me v 2 Neighbour (u ), kai perilambˆnoun tic epigrafèc pou

èqoun oi kìmboi sto grˆfhma G.

Ta dèntra anˆptuxhc ston algìrijmo Weisfeiler Lehman èqoun ousi¸dh �ìlo kaj¸c

ìpwc �a doÔme analutikìtera sto Kefˆlaio 3.2.4, katˆ th diadikasÐa metatrop c enìc

graf matoc se mÐa dianusmatik  anaparˆstash, kˆje sunist¸sa tou dianÔsmatoc qara-

kthristik¸n pou prokÔptei apoteleÐ èna sugkekrimèno dèntro anˆptuxhc [3].

3.2.2 KwdikopoÐhsh Dèntrwn me qr sh Sumboloseir¸n

Dedomènhc miac sullog c dèntrwn me epigrafèc stouc kìmbouc, epidi¸koume thn ka-

taskeu  enìc sunìlou dèntrwn me epigrafèc tètoiou ¸ste kˆje 
eÔgoc stoiqeÐwn se autì

to sÔnolo na eÐnai isomorfikˆ. H �asik  idèa eÐnai na metasqhmatÐsoume ta dèntra se mia

eniaÐa anaparˆstash, ¸ste na mporoÔme na elègxoume gr gora an dÔo dèntra eÐnai isomor-

�ikˆ. 'Enac �asikìc endiˆmesoc algìrijmoc eÐnai o Algìrijmoc KwdikopoÐshc Dèntrwn

me epigrafèc me qr sh Sumboloseir¸n ,o opoÐoc lambˆnei èna grˆfhma me epigrafèc

kai to antistoÐqizei se kˆpoia sumboloseirˆ.

Sq ma 3.6: BFS Diˆsqish Dèntrou

Basik  Idèa tou AlgorÐjmou

1. EnopoÐhsh Isomorfik¸n Dèntrwn : Xekinˆme apì èna sÔnolo dèntrwn T me epi-

grafèc kai epidi¸koume na anagnwrÐsoume poia eÐnai isomorfikˆ metaxÔ touc. Kˆje

isomorfikì sÔnolo dèntrwn mporeÐ na anaparastajeÐ apì ènan koinì antiprìswpo

(èna {prìtupo} dèntro). 'Etsi, diaqwrÐzoume to sÔnolo T se anexˆrthta uposÔnola

T1 ; T2 ; : : : ; Tk , ìpou kˆje dÔo stoiqeÐa apì kˆpoio apì ta sÔnola T i eÐnai isomorfi-

kˆ.

2. Metatrop  se Monadikì Antiprìswpo : DÔo isomorfikˆ dèntra metatrèpontai se

ènan koinì antiprìswpo; ètsi, o antiprìswpoc autìc antistoiqeÐ se mia klˆsh isomor-

�ismoÔ. Ton algìrijmo gia to pwc leitourgeÐ autì to � ma �a to doÔme analutikìtera

sto Kefˆlaio 3.2.3 pou aforˆ ton Isomorfismì Dèntrwn me epigrafèc stouc kìmbouc.
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3. KwdikopoÐhsh mèsw BFS se Sumboloseirˆ : AfoÔ epilèxoume ton antiprìswpo

thc klˆshc IsomorfismoÔ, metatrèpoume th dom  tou se sumboloseirˆ. H kwdikopo-

Ðhsh pragmatopoieÐtai diasqÐzontac to dèntro katˆ epÐpeda ( BFS traversal ), aristerˆ

proc ta dexiˆ, ìpwc sto Sq ma 3.6. Me autì ton trìpo èqoume se mÐa sumbolosei-

�ˆ apojhkeumènh thn topologÐa tou dèntrou mazÐ me thn plhroforÐa pou �èroun oi

kìmboi.

4. 'Elegqoc IsomorfÐac mèsw Sumboloseir¸n : DÔo dèntra eÐnai isomorfikˆ an, metˆ

th metatrop  touc stic antÐstoiqec sumboloseirèc oi sumboloseirèc autèc tautÐzontai.

Tupik  DiatÔpwsh :

Dedomènou enìc sunìlou Dèntrwn me epigrafèc T , orÐzoume:

ˆ f (�) : T ! T mia sunˆrthsh pou antistoiqeÐ kˆje dèntro ston {antiprìswpo} thc

klˆshc isomorfismoÔ tou.

ˆ s(�) : T ! � � mia sunˆrthsh pou antistoiqeÐ kˆje dèntro me epigrafèc stouc kìmbouc

tou se mia sumboloseirˆ.

Bˆsei aut¸n twn orism¸n, dÔo dèntra T,T' eÐnai isomorfikˆ an :

s(f (T )) = s(f (T0)) (3.12)

H aparaÐthth plhroforÐa ìson aforˆ thn dom  tou dèntrou eÐnai :

1. H dom  tou dèntrou, dhlad  h arÐjmhsh twn kìmbwn kai pwc oi kìmboi sundèontai

metaxÔ touc.

2. Oi epigrafèc pou �èroun oi kìmboi.

'Etsi, gia na kwdikopoi soume ìlh th apaitoÔmenh plhroforÐa thn opoÐa perilambˆnei èna

dèntro, akoloujoÔme thn mejodologÐa pou anafèroume ston Algìrijmo 3.1.

Gia na antistoiqÐsoume dÔo isomorfikˆ dèntra sthn Ðdia sumboloseirˆ, eÐnai shmantikì

oi kìmboi na eÐnai arijmhmènoi apì aristerˆ proc ta dexÐa kai apì th �Ðza proc ta �Ôlla.

'Etsi, kˆje sumboloseirˆ antiproswpeÔei èna sÔnolo dèntrwn pou eÐnai isomorfikˆ metaxÔ

touc.

Sto Sq ma 3.7 �lèpoume thn tim  thc sumboloseirˆc thc kwdikopoÐhshc gia èna sugke-

krimèno dèntro me epigrafèc T.
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Algorijmoc 3.1 : KwdikopoÐhsh Dèntrou me epigrafèc stouc Kìmbouc me qr sh Sumboloseir¸n

EÐsodoc : Dèntro T me epigrafèc pˆnw stouc kìmbouc 2 f1; 2; 3; : : : ; n g
'Exodoc : Sumboloseirˆ sthn opoÐa perilambˆnetai ìlh h plhroforÐa gia thn dom  tou

dèntrou T
treeStrEnc = ””
for u 2 V (T ) do

if outDegree (u ) , 0 then
nodeChildren = fv 2 V (T ) j (u; v ) 2 E(T )g
nodeChldStr = ””
for nodeChild 2 nodeChildren do

nodeChldStr = nodeChldStr + (nodeChild; label (nodeChild )) + ”#”
end for
Diˆgraye to teleutaÐo qarakt ra apì to nodeChldStr
nodeChldStr = (u; label (u )) + ” � � > ” + nodeChldStr
treeStrEnc = treeStrEnc + nodeChldStr + ” :”

end if
end for
Diˆgraye to teleutaÐo qarakt ra apì to treeStrEnc
Epèstreye th metablht  treeStrEnc

Sq ma 3.7: KwdikopoÐhsh Dèntrou T me qr sh Sumboloseir¸n.

O algìrijmoc KwdikopoÐhshc Dèntrou me epigrafèc stouc Kìmbouc me qr sh

Sumboloseir¸n èqei wc stìqo na metatrèyei th dom  enìc dèntrou T se mia monadik 

sumboloseirˆ pou perilambˆnei ìlec tic plhroforÐec gia th dom  kai tic epigrafèc twn

kìmbwn tou. AkoloujoÔn analutikˆ ta � mata tou :

1. ArqikopoÐhsh : DhmiourgeÐtai mia ken  sumboloseirˆ treeStrEnc h opoÐa �a perièqei
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to apotèlesma thc kwdikopoÐhshc.

2. Diˆsqish Kìmbwn: O algìrijmoc epanalambˆnei ta parakˆtw gia kˆje kìmbo u tou

dèntrou :

(aþ) Elègqetai an o kìmboc u èqei paidiˆ, dhlad  an to outDegree (u ) , 0.

(�þ) An o kìmboc u èqei paidiˆ :

i . DhmiourgeÐtai èna sÔnolo nodeChildren pou perilambˆnei ìlouc touc kìm-

�ouc v pou eÐnai paidiˆ tou u (dhlad  gia touc opoÐouc isqÔei (u; v ) 2 E(T )).

ii . DhmiourgeÐtai mia ken  sumboloseirˆ nodeChldStr gia thn proswrin  apo-

� keush twn plhrofori¸n twn paidi¸n tou kìmbou u .

iii . Gia kˆje paidÐ nodeChild tou u , prostÐjetai sth sumboloseirˆ nodeChldStr

to 
eÔgoc (nodeChild; label (nodeChild )), akoloujoÔmeno apì to qarakt ra

"#".

iv . Diagrˆfetai o teleutaÐoc qarakt rac " #" apì th sumboloseirˆ nodeChldStr .

v . Sth sunèqeia, prostÐjetai h plhroforÐa tou kìmbou u (dhlad  to 
eÔgoc

(u; label (u ))) sthn arq  thc nodeChldStr .

vi . Tèloc, prostÐjetai h nodeChldStr sth sunolik  sumboloseirˆ treeStrEnc ,

diaqwrizìmenh me ton qarakt ra �.�.

3. Telik  EpexergasÐa : Metˆ thn olokl rwsh thc diˆsqishc ìlwn twn kìmbwn, dia-

grˆfetai o teleutaÐoc qarakt rac �.� apì th sumboloseirˆ treeStrEnc .

4. Epistrof  Apotelèsmatoc : H telik  sumboloseirˆ treeStrEnc epistrèfetai wc

apotèlesma.

Me th diadikasÐa aut , èqoume apojhkeÔsei ìlh thn apaitoÔmenh plhroforÐa se mÐa

sumboloseirˆ, kˆnontac ètsi taqÔtero ton algìrijmo dhmiourgÐac enìc sunìlou dèntrwn

tètoiwn ¸ste dÔo opoiad pote stoiqeÐa tou na mhn eÐnai ismorfikˆ metaxÔ touc.

3.2.3 Isomorfismìc Dèntrwn

Sthn efarmog  mac prokÔptei to ex c prìblhma. 'Eqoume mia sullog  dèntrwn me

epigrafèc kai �èloume na �roÔme èna �emeli¸dec sÔnolo tètoio ¸ste dÔo opoiad pote

stoiqeÐa tou na eÐnai mh isomorfikˆ metaxÔ touc. Gi' autì eÐnai shmantikì na �roÔme mÐa

diadikasÐa mèsw thc opoÐac na exetˆzoume an dÔo Dèntra me epigrafèc eÐnai isomorfikˆ.

Autì to epitugqˆnoume me ton algìrijmo pou parousiˆzoume se autì to kefˆlaio.

Tupik  DiatÔpwsh Probl matoc

'Estw dèntro T me epigrafèc stouc kìmbouc pou an koun sto alfˆbhto S = f1; 2; : : : ; n g.

O stìqoc eÐnai na tropopoihjeÐ to dèntro autì kai na metasqhmatisteÐ se mÐa monadik 
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morf  T0.'Etsi, �ˆsei aut c thc mejìdou gia dÔo isomorfikˆ dèntra T1 kai T2 metˆ thn

efarmog  thc aut c thc diadikasÐac na isqÔei :

T0
1 = T0

2

H diadikasÐa perilambˆnei thn exÐswsh twn �aj¸n, thn taxinìmhsh kìmbwn kai thn kwdiko-

poÐhsh mèsw sumboloseir¸n, me skopì th dhmiourgÐa enìc monadikoÔ antipros¸pou T0 gia

kˆje klˆsh isomorfismoÔ.

Tupikìc Orismìc IsomorfismoÔ

DÔo graf mata G1 ,G2 eÐnaiisomorfikˆ an isqÔoun ta akìlouja :

1. jV (G1)j = jV (G2)j

2. jE(G1)j = jE(G2)j

3. Upˆrqei sunˆrthsh f : V (G1) ! V (G2), tètoia ¸ste :

8e = (u i ; u j ) 2 E(G1) ) (f (u i ); f (u j )) 2 E(G2)

O orismìc pou d¸same parapˆnw eÐnai o genikìc orismìc isomorfismoÔ dÔo grafh-

mˆtwn. Wstìsw, se perÐptwsh pou èqoume Graf mata me epigrafèc upˆrqei san epiplèon

proupìjesh oi dÔo kìmboi u i ; f (u i ) twn grafhmˆtwn G1 ; G2 na èqoun thn Ðdia epigraf ,

dhlad  na isqÔei :

l (u i ) = l (f (u i ))

Basik  Idèa tou AlgorÐjmou

O algìrijmoc upologismoÔ tou antipros¸pou miac klˆshc isomorfik¸n dèntrwn me

epigrafèc metatrèpei èna dèntro T me epigrafèc stouc kìmbouc se mia monadik  kanoniko-

poihmènh morf  T0. H kanonikopoihmènh morf  diasfalÐzei ìti opoiad pote dÔo isomor-

�ikˆ dèntra T1 ; T2 antistoiqÐzontai sto Ðdio dèntro T0. Ta �asikˆ � mata tou algorÐjmou

eÐnai ta ex c :

1. ExÐswsh twn Baj¸n : Ta �Ôlla me diaforetikˆ �ˆjh apoktoÔn to Ðdio �ˆjoc mèsw

prosj khc kìmbwn me epigraf  0 sta �Ôlla pou den èqoun mègisto �ˆjoc sto grˆfh-

ma. (Sq ma 3.9)

2. Taxinìmhsh Kìmbwn : Oi kìmboi me koinì gonèa taxinomoÔntai me �ˆsh tic epigrafèc

touc (Sq ma 3.8).

3. KwdikopoÐhsh Upodèntrwn : Ta upodèntra sta dÔo teleutaÐa epÐpeda metatrèpo-

ntai se sumboloseirèc. (Sq ma 3.12)

4. SÔmptuxh Upodèntrwn : Ta dÔo teleutaÐa epÐpeda tou dèntrou antikajÐstantai apì

ènan kìmbo, tou opoÐou h epigraf  prokÔptei apì thn kwdikopoÐhsh. (Sq mata 3.13

,3.14)

Diplwmatik  ErgasÐa 61



Kefˆlaio 3. Jewrhtikì upìbajro

5. AfaÐresh Bohjhtik¸n Kìmbwn : Oi kìmboi me epigraf  0 afairoÔntai, af nontac

mìno th dom  kai tic epigrafèc pou perigrˆfoun to dèntro.

Sq ma 3.8: Taxinìmhsh kìmbwn me koinì gonèa �ˆsei twn epigraf¸n

Algorijmoc 3.2 : Upologismìc Antiprìswpou Klˆshc Isomorfik¸n Dèntrwn

EÐsodoc : Tree T with labels 2 f1; 2; 3; : : : ; n g
'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 = MaxTreeDepth•leafDist
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.
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Anˆlush Bhmˆtwn tou AlgorÐjmou

B ma 1: Upologismìc Mègistou Bˆjouc To mègisto �ˆjoc MaxTreeDepth orÐzetai wc

h megalÔterh apìstash apì th �Ðza mèqri opoiod pote �Ôllo. Aut  h plhroforÐa qrhsi-

mopoieÐtai gia thn exÐswsh twn �aj¸n twn �Ôllwn.

B ma 2: ExÐswsh Baj¸n FÔllwn ProstÐjentai kìmboi me epigraf  0 sta �Ôlla pou

èqoun �ˆjoc mikrìtero apì MaxTreeDepth , ¸ste ìla ta �Ôlla na apokt soun to Ðdio �ˆjoc

ìpwc �aÐnetai sto Sq ma 3.9. To � ma autì eÐnai aparaÐthto giatÐ mac mei¸nei shmantikˆ

ton apaitoÔmeno qrìno gia thn anˆlush ìlwn twn epimèrouc peript¸sewn.

B ma 3: Taxinìmhsh Kìmbwn Oi kìmboi me koinì gonèa taxinomoÔntai me �ˆsh tic epi-

grafèc touc, diasfalÐzontac stajer  seirˆ anexˆrthta apì thn arqik  dom  ìpwc �lèpoume

sto Sq ma 3.9.

B ma 4: KwdikopoÐhsh Upodèntrwn Ta upodèntra sta dÔo teleutaÐa epÐpeda meta-

trèpontai se sumboloseirèc, oi opoÐec perigrˆfoun th dom  kai tic epigrafèc twn kìmbwn.

Apì ta Sq mata 3.12 kai 3.13 �lèpoume pwc kwdikopoioÔntai ta upodèntra se sumbolo-

seirèc.

B ma 5: Lexikografik  Taxinìmhsh Sumboloseir¸n Oi sumboloseirèc taxinomoÔntai

lexikografikˆ, kai se kˆje sumboloseirˆ antistoiqÐzetai mia nèa epigraf , xekin¸ntac apì

MaxTreeLabel + 1. Sto Sq ma 3.13 �lèpoume pwc èqei gÐnei h Lexikografik  Taxinìmhsh

twn sumboloseir¸n pou proèkuyan apì to prohgoÔmeno � ma.

B ma 6: SÔmptuxh Upodèntrwn Ta upodèntra antikajÐstantai apì ènan kìmbo me thn

antÐstoiqh nèa epigraf , mei¸nontac to �ˆjoc tou dèntrou. Sto Sq ma 3.14 �lèpoume se

antistoiqeÐ o nèoc kìmboc kai pwc èna upodèntro kwdikopoi jhke ston arijmì thc nèac

epigraf c.

B ma 7: Epanalhptik  KanonikopoÐhsh H diadikasÐa epanalambˆnetai èwc ìtou to

dèntro apokt sei �ˆjoc 1. 'Otan to dèntro èqei mìno dÔo epÐpeda, taxinomoÔme ta paidiˆ

tou r(T). Sth sunèqeia kˆnoume "xedÐplwsh" tou dèntrou, antikajist¸ntac kˆje kìmbo pou

èqei kˆpoia epigraf  l i me to upodèntro sto opoÐa antistoiqeÐ aut  h epigraf .

B ma 8: AfaÐresh Bohjhtik¸n Kìmbwn Oi kìmboi me epigraf  0 pou prostèjhkan

katˆ thn exÐswsh twn �aj¸n afairoÔntai, af nontac mìno to arqikì tm ma tou dèntrou.

B ma 9: Epistrof  Apotelèsmatoc To apotèlesma eÐnai h kanonikopoihmènh morf 

T0, h opoÐa eÐnai monadik  gia kˆje klˆsh isomorfik¸n dèntrwn.

Mèsw autoÔ tou algorÐjmou kˆnoume to pr¸to � ma pou eÐnai aparaÐthto gia apˆnthsh

sto er¸thma an dÔo dèntra T1 ; T2 eÐnai isomorfikˆ �ˆsei twn epigraf¸n tou. Sth sunèqeia,
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me qr sh thc diadikasÐac pou deÐxame sto Kefˆlaio 3.2.2 , antistoiqÐzoume ta metasqh-

matismèna dèntra se sumboloseirèc kai tic sugkrÐnoume. An eÐnai Ðdiec, ta arqikˆ dèntra

T1 ; T2 eÐnai isomorfikˆ, diaforetikˆ den eÐnai.

Sq ma 3.9: Isoôy c metatrop  dèntrou

Sq ma 3.10: Taxinìmhsh �Ôllwn �ˆsei epigraf c.
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Sq ma 3.11: Diˆtrexh kìmbwn upodèntrwn gia sumpÐesh.

Sq ma 3.12: AntistoÐqish upodèntrwn se sumboloseirèc.

Sq ma 3.13: SumpÐesh upodèntrwn.

Apìdeixh orjìthtac : Sto teleutaÐo � ma tou algorÐjmou prin xekin sei h diadikasÐa

thc xedÐplwshc tou dèntrou,ìpou prokÔptei èna dèntro me dÔo epÐpeda kai ta �Ôlla eÐnai

taxinomhmèna �ˆsei thc epigraf c touc, kˆje kìmboc antistoiqeÐ se èna upodèntro. Oi kìm-

�oi eÐnai taxinomhmènoi lexikografikˆ. 'Etsi, gia èna dèntro T me F (r (T )) = fT1 ; T2 ; :::; T n g

upˆrqei sunˆrthsh f (�) : T 7! N h opoÐa paÐrnei èna dèntro me epigrafèc kai to anti-

stoiqÐzei se ènan �usikì arijmì mèsw thc opoÐac orÐzetai diˆtaxh metaxÔ twn stoiqeÐwn tou

sunìlou F (r (T )). H tim  thc sunˆrthshc f (Ti ) antistoiqeÐ sth tim  thc epigraf c tou kìm-

�ou pou anaparastˆ to upodèntro Ti . 'Etsi, gia dÔo dèntra Ti ; Tj me i < j , f (Ti ) � f (Tj ).
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Sq ma 3.14: Antikatˆstash upodèntrou me ènan kìmbo.

'Otan isqÔei ìti f (Ti ) = f (Tj ) autì shmaÐnei pwc ta upodèntra Ti ; Tj eÐnai isomorfikˆ, kai

epomènwc h antallag  twn �èsewn touc den ephrreˆzei thn telik  morf  tou prokÔptontoc

dèntrou T '. Diaforetikˆ, to dèntro Ti eÐnai lexikografikˆ mikrìtero apì to Tj (Sq ma 3.15).

Sq ma 3.15: Anadiˆtaxh upodèntrwn me qr sh Lexikografik c Taxinìmhshc epigraf¸n.

3.2.4 Pur nec Grafhmˆtwn

"Whether you can observe a thing or not

depends on the theory which you use."

Albert Einstein

Katˆ thn ulopoÐhsh tou �asikoÔ mac algorÐjmou, suqnˆ apaiteÐtai h sugkritik  axio-

lìghsh kai taxinìmhsh grafhmˆtwn pou apoteloÔn ta dedomèna eisìdou. Gia na petÔqoume

aut  thn taxinìmhsh, pr¸ta metatrèpoume ta graf mata se dianusmatikèc anaparastˆseic,

¸ste na mporoÔn na qrhsimopoihjoÔn apì montèla Mhqanik c Mˆjhshc [2]. Se autì to

stˆdio, eisˆgoume touc Pur nec Grafhmˆtwn (Graph Kernels ), oi opoÐoi qrhsimopoio-

Ôntai wc algìrijmoc sthn ulopoÐhs  mac gia thn antistoÐqish twn graf mata se dianÔsmata

qarakthristik¸n.
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Orismìc

Oi Pur nec Grafhmˆtwn eÐnai sunart seic pou upologÐzoun to eswterikì ginìmeno twn

dianusmatik¸n anaparastˆsewn dÔo grafhmˆtwn. Me autìn ton trìpo, mporoÔme na me-

tr soume ton �ajmì omoiìthtˆc touc. 'Estw èna sÔnolo grafhmˆtwn me epigrafèc stouc

kìmbouc :


 = fG j G = (V; E; l (�))g;

kai dÔo graf mata G1 ; G2 2 
 . 'Estw epÐshc ènac q¸roc QÐlmpert H kai mÐa sunˆrthsh

' : 
 ! H pou apeikonÐzei kˆje grˆfhma se èna shmeÐo thc H . Tìte ènac Pur nac

Grafhmˆtwn k : 
 � 
 ! R orÐzetai wc :

k (G1 ; G2) = h' (G1); ' (G2)i H ;

ìpou h tim  tou k (G1 ; G2) eÐnai anˆlogh thc omoiìthta twn dÔo grafhmˆtwn [43].

KathgorÐec Pur nwn Grafhmˆtwn

H epilog  tou katˆllhlou Pur na Grafhmˆtwn exartˆtai apì th dom  kai thn efar-

mog  tou probl matoc [43]. Upˆrqoun treic �emeli¸deic kathgorÐec [2]:

1. Pur nec Upodèntrwn ( Subtree Kernels ).

2. Pur nec TuqaÐwn Peripˆtwn ( Random Walk Kernels ).

3. Pur nec Suntomìterwn Monopati¸n ( Shortest Path Kernels ).

Sth dik  mac perÐptwsh, mac endiafèrei h plhroforÐa twn upodèntrwn enìc grˆfhma-

toc kai gia autì katˆllhloi eÐnai oi Pur nec Upodèntrwn, kai sugkekrimèna o Weisfeiler•

Lehman Pur nac Upodèntrwn.

Algìrijmoc

Sto Sq ma 3.16 parousiˆzetai o yeudok¸dikac gia mÐa epanˆlhyh tou algorÐjmou

Weisfeiler•Lehman . Parakˆtw dÐnoume epex ghsh twn �hmˆtwn tou algorÐjmou.

Sq ma 3.16: MÐa epanˆlhyh tou algorÐjmou Weisfeiler•Lehman
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B mata tou AlgorÐjmou Weisfeiler•Lehman Pur na Grafhmˆtwn

Se kˆje epanˆlhyh tou Weisfeiler•Lehman , pragmatopoioÔntai ta ex c � mata :

1. Upologismìc epigraf¸n Polusunìlwn : Gia kˆje kìmbo upologÐzoume mia sum-

�oloseirˆ pou perièqei thn epigraf  tou kìmbou kai tic epigrafèc twn geitìnwn tou,

taxinomhmènec se aÔxousa seirˆ.Gia parˆdeigma, h epigraf  polusunìlou pou pro-

kÔptei gia to dèntro T tou Sq matoc 3.17 gia ton kìmbo u 1 eÐnai "1.2.3.4" kaj¸c l(u 1)

= 1 kai oi epigrafèc twn geitonik¸n kìmbwn tou u 1 eÐnai se taxinomhmènh seirˆ

[1; 2; 3]

.

2. DhmiourgÐa ArÐjmhshc Nèwn epigraf¸n : Oi sumboloseirèc taxinomoÔntai lexiko-

grafikˆ kai antistoiqÐzontai se nèec akèraiec timèc, xekin¸ntac thn arÐjmhsh apì mÐa

tim  megalÔterh thc mègisthc epigraf c tou arqikoÔ dèntrou. Sto parˆdeigma tou

Sq matoc 3.17, prokÔptoun oi epigrafèc Polusunìlou gia ìlouc touc kìmbouc tou

dèntrou T pou �aÐnetai sto Sq ma 3.18 . Sth sunèqeia, tic taxinomoÔme lexikografikˆ

kai antistoiqÐzoume kˆje epigraf  polusunìlou se ènan diadoqikì �usikì arijmì. H

megalÔterh tim  epigraf c sto dèntro T eÐnai 4, kai gia autì xekinˆei h antistoÐqish

twn epigraf¸n Polusunìlou apì thn tim  5.

3. Epanatopojèthsh epigraf¸n : Oi kìmboi ìlwn twn grafhmˆtwn enhmer¸nontai me

tic nèec epigrafèc. H diadikasÐa aut  mporeÐ na epanalhfjeÐ pollèc �orèc, kajemiˆ

exetˆzontac pio sÔnjeta upodèntra. Sto Sq ma 3.19 �lèpoume tic nèec epigrafèc

twn kìmbwn tou dèntrou T tou Sq matoc 3.17 qrhsimopoi¸ntac thn antistoÐqish pou

prokÔptei apì th diadikasÐa pou �aÐnetai sto Sq ma 3.16.

Sq ma 3.17: Dèntro T me epigrafèc stouc kìmbouc

Metˆ to pèrac twn epanal yewn tou algorÐjmou, upologÐzetai h suqnìthta emfˆnishc

kˆje epigraf c gia kˆje grˆfhma kai ètsi dhmiourgeÐtai to telikì diˆnusma qarakthri-

stik¸n gia kˆje grˆfhma. Autì to diˆnusma enswmat¸netai sto �asikì mac algìrijmo wc

eÐsodoc se ènan taxinomht , epitrèpontac thn prìbleyh thc klˆshc enìc nèou graf matoc.
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Sq ma 3.18: SumpÐesh epigraf¸n

Sq ma 3.19: Dèntro T metˆ thn ananèwsh twn tim¸n twn epigraf¸n

Sqèsh epigraf¸n kai Dèntrwn Anˆptuxhc

Oi epigrafèc pou prokÔptoun apì thn diadikasÐa Weisfeiler•Lehman èqoun ˆmesh su-

sqètish me ta upodèntra ìlwn twn grafhmˆtwn. Kˆje sunist¸sa tou dianÔsmatoc qara-

kthristik¸n antistoiqeÐ ston arijmì emfˆnishc enìc sugkekrimènou dèntrou anˆptuxhc [3].

Sthn efarmog  mac, oi kìmboi mporeÐ na antiproswpeÔoun qr stec se dèntra diˆdoshc miac

dhmosÐeushc. Ston klˆdo thc qhmeÐac, oi qhmikèc en¸seic �a mporoÔsan na anaparasta-

�oÔn me graf mata me epigrafèc ìpou o kˆje kìmboc èqei epigraf  anˆloga me to qhmikì

stoiqeÐo pou anaparastˆ [2].

'Etsi, eˆn h dom  sqetÐzetai me kˆpoia idiìthta (p.q. toxikìthta miac qhmik c ènwshc),

h dianusmatik  anaparˆstash epitrèpei thn ekpaÐdeush enìc montèlou taxinìmhshc pou,

gia mia nèa ènwsh, �a ektim sei an diajètei aut n thn idiìthta, axiopoi¸ntac apokleistikˆ

thn topologik  plhroforÐa pou enswmat¸jhke sto diˆnusma[2].

Me autì ton trìpo, oi Pur nec Grafhmˆtwn parèqoun èna apotelesmatikì plaÐsio gia

thn enswmˆtwsh thc dom c kai twn epigraf¸n tou graf matoc se algorÐjmouc taxinìmhshc

kai ˆllec analutikèc teqnikèc, enswmat¸nontac pl rwc thn topologik  plhroforÐa ston

�asikì algìrijmo.
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Sto Sq ma 3.21 �lèpoume kai tupikˆ ton algìrijmo gia mÐa epanˆlhyh thc diadikasÐac

sth perÐptwsh pou èqoume N graf mata. To pl joc twn epanal yewn h exetˆzei ìlo kai

megalÔtera se �ˆjoc Dèntra Anˆptuxhc.

Sq ma 3.20: Algìrijmoc WL gia 1 epanˆlhyh se N graf mata

Sto Sq ma 3.21 �lèpoume sugkentrwmèna èna praktikì parˆdeigma tou pwc leitourgeÐ

o algìrijmoc gia dÔo graf mata me epigrafèc G, G' gia dÔo epanal yeic kai pwc mèsw

autoÔ lambˆnoume ta dianÔsmata qarakthristik¸n.

Sq ma 3.21: Upologismìc dianusmˆtwn qarakthristik¸n mèsw tou algorÐjmou Weisfeiler-
Lehman

Parˆdeigma

Oi epigrafèc stouc kìmbouc twn grafhmˆtwn parèqoun prìsjeth plhroforÐa sqetikˆ

me touc kìmbouc. Gia parˆdeigma, sto Sq ma 3.22, me th qr sh antistoiqÐsewn qhmik¸n

stoiqeÐwn stouc diadoqikoÔc �usikoÔc arijmoÔc tou alfab tou S = {1,2,3 }, anaparistoÔme

qhmikèc en¸seic wc Graf mata me epigrafèc. Aut  h anaparˆstash sunteleÐ sthn exagwg 
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dianusmatik¸n qarakthristik¸n mèsw tou algorÐjmou Weisfeiler•Lehman , pou efarmìzetai

gia ènan kajorismèno arijmì epanal yewn ( h = 1, me h = 0; 1). 'Opwc parousiˆzetai sto

Sq ma 3.23, gia ta graf mata tou Sq matoc 3.22, upologÐzoume ìla ta i -Dèntra Anˆptuxhc

gia i = 0; 1 gia ta graf mata autˆ.

Sq ma 3.22: Anaparˆstash qhmik¸n en¸sewn me qr sh Grafhmˆtwn me epigrafèc
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Sq ma 3.23: 0,1 - Dèntra Anˆptuxhc sta graf mata tou Sq matoc 3.22

Sth sunèqeia, dhmiourgoÔme mia nèa kwdikopoÐhsh gia ìla ta Dèntra Anˆptuxhc Ôyouc

i = 1. TaxinomoÔme autˆ ta dèntra kai touc apodÐdoume nèec epigrafèc, ìpwc apeikonÐzetai

sto Sq ma 3.24.

Sq ma 3.24: AntistoÐqish upodèntrwn se epigrafèc
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Upologismìc Dianusmatik¸n Qarakthristik¸n

Metˆ thn kwdikopoÐhsh twn upodèntrwn, upologÐzoume th suqnìthta emfˆnishc kˆje

epigraf c stic dÔo epanal yeic tou algorÐjmou Weisfeiler•Lehman . Ta dianÔsmata qara-

kthristik¸n pou antistoiqÐzetai kˆje qhmik  ènwsh upologÐzontai wc h suqnìthta emfˆnishc

kajemÐac epigraf c stic dÔo epanal yeic tou algorÐjmou kai isoÔntai me :

' (H2O) = [2; 0; 1; 2; 0; 0; 1; 0]

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

' (C2O) = [0; 1; 2; 0; 0; 1; 0; 2]

Anˆlush Omoiìthtac Qhmik¸n Ousi¸n

H omoiìthta metaxÔ twn dom¸n twn qhmik¸n en¸sewn axiologeÐtai mèsw twn apostˆsewn

metaxÔ twn dianusmˆtwn twn qarakthristik¸n touc. Sugkekrimèna :

dist (' (H2O); ' (CO)) > dist (' (CO); ' (CO2))

dist (' (H2O); ' (CO2)) > dist (' (CO); ' (CO2))

Autèc oi sqèseic upodeiknÔoun ìti oi domèc twn ousi¸n CO kai CO2 eÐnai pio ìmoiec

metaxÔ touc se sÔgkrish me thn H2O ìpwc �aÐnetai kai sto Sq ma 3.25.

Sq ma 3.25: Dianusmatik  anaparˆstash twn qhmik¸n stoiqeÐwn
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3.2.5 Diorjwtik  Apìstash Dèntrwn

H diorjwtik  apìstash dèntrwn ( Tree Edit Distance ) eÐnai mia metrik  pou kajorÐzei

pìso ìmoia eÐnai dÔo dèntra me epigrafèc stouc kìmbouc. BasÐzetai stic akìloujec epitre-

ptèc leitourgÐec pou efarmìzontai se èna dèntro me epigrafèc T gia thn metatrop  tou se

èna dèntro T':

ˆ MetonomasÐa kìmbou : Allag  thc epigraf c enìc kìmbou.

ˆ Eisagwg  kìmbou : Prosj kh enìc nèou kìmbou sto dèntro me mÐa sugkekrimènh

epigraf .

ˆ Diagraf  kìmbou : AfaÐresh enìc kìmbou apì to dèntro me mÐa sugkekrimènh epi-

graf .

H apìstash orÐzetai wc to elˆqisto sunolikì kìstoc pou apaiteÐtai gia th metatrop  enìc

dèntrou T se èna ˆllo dèntro T0, qrhsimopoi¸ntac tic parapˆnw leitourgÐec.

Tupik  DiatÔpwsh

Dosmènwn dÔo dèntrwn me epigrafèc T1 ; T2 , kai miac sunˆrthshc kìstouc


 : � ? � � ? ! R, h opoÐa orÐzei to kìstoc gia :

ˆ th metatrop  enìc kìmbou me epigraf  l1 se mia ˆllh me epigraf  l2

ˆ thn eisagwg  enìc kìmbou me epigraf  l2 (ìtan l1 =? ),

ˆ th diagraf  enìc kìmbou me epigraf  l1 (ìtan l2 =? )

h 
 (l1 ; l2) orÐzetai wc :


 (l1 ; l2) =

8
>>>>>>><
>>>>>>>:

kìstoc metatrop c l1 ! l2 ; an l1 ; l2 , ? ;

kìstoc eisagwg c l2 ; an l1 =? ;

kìstoc diagraf c l1 ; an l2 =? :

H diorjwtik  apìstash upologÐzetai wc to elˆqisto kìstoc ìlwn twn pijan¸n akolou-

�i¸n aut¸n twn leitourgi¸n gia thn metatrop  tou T1 sto T2 .

Sto Sq ma 3.26 �lèpoume ton yeudok¸dika gia ton algìrijmo Structure & Depth Pre•

serving Tree Edit Distance . O algìrijmoc lambˆnei wc eÐsodo dÔo dèntra xedÐplwshc T, T'

Ðdiou Ôyouc me epigrafèc kai ton pÐnaka kìstouc ìlwn twn leitourgi¸n epexergasÐac. Ta

� mata tou algorÐjmou perigrˆfontai akoloÔjwc.
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Sq ma 3.26: Algìrijmoc SD Tree Edit Distance [3]

Algìrijmoc UpologismoÔ

O algìrijmoc upologismoÔ thc diorjwtik c apìstashc dèntrwn apoteleÐtai apì ta ex c

� mata :

1. Upologismìc twn sunìlwn upodèntrwn : Gia kˆje dèntro T kai T0, upologÐzontai

ta sÔnola F kai F 0, ta opoÐa perièqoun ta upodèntra pou èqoun wc �Ðza touc ta

paidiˆ thc �Ðzac twn T kai T0 antÐstoiqa. Sto Sq ma 3.27 �lèpoume pˆnw sto sq ma

èna dèntro T kai pwc apì autì prokÔptei to F(r(T)).

2. ExÐswsh pl jouc upodèntrwn : Eisˆgontai kenˆ dèntra sta sÔnola F kai F 0 ètsi

¸ste na isqÔei jF j = jF 0j = deg(r (T )) + deg(r (T0)). Sto Sq ma 3.28 èqoume ìti

deg(r (T )) = 2 kai deg(r (T0)) = 1. Epeid  �èloume na isqÔei h sqèsh jF j = jF 0j =

deg(r (T )) + deg(r (T0)) = 3, prosjètoume èna kenì dèntro sto sÔnolo F (r (T )) (epeid 

perièqei  dh 2 stoiqeÐa) kai dÔo kenˆ dèntra sto F (r (T0))

3. Upologismìc kìstouc metatrop c upodèntrwn : To kìstoc metatrop c kˆje u-

podèntrou f 2 F se kˆje upodèntro f 0 2 F 0 upologÐzetai �ˆsei thc sunˆrthshc 
 . Oi

peript¸seic eÐnai :

(aþ) An kai ta dÔo upodèntra eÐnai kenˆ, to kìstoc eÐnai 0.

(�þ) An to deÔtero upodèntro eÐnai kenì, to kìstoc eÐnai to sunolikì kìstoc diagraf c

ìlwn twn kìmbwn tou pr¸tou upodèntrou. Sto parˆdeigma tou Sq matoc 3.29,

to sunolikì kìstoc metatrop c tou dèntrou T sto kenì dèntro eÐnai :


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

(gþ) An to pr¸to upodèntro eÐnai kenì, to kìstoc eÐnai to sunolikì kìstoc eisagwg c

ìlwn twn kìmbwn tou deÔterou upodèntrou. Sto Sq ma 3.30 �lèpoume mÐa tètoia

perÐptwsh. To sunolikì kìstoc metatrop c tou kenoÔ dèntrou sto telikì dèntro

T isoÔtai me :


 (1; ? ) + 
 (2; ? ) + 
 (3; ? ).
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(dþ) An kanèna upodèntro den eÐnai kenì epanalambˆnetai anadromikˆ h Ðdia diadi-

kasÐa gia ta dÔo upodèntra.

4. EÔresh elˆqistou kìstouc dimeroÔc tairiˆsmatoc : Me �ˆsh ta upologismèna

kìsth � i;j gia kˆje 
eÔgoc upodèntrwn f i 2 F kai f 0
j 2 F 0, kataskeuˆzetai èna dimerèc

grˆfhma ìpwc �lèpoume sto Sq ma 3.28. Oi korufèc anaparistoÔn ta upodèntra

kai oi akmèc to kìstoc metatrop c. H eÔresh tou elˆqistou kìstouc dimeroÔc tairi-

ˆsmatoc dÐnei to �èltisto trìpo metatrop c.

5. Upologismìc sunolikoÔ kìstouc : To sunolikì kìstoc apoteleÐ to ˆjroisma twn

akìloujwn kìstwn :

(aþ) To kìstoc metatrop c thc epigraf c thc �Ðzac tou T se aut  thc �Ðzac tou T0.

(�þ) To sunolikì kìstoc tou elˆqistou kìstouc dimeroÔc tairiˆsmatoc twn upo-

dèntrwn.

Sq ma 3.27: Dèntro T (pˆnw) kai F(r(T)) (kˆtw)

Me �ˆsh to parˆdeigma tou Sq matoc 3.31, gia na metatrèyoume to dèntro T me epi-

grafèc sto dèntro me epigrafèc T',exetˆtˆzoume an sumfèrei na diagrˆyoume to prˆsino

upodèntro kai na metatrèyoume to mwb upodèntro sto portokalÐ   an sumfèrei na dia-

grˆyoume to mwb upodèntro kai na metatrèyoume to prˆsino upodèntro sto portokalÐ.

Sthn pr¸th perÐptwsh, to kìstoc upologÐzetai wc ex c :

del(green) + Transform(purple ! orange) = 3 + 3 = 6
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Sq ma 3.28: Dimerèc grˆfhma metatrop c upodèntrwn F (r (T )) 7! F (r (T0)) [3]

Sq ma 3.29: Metatrop  enìc dèntrou T sto kenì dèntro.

Sq ma 3.30: Metatrop  enìc kenoÔ dèntrou se èna dèntro T

AntÐstoiqa, sth deÔterh perÐptwsh, to kìstoc eÐnai :

del(purple) + Transform(green ! orange) = 2 + 2 = 4

'Etsi, efìswn oi timèc twn epigraf¸n twn �iz¸n eÐnai Ðdiec, prokÔptei pwc h Diorjwtik 

Apìstash twn Dèntrwn T,T' eÐnai 4.
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Sq ma 3.31: Dèntra me epigrafèc T, T' kai pÐnakec kìstouc epigraf¸n kai upodèntrwn
Mr ; Mc antistoÐqwc. [3]

Efarmogèc thc Diorjwtik c Apìstashc Dèntrwn

H diorjwtik  apìstash dèntrwn �rÐskei efarmog  se pollˆ episthmonikˆ pedÐa, ìpwc :

ˆ Bioplhroforik /Upologistik  BiologÐa : SÔgkrish �ulogenetik¸n dèntrwn.

ˆ EpexergasÐa Fusik c Gl¸ssac : SÔgkrish suntaktik¸n   shmasiologik¸n dèntrwn

protˆsewn (Sq ma 3.32)

ˆ EpexergasÐa Eikìnac : SÔgkrish ierarqik¸n dom¸n eikìnwn.

ˆ Logismikì : Mètrhsh omoiìthtac metaxÔ phgaÐwn keimènwn   dom¸n dedomènwn. Gia

parˆdeigma, h anaparˆstash keimènwn me dèntra twn opoÐwn oi kìmboi perilam-

�ˆnoun lèxeic mporeÐ na deÐxei omoiìthta metaxÔ dÔo keimènwn mèsw thc apìstashc.

Sq ma 3.32: Anaparˆstash dÔo protˆsewn me qr sh dèntrwn [4]
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3.2.6 KwdikopoÐsh Dèntrwn Anˆptuxhc me Qr sh Dianusmˆtwn

H kwdikopoÐhsh Dèntrwn Anˆptuxhc me qr sh dianusmˆtwn aposkopeÐ sthn anapa-

�ˆstash enìc dèntrou anˆptuxhc me epigrafèc T me qr sh enìc dianÔsmatoc qarakthristi-

k¸n V (T ) [3]. To diˆnusma autì apoteleÐtai apì dÔo sunist¸sec :

ˆ To Vr (T ), to opoÐo anaparistˆ thn epigraf  thc �Ðzac tou dèntrou.

ˆ To Vc(T ), to opoÐo kwdikopoieÐ th dom  kai thn plhroforÐa twn upodèntrwn.

H diadikasÐa aut  eÐnai qr simh gia thn exagwg  qarakthristik¸n, th sÔgkrish kai

thn omadopoÐhsh dèntrwn, kaj¸c parèqei mia arijmhtik  anaparˆstash katˆllhlh gia

algorÐjmouc mhqanik c mˆjhshc.

Tupik  DiatÔpwsh

Gia èna sÔnolo fT1 ; T2 ; : : : ; T k g apì i -Dèntra Anˆptuxhc me epigrafèc stouc kìmbouc

l 2 fl1 ; l2 ; : : : ; l n g, h dianusmatik  anaparˆstash enìc dèntrou T orÐzetai wc :

V (T ) =
�
Vr (T ); Vc(T )

�
;

ìpou :

1. Vr (T ) = (x1 ; x2 ; : : : ; x n ; x? ), me :

xi =

8
>>><
>>>:

1; an l (r (T )) = l i ;

0; alli¸c :

2. Vc(T ) = (x1 ; x2 ; : : : ; x q; xq+1), me :

xi =

8
>>><
>>>:

jfT 2 F (r (T )) j T � T (h � 1)
i gj; an i 2 [q];

2d � deg(r (T )); an i = q + 1:

me

To Vr (T ) apoteleÐ mia monadiaÐa kwdikopoÐhsh (one � hot encoding ) thc epigraf c thc

�Ðzac tou dèntrou T en¸ to Vc(T ) perilambˆnei thn plhroforÐa twn upodèntrwn tou T. To

d eÐnai o mègistoc �ajmìc thc �Ðzac ìlwn twn dèntrwn Ti ( d = max(deg(r (T ))) ).
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Algìrijmoc KwdikopoÐhshc Dèntrwn Anˆptuxhc

Algorijmoc 3.3 : KwdikopoÐhsh Dèntrwn Anˆptuxhc me Qr sh Dianusmˆtwn

EÐsodoc : SÔnolo apì i -Dèntra Anˆptuxhc fT1 ; T2 ; : : : ; T k g,me epigrafèc l 2 fl1 ; l2 ; : : : ; l n g
'Exodoc : Diˆnusma V (T ) = (Vr (T ); Vc(T )) gia kˆje dèntro T
1: for kˆje dèntro T 2 fT1 ; T2 ; : : : ; T k gdo
2: Upologismìc Vr (T ):
3: DhmiourgoÔme to Vr (T ), èna diˆnusma m kouc n + 1, me:

xi =

8
>><
>>:

1; an l (r (T )) = l i

0; alli¸c

4: Upologismìc Vc(T ):
5: UpologÐzoume ìla ta h -Dèntra Anˆptuxhc tou T.
6: DhmiourgoÔme �usik  aparÐjmhsh twn mh isomorfik¸n upodèntrwn

fT (h � 1)
1 ; : : : ; T (h � 1)

q g.
7: Gia kˆje sunist¸sa xi tou Vc(T ), �ètoume:

xi =

8
>><
>>:
jfT 2 F (r (T )) j T � T (h � 1)

i gj; an i 2 [q]

2d � deg(r (T )); an i = q + 1

med = max
�
fdeg(r (T )) j T 2 Gg

�
.

8: Epistrèfoume to V (T ) = (Vr (T ); Vc(T )).
9: end for

B mata UpologismoÔ thc KwdikopoÐhshc

1. Upologismìc epigraf c RÐzac : DhmiourgoÔme to diˆnusma Vr (T ), me m koc n + 1.

Kˆje sunist¸sa xi deÐqnei an h epigraf  thc �Ðzac l (r (T )) isoÔtai me l i .

2. Sullog  Upodèntrwn : Gia ìla ta dèntra sto sÔnolo T = fT1 ; T2 ; : : : ; T k gupologÐzou-

me to sÔnolo U =
S k

i=1 F (r (Ti )).

3. Fusik  AparÐjmhsh Upodèntrwn : DhmiourgoÔme mia aparÐjmhsh twn mh iso-

morfik¸n upodèntrwn sto sÔnolo U antistoiq¸ntac kˆje upodèntro se ènan �usikì

arijmì.

4. Upologismìc Vc(T ): Gia kˆje dèntro T, to Vc(T ) perilambˆnei th suqnìthta emfˆni-

shc kˆje upodèntrou apì to sÔnolo U kaj¸c kai mia epiplèon sunist¸sa xq+1 , pou

exasfalÐzei thn Ðdia L1-nìrma gia ìla ta dianÔsmata Vc(Ti ).

5. Epistrof  apotelèsmatoc : Epistrèfoume gia kˆje Dèntro Anˆptuxhc Ti thn dia-

nusmatik  tou anaparˆstash V (T ) = (Vr (T ); Vc(T )).
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Sq ma 3.33: DÔo Dèntra Anˆptuxhc T kai T0 [3].

Parˆdeigma Ektèleshc

Gia ta dèntra T kai T0 pou parousiˆzontai sto Sq ma 3.33:

Vr (T ) = [1; 0; 0; 0]; Vr (T0) = [1; 0; 0; 0]:

Ta dianÔsmata Vr (T ) kai Vr (T0) èqoun m koc 4, kaj¸c to pl joc twn diaforetik¸n

epigraf¸n sta dèntra T kai T0 eÐnai 3. Kˆje sunist¸sa tou dianÔsmatoc paÐrnei thn

tim  1 sth �èsh pou antistoiqeÐ sthn epigraf  thc �Ðzac tou dèntrou kai 0 stic upìloipec

sunist¸sec. Sunep¸c, prokÔptoun ta dianÔsmata :

Vr (T ) = [1; 0; 0; 0]; Vr (T0) = [1; 0; 0; 0];

kaj¸c isqÔei ìti l (r (T )) = l (r (T0)) = 1.

Sq ma 3.34: Fusik  AparÐjmhsh Upodèntrwn twn T kai T0.

SÔmfwna me th �usik  aparÐjmhsh pou �aÐnetai sto Sq ma 3.34, ta dianÔsmata

Vc(T ),Vc(T0) twn dèntrwn T kai T0 orÐzontai wc ex c :

Vc(T ) = [1; 1; 0; 1]; Vc(T0) = [0; 0; 1; 2]:

H tim  kˆje sunist¸sac sta dianÔsmata Vc(T ) kai Vc(T0) antistoiqeÐ ston pl joc twn

upodèntrwn pou �rÐskontai se kˆjena apì ta dèntra T,T'. Sugkekrimèna, to dèntro T peri-

èqei èna prˆsino upodèntro kai èna mwb upodèntro (aÔxwn arijmìc upìdentrou 1,2), en¸ to

dèntro T0 perièqei mìno to portokalÐ upodèntro (aÔxwn arijmìc upìdentrou 3).

H teleutaÐa sunist¸sa kˆje dianÔsmatoc qrhsimopoieÐtai wc upoleipìmenh tim , ¸ste na

exasfalÐzetai h kanonikopoÐhsh twn dianusmˆtwn Vc(Ti ). Me autìn ton trìpo, diasfalÐzetai

ìti ìla ta dianÔsmata èqoun thn Ðdia L1-nìrma.

Diplwmatik  ErgasÐa 81



Kefˆlaio 3. Jewrhtikì upìbajro

ShmasÐa kai Efarmogèc

H kwdikopoÐhsh enìc Dèntrou Anˆptuxhc T me th qr sh tou dianÔsmatoc V (T ) èqei

shmantikèc efarmogèc ìpwc :

ˆ Epitrèpei th sÔgkrish kai th sustadopoÐhsh dèntrwn anˆptuxhc.

ˆ QrhsimopoieÐtai se algorÐjmouc ìpwc o Generalized Weisfeiler•Lehman Subtree Ker•

nel gia th pio {qalar } antimet¸pish upodèntrwn pou den eÐnai isomorfikˆ allˆ

èqoun parìmoia dom .

ˆ Mèsw thc apìstashc Wasserstein kai tou algorÐjmou Wasserstein K-Mèswn, mporo-

Ôme na omadopoi soume dèntra me mikrèc diaforèc. (Sq ma 3.35)

Sq ma 3.35: Qr sh tou AlgorÐjmou Wasserstein K-Mèswn se Dèntra Anˆptuxhc. [3]
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3.3 ErgaleÐa Mhqanik c Mˆjhshc

3.3 ErgaleÐa Mhqanik c Mˆjhshc

3.3.1 Logistic Regression

"Data is the new oil."

Clive Humby

H Logistik  Palindrìmhsh eÐnai ènac Taxinomht c Mhqanik c Mˆjhshc me EpÐble-

yh.O taxinomht c leitourgeÐ wc ex c � èqoume èna sÔnolo klˆsewn kai mèsw enìc Sunìlou

Dedomènwn EkpaÐdeushc �ujmÐzontai katˆllhla ta �ˆrh tou montèlou. 'Epeita kˆje antike-

Ðmeno tÐjetai se mÐa apì tic upˆrqousec klˆseic anˆloga me thn tim  exìdou tou montèlou.

Gia to prìblhma thc Duadik c Taxinìmhshc me qr sh Logistik c Palindrìmhshc, an oi

parˆmetroi tou montèlou eÐnai �! w = [w 1 ; w 2 ; : : : ; w n ]T ; b kai to diˆnusma qarakthristik¸n

enìc stoiqeÐou �! x 2 Rn pou �èloume na taxinom soume se mÐa klˆsh c 2 f0; 1g eÐnai�! x =

[x1 ; x2 ; : : : ; x n ], upologÐzoume arqikˆ ton grammikì sunduasmì pou dÐnetai apì th Sqèsh

2.17:

z =
nX

i=1

w i � xi + b = �! w � �! x + b: (3.13)

Sth sunèqeia, qrhsimopoioÔme thn sigmoeid  sunˆrthsh � (�) : R 7! (0; 1), h opoÐa

orÐzetai wc ex c :

� (x ) =
1

1 + e� x
(3.14)

kai �ètontac thn tim  z thc Sqèshc 3.13 se aut , kai anˆloga me to an h tim  � (z) eÐnai

mikrìterh   megalÔterh tou 0.5, ektimoÔme ìti to stoiqeÐo �! x an kei sthn Klˆsh 0   sthn

Klˆsh 1 antistoÐqwc, ìpwc �aÐnetai kai apì th Sqèsh 3.15.

class (�! x ) =

8
>><
>>:

0 : � (z) < 0:5

1 : � (z) � 0:5
(3.15)

To s(z) orÐzetai wc ex c :

� (z) = P(c = 1j�! x ) =
1

1 + e� (�! x ��! w +b)
(3.16)

Sto Sq ma 3.36 �lèpoume gia tic timèc a 2 f1; 2; 3g thn morf  thc kampÔlhc � (a � x ).

'Oso megalÔterh eÐnai h tim  tou a tìso pio apìtomh eÐnai h klÐsh thc kampÔlhc gÔrw apì

ton ˆxona x = 0 kai epomènwc, gia sugkekrimènh tim  tou z dÐdetai megalÔterh pijanìthta

na an kei se mÐa apì tic dÔo klˆseic.

Autì apodeiknÔetai wc ex c : An �ewr soume thn � (x; a ) =
1

1 + e� ax
, �rÐskoume thn

klÐsh thc eujeÐac sto shmeÐo x = 0 , kai �rÐskoume ìti :

d� (x; a )
da

�����
x=0

=
a � e� ax

(1 + e� ax )2

�����
x=0

=
a

4

dhlad  h klÐsh thc eujeÐac sto shmeÐo x = 0 eÐnai anˆlogh thc paramètrou a.
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Sq ma 3.36: Sigmoieid c KampÔlec gia diaforertikèc timèc Paramètrou a.

Me th metabol  thc paramètrou � ephreˆzetai apokleistikˆ h klÐsh thc sigmoeidoÔc

sunˆrthshc. Wstìso, gia thn orizìntia metatìpish thc kampÔlhc apaiteÐtai h eisagwg 

miac paramètrou, thc paramètrou merolhyÐac (bias b). H parˆmetroc b epitrèpei thn

orizìntia metakÐnhsh thc kampÔlhc, ìpwc parousiˆzetai sto Sq ma 3.37.

Gia parˆdeigma, se efarmogèc anÐqneushc apˆthc, an diapist¸soume ìti h arqik  tim 

thc sunˆrthshc den exuphreteÐ �èltista th diˆkrish metaxÔ twn peript¸sewn apˆthc kai

mh-apˆthc, h parˆmetroc b mporeÐ na prosarmosteÐ ¸ste to ìrio apìfashc na metaferjeÐ

se shmeÐo pou �eltistopoieÐ thn akrÐbeia twn problèyewn. 'Etsi, h qr sh thc b kajÐstatai

krÐsimh gia thn epÐteuxh �eltiwmènwn apotelesmˆtwn se pragmatikˆ probl mata taxinìmh-

shc.

Sq ma 3.37: Sigmoieid c KampÔlec gia diaforertikèc timèc Paramètrwn MerolhyÐac.
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H sunˆrthsh kìstouc eÐnai to ˆjroisma thc Diastaurwmènhc EntropÐac (cross•entropy )

ìlwn twn dedomènwn ekpaÐdeushc. Gia èna stoiqeÐo(�! x i ; y i ) tou sunìlou ekpaÐdeushc, h tim 

thc sunˆrthshc diastaurwmènhc entropÐac (cross•entropy function ) orÐzetai wc :

LCE(ŷ; y ) = � [y � log(� (�! w � �! x + b)) + (1 � y) � log(1 � � (�! w � �! x + b))] (3.17)

'Etsi, gia èna SÔnolo Dedomènwn
n
(�! x 1 ; y 1); (�! x 2 ; y 2); : : : ; (�! x m ; y m )

o
, h sunˆrthsh kìstouc

orÐzetai wc :

Cost (ŷ; y ) =
1

m
�

mX

i=1

LCE(ŷ i ; y i ) (3.18)

Sto plaÐsio tou �asikoÔ mac algorÐjmou, skopì èqoume na taxinom soume dhmosie-

Ôseic se dÔo kathgorÐec (true/false ) qrhsimopoi¸ntac ta qarakthristikˆ pou èqoun exaqjeÐ

apì ta antÐstoiqa dèntra diˆdos c touc. AfoÔ èqoume upologÐsei mia dianusmatik  ana-

parˆstash kˆje dèntrou diˆdoshc mèsw tou Pur na Grafhmˆtwn Weisfeiler•Lehman , to

teleutaÐo � ma tou �asikoÔ algorÐjmou mac eÐnai na efarmìsoume ènan taxinomht . Gia to

skopì autì, ènan apì touc taxinomhtèc pou epilègoume eÐnai h Logistik  Palindrìmhsh,

¸ste na ektim soume thn pijanìthta miac dhmosÐeushc na eÐnai yeud c   alhj c.

To sunolikì kìstoc dÐdetai apì th Sqèsh 3.18. 'Etsi, qrhsimopoi¸ntac ton Algìrijmo

Bajmwt c Kajìdou gia thn ekpaÐdeush tou montèlou (pou �a parousiˆsoume sto ke-

�ˆlaio 3.3.4), upologÐzontai oi parˆmetroi gia touc opoÐouc elaqistopoieÐtai to sunolikì

sfˆlma kai epomènwc megistopoieÐtai h sunolik  akrÐbeia tou montèlou.

3.3.2 Algìrijmoc K•Means

#Omoioc omoÐw aeÐ pelˆzei."

Plˆtwn

Katˆ thn ulopoÐhsh tou �asikoÔ mac algorÐjmou, prokÔptei suqnˆ h anˆgkh na omado-

poi soume dedomèna se sustˆdec, �ˆsei thc eggÔthtac twn dianusmatik¸n anaparastˆsewn.

Se autì to shmeÐo entˆssetai h qr sh tou AlgorÐjmou K-Mèswn ( K•Means ), o opoÐoc eÐnai

ènac mh epiblepìmenoc algìrijmoc sustadopoÐhshc. Lambˆnei wc eÐsodo èna sÔnolo dedo-

mènwn kai ènan arijmì sustˆdwn K , kai parˆgei wc èxodo ta kèntra twn sustˆdwn, kaj¸c

kai thn anˆjesh kˆje stoiqeÐou se kˆpoia apì autèc.

Sto plaÐsio tou �asikoÔ algorÐjmou, o algìrijmoc K-Mèswn qrhsimopoieÐtai sto stˆdio

ìpou èqoume  dh exagˆgei dianusmatikèc anaparastˆseic apì ta dedomèna (p.q. mèsw qa-

�akthristik¸n pou èqoun upologisteÐ se prohgoÔmena � mata). Me �ˆsh autèc tic anapa-

�astˆseic, o algìrijmoc autìc analambˆnei na sustadopoi sei ta dedomèna, ¸ste parìmoia

antikeÐmena na katal goun sthn Ðdia sustˆda, �elti¸nontac ètsi thn orgˆnwsh kai thn ka-

tanìhsh tou sunìlou dedomènwn.

=

Diplwmatik  ErgasÐa 85



Kefˆlaio 3. Jewrhtikì upìbajro

Algorijmoc 3.4 : Algìrijmoc K-Mèswn

EÐsodoc : DataSet X = [�! x1 ; �! x2 ; : : : ; �!xn ], Number of clusters K
'Exodoc : Cluster centroids C = fc1 ; c2 ; : : : ; c K g, Cluster assignments A = fa1 ; a2 ; : : : ; a n g
1: Basikˆ B mata tou AlgorÐjmou :
2: B ma 1: ArqikopoÐhsh Epilègoume tuqaÐa K shmeÐa apì to X wc arqikˆ kèntra

C = fc1 ; c2 ; : : : ; c K g.
3: DhmiourgoÔme ènan pÐnaka anˆjeshc A me kenèc timèc, ìpou a i deÐqnei se poia sustˆda

an kei to stoiqeÐo �! xi .
4: B ma 2: Anˆjesh StoiqeÐwn se Sustˆdec Gia kˆje �! xi , upologÐzoume thn apìstash

d (xi ; cj ) apì kˆje kèntro cj . Anajètoume to �! xi sth sustˆda tou eggÔterou kèntrou :

a i = arg min
j

d (�! xi ; cj ):

5: B ma 3: Enhmèrwsh Kèntrwn Gia kˆje sustˆda j, upologÐzoume to nèo kèntro cj wc
to mèso ìlwn twn stoiqeÐwn pou an koun sth sustˆda aut .

6: B ma 4: 'Elegqoc gia SÔgklish An ta kèntra den allˆzoun shmantikˆ   èqei su-
mplhrwjeÐ to mègisto pl joc epanal yewn, o algìrijmoc stamatˆ.

Sq ma 3.38: Yeudok¸dikac AlgorÐjmou K-Mèswn

Yeudok¸dikac

Anˆlush twn Bhmˆtwn

1. ArqikopoÐhsh : O K•Means eÐnai ènac algìrijmoc sustadopoÐhshc pou qrhsimo-

poieÐtai ìtan �èloume na omadopoi soume dedomèna se omoiogeneÐc omˆdec (sÔstadec).

Arqikˆ, epilègoume tuqaÐa K stoiqeÐa wc kèntra. Aut  h tuqaÐa epilog  exasfalÐzei

diaforetikèc arqikèc diamerÐseic, ephreˆzontac thn telik  dom  twn sustˆdwn.

2. Anˆjesh StoiqeÐwn: Qrhsimopoi¸ntac th metrik  apìstashc (p.q. EukleÐdeia a-

pìstash, apìstash Wasserstein ), anajètoume kˆje stoiqeÐo sthn plhsièsterh su-

stˆda. Autì apoteleÐ to kurÐwc algorijmikì � ma ìpou oi dianusmatikèc anapara-

stˆseic axiopoioÔntai apeujeÐac.

3. Enhmèrwsh Kèntrwn : Metˆ thn anˆjesh, upologÐzoume to mèso twn shmeÐwn se kˆje

sustˆda gia na enhmer¸soume to kèntro thc. Autì to � ma epanalambˆnetai se kˆje

epanˆlhyh, odhg¸ntac stadiakˆ se pio stajerèc sustˆdec.

4. 'Elegqoc SÔgklishc : O algìrijmoc stamatˆ ìtan ta kèntra den metabˆllontai shma-

ntikˆ   ìtan sumplhrwjeÐ ènac mègistoc arijmìc epanal yewn. Sto �asikì algìrij-

mo, autì shmaÐnei ìti èqoume epitÔqei mia stajer  sustadopoÐhsh twn dedomènwn.

Ston Algìrijmo Wasserstein K-Mèswn to �arÔkentro qrhsimopoieÐtai ìpwc qrhsimo-

poieÐtai to kèntro mˆzac gia èna sÔnolo stoiqeÐwn pou an koun se mÐa sugkekrimènh su-

stˆda. H diaforˆ twn dÔo algorÐjmwn ègkeitai sto pwc upologÐzoume apostˆseic gia thn

eÔresh thc sustˆdac sthn opoÐa an kei to kˆje stoiqeÐo tou sunìlou kaj¸c kai sto pwc
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anane¸noume ta kainoÔrgia kèntra thc kˆje sustˆdac. Sto Sq ma 3.39 �lèpoume tic dia-

�orèc twn algorÐjmwn K-Mèswn kai Wassertein K-Mèswn ..

Sq ma 3.39: k•Means vs Wasserstein k•Means

ParadeÐgmata Ektèleshc

Parˆdeigma se 2 Diastˆseic : Sto Sq ma 3.40 parousiˆzetai h leitourgÐa tou algorÐj-

mou K-Mèswn K-Meanc gia K = 2 sustˆdec kai 3 epanal yeic. Arqikˆ, epilègontai tuqaÐa

dÔo shmeÐa wc kèntra. Se kˆje epanˆlhyh :

ˆ Anajètoume kˆje shmeÐo sth sustˆda ekeÐnh thc opoÐac to kèntro eÐnai eggÔtera.

ˆ UpologÐzoume ta nèa kèntra kˆje sustˆdac wc to �arÔkentro twn shmeÐwn pou a-

n koun sthn sugkekrimènh sustˆda.

'Opwc �aÐnetai kai sto to parakˆtw sq maa, metˆ apì 3 epanal yeic, oi sustˆdec

stajeropoioÔntai.

Sq ma 3.40: Algìrijmoc K-Mèswn gia 3 epanal yeic kai K = 2.
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Parˆdeigma se 1 Diˆstash : Se 1-Diˆstash, o algìrijmoc K-Mèswn ( K•Means ) mporeÐ

na d¸sei mia pio "dÐkaih" katanom  tim¸n se sustˆdec. 'Estw o pÐnakac tim¸n :

[1; 5; 10 ; 55 ; 453 ; 784 ; 964 ; 1043 ; 4382 ; 7382 ; 9013 ]. QwrÐck•Means , mporeÐ na prokÔyei

mia omadopoÐhsh pou den antikatoptrÐzei pragmatikˆ thn eggÔthta twn tim¸n. An efar-

mìsoume ton K•Means meK = 4, prokÔptei h ex c diamèrish :

ff1; 5; 10 ; 55 ; 453 ; 784 ; 964 ; 1043 g; f4382 g; f7382 g; f9013 gg:

Ta kèntra twn sustˆdwn eÐnai :

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

Sq ma 3.41: Anaparˆstash apotelèsmatoc AlgorÐjmou K-Mèswn sth 1-Diˆstash metˆ apì
5 epanal yeic kai K = 3.

Se autì to parˆdeigma, to K•Means se mÐa diˆstash prosfèrei mia pio �ealistik 

omadopoÐhsh twn tim¸n, anadeiknÔontac th shmasÐa thc efarmog c tou algorÐjmou se

diaforetikoÔc q¸rouc qarakthristik¸n gia th �èltisth orgˆnwsh twn dedomènwn, sugkri-

tikˆ me ˆllec teqnikèc ìpwc thn omadopoÐhsh tim¸n se logarijmikˆ diast mata ( log•bin

bucketing [43]).

Ananèwsh twn Kèntrwn

Metˆ thn arqik  anˆjesh twn shmeÐwn stic sustˆdec , akoloujeÐ h ananèwsh twn kèntrwn

touc. Aut  h ananèwsh eÐnai kajoristik  gia thn proodeutik  �eltÐwsh thc poiìthtac twn

sustˆdwn, kaj¸c se kˆje epanˆlhyh ta kèntra prosarmìzontai ¸ste na antiproswpeÔoun

kalÔtera ta dedomèna pou touc èqoun anatejeÐ.
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B mata ston Basikì Algìrijmo :

1. Anˆjesh stoiqeÐwn se sustˆdec : AfoÔ upologÐsoume thn apìstash kˆje shmeÐou

apì ta upˆrqonta kèntra, anajètoume kˆje shmeÐo sthn kontinìterh sustˆda.

2. Ananèwsh kèntrwn : Me �ˆsh thn anˆjesh, epanupologÐzoume ta kèntra twn su-

stˆdwn. H diadikasÐa aut  egguˆtai ìti oi sustˆdec �a eÐnai pio omoiogeneÐc se kˆje

epìmenh epanˆlhyh.

'Estw ìti se mia sugkekrimènh epanˆlhyh tou algorÐjmou K-Mèswn èqoume upologÐsei

ton pÐnaka anˆjeshc, dhlad  gnwrÐzoume se poia sustˆda an kei kˆje stoiqeÐo. OrÐzoume:

! j = f�! x 2 X j dist (�! x ; �! cj ) < dist (�! x ; �! ci ); j , i ^ i; j 2 [K ]g;

ìpou �! ci ;
�! cj eÐnai ta kèntra twn sustˆdwn i; j antÐstoiqa, ! j to sÔnolo twn shmeÐwn pou

an koun sth sustˆda j, kai dist (u; v ) h EukleÐdeia apìstash metaxÔ twn shmeÐwn u kai v.

O upologismìc tou nèou kèntrou �! cj �asÐzetai sthn elaqistopoÐhsh mÐac sunˆrthshc

kìstouc Lj , h opoÐa orÐzetai wc to ˆjroisma twn tetrag¸nwn twn apostˆsewn ìlwn twn

shmeÐwn thc sustˆdac ! j apì to kèntro �! cj :

Lj =
X

�! x 2! j

j�! x � �! cj j2 :

An �! x = [x1 ; x2 ; : : : ; x n ] kai �! cj = [c1 ; c2 ; : : : ; c n ], tìte :

j�! x � �! cj j2 = (x1 � c1)2 + (x2 � c2)2 + � � � + (xn � cn )2 :

JewroÔme to sÔnolo ! j = f�! x1 ; �! x2 ; : : : ; �!xn j gpou perilambˆnei ta stoiqeÐa pou èqoun ana-

tejeÐ sthn klˆsh j. Jèloume na �roÔme to shmeÐo �! cj pou elaqistopoieÐ to Lj .

AnaptÔssontac th sunˆrthsh kìstouc :

Lj =
n jX

i=1

j�! xi � �! cj j2 =
n jX

i=1

nX

k =1

(xik � cjk )2 :

Gia na �roÔme to shmeÐo �! cj = [c1 ; c2 ; : : : ; c n ] pou elaqistopoieÐ to Lj , exetˆzoume tic

merikèc parag¸gouc thc Lj wc proc ck :

@Lj
@ck

=
n jX

i=1

2(xik � ck )(� 1) = � 2

n jX

i=1

(xik � ck ):

Jètontac
@Lj
@ck

= 0, katal goume:

n jX

i=1

(xik � ck ) = 0 =) n jck =
n jX

i=1

xik :

'Ara :

ck =
x1k + x2k + � � � + xn j k

n j
; k 2 [n ]:
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Sunep¸c, to kèntro miac sustˆdac isoÔtai me to shmeÐo twn opoÐwn oi sunist¸sec eÐnai

oi mèsec timèc twn antÐstoiqwn sunistws¸n twn stoiqeÐwn pou an koun sth sustˆda. H

exagwg  aut  eÐnai �emeli¸dhc kai qrhsimopoieÐtai se kˆje epanˆlhyh tou algorÐjmou

K-Mèswn katˆ thn ananèwsh twn kèntrwn, odhg¸ntac telikˆ se sÔgklish tou algorÐjmou

se mia stajer  diamèrish twn dedomènwn.

3.3.3 Gradient Boosted Trees

"H isqÔc en th en¸sei."

AÐswpoc

H teqnik  twn Gradient Boosted Trees an kei sth kathgorÐa algorÐjmwn enÐsqushc

(Boosting ), epitrèpontac th dhmiourgÐa enìc isquroÔ probleptikoÔ montèlou apì èna sÔno-

lo apl¸n kai sqetikˆ adÔnamwn montèlwn. Stìqoc eÐnai, akìma ki an kˆje epimèrouc

montèlo (M1 ; M2 ; : : : ; M k ) parousiˆzei qamhl  probleptik  ikanìthta, o sunduasmìc touc

na odhgeÐ se èna telikì montèlo me uyhl  akrÐbeia. Ston �asikì mac algìrijmo, h mèjodoc

twn Gradient Boosted Trees qrhsimopoieÐtai sto stˆdio ìpou epidi¸koume th �èltisth a-

xiopoÐhsh miac sullog c apl¸n montèlwn dèntrwn, anabajmÐzontac diadoqikˆ thn apìdos 

touc se kˆje epanˆlhyh. Parakˆtw �lèpoume ton algìrijmo gia thn teqnik  aut  kai sth

sunèqeia dÐnoume exhgeÐtai h qr sh kajenìc � matoc pwc pragmatopoieÐtai.

Algorijmoc 3.5 : Algìrijmoc Gradient Boosted Trees

EÐsodoc : SÔnolo dedomènwn(X; Y ), ìpou X eÐnai ta qarakthristikˆ eisìdou kai Y oi epi-
�umhtèc epigrafèc exìdou, kaj¸c kai arijmìc asjen¸n montèlwn k .

'Exodoc : Telikì montèlo M̂ pou sunduˆzei ta montèla fM1 ; M2 ; : : : ; M k ggia uyhl  akrÐbeia.
1: B ma 1: ArqikopoÐhsh Xekinˆme me èna aplì montèlo M0 .
2: B ma 2: Upologismìc UpoloÐpwn Gia kˆje deÐgma, upologÐzoume thn apìklish me-

taxÔ thc problepìmenhc tim c tou trèqontoc montèlou kai thc pragmatik c tim c, dh-
miourg¸ntac èna diˆnusma upoloÐpwn.

3: B ma 3: EkpaÐdeush Nèou Dèntrou EkpaideÔoume èna nèo asjenèc montèlo dèntrou
Mi pˆnw sta trèqonta upìloipa, epiqeir¸ntac na �elti¸soume tic problèyeic ekeÐ ìpou
to trèqon montèlo ustereÐ.

4: B ma 4: Enhmèrwsh tou SunduastikoÔ Montèlou Prosjètoume to nèo dèntro Mi sto
sunduastikì montèlo, anaprosarmìzontac tic problèyeic ¸ste na mei¸netai to sfˆlma.

5: B ma 5: Epanˆlhyh Epanalambˆnoume ta � mata 2-4 gia k �orèc   mèqri na epi-
teuqjeÐ sÔgklish. To telikì montèlo eÐnai to ˆjroisma ìlwn twn asjen¸n montèlwn pou
èqoun prostejeÐ diadoqikˆ.

Epex ghsh twn �hmˆtwn tou AlgorÐjmou

1. ArqikopoÐhsh : H diadikasÐa xekinˆ apì èna aplì montèlo. Ston �asikì algìrijmì

mac, autì shmaÐnei ìti prin qrhsimopoihjoÔn ta Gradient Boosted Treec, èqoume  dh

kataskeuˆsei èna arqikì shmeÐo ekkÐnhshc.
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2. Upologismìc UpoloÐpwn : Ta upìloipa ekfrˆzoun pìso makriˆ �rÐskontai oi trèqou-

sec problèyeic tou montèlou apì tic pragmatikèc timèc. ApoteloÔn ton odhgì gia to

p¸c �a �elti¸soume to montèlo se epìmena � mata.

3. EkpaÐdeush Nèou Dèntrou : Se kˆje epanˆlhyh, ekpaideÔoume èna nèo, aplì

dèntro (weak learner) pˆnw sta upìloipa. Autì to nèo dèntro estiˆzei sta shmeÐa

ìpou to montèlo apotugqˆnei, �elti¸nontac stadiakˆ thn apìdosh.

4. Enhmèrwsh tou SunduastikoÔ Montèlou : Prosjètontac to nèo dèntro sto montèlo,

mei¸noume to sunolikì sfˆlma. Se autì to stˆdio tou �asikoÔ algorÐjmou, ta Gra-

dient Boosted Treec axiopoioÔn ta aplˆ dèntra ¸ste na diorj¸noun susthmatikˆ ta

lˆjh twn prohgoÔmenwn �hmˆtwn.

5. Epanˆlhyh èwc SÔgklish : H diadikasÐa epanalambˆnetai mèqri h �eltÐwsh na

pˆyei na eÐnai shmantik . Telikˆ, to sunduastikì montèlo, pou apoteleÐtai apì

thn ajroistik  suneisforˆ ìlwn twn apl¸n dèntrwn, parousiˆzei uyhl  probleptik 

ikanìthta.

Sqhmatik  anaparˆstash thc BeltÐwshc tou telikoÔ montèlou

Sto Sq ma 3.42 parousiˆzetai h logik  thc mejìdou Gradient Boosting . Se kˆje epa-

nˆlhyh, prosjètoume èna montèlo pou suneisfèrei sth meÐwsh tou sfˆlmatoc. Me autìn

ton trìpo, h telik  prìbleyh proseggÐzei oloèna kai perissìtero tic pragmatikèc timèc.

Sq ma 3.42: ElaqistopoÐhsh Sfˆlmatoc me qr sh Gradient Boosted Trees .

Sunduasmìc Montèlwn se perÐptwsh Taxinìmhshc

Gia probl mata taxinìmhshc me klˆseic fC1 ; C2 ; : : : ; C n g, an ta fM1 ; M2 ; : : : ; M k geÐnai ta

montèla pou èqoun prostejeÐ diadoqikˆ, kai an y (i )
k (x ) eÐnai h èxodoc touk -ostoÔ montèlou

gia thn klˆsh i , tìte, an �ewr soume ìla ta montèla isodÔnama, to telikì sunduastikì
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montèlo apofasÐzei thn klˆsh mèsw yhfoforÐac :

ŷ(x ) = arg max
c

MX

i=1

y (c)
i (x ):

Me autìn ton trìpo, ta Gradient Boosted Trees axiopoioÔn stadiakˆ ta asjen  montèla

gia na sugklÐnoun se èna telikì, isqurì montèlo uyhl c akrÐbeiac.

3.3.4 Algìrijmoc Bajmwt c Kajìdou

"H epituqÐa eÐnai to ˆjroisma twn

mikr¸n prospajei¸n, pou

epanalambˆnontai mèra me th mèra."

Robert Collier

O Algìrijmoc Bajmwt c Kajìdou eÐnai ènac algìrijmoc pou qrhsimopoieÐtai gia

ton upologismì twn paramètrwn pou elaqistopoioÔn mia sunˆrthsh kìstouc. Gewmetrikˆ

h diadikasÐa sthrÐzetai sthn akìloujh idèa � xekinˆme apì èna arqikì shmeÐo kai pro-

spajoÔme na �roÔme metˆ apì èna pl joc epanal yewn èna telikì shmeÐo sto opoÐo na

elaqistopoieÐtai h sunˆrthsh kìstouc. Gia parˆdeigma sto Sq ma 3.43 ,oi ˆxonec x,y ana-

paristoÔn tic metablhtèc pou �èloume na elaqistopoi soume kai o ˆxonac z anaparistoÔn

thn tim  thc sunˆrthshc kìstouc gia tic sugkekrimènec timèc x,y . Blèpoume p¸c xekin¸ntac

apì èna arqikì shmeÐo, katal goume se èna shmeÐo sto opoÐo h sunˆrthsh elaqistopoieÐtai.

Sq ma 3.43: EÔresh elaqÐstou me ton Algìrijmo Bajmwt c Kajìdou.

Pio tupikˆ, èstw ìti èqoume ènan ektimht  ŷ = f(x;w) o opoÐoc kˆnei prìbleyh gia èna

stoiqeÐo x qrhsimipoi¸ntac thn parˆmetro w. An orÐsoume wcL(y,ŷ ) mÐa mÐa sunˆrthsh

kìstouc, tìte skopìc mac eÐnai na elaqistopoi soume thn posìthta :

L(ŷ; y ) = L(f (x ; w ); y ) (3.19)
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3.3.5 Metrikèc Apìdoshc twn Montèlwn

An qrhsimopoi soume mÐa parˆmetro, ton �ujmì mˆjhshc h , mÐa stajerˆ pou orÐzei

to m koc tou � matoc proc thn �èltisth lÔsh, h lÔsh tou parapˆnw probl matoc gÐnetai

me qr sh thc anadromik c sqèshc :

w t+1 = w t � �
dL (f (x ; w ); y )

dw

�����
w =w t

; mew 0 tuqaÐa epilegmèno (3.20)

Sto Sq ma 3.44 �èloume na prosdiorÐsoume to elˆqisto miac sunˆrthshc kìstouc miac

metablht c. An h klÐsh eÐnai �etik , anane¸noume to parˆmetro mei¸nontac thn tim  thc. An

h klÐsh eÐnai arnhtik , anane¸noume thn parˆmetro auxˆnontac thn tim  thc paramètrou.

Me autìn ton trìpo h ananèwsh twn parˆmetrwn èqoun kateÔjunsh antÐjeth thc klÐshc thc

eujeÐac sto sugkekrimèno shmeÐo.

Sq ma 3.44: EÔresh elaqÐstou mÐac paramètrou.

3.3.5 Metrikèc Apìdoshc twn Montèlwn

"To na eÐsai gr goroc eÐnai kalì,

allˆ h akrÐbeia eÐnai to pan."

Wyatt Earp

Gia thn ektÐmhsh thc apìdoshc twn montèlwn kai thc probleptik c touc ikanìthtac, eÐnai

shmantikì na orÐsoume metrikèc me tic opoÐec na upologÐzoume thn akrÐbeia tou montèlou.

Sto Sq ma 3.45 , �lèpoume ton PÐnaka SÔgqushc ston opoÐo orÐzontai ta ex c megèjh :

ˆ TP = Ta stoiqeÐa pou problèfjhka wc True kai an koun sthn klˆsh True .

ˆ TN = Ta stoiqeÐa pou problèfjhkan wc False kai an koun sthn klˆsh False.

ˆ FP = Ta stoiqeÐa pou problèfjhkan wc True allˆ an koun sthn klˆsh False.

ˆ FN = Ta stoiqeÐa pou problèfjhkan wc False allˆ an koun sthn klˆsh False.
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