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H ©codwpa AvaoTtaciou dnAwvw utreuBuva OTi:

1) Eipal 0 KATOX0G TWV TIVEUUATIKWY JIKAIWUATWY TNG TTPWTOTUTING AUTAG
Epyaciag Kal armé 000 yvwpidw n epyacia pou O CUKOQPAVTEI
TTPOCWTTA, OUTE TTPOCRAAEI T TTVEUUATIKA OIKAIWUATA TRITWV.

2) AtrodExoual Ot n BKI utropei, Xwpic va aAAAgel TO TTEPIEXOUEVO TNG
gEpyaoiag pou, va Tn d1aBEoel o€ NAEKTPOVIKN pop®ny péoa atrd TN
wnoiak BIBAIOBRAKN TNG, va TNV avTiypdyel o€ OTTOI0OATTOTE uECO f/Kal
O€ OTTOI0ONATTOTE LOPYPOTUTTO KABWC KAl VA KPATA TTEPICTOTEPA ATTO £Val
avTiypaga yia AOyoug ouvtipnong Kal a0QAAEIag.
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EuxapioTieg

©a BeAa va ekppacw TIG BepUES pou euxaploTieg oTnv KadnyATtpia Zogia Kapayiwpyou,
emBAéTTOUCO  TNG TTapoucag OdIMMTAWUATIKAG €pyaoiag, yia Tnv kKaBodriynon, Ttnv
UTTOOTAPIEN, TNV OUVEPYOOia Kal TNV TTOAUTIUN OUPPBOAAR TNG KATA Tnv €KTTOvVNON TNG
epyaciag aAAd kal yia Tov XpOvo TToU a@QIEPWOE YIa TN OUVOAIKI ETTOTTTEIA TNG. ETTITTAéOV
EUXAPIOTW IBIAITEPWGS TNV OIKOYEVEIA pou Kal Tov Kupidko.X yia TNV UTTooThpIEn Kal TV
QyqaTrn TouG.
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NEPIAHWYH

KaBdg ot teyvoroyieg g Mnyavikng Mabnong kot g Teyvntig Nonposvvng avantdccovton
Kot gpapuolovtal o véo GLCTHUATO, ALEAVOVTAL KOl Ol OviioLYieS Yia TV gvaicOnoia Kot v
Jlo@AMon TG amdO0C CVTOV TOV EPOUPUOYDV. ZINV TOPoVcH OUTAMUATIKY €PYOcia,
avaPEPOVTOL Kivouvol Kot emBECEL TOV UITOPOoHV VO ATOSVVOUMGOVY TO LOVTEAN UNYOVIKNG
puébnong Omwg Kot TPOTOL OVTYETOTIONG 1| TPOPVAAENG TOV HOVTEA®Y QLTOV. ZUYKEKPIUEVA
nmopovoralovion emBécelg oe poviéda mov olayepilovtal Keipeva, ol omoieg ympilovrol og d00
Kopleg kotnyopiec. H mpodtn watnyopio agopd embéoelg mov emmpedlovv NV OMTIKN
dlpopomoinon TV KeWEvav, Ommg eivar pio eniBeon og enimedo yopokpa TV AEEEMV, EVO M
devtepn Katnyopia agopd embécelg mov ennpedlovy TV £vVOlOAOYIKY| TOLG onuacic. ‘Emetrto,
TaPoLGLALOVTOL Ol AVTIGTOLYOL Unyavicpol dpovag g kabe emibeong, v v e€acpdiion g
TPOCTOGIOG KOl TNG STpnong g omdd0oNnG TOV HOVIEA®V UNXOVIKNG panong 66o 1o
duvatdév meplocOTEPO. AKOAOLOEL 1 EQUPUOYN TOV TEYVOAOYLDV UNYOVIKNG HAONoNG G€ dVO
JLPOPETIKG GEVAPLO, UE TO TPDOTO VO QPOPE EMOECELS GE EMIMEDO YOPAKTHPO, OVTIKPOVMOVTOG
TIC, HEe TOV avTioTolo pnyovicpd dpovvoag. o v avadceliln g ovykekpiuévng emibeong
ypnoponotleiton o gpyoreio TextAttack, To omoio Tpomomolel Ta dedOUEVA TOV EIGEPYOVTIOL GTO
HOVTELO ooV OedOUEVO EKTTOHOEVONG, EVD MG UNYOVIGHOS dpuvag ypnotpomoteitor to SCRNN.
2T0 GLYKEKPEVO GEVAPLO Yivetor ypnon Tov mpo ekmodevpévoy poviéhov BERT kot
DistilBert. [TopdAinia to dedtepo GeVAplo apopd ce eninedo onpacioroyiog. I'a v avadetn
™G CLYKEKPIUEVNG emiBeong ypnotponoteitoan to diktvo WordNet to omoio mapéyet eniong 1o
epyoreio TextAttack. Tavtdypova ypnoomoteitan ko 1 enibeon IGA, n omoia tpomomotel ta
OE00UEVO TTOV EIGEPYOVTIOL GTO HOVTEAO MG O£d0UEVO EAEYYOV, EVD O AVTIGTOLYOG UNYOVIGHOG
apovag mov emAéyOnke eivar 0 SEM. X10 cuykeKplUEVO GEVAPLO YIVETOL YPNOT TWV HOVIEA®DV
CNN kot RNN. O oxondg eivar n a&loAdynon kat 1 cOYKPIoT TV 0mT00OGEMY TWV HOVIEAWDV
HEC® JapopeTIKOV TeYVIK®V. H afloAdynon avtn £yve o€ TPEIS O10POPETIKES PACELS : TPLV OO
v enifeomn, petd v enibeon kol pHeTd omd TNV EQPOPLOYN TOL UNYOVIGHOV apvvos. Kota tnv
eCoywyn TOV OmOTEAECUAT®OV Tpaypotomominke o Oyoplopds Kol M Topovcioom
CUYKEKPIUEVOV TOPAOELYHATOV OO TO GEVAPLO OVTA. ZVUTANPOUATIKAE YiVETOL avapopd oTol
ocvotiuata Question Answering, to omoia Pacilovtor o mapouoteg texvoroyies. [apdiinia
TOPOLGIALETAL 0L EPAPLOYN TOVS, UE TNV Xpnomn Tov Bert-as-a-Service 6& GUVOLOGUO LE TIG
emBécel oe povtédo pnyavikng pdbnong, t6co ce eminedo yopakTpa 6GO KOl GE EMIMESO
onpactoroyiog. Télog avaypdeovtol To GUUTEPACUOTO TOV TPOEKLYAV OIS KOl 01 LEAAOVTIKEG
TOOVEG EMEKTAGELC.

Aégeig kA&1d1d: AvTiTrapadeTikr) €mmiBeon, AvTirapaBeTtikr) duuva, Mnxavik pdénon,
Epyacicg Emegepyaoiag guaoikng yh\wooag, Neupwvikd dikTua.
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Abstract

While Machine Learning and Artificial Intelligence technologies are growing and are being used
in new systems, the concerns about their robustness and the assurance of a high level of
performance of these applications will be rising. In this thesis we will investigate some dangers
and attacks that can weaken machine learning models and we will see some ways of adversarial
defenses for these models. More specifically, the adversarial attacks in textual data that are
presented are mainly divided into two categories. The first category is about adversarial attacks
that affect the visual similarity of text as an attack on character level, while the other category is
about adversarial attacks that affect the semantic similarity of the words. In addition, the
corresponding defense mechanism for every adversarial attack is explained and demonstrated to
reassure the security and to maintain the performance of machine learning models as high as
possible. Next, the application of machine learning techniques in two different scenarios is
shown. The first is about the adversarial attacks in character level with the following defense
mechanism. To demonstrate the adversarial attack, TextAttack framework was used for the
augmentation of the model input training data, while SCRNN was used for adversarial defense. In
this scenario, pre-trained models BERT and DistilBERT were used. Besides that, the second
scenario, is about the semantic similarities on a word level. For the demonstration of its
adversarial attacks, WordNet was used, that is also provided by the TextAttack framework.
Meanwhile, IGA adversarial attack was also used to modify the input test data. As an adversarial
defense SEM was chosen. In this scenario, CNN and RNN models were used. The main goal was
the evaluation and the comparison of the models with the use of different techniques. The
evaluation has been done in three different phases: before the attack, after the attack and after the
defense mechanism. From the extraction of the results of the two scenarios, some examples were
selected for demonstration. In addition a reference on Question Answering Systems was made,
which are also based on similar technologies. Alongside, an application of them is demonstrated,
using the Bert-as-a-Service framework, in combination with the adversarial attacks on Machine
Learning models, both in terms of character level and in terms of semantic word level. In the end
the conclusions that occurred are given, as well as future possible extensions.

Keywords: Adversarial Attacks, Adversarial Defenses, Machine Learning, Natural Language

Processing Tasks , Neural Networks.
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1. Ewoayoy

H pnyoviky pédOnon 1 aAlwg Machine Learning, Baciletor o€ gpappoyég kot pebddovg, ot
0TolEG YPNOUYLOTOLOVVTOL TTOAD GUYVE GTIC HEPES HAG, £xovTog Tn dvvatdtnTa va pabaivovy Kot
va gvtomilovy HOTIRa Kot YopaKINPIoTIKA o€ HeYAAeg TocOoTNTEG dedouévav (Mohammed et al.,
2016). 'Etot dedopévou g eumelpiog mov amoKTouy To LOVTEAN HEGO GTOV XPOVO, UTopoldV va
Kavouv mpoPAEyelg Yy peldovtikd dedopéva 1 va AopPdvovv amopdoelg, pe éva Pabud

afeporotnrag.

YHuepa M €maQn HE TETOW HOVTEAD UNYOVIKNG HaBnong kabe pépa eivar avamopevktn. Tétown
LOVTEAD VTLAPYOVV €iTE GTOV YDPO €pyaciog oG OAAG OKOUO KoL OTNV TPOCOTIKY g (o).
Mepwca mapadetypato eivar ot “ynerokoi Bonboi” (“Digital Assistants™), yia avaljtnon oto
OldiKTLO, TOL TPOTEWVOUEVO TPOTOVTA, TOwviec, Tpoyovolwn mov Poacilovtor o610 16TOPIKO
avaltong , o€ TPONYOLUEVEG ayopés Lag 1 o vrokatnyopies. Ola avtd gival epappoyE TV
ocvotudtev ocvotdoewv(“Recommender Systems”) mov Pocilovior c€ HOVTEAD HNYOVIKAG
puébnonc. Axdua kot Ta chatbots, mov BAémovpe 6A0 Kat mo cuyvd, ypnoorolovy eneepyacio
NG TPOYUOTIKNG YADGGOS MOTE VO, LWITOPOVY VO EPUNVEDCOLV TO KEILEVO TOL EICAYETOL DOTE VO
d®MGOLV TNV KATOAANAN amdvinon. Emummiéov dAAeg epoppoyésg tng pnyovikng pdonong oe
oLVOLOCUO HE TNV TEYVNTH VONUOGHVY ELeavifovTal 6 TAATPOPUES OVOYVOPIOTG AVTIKEILEVDV,
AVaYVOPIoNG TPOSAOTMV, OVOYVAOPLoNG NYXOV/POVNIS, avaivong cuvaustnudtov (Huq and Pervin,

2020)

[Mopdro avtd, evdd M pNYoviKn panom kot n TEYVNTA VOMUOGUVI] amoKTOUV OAO Kol TO
KUPLOPYIKO POAO GTOV TOUEN TNG TEXVOAOYIKNG OVATTUENG OG0 Kot 6T (N Hag, ol evaictnocieg
TOVG UTOpPOoVV va Ta EXNPEALOVY KATA TNV ANyn anoedcemv. Eved mapdAinia 1 ac@AaAield Toug

umopei evkola va mapaPlactel Kot £Tol 1 EVPWSTia TOVg va kKabicTatal ApEIGPNTAGIUN.

1.1.  EmbBéceic oe povrérha punyavikng pdbnong

Onwg avagépnke mopamdve VIapYoLV TOWIAN HOVTEAN UNYaVIKng ndonong, avdioya pe Tig
avdykeg g kbBe gpappoyns, arrdlovv kKot ta dedopéva mov ypetdleton vo emeEepydlovra.

Emopévac o embéoeig ot poviéra, aAhalovv emiong avaloyo He TOV TUTO Kol TN LOPON TOV
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dedopévmv ov avtd eneEepyalovtal. ATd TV GAAN LeEPL Yo VoL UTOPEGEL KATTO10G VoL YTIGEL Eval
UNYOVIoHO QUUVOG Yo TO HOVTEAD TOV, ¥petaletor va yvopilel mv emiBeon v omoia &xetl va
avtetonicel. Méypt onuepa dev €yel oyednotel kapio emiBeon mov vo pmopel va
ypnowonombel cav pnyavicpdc auovag yio Oieg tic embéoec. Emopévog kdbe emibeon

ypeldleTon va £yl TOV S1KO TNG UNYAVICUO QULVOC.

Agdopévov avtov kot av Adfoovpe vroOyn 10 OGO TOYLA £fvan 1 AVATTLEY GTOV GLYKEKPILEVO
TOUEN, TO DMKO Kot Ol ONUOCIEVGEIS TOV VITAPYOVV GE OWTO TO GVTIKEINEVO, OeV €lvol TOAAES.
Yuvenmg dVokoAo Umopel va Ppel KATO10g KPNTIKES Y10 CUYKEKPLUEVES EMBECELS KOl OVTIOTOLYN

T1G AUVVEG TOVG DOTE VO LTOPEGEL VOL TNG YPTCLLOTOMGEL te PefatdtnTa 6Ta S1KA TOL HOVTEAQ.

1.2. Avrtikeipevo Ommlopotikng epyaciag

Avtikeipevo g mapovoag epyaciog eivol 1 TEPOUOTIKY HEAETN TV eMBECEOV Kol TOV
AVTICTOY®V UNYOVICUOV AULVOG, G LOVTEAL UNXOVIKNAG LABNoNG, Ta 0moia EKTadEHOVTOL DGTE
va enegepydlovion dedopéva KEWEVOL. TOYO0G TNG TAPOVGAS EPYOGING Eval GVYKPION TOV TPLOV

QAacemVv: TP TNV enibeon, PeTd TV emibeon Kot petd v duovva.

Metd and €pevva Kol PLEAETN) TOV TPONYNONKAY, GLYKEVTPOONKAY Ol OTOPOITNTES TEXVOALOYIES
Kot o gpyodreld ®oTE voo LAOTOMOOLV HE emTLYiol KOTOW TEWPAUOTO Yot THV UEAETN  TNG
emintoong tov embécewv black box omv amddoon TV poviéhwv. Ot emiBéoelg avtég
epapuolovtor e HOVTEAN PNYOVIKNG HABNoNG oL YPNGULOTOOVVIOL Y10, KOTNYOPlomoinom
dedopévov KePEVOD, evd mopdAinAia alloloyeitonl Katd OGO €vag OVTIGTOLYOC UNYOVIGUOG

dpovog eEumnpetel 1 Ol TOV GKOTO TOV GTO GVYKEKPYEVO GEVEAPLO.

To mpdTo TEPAPATIKO GEVAPLO TOL GYEONAOTNKE Ko avaAvOnke, £xel va kavel pe enibeon oe
HOVTEAO pNYavIKNG pabnomg to omoio Katnyoplomotel keipeva (text classification). H
oLYKEKPIUEVN emiBeom €xel cav GTOYXO TOVG YOPOKTNPEG TG KAOe AéEnc. Anhadr| sloaywyn,
dypaen, avVIIoTPOPT], OVTIKOTACTOON KA. KATOL0L YapakTpo TG AEENG MOTE VO UTEPOEVETOL
TO UOVTEAO KOTA TNV KOTNYOPLOMOiNGCT TOV GLUVOAMKOD KEWEVOL. LT GUVEXELD, OLTH N EMifeon

avTHETOTICETOL e TOV aVTIoTOXO UNYoviopd apovas. Ta amotedéspota amddoong cuykpivovTat
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pe v texvikn k-fold cross validation Aappdvovrag £va aptBud accuracy, Katd Tic TPES PACELS,

TPy TV emifeo, pHetd v enifeon Ko HETA TNV ALV

Kétt avtioctoryo axkoiovdnnke yio v oyediaon Kot TV avaALGT TOL OEVTEPOV TEIPUUATIKOD
oevopiov. To dedtepo mepopatikd cevipro el va kbver eniong pe emibeon oe poviého
UNYOVIKNG LaBnong To omoio Katnyoplomotel Keipeva, pe v do@opd 0Tt o1 emBEGELS €YoV Vo
Kévovv TAEOV UE TNV ONUOGIOA0YIKN €vvola tng kdbe AEEng. 'Etotl 1o povtého eetdletal oto
Katd OGO pmopel vo dtayelplotel t€tolov €id0vg aAAayég mov TALOV Oev Elval EUQOVEIS GTO
avOpdOmTVO HATL, TOLAXYIOTOV Ol TOCO EVKOAO. XTNV GLVEXEW TTPOSTEONKE €vag UNYOVIGUOG
dpovvog o omoiog VAOTOMONKE e GKOTO TNV OVTIUETOTION OKPPADS OVTHG TNG LOPPNG EMOECELG.
‘Enerta agloloyeitan emiong n amddoon tov cevapiov pe cross validation oTig TPES PAGELS TOV

TEPALOTOG.

Ievikotepa 0 okomdg g epyaciag eivar n avamTuEn kot N a&loAdYN o™ O10POP®Y GEVOPI®V LE
embéoelg Ko duoveg oe pHovrélo pnyavikng pabnong. O pdiog tov omoiwv pmopetl va givot
KoBOPIoTIKOG Yo TNV 0mAO00T TOV EPAPLOYADV TOV YPNGLULOTOLOVV TETOOL 100V TEXVOAOYiEG

eV otayelpilovtol oMUaVTIKE dEGOUEVOL.

1.3.  Opybvoon keyévou

210 0e0TEPO  KEPAAOLO OVOQEPETAL 1 €PELVO TOL TPONYNONKE, MOTE VO VIAPYEL ATOAVTY
KATOVONOTN TOV EVVOLOV KOl TOV TEYVOAOYIOV mov Oa ypnopomomBovv apyodtepa KaTd TO
OTACIHO TOV oevapiov kol Tov mepoudtov. Eneita oto tpito ke@OAowo, mTePLypaQeTal M
peBodoroyia kol 1 mpocéyyion tov khbe cevapiov Eexwplotd, OCTE €V TEA Vo UTOPEGEL VO
emtevyBel o okomdc tv mepapdtov. apdiinia eényeital to kébe Prpo Kot 0 TPOTOS TOL
ypnowonomdnke n Kabe teyvoroyia | 10 gpyadeio ota mAaicla ¢ epyaciag. EmmAéov, oto
TETOPTO KEPAAOMO, AopPavovtag vmdym tnv pHeAETN mov mponynonke, mopovcidloviol Kot
OVOADOVTOL TO, TELPOUOTIKA OTOTEAEGLLOTO, TOV TPOKVTTOLV UECH OO TO SLOPOPETIKA GEVAPLAL.
Téhog ©T0 TEUMTO KEPAAOO OVOPEPOVTOL UEAAOVTIKEG KATELOVVGEIS TOL UTOPOLV Vi
EPAPLOOTOVV GE HEAAOVTIKEG €MEKTAGEIS. Evd mapdAAnia 6To TEUTTO KEPAANLO avaypdovTol
EMIONG TA CLUTEPACUATO TOV TPOEKLYOV GTNV TOPOVGO EPYACTO OAAG Kot To TPOPALOTA TOV

OVTILETOTIGTNKAY.
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2. Xyetwu] 'Epevva kon Illponyovusveg EQappoyég

[MTapéro mov ta Nevpovikd Afktva €govv gvpeion avayvopion Yo TG SVVOTOTNTES TOL
TPOGPEPOLY KATA TNV €E0ymYN], TN SLOYEIPIOT TANPOPOPLOV KL YVAOONG OO HEYAAES TOCOTNTES
dedopévmv, gaivetal va gival EDAAMTO OGOV 0POPA TO AVTITOPAOETIKA TopAdElyHaTa. ZVVETMG
YU TNV OVTILETOTIOT 0LTOV TOL TPOPANUATOC, Ol avTmapadeTIkEg emBECELS KAl Ol AUVVEG

EVAVTLOL OVTOV, £YOVV TAEOV YIVEL TO EMIKEVIPO TWV EPEVVMV GTOV GUYKEKPIUEVO TOUED.

Ta avtimapoabetikd mopadetyparoa (Adversarial Examples), éxovv cav 6tdé)0 Vv omotvyio Tov
HOVTELOL TO OTO10 GTOYEVOLV KOl O GLYKEKPIUEVA TNV dtadikacion TPOPAEYNS TOL LOVTELOL.
Avtd pmopel vo yiver okOmpo 0AAG Kot Y0pig KOTO0 GLYKEKPIUEVO okomd. OVClaGTIKA To
avtuapodetikd mopadeiypata, €ivar dgdopéva to omoia ypnoiponoodvtal cuvHlwg cGov
dedopéva. €16000V GTO HOVTEAO UNYOVIKNG HaOnong kot sivol oyedlaouéva doTe v TO
nmopaniavinoovy. ‘Eva tétoto mapddetypo eival pio tpomomoinon g awbeviikng €16660v Ko
gtvor yvootd kot oav pee avtimopadetikn tpomonoinom (adversarial perturbation) (J.Morris,
2020). Mapdra avtd 1 dnuovpyio Kol 1 ¥PNON TOV AVTITAPUDETIKAOV TOPAOEYHATOV GNUEPO,
YIVETOL Y10l VO, LITOPOVV VO 0EIOA0YOVVTAL Ol ATOOOGELS TV HOVTEA®V. L0TE VO, S10GPAMGTEL OTL
TO, CLUYKEKPIUEVOL HOVTEAD Exovv Yepd Oepého, evd emiong Ponboldv kol GTOV EVIOMIGUO TV
ASLVOLLOV TV 010V TOV HOVTEA®Y. ATO TV GAAN peplo, ot emBECELS GE HOVTEAD UNYOVIKNG
naonong pmopovv va emtevyfodv gvkoAd, a@ol To LOVIEAN aVTE cLVNOMG deV TPOGTATEVOVTOL
amd TETo10V €ldovg embécelg puéypt kot onpepa. Etot teMkd ot avtumapabetiég enbécelg £xovv

oKomd TV aAhoimon TV arotehecudtomv mov Oa e&dyetl To pHovTéAO.

H acedrern tov epappoydv mov dwayepilovion onuaviikd dedopéva kot ivor Paciopéves oe
HOVTELQL UNOVIKNG Labnong umopel va mopaPlactel pe v (pnom aviimapadeTikov enfécemy.
H eniBeon mov Ba ypnoipomombei v va metvyer n mopafiocn e acedreng tov idov Tov
HOVTEAOVL, amortel v givol yvooTn 1 AEITOVPYIKOTNTO TOL HOVIEAOL 1 TOLAGYIGTOV TO Tl
dedopéva. €16000v - €£0dov ypnotpomotel To povtéro. Emiong kabopiotikd polo oty OAn

dadwacio Tailel Kot To TMG oVTO TO LOVTELO TPOCTATEVEL TA OEOOUEVO TOV KO OV QLTO YIVETOL.
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"Evog tpomog mov pmopel o HovTEAO Vo amoTOyEL 6TIC TPOPAEYELS TOV N va TopamAavnOel Kotd
mv Jwdkacioo. ANYNG amoPace®y, €ivol 11 TPOTOTOINGT TV JEIYUATOV TOV JEGOUEVOV TOL
Aappdaver cav gicodo tov. Eite mpocsOétovtag BopvPo 1 emmAéov mAnpogopio o avtd, gite
APUPAOVTOS TANPOPOPIo 0ALG OKOLO KOl TPOTOTOIMVTAG TV 1010 TNV TAnpoopia. Agdopévov
avtov, ot emBéoelg avtég ywpilovtal e dVo KHpleg Katnyopieg, Tig black box kot T1g white box

embéoels.

Ot black box emBécelc aviumpocwmeHovy TO TO PEAAICTIKG GEVEAPLN, GTO OTTO10L O EMITHOEIOG OEV
yvopilel kot dev €xel queorn mpdsPacm GtV apYLTEKTOVIKY TOoL povtéAov. 'Etol 1o povo mov
umopel va tpomomomoetl €ivon to input/output tov povtédov. Ot white box embéoelg and v
GAAN peptld givor o 1oYLVPEG Kot UTOPOVV VO ETMPEPOVY GTO LOVTEAO KOTOGTPOPIKES GUVETELEC,
aeov O EMTNOEING &YEL YvMOON M OUECT TPOCPOCT G€ OAOKANPO TO HOVIEAO Kol TNV

apyrtektovikn tov (Liang et al., 2017).

‘Etor n avdykn yio mepocOTePn £PELVO GTOV TOUEN TNG EVPECNC UNYOVIGUAOV GUUVOS Y0 TIG
ovykekpipéves emBécelg kobiotatar avaykaio. O oKOTOS TOV AVTITOPAOETIKOV AUuveV givor va
KaTa@EPOLV va. foncovv 10 HOVTELO VO KPATNOEL TIG VYNAEG aT0dOGELS TOL TOGO GTO APYIKA

dedopéva 660 kou ota Adversarial examples dedopéva.

Epdcov o1 emmdcior dev popdlovion Tig €mBEGELS TOL YPNOUOTOOVV Kol 1 EPEVVO. GTNV
gbpeomn 1€T010VL €idovg embBécewv Oev eivan 1dtaitepa E0KOAN, 1 SLOOIKAGIO OVTIGTOLYIONG TNG
KG0e emifeong pe ovykekpyévn Quova yivetor 0Ao Ko mo mepimiokn. ‘Etor  telkd n
eKTaidevon TV HOVTEA®V og eMBECELS TEPLOPILETAL GE CLYKEKPIUEVES TTEpTTAOCELS . [IEpa amd
avtd €dv €vog ypNotNS mPoomafncel Vo EKTAOEVGEL TO HOVIEAO TOL EVAVTIL GE OAEG TIG
emBéoelg , to mo mBavd givarl avTd Vo 00N YNOEL GE TAPATAAVN O KOl TEPIGGOTEPO UTEPOELQ
OV HoVTELOL KOOMG avTo dgv Ba gival tkavd va eKTEAEGEL TNV O1001KOGT0 COGTA AOY® TNG TOAD

LKpg TANpoPopiag mov Oa £xel amd ta apykd avbevTikd dedopéva.
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"gibbon”

09.3% confidence

Ewova 1 ITapaderypo Adversarial Attack og dedopéva eikéovov (Goodfellow et al., 2014)

‘Eva yopoktnploTikd Tapdadetypo yio KoAHTEPN KOTOvONon TG £VVOLOG QLTOV TV EMBECEWMY,
etvar ovtd mov Qaivetar oy ewova 1. Ocov apopd To OnTIKOTOMUEVA dEOOUEVA, OTMG Ol
ewoveg, pio emiBeon pmopel va yiver aAdaloviag éva pikpd pixel. ‘Etor 1o povtélo
Katnyoplomotel AdBog v ewova. Evioom 10 avBpdmivo pdtt dev pumopet vo avayvopicel ovtn
mv aAloimon PeTaEy TS avbeVTIKNG EIKOVOC KOl aVTNG oL €yl dgytel kdmown emiBeom, o
povtédo pmopel va pmepdevtel kor Bewpel 0t 10 “panda” ToL TMOPAdElYHOTOC, UETA TNV

pocOnkmn BopHPov, katnyopromoteital cav “gibbon”.

Ocov agopd to dedopéva KeYWEVoy, Tapovctdlovy Sopopés otV HOPPY| GE GYECT LE TO
dedopéva kovag. Apyud to dedopéva KeWEVOL ivar Slakpitd dedopéva evd ol EIKOVEG gival
ouveyoueva, TapdAAnio kdmolog puropetl va avtidnedel tov B6pvPo pe to avOpdTIVO pdtL o
dVoKOAN EVA amd TV GAAN [ omAn] aAloyn VOGS YOpaKTHPO OTO KEiEVO, pmopel va eviomotel
moAD gbkoia. EmimAéov 610 keipevo mpootifetal kot 1 €VVOl0AOYIKY onpacia, N omoio aAAGLEL
pe v aAloyn pog AEENG N Ao KoL EVOG YOPOKTHPA. LTV TEPITTOCT TOV EIKOVOV £6TM Kot

av tpocBécovpe 06pvfo o avBpwmog pumopet va avtidneOel ti ameucovileta.

Emniéov n onuocio tov aviimapadeTik®v mopadelyUdTOV 100G Vo J@EPEL OTO OEOOUEVAL
KEWEVOL, o€ oyéon Ue ta dedopéva AAmV Katnyoptdv. Kabmg ot evaliayég mov yivovion ota
Kelpeva dgv elvar SLOKPITIKEG, £TGL Ol EPELVNTEG TPOTEIVOLY dVO SLOPOPETIKOVG EVOAAOKTIKOVGS
oplopovg vy to. oviuapadetikd mwapadeiypato o€ NLP, mov Pacilovtor oty onTikny TOLG

opol0TNTO.
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Visual Similarity (J.Morris, 2020): Mepwéc NLP embBéoelg, Bempovv €va avtimapadetikd
TOPAdELYLLOL, GOV VoL Elvat pia akoAovBia Keévou mov potdletl ToAd pe v owbBevikn 16000 Tov
LOVTEAOL, WE HEPIKOVG YOPOKTNPES OLPOPETIKOVG, OAAL ©TO TEAOC AOUPAVEL SLOPOPETIKN
TpoPAeyn katnyopiog amd 10 povtélo. Mepikég amd avtéc TG embécelg mpoomtabovy va
aAAGlovV OGO TO SLVVATOV AYOTEPOVG YOPOUKTNPEG DGTE TO LOVTEAO va Kavel AdBog TpoPAEyelc.
AAlec embécelg Tpoomaovv Vo TAPOVGIACOLV MO PEAACTIKA AAOT, OTMG TOL TVTOYPAPIKEL TOL
omoio. umopovv va yivouv kot omd Tov 010 tov avBpwmo. Avtéc ol embBéoelg, Bempeitan OTL
UITOPOVV VO, OVTILETOTIGTOVV 7o €VKOAN ypnoomoldvag rule-based opboypapikd Eheyyo M pe
HOVTEAD EKTTOMOELUEVO. GE TPOTACELS MoTe va dopbdvouy ta opBoypapucd AdOn. Tétoieg

embéoeig etvar to DeepWordBug, HotFlip, Pruthi, Morpheus ktA.

Semantic Similarity (J.Morris, 2020): AAreg emBéoeig NLP, Bewpoldv 611 €va avtimapabetikd
napadetypa etvat ypMolpno, otav gival oNUOGIOA0YIKE S10POPETIKO amd TO avBeVTIKO KEILEVO TTOV
Ba ypnotpomomOei cav £i6000g 610 poviého. Me dAha Adylo Tpémet va glvarl o Topaepoacn TV
avBevtikod keévov, aAlo mopdAinio va AauPdver pa AdBog mpoPreyn amd to pHOVTELO.
Ymapyovv pHovtéda to omoio EKTAOELOVTAL MOGTE VO VTOAOYILOVY TNV GNUOGLOAOYIKT OLOIOTNTA
TOV TPOTACEMV KOl Y10 Vo TETVYEL (ol enifeon térolov eldovg, yperaletarl va ypnoyomon el
Ao poviého NLP  oote vo emiPdAiletor 6t1 M tpomomoinom avty €ival cmOTH Kot
onuocloloyikd idw pe v ovbevrikr mpdtacn. Mepwkég embécelg Paciopévec otnv
oNUACIOA0YIKY] évvola TV mpotdoewv ival ot Bae, Bert-Attack, IGA, Kuleshov, PWWS, PSO

KTA.

10 apBpo tov Belinkov (2018) oyoialovtat ot drapopetikol Tpodmotl avdivong NLP, o tomog g
TANPOPOPLOG TOV OEYOVTAL TOL LOVTEAD, EVA EMIONG TAPOVGIALOVTOL TOPAOELYLOTO TOV GVVAIOLY
OTL To. veupmvikd povtéda pnyovikng panong (DNNs) sivor addvopa Kot OV TpocsTaTeEoVTaL

o€ emopkn Pabuo aro aviurapabetikéc embéoelc.

Xapn oto oavtmopadetikd mopadsiypato wov givar n Pdon tov mepocdtepov embicemv,
EVIAGGETAL 1 OVAYKN TNG EKTOIOELONG TOV HOVIEA®V GE TPOMOTOMUEVO KEIUEVA, GLTN M
dwdwkacioa ovopdletor ovtumopadetikny ekmaidevon (Adversarial Training). Kotd v
avTITaPOOETIKY] EKTOIOEVON OVGLOCTIKA TO HOVIEAO EKTOLOEVETOL YWPLOTA oTOL avbevTikd

dedopéva oAAG Kot ota dedopéva Tov Exovv deybel emifeom, YPNOLOTOIOVTOS TIC OVOEVTIKEG
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katnyopieg (labels) tov dedopévov. Koatd cvvémelo exmoidevetor kot pe TG 000 OUAOEG
dedopévav, £€1ol TALoV givar 6e BEom Vo ovoyvmpiGEL o €VKOAN TO. OEOOUEVO KO LLE LOPPN

emifeong AL Kol 6TV KOVOVIKT] TOVG LOPOT).

[MapdAinio vy to dedopéva mov agopovv keipeva 1M emelepyocio keypévov (NLP),

avTHETOTILOVTOL TEGGEPQ SLOPOPETIKA €101 EMBEGE®V.

e X¢ eninedo yapaxtipa ( character level attacks) : Eicaymyn véov yopaktmpov, e101kdv
YOPOKTNP®V, oKOUN Kol oplOUdV, OVTOALOYY YOPOKTNPOV LE YELTOVIKOVG, O10ypaon
YOPOKTPOV, OVTIGTPOPY| YOPAKTIPOV.

e 3¢ emimedo AéEng ( word level attacks ) : Avtikotdotaon AéEemv HE CUVMOVLUEG,
aviovopes. Etoaywyn AéEewv pe opBoypapucd Aadn. Ataypagn oAdkAnpwv Aécemv.

e ¢ eminedo mpotdcewv ( sentence level attacks ) : I[IpocOnkn emumhéov mpotdoewv yio
aALoi®won ToL VONLaTOG,.

® X¢ OAa ta emimedo ( Multilevel attacks ) : Eappoyn 6Awv towv emmédwv.

past — pas!t | Alps — llps | talk — taln | local — loral | you — yoTu | ships — hips | actor — actr | lowered — owered

pasturing lips tall moral | Tum dips act powered
pasture laps tale Moral Hutu hops acling empowered
pastor legs tales coral Turku lips actress owed

Task slips talent morals Futurum hits acts overpowered

Ewova 2 TTapaderypo Word-Level Adversarial Attack (Ebrahimi, 2018)

Yy ewoéva 2, eaivovror mapodeiypato ALV Tov d€xovTol Kamowov gidovg emibeon. ‘Eneita
Kato TNV TPootdleln TG avaKTNoNS TG TPOTAPYIKNG AEENG TpoPAEmETON GAAN AEEN. 'ETot etvan
TPOPaAVI M SVCKOMO TTOV YPELALETOL VO AVTILETOTIGTEL OOTE VOL YTIOTEL EVAG UNYAVICUOG AULVOG
TOV VO ETavaPEPeL TV AEEN ov 0&yOnke eniBeon oy apyikn g popoen. EmmpodcHeta yio
xpon TV emeEepyacio Kot TV oVAALOT TOV OEO0UEVOV TOV OPOPOLV KEIUEVO, VITAPYOLV

LOVTEAQ [LE OLOPOPETIKEG IOIOTNTES TOL OO0 YPTCLUOTOLOVVTOL OTIC HEPES LOC.

o Movtéla katnyoplonoinong kewévov (Classification models) (Liang), 6mw¢ avtd mov

ypnoporomnke ota TAaicla g epyaciog.
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e Movtélo Tov OdOUEVOL LIOG TOPAYPAPOVL M UG EPOTNONG UTOpovV va eEQyovv
anavinon. (Question Answering Models ) (Jia 2017)
o Movtéha Tapoywyng counepacudtov (Natural Language Inference)

e Movtéla mov ypnoonotovvtor yio petagpdoceic.(Machine Translation )

[TapoAn v toyeio avantuén TV emBécewv, Paivetol OTL OGO APOPA TOVG UNYAVICUOVS GLLVOG
N épevva €xetl peivel oyetkd micw. Méypt tdpa vIdPYoVV AyeG VAOTOWCELS GE UNYOVIGHOVG
dpovog yuo embéoelg oe NLP dradikacieg. Tkomdg TV UnNyoviopH®v oavtov, gival cuvidmg M
avénon g avOeKTIKOTNTOS TOV LOVTEAMY, LLE TNV EVOOUATOOT TPOTOTOMGEMY G€ AEEEIS OTTMG
v mopddsrypo pe v texvikn tov Adversarial Training, 1| pe Defensive Distillation. Ot
TPOCEYYIGEIS AVTEC TOPOAN AVTA POIVETOL VO EYOVV LEYOADTEPES OmOdOOGELS amd OTL Ta. PaciKA

HOVTEAQ, YOPIG v AAUPAVOLY VITOYN TO EVOEXOLEVO TNG KakonONg TopEuPaong oto LOVTEACL.

Tétolor pnyavicpol Guovag ce emimedo onpactoloyikng évvolag, eivar o SEM kot o RSE
(Z.Wang and H.Wang, 2020), pe v 010popd 0Tt 0 Tp®TOS HUmopel vor aplovlel amoTeEAEGUATIKA
oe embéoelg mov eivor NON vAomomuéves kot epapuoloviat. Aol meplopilel to €0pOg
amOoTAONG UETAED TOV UETACYNUATIGUEVOV TOPUEIYUATOV OOKIUNG KOl TV TEPLOPIGHEVOV
napadelypdtov ekraidevons. Amd v aAAn o RSE, tponomoiel Tig evoopatopéveg AéEeig mpv
and Vv dwdwacio exmaidevons. Evo emiong mpochitel v dwodikacio avTiKatdoToong TV
CUVOVOU®V HECOH OTNV Ol0d1Kacio eKTaidevong, MOTE Vo OMGEL OTO UOVIEAN TTEPLOGOTEPO
napadeiypata vy exmaidosvon. ‘Etot ot dnpiovpyol tov RSE mpoteivouv avdpesa oto eninedo
€16600v Kot 610 enimedo Embedding, va eicaybei o Dynamic Random Synonym Substitution,

mov epapuolet 1o RSE.

‘Evag dAhog upnyoviopodg dpovoag mov €xet mpotabel elvar m pébodog DNE (Dirichlet
Neighborhood Ensemble), mov ypnoyomoteiton yia vo exmodevetor 1 avOekTIKOTNTO TOL
HOVTELOV, MOTE VO OUVOVETOL 68 emBEoelg avikotdotaong Aééewv. Katd v exmaidevon tov
LOVTEAMV HE TNV XPNON NG CLYKEKPWEVNG HEBOOOV, OTIAYVETE O €KOVIKY okoAovBia,
OLYYEOVTOG TIC CLVAOVLHES AEEELS pag AEENG amd v mpdtacn e166dov( Zhou et al., 2020) . 'Etot
EKTOOEVEL TO HOVTELO GE OVTAE TO OEOOUEVA, TETLYAIVOVTOG TNV EVIOYLOT NG AVOEKTIKOTNTOG
TOL HOVTEAOL o€ eMBECEIS PacIoUEVEG GE EVAAAAYEG GUVOVLLOV AEEEMV, AL TOVTOYPOVA Kol

TNV ST PNoT TG ATOA00TG TOL GTO ALOEVTIKA dEdOpEVQ.
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3. Me0Boooroyia kar IIpocéyyion tov Ilpofinnatog

3.1.  Zevapwo 1 - Adhayn Xopoakmpov

['o 10 cvykekpévo oevdplo ypnotpomomdnkay to tpo exmodevpéva povtédo BERT (Devlin et
al., 2018), DistilBert (Sanh et al., 2019) yia v eknaidevon kot 0EOAOYNON GE SOPOPETIKA
ocbvoilo dedopévev. Tl v Kotnyoplomoinomn Kol TG OVOYKES TOV  TEPAUOTOC
ypnoporomOnkay dedopéva amd to cvvoro AgNews kot and 10 cvvoro IMBD. Eve om
CUVEXEWL YlOL TNV OMUIovPYic avTITOPADETIKOV TAPAdEIYUAT®V, TOV YPNOIUOTOONKAY Yo
avtuapobeTikn ekmaidgvon, €ywve ypnom tov TextAttack (X.Morris et al., 2020) epyaieiov.
‘Emerta yuo tov unyoviopd dpovvog ypnotpomomonke 1o povtédo SCRNN (Pruthi et al., 2019).
Téhog vy v a&loddynon Tov HOVTEAOL KATO TIC TPELS QAGELS, YPNOLUOTOMONKE TEXVIKY|

Stratified K-Fold Cross Validation pe v petpikn Accuracy.

3.1.1. Aedopéva Katnyoplomoinong

Ta dedopéva mov ¥pNGILOTOLOVVTOL Y10 GKOTOVS KOTNYOPLOTOINoNG TPEMEL VAL TEPIAAUPAVOLY
ToVAdloToV 000 otnieg [kelpevo][katnyopia], dote va egivolr gpeavéc o€ TL KoTnyopio
KOTATOOOETOL TO GLYKEKPIUEVO Keipevo. Eite apopd kdmoto apvntikd 1 Oetikd oydio, egite
apopd Kamowa GAAN Katnyopia. EmumAéov avtég ol katnyopieg Otav mpoKeETOL Y100 LOVTEAQ
Katnyoplomoinong, Oa mpénet va gpeovifoviol oav apOunTikol yoapoaKTNpes MGTE VO LTOPOVV VO
eneEepyactobv avaroyo omd ta povtéda. o TG avaykeg tng mopovoag epyaciog £ytve 1M
aropaitnn mpoenefepyasioo dote O, dedopEva TOV YPMNCILOTOMONKAY Vo glval avtioToyng

HOPOTC.

3.1.1.1.  AG News

Ta dedopéva and 10 AG_News, mepiéyovv Tithovg €W0Nce®V 01 omoieg ywpilovtol e TEGGEPIS
peyaieg watnyopieg World, Sports, Business, Sci/Tech ot omoieg avagépovtar cav 1,2,3,4

avtiotoya. Mepwd mapadetypoto amd 10 cHVoA0 avtd mapovstdloviat otov mivaka 1.
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1  Britain Black Watch regiment, deployed to back up US forces outside Baghdad since the
end of October, has returned to its base in Basra in southern Iraq, said a UK defense
ministry spokesman.

4  It's time to get down to business for stem-cell scientists and administrators after the
tremendous boost they received from the passage of California's Proposition 71. Two
advisory board appointments have been made; there are 25 to go. By Kristen Philipkoski.

4 The company will pony up \$2.6 million to settle a lawsuit over allegedly flawed
electronic voting systems it sold to California counties. Surprise: E-vote activists still
aren't happy.

3 The WTO case was brought by the Caribbean state of Antigua and Barbuda, host to many

of the online casinos whose use is illegal in the US.

Mivaxog 1 Agdopéva amd 10 ovvoro AG_News

3.1.1.2. IMDB

Ta dedopéva and to IMDB mepiéyovv oxdia toviov to omoia ywpilovior oe 600 Kotnyopieg

positive/negative avdioya e T TEPIEXOUEVO TOVG, Ta. omoia avaypdpovtat oav 0-1 avtictoyyo.

0 I thought this was a wonderful way to spend time on a too hot summer weekend,
sitting in the air conditioned theater and watching a light-hearted comedy. The plot is
simplistic, but the dialogue ....

1 Basically there's a family where a little boy (Jake) thinks there's a zombie in his

closet & his parents are fighting all ....

IMivaxog 2 Agdopéva am6 1o cvvoro IMDB
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3.1.2. Bert - DistilBert — Pretrained

H Eapvikn dvodog TV €QoploydV TOL YPTNCILOTOOVY HEYAANG KALOKAG TPO EKTOOEVUEVOL
povtéda givar eavepn to tedevtaio ypdvia. [TAéov €xovv yiver éva Pacwkd epyadeio oe TOAAEG
epappoyég emeepyaciog yYAdooog oe popen keyévov (NLP). Ta mpo ekmodevpéva  poviéra
TOPEYOLY TNV OLVOATOTNTA GE KATO0 MOTE TO EVKOAO VO YPNCUYLOTOMGEL £va 1O VITAPYOV
HOVTELO Y10 TOV OKOTO 7oL TO Ypelaletar, ywpig va mpémel va, to “kticel” amd v apyn.
Emumiéov ta mpo exmadevpéva poviéha a@nvovv cuvinlwg ta televtaio tovug emimeda Gdso

MOTE VO UTOPEL VAL TOL EKTOOEVGEL O YPNOTNG YPNOULOTOIDVTAG TO SIKA TOV SedOUEVAL.

INo 11g avdykeg g epyaciog ypnowomomdnkoay ot transformers ®dote va vdpyet n tpdsPaon

oT0 PO eKTodEVUEVE povTéEAa kKatnyoplomoinong, BERT ko DistilBert.

3.1.2.1. BERT

To 2018, n opdda s Google kukrlopdpnaoe to State-Of-The-Art poviéro, ovopalopevo BERT.
To BERT(Bidirectional Encoder Representations from Transformers), eivor €vag
petaoynuotios Paciopévog oty unyoviky pddnon(ML) yw ocvotiuota emefepyaciog
@vokng YAwooac(NLP). Mropel va ypnoipomombel kot cov £va 101 EKTOOELUEVO LOVTELO, TO
omoio onpovpyndnke amod v dw v Google. H Google and 1o 2019, 10 ypnoiponotel dote vo

pmopetl 1 unyavi| ovalTnong Tovg va KaTovoel KaADTepa TiG avalnTioELS TV YPTOTOV.

Eivor éva mpo ekmoadevpévo poviéro, 1o omoio KoataAiafaivel v onuocio g AEENG, pe v
Bonfelo TOV PETAGYNUOTIOTOV, GE GYECT UE TNV VIOAOITN TPOTACT] Kot Oyt ooV €va uTOVOLO
koppdatt. ‘Etor pmopel va Bewpnbei 6tt ta poviéha BERT €yovv v wkavotmto va
avTilopupdvovtor To amdALTO VONUO TOV KEWWEVOL OV TOLG divetan cav €icodoc. To povtédo
BERT npoonabei vo kataddfel to vomuo g Kabe AéEng o€ oyéom pe v vorowtn mpdtacn,

Eexvavtag va “oafalel” and apiotepd mpog ta de&id v tpotact (Naushad , 2020).

To avBevtiké BERT mov eivar Baciopévo otnv ayyAkn yAdooa, sivar 01006610 6e dvo  mpo
ekmadevpévong yevikevpévoug tomovg Uncased/Cased ta omoio €yovv eKmaidevTel 6€ GUVOAQL
BPAiwv, pe 800 exatoppvpla AEEelc evo emiong ko pe 2.500 AéEeig and to Wikipedia. O BERT
gyl ypnowomomBel 1y ocvykekpyéves epappoyés Omwg GLUE (General Language
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Understanding Evaluation), yio v dnmovpyia tov cuvorov dedopéveov SQUAD, anavincemv
oe egpotoelg tov Stanford (Stanford Question Answering Dataset), eved emiong kot cov

YEVVITPLO OVTITOPOOETIKMV KEWWEVDV Yo emBécelg (Jin et al.2019).

Metd v xvkhogopia tov BERT, Eexivnoav va kukho@opolv kot dtbpopeg GAAES TOPUAAOYES
10V, gite pe KaAOTEPN AmOd00T €ite pe AYOTEPO VITOAOYIGTIKO KOGTOG OVAAOYO LE TIC AVAYKEG

Kk&Oe Qopd.

or DistilBERT model ""'

nizer class, pretrained weights = (ppb.DistilBertModel, ppb.DistilBertTokenizer,
I

model class, tokenizer class, pretrained weights (ppb.BertModel, ppb.BertTokenizer, 'be

Anéonaocpo Koowka 1 @optmon [lpo Exrardsopéveov Movrélmy

Xpnoyomowwvtag v PiAodnkn tov transformers pmopovpe va Kotefdoovpe Ko vo
YPNOULOTOUCOVLE TO LOVTEA LE TO amapaitnTo apyeia Toug. Evd emiong kot mv Kpuen uviun
mov ypewaletor to KABe poviEAo Y va dovAfyel. Mepikég mopdpetpor mov yperdletor va
apywonromBovv eivon n tiun model classes, Tov ovclaoTiKd £ivat To 1010 TO LOVTEAO, 1) T TOV
configuration_classes mov mepihapuPdver Oia to apyela mov ypedletar 0 poviélo Yo vo
SUOPOMOCEL TO KOTAAANAO TtepiBaiiov kot 1 T tokenizer classes otnv omoia amobnkeveTal
10 Ae&IAOY10 TOV KAOE povTELOL Yo va. xpnoipomoinfel apyodTepa KOTE TNV KATNYOPLOTOINGT TV

dedopéveov (Naushad,2020).

Xpetdletar vo akoAovOnBodv dvo amapaitnteg texvikée, Yo v eknaidevon tov BERT. Ot dvo
avTéG TEYVIKEG eapudlovtarl ata dedouéva tov ypnoyonoinoe 1o BERT yo va exmodevtel kot

avVaPEPOVTOL TTLO KAT.

Masked Language Modeling (MLM): T'ia va. éxet to povtého po apeidpoun ekmaidevon, o
NrtedPv to 2018, denoe to povtédo va TpoPAEyel KmOKOTOMUEVES AEEELG PAGIGUEVO LOVO GTO
mePLEYOUEVO TOL KEWWEVOL. Ovotlaotikd ypeldotnke va. kpuetel toyaio to 15% tov Aégewv oe

Ka0e axkorovBia kewévov. And avtd to 15% tov Aéewv, poévo 10 80% avtikatactddnke pe
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kodoworomuévn AéEn [MASK], to 10% avikotaotddnke pe toyaieg dAleg AEEEI Ko 61O

vrorowmo 10% dev Eywve Kapio aAloym.

TRAINING DATA

15 % OF TRAINING DATA
v \ 4
hairy hairy hairy
[MASK] apple hairy

Xynqpo 1 Masked Language Modeling (Godbole, Grubinska & Kelnreiter, 2020)

Next Sentence Prediction (NSP): To povtého exmodedtnke emiong dote vo avayvopilet v
oyxéon neta&d tov mpotdcewv. To poviého BERT énpene va amogacilel avapeca o {evydpia
TPOTACEWMV 1] AKOUO KOl Atd OUAdON TPOTAGE®V, TOTE TO £V UEPOS CUUTANPMOVEL TO AALO Kol
mote Oyl Me éva mocootd 50% yia v Kabe mpdPreyn ( true elvar cuvExElo TNG TPONYOVUEVNG,

false oev givan cvvéyela g mponyovpevng (Devlin et al,2018).

SAMPLED PAIRS OF SENTENCES FROM TRAINING DATA

Xynpa 2 Next Sentence Prediction (Godbole, Grubinska & Kelnreiter, 2020)

3.1.2.2. Transformers

Eivar povtéha ta omoio emeepydlovral AéEelg, cav va givar o oyéon pe OAEG TIG VITOAOTEG

Aé€elg ¢ mpoTaong avti Yo pia mpog pia og oepd. ‘Etol ko ta povtéla BERT BAémovv Tig
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TPONYOVUEVEG KO TIG EMOUEVEG AEEEIC, (MOTE VO KATOVONOOLV KOAVTEPO TO VOO LIOG

OLYKEKPIUEVNG AEENC.

Onwg paiveton 6to oynua 3 TG avamopAGTIoNS TNG OPYLITEKTOVIKNG VOGS LETAGYNUOTIOTY], GTNV
aploTEPN HEPLA glval 0 KOOKOTOMTNG, EVO 6Ta de€Ld 0 amokmowonomtig. [To cuykekpuéva o
KOOKOTOMTNG, €ival vredBuvog Yo TV S0UOPPOGCT] TOV OVATOPACTACE®DY TNG EIGEPYOUEVNS
akorovBioc. Eved and v dAAN 0 amok®mdtkomoing ival avTdg mov HETATPETEL TO OMOTEAEC AL
TOL KMAKOTONTH Tiow o€ akolovdieg, Tig omoieg Oa Edyel To povtélo 610 TéA0G. EmumAéov Ko
ot 6v0 avtol pnyoviopol amoteAovviar and moAAd emineda (too Nx oto oynua 3) pe 2 kou 3
vrepenineda o k4O évoc. Ta emimeda avtd elvar apyucd to Multi Head Attention 1o omoio eivon
vevBuvo doTE TOL KAEWLA, Ol TIHES OAAG KOl TO EPOTNUOTO VO ELEOVILOVTOL YPOUUIKE DOTE
apyOTEPO VO UTOPEGEL VO EKTEAEGTEL TAPAAANAO 1 OTTAPOALITTN GLVAPTNON. ZAV YOPOKTNPLOTIKO
N texvoroyia avtn, &yl T0 OTL KAMGTATAL EPIKTH 1] XPNOT SLUPOPETIKMOV OVOTAPACTACEDY TOV
VIOYDPOV GE SAPOPETIKOVG ydpovc. Emerta eivan kot to Masked Multi Head Attention to omoio
ypnowonoteitor poévo omd tov kmdkoromty. To omoio &ival kKo t0 TPp®TO €MiMEdO GTOV
AmTOK®OUKOTOM T Ko ektedel Tv multi head attention 6Tto TAPAYOUEVO TOV ATOKMOIIKOTOINTH.
To mapaydpevo avtd elval KOINKOTOMUEVO DOTE v OMOTPENOVTOL Ol TPOPAEYELS oL givat
Baciopéveg oe mAnpoeopio mov dev ypeldletor va vl yvwoty|, o€ cuykekpiuévn Béon. X
ouvvéyela oto diktvo Feed Forward epapudlovior mavopoldtumot Ypoppukol HeTaoyNUOTIGHOT

otV kaBe Béon Eexymwpiota (Godbole,2020) .

[Ipwv n TAnpogopia e6EABEL oTa emMimeda aVTA, 01 AEEEIC TOV TPOTAGE®V UTAIVOLV GE GEPE e
Baon Vv oyetikn toug Béon oe (o akoAovbio. Aol M GUVEPTNOTN Kl Ol LETACYNUATICHOT
EKTEAEGTOVV OO TOl emimeda, yivovtatr dAlol 600 petacynpatiopol, évag ypaupkos (linear), ko

évag softmax, o omoiog petatpénel To TEMKO OMOTEAEG O TIGM GE TOAVOTNTEG.
"Eoctm 011 £ovpe Ta TapaKato topadetypoto ovalnnong amd KAmowo xpinoT.
“2019 brazil traveler to usa need a visa”,

To “to”, efvat TOAD oNUAVTIKO GE QTN TV TEPITTOON Yot THV KATAVONGT THG ONHOGI0G TOV

KEWEVOV, 1 onpacio avt) eoaivetot pe v xprion tov BERT (Nayak , 2019).
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"Etot to BERT Bon0d va katavoncet n unyovn v tpdtact), 6mwg 1o Katarapoivouv kot ot id1ot

ot avBpwmot.

Output
Probabilities
___Softmax__|
:;;;;;;;;;;
~
{
Feed
Forward
' 1 5\ I Add & Norm :
—{_Add & Norm ) Miult-Head
Feed Attention
Forward g g Nx
.
Nx Add & Norm
,—-' Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
(% 7 1t
LL ) \_ _JJ
Positiqnal @_@ @—@ Positional
Encoding Encoding
Input Qutput
Embedding Embedding
Inputs Outputs
(shifted right)

Yympa 3 Apyprrektovikig evog Metaoynpoatiotn (Vaswani et al. 2017)
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3.1.2.3. DistilBert

BERT base
uncased

Back propagation

DistilBERT

Xympoe 4 Avonoapdacstaong Exknaidcvong DistilBERT (Godbole, Grubinska & Kelnreiter,
2020)

[Tépa amd To TOKIAOL TAEOVEKTALOTO TTOV £YOVV T UEYOAVTEPO LOVTIEAQ, ONUIOVPYOVVTOL KoL
ToALEG avnovyies. Ta peyohdtepa LOVTELD £XOVV TEPIOCOTEPO KOGTOG KOl TEPIGGOTEPES OVAYKES
and €vo cLOTNUO, OVAYKEG TOPWV OAAL KO LVIUNG TTOV HITOPOVV VO OITOTPEYOVV TNV €vpEeia

vioBecio Tovg.

"Etot dedopévou tov peyarvtepov poviéhov BERT viomomOnke éva pukpOTePO LOVTEAO YEVIKNG
xpnong mov Pondd oty avamapdctoon kewpevov, to DistiIBERT. To poviélo avtd pmopet va
TapEXEL KOAN amOd00N GE SIUPOPES EPAPLOYES, OTMG AAAMOTE Kol 0 LEYOAVTEPOS OPLOAOYOG TOV
(Sanh, 2019). E&dAlov avtdg eivar kot 0 GKOTOC TV JUKPOTEPMV TPO-EKTOLOEVUEVMOV LOVTEA®YV,
vo. Kpotovv TNy eveMéio kol TV amdd0oon TV UEYOADTEP®V HOVIEA®Y OGO TO OLVATOV

TEPIGGOTEPO KO TOVTOYPOVA VAL PELALOVTOL LKPOTEPO KOGTOG TOPMV Y10 VAL YPNGLULOTOO0VV.

Mpoorddncav vo petdoovv 1o péyebog tov BERT poviéhov katd 40%. 'Etor o peyaidrepo
povtédo BERT, ypnowonoteitor yio amoctoén yvoong(Knowledge distillation). H andotaén
YVOONG €ival Lo TEXVIKY KOTA TV 0Toia £vo LIKPOTEPO HOVTELD, O LaBNTNG, Elval EKTOOELUEVO
Vo OVATOPAYEL TNV GUUTEPLPOPE €VOC HEYOADTEPOL HOVTEAOL, TOV dackdAov tov (Naushad ,

2020).
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Yvykekpyéva o pabntg DistilBERT, éyer v idwa apyitextovikny pe tov dackdiov tov, BERT,
OAAG pe piKkpOTEPO aplBpd emmédmv wote vo pelwbei to péyebog tov povtélov. o va
emtevyfel avtd ypnowomomOnKav TEXYVIKEG OMMOC 1 OTOAEW EKTOIOELONG, M OTOAEW
anooTaéng, N andis Tov MLM mov ypnoiponotovce 10 BERT kot 1 andAieia evooudtmong
ouvnuiTtovov Mote va evBuypopoTel | Topeia TOV POBNTH KO TOL SUGKAAOV GTO OLVOGLLOTOL
TOV KPLUUEVOV KOTOOTACEWV. AVTEC Ol OmdAEIES OoPUAIlovY OTL 0 HOONTAG EKTTAOEVETAL
OGS TPEMEL KO 1 LETOPOPE Yvdong eivor amodotikn. EmmAéov apapédnie 1 péBodog NSP and

TNV EKTAIOELOT TOL HOVTELOV.

To povtého tov DistilBERT ekmoadevtnke ota oo dedopéva 0mmg kat 10 npotapyikd BERT

povtéro. Exmodeutnke oe 8 16G V100 GPU yw wepimov 90 opeg.

To povtého DistilBERT, mov ypnopomoteiton cav pior mpo-ekmadevpévn €kdoon tov BERT,
etvar 40% pikpotepo, 60% mo ypNyopo evd tavtdypovo eaivetal vo dwtnpel 10 97% tov
KOVOTHTMOV TOL OPYIKOD HOVIEAOV VM TAPAAANAQ YPEIGLETON LIKPOTEPT) VTOAOYICTIKT] OV

v va tpéet (Sanh et al.,2019) .

3.1.3. TextAttack

To epyodeio TextAttack (X.Morris, 2020) vAomombnke pHe OKOTO TNV OELKOALVOT TOV
EPELVNTMOV GTO TESTO TOV EMOBECEDV GE LOVTEAN UNYOVIKNG LABNoNG. AvTo £ytve Le TNV Tapoyn
€VOG GLVOAOVL O EPYOAEiR TOL LTOPOVV VO ETAVAYPNGILOTONO0VV GE TOALL GEVAPLOL, DOTE VO,
gpapudlovtal 660 10 dvvatd TEPLocOTEPES emBécelc and ta Bempntikd apbpa. Me v yprion
tov TextAttack pmopodv va eQoploGTOOV GUYKEKPIUEVES EMBECELS GE GUYKEKPIUEVO LOVTEAQ,
EMALYOVTOG OLPOPETIKA dedOUEVA Ko PETPIKES KAOE popd. Evd emiong oto téAog 0 ypnotng
umopel va éxet dueomn tpdcsPacn oto amoteAécuato mov eENyaye 10 povtédlo tov. H dwodikacio
tov Adversarial Attack pmopel va epappoctel ¥pnoIUOTOLOVTOS TEGGEPA POCIKA GUGTATIKA :
pio ocuvdpnon oTodYoL, KATOOVG TEPLOPICUOVS, TOVG UETOCYNUOTIOHOVG Kot Tnv péBodo

avalntnong.

To epyodeio TextAttack mepiéyel KOIKO MGTE VO QPOPTOVOVTOL EVKOAN KOl YPNYOPO SNUOGIAN
NLP oivora dedopévav evd mapdrinia vroompiler mowkidio and poviéla onwg m.y BERT

oAAG kol GAAOVLG petaocynuatiotés. Emiong kdvouv gdkoAn v mpocPacn oe peBdoovg

31/70



enefepyaciag M va moAlamiaciacuol tov NLP dedopévov, pe ypron augmenter. Me v ypnon

aVTOV ToV HeBOGOMV pmopovv va emheyBovv mOAAES dlapopeTikeg epapuoyég ( charswap, easy

data augmentation, wordnet, embeddings, checklist kAx), evd TapdAinia mapéyet T dvvatdoTnTa

eMAOYNG 0€ TOGO peyaro Babud Ba tpomomonBovv Ta dedopéva.

Evoopotdvovtag tov kddka tov TextAttack yio poptoon dedopévov aldd ko eneEepyacio 1

TOALOTAQGLOGUO QVT®V, UE TIG EMBECELS G HOVTELD UNYOVIKTG Labnong, to TextAttack mapéyet

éva epPAALOV GTOVG EPEVYNTEG DGTE VO, KAVOLV SOKIUEG GE TTOALA SLOPOPETIKA GEVAPILAL.

Create new attacks

Crealing as a combination of
New Attacks | novel and pre-existing

components

Developing
Attacks

Four Components
of NLP Attack
Goal Function

-
« Constraints attacks against

« Transformation standardized models
-

Search Method ) S

Evaluate new

TextAttack's 82+
Pretrained Models

Evaluate attacks

Attack Recipes

. from literature against
Benchmarking | US® attack recipes + Aeimplementation of | . standardized models
Attacks 91 insteadof - attacks from literature
reimplementing + Covers 16 papers
e _/
/_ TextAttack Training Pipeline \

Data

Augmentation

Utilizing
Attacks

Adversarial

Training

N

Augmenter Generate :
New Data —Train—» User Model
Module new samples Samples | D .

Attack
Module

Generate adversarial
examples

Adversarial| | [—Train User Model
Examples

Repeat in training loop

Xympo 5 Egappoyéc tov TextAttack(X. Morris et.al. 2020)

3.1.4. Mnyavicpog EniBeong Charswap Augmentation

>to mAaiola TG epyaciog to epyareio TextAttack ypnoipomomOnke apov £ytvay ol amapoitnTeg

EYKOTOGTAGEIS, OGTE VO YIVOLV TPOTOMOMGEIS GTO OEOOUEVO TV TTAPOUTAV® OEOOUEVAV, CE

eminedo yapaxtnpo (charswap).
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"t ArgumentDefaultsHelpFormatter, ArgumentError, ArgumentParser

tAttackCommand

Anéonaopa kOdka 2 Opiopog TextAttack ko yprjon Augmenter

H Ty g petafAntg pect words to swap mov @aivetot 610 andoTacpe KOdKA 2, propet vo
ndpet Tpég amod 0.1-1.0 kot Tpocdiopilet Tov Pabud Tov ariaydv mov Ba €xel kdbe TpdTao.

Ytov mivako 3 wapovoidletal Eva mapdostypa xpnons tov Augmenter charswap.

Keipevo piv v emifson Economic growth in Japan slows down as the country experiences a

Avayvopion drop in domestic and corporate spending.

Keipevo peta tnv emifeon nconomic grpowth in apan skows down as the country experiences a
L€ GUVTEAEDSTY] GALAYNG dorp in domEstic and corpoxrate Cpending.
AéEemv = 0.5

Mivaxog 3 [Ipotaocn wpv kou petd v enieon pe ypion Charswap
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3.1.5. Mnyovicpog Quouvog LovTEAOL KATA TIC ETBEGELS € EMimedO

YOPOKTN PO

2oV UINYoVIGHo dpovag, 1 Tpocéyyion mov emMAEXONKE yio ta mAaiclo TG epyaciog, ovorToyOnke
armo tovg Pruthi, Dhingra & C. Lipton (2019). H tpocéyyion tovg avti pumopet vo dtoyepilotel
Tpomomompéva keipeva mov mpoopilovior cov eMOECEIS GE LOVIEAN KOl TEPLEYOVV EICAYWOYES,
SypaPES, EVOALAYEG YOPOKTNPOV, 1| aKOpA Kot opBoypapikd AdOT. OvGlaeTIKA ¥PNCYLOTOI00V
éva povtého Paciopévo oto RNN povtédo, e TPELS O1POPETIKEG GTPATNYIKEG Yo OVOYVMDPLOT

Aé€ewv amd 10 LoVTELO.

Ewdwotepa yioo v kotamorléunon tov opfoypapikdv Aabdv mTov mopdyoviol Yo GKOTOVG
TOPOTAAVIGELS TOV LOVTEAW®V, TPOTEIVOVV Vo TPooTifetan éva HOVTEAD avayvapiong AéEemv (
Word Recognition Model), mptv amd t0v Katnyoptomomty. AmO TO TEPOUATIKE TOVG
AmOTEAECUOTO, NTAV PAVEPO OTL OKOUT KO 1| OAAOYT] EVOC GTPAUTNYIKA EMIAEYUEVOL YOPAKTIPO
umopel va emeépel peiwon oty anddoon tov poviédov BERT and éva mocootd 90.3% oto
45%. E@oappolovtog 10 HOVIEAO avayvedplong AEENG GOV UNXOVIGUO QUUVAG EMOVEPEPE TNV
anodoon tov BERT o10 75%.

21ig pépeg pog eEGALoL ot embéaelg opHoypaPIKOY AaB®OV amoTEAOVV Eva TPAYUATIKO TPOPAN L
KaOdC pumopovv va ypnotpomombovv pe ddpopovg Tpdémove. o mapdderypo ota avemBdunta
UNVOLOTO, TOL NAEKTPOVIKOD TOYLOPOUEIOD, HITopovV va xpnoiporonfodv aviictotyeg embéoelg
wote va emtefodv 6Tovg 1610VG TOVG SLOUKOMGTES TOL NAEKTPOVIKOV Taryvopopeiov. [Ipocmabdovv
va TpomBolV SoKPITIKA TPOTOTOMUEVO UMvopaTo Yopig vo umopel va yivel dueon aviyvevon
AGBovg, dtnpdviag mavio to vonpo g mpotoons. Eva dAlo mapddetypo xpnong twv
opBoypapucd AdBog AéEewv, sivar M Aoyokpioios Tov O1dIKTOOL TTOL MOEL TIG KOWVOTNTEG VOl

V100eTOVV TTOPOUOLES LEBOOOVE MOTE VO EMKOVOVOLV HETAED TOVE EXAVEIAUUEVOL.

v £€pevvo TOLG, Ol OMNUIOLPYOL TOL GCULYKEKPUEVOL HOVTEAOL avayvoplons AEEewmv,
Tapovctdlovy OTL 1 amdA00T VOGS KATNYOPLOTOINTH Uopel v, petmbel pe v tpomomoinon 1o
TOAD dV0 YopakTpwv o€ KaOe tpotact. Evd mopdAinio avtég ol TpOmoOmO|GES LTOPOVV EiTE

va petatpéyouv v AEEN mov Ba dexbel v ovykekpyévn eniBeon o kamowo dAAN AEEN eite Oa
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™V HETATPEYOLV o€ o AEEN M omtoio Oev VILAPYEL oTNV TTpayHoTKOTNTA. Tig AEEEIS ALTEG GTNV
vAomoinon tovg 115 Yapoktnpitouv cav UNK. Xvvendc, 0nwg avagépovy, pe TNV ¥pNnon Tov
LOVTEAOL avayvaplong AEEE@V VTTAPYOLV OVO O0PEAN, amd v pio To povtého umopel va
eEKTAOEVTEL G UEYOADTEPO GVVOLO OedoUEVOV OTTOLOdNTTOTE OTIYUN avegdptnto, Ve emiong

umopel va ypnotporonfei oe S1APOPES EPAPLOYES 1] LOVTEAQ Y10 GKOTOVG KO T YOPLOTOINGNG.

[Mapora avtd Op®S, 660 aPOoPd Ta GTOYELUEVO AQOM LITAPYOLY GVO CIUAVTIKOL TAPEYOVTES TOV
nmpémel vo. AneBovv voyn v v eEdAeyn toug. H dtucpdiion g amddoons Tov HovtELoL

avayvoplons Aégewv Kot 1 evaicOnocia Tov 1010V ToV KEWEVOL TOL EIGAYETOL GTO LOVTELO.

tender yet lacreating and darkly funny fable

tleend|r yle|t I|laacierntlg = ... f |abl| e

l Background Model

@ — @ — @ Foreground Model @

_— |

tender yet lacerating and darkly funny fable

Semi-character
Representation

XyMpa 6 AvamapaoTtactS OpYLTEKTOVIKNG TOV HOVTELOL avayvoplong AEemv

(Pruthi et.al, 2019)

Y10 oynua 6, eaivovtor to. VO VIO HOVIEAN TTOV YPNGLOTOLOVVIOL Yol TNV LAOTOINGT TOL
povtédov SCRNN. Apyucd ekmodevovy 1o foreground povtédo oe pikpOTEPO GHVOAO dedOUEVOV
katl 1o backround povtélo ce peyalvtepa cuvoAa dedopévev onwg m.y. To IMDB. TapdAinia
OUMC Kol TO. OVO HOVTIEAD EKTTOOEVOVIOL MOTE VO UITOPOLY VO OVOKOTAGKEVALoLY TV opoM|
opBoypapucd popen g kdbe AEENG, OALG KoL TOV TEPEXOUEVOL TNG OTAY QTN ATOTEAEITOL OO

o AéEeg M AéEng g 1010G owoyévelag. AVTO TO TETVYOIVOLV OPOV KATA TNV EKTAIOELON
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elodyovv ocvvlBetikd Kateotpoppéveg Aégels. To backround povtédo ypnoipomoteitor Otov

@tdoovv o€ po AEEN mov yapaktnpiletal cav UNK.

To povtélo g dpovvag YPEoTNKE Vo EKTOOEVTEL GE OEOOUEVO TTOV YPNOCLUOTOMONKAY OTO

TAaiclo TG TAPOVGOS EpYACIag MOTE va emTeLYHovV KAAVTEPES ATOOOGELS.

3.1.6. Awdwaciec oevapiov emifeong kot dpovog

Apyika £YovTog amopacicel To cUVOLO dEdOUEVDV Ba ypnooromBel, to apyeio avtd mpémet va
ondoel o dedouéva mov Ba ypnoyomomnBodv Yoo TV €KTOISEVOT TOL HOVTEAOL, KOl GE
dedopéva mov Ba ypnotpomomBovv yia tov Ereyyo tov poviéhov. H dwadwasio avt yiveton
oIV OapyN] OCTE KOl OTIS TPES QACELS v ypnoilponoleitor to 010 akpPdg GOVOAO Kot To

amoTeAEGHATO VA gfvor o akpPNg Kot va ivar EDKOAO Vo GLYKPIOOVV.

2T CULVEKEWD aPOD YWPICTOVV TO OEGOUEVA, OMOLTEITAL O TPO EMEEEPYONCIO TOVS MOTE VA
épBouv og popen oty omoio pmopet mhéov va ta enelepyaotetl To poviédo BERT/DistilBERT.

INo va gmitevyBet avtd yperaletar va yivouv To Topakdto Prpato.

101 1037 17453 14726 19379 12758 2006 2293 102
3) substitute tokens with their ids

[CLS] a visually stunning rum ##ination on love [SEP]

Tokenization
DistilBertTokenizer 2) Add [CLS] and [SEP] tokens
a visually stunning rum ##ination on love

1) Break words into tokens
Tokenize

“a visually stunning rumination on love”

Xympa 7 IIpo enelepyociac keypévov and DistilBertTokenizer (Alammar, 2019)
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a) Tokenizing: Xto onueio avtd yperaleton to dedopéva vo ondoovy o€ tokens, dniaon kdbe
npdtaot va ondcel oe AéEelg. Ot tokenizers oL YPNGUYLOTOOVY T LOVTEAQ TTOV EMAEYON KOV
(DistiBertTokenizer, BertTokenizer), mépa amd to anmAd omdoyo oe AéEelg, mpoomabovv va

Bpiokovv kot v pila Tov Aé&emv MGTE va YIvETOL TTLO EDKOA 1] KATIYOPLOTOinoM.

B) Padding: Zto endpevo Prua, ol tpotdoelg TAéov eivar AMoteg, omacpéves o tokens, apa OAeG
poli etvon o peydin Alota and Aloteg. Kabmg kabe mpotacn icwg va éxet dtapopeticd péyebog
amd Kamolo GAAN TPoOTOoT), XPEWLETOL VO YivEL pia TPO EMEEEPYOTIO MOTE VO PEPOVIE OLES TIG
TPOTACELS 0TO 1010 péyebog yio va pmopel va Tig emeEepyaotel To povtédo OAeg pe ) pio. Avt

dwdwkacio givar ) dwadikacio Tov padding kot eTidyvel Eva 2-d wivoaka yio T TPOTACELS.

v) Masking: To povtélo ypedletar avt v npo eneéepyacio yati aAMag Oa pmepdevtel pe ta
dedopéva, £ToL OLGLOCTIKE QTIAYVEL TN HOCKO Y10 VO, 0yVONoEL TO HoVTEAD TO (B) Otav Kavel

emeEepyacio TOV EIGOYOUEVOL KEWEVO.

‘Emeita oto onueio g Katnyopromoinong, 1o povtédlo mpochitel éva emumiéov koupdtt [CLS],
70 07010 YapakTNPilel TNV KAAoN-Katnyopiot 6TV 0ol OVIKEL TO CLUYKEKPIUEVO KEILEVO, OTMC

eaivetor Kot 610 oynpa topamdve (Alammar ,2019).

H dwdwacio g mpo eneepyasiog Tov dedopévev yivetanr og KaOe pio amd TG TPES PAGELS,
KaBmG To KEIPEVO TPOTOTOOVVTOL HETE TIG eMBEEI/ApvveS Ko ypetdleTol va Tepdcovy Eavd

a6 Oha to Ppoate doTe va pmopécet vo. To eneEepyactel puetd Eavd to povtéro.

Tehkd ypnopomorwvrog SGDRegressor yivovtor ot mpoPAéyelc oe kdbe @dorm, oto oo
dedopéva, eréyyov. Evd ot ouvvéyewn ypnowomowwvtog Stratified K-fold Cross Validation

a&lohoyeital n omddoom Tov HovtéAov og KABe paon.

3.1.6.1. K-Fold Cross Validation

H ortatiotikr] pébodog Cross Validation, ypnotponoteitoan yio vo agloloyel Tig omodocels twv
HOVTEADV UNYOVIKNG HAONong. XvviBmg ypMOLOTOLEITOL 08 EPOPUOYEG UNYOVIKNG HaBNoNg
kaBmg eivoar €vo €OKOAD KOTOVONGIHO KOl VAOTOMGIHO gpyareio. Amoteleitan amd pua
OEYHOTOANTTIKY] Otadtkacio mwov aloAoyel To HOVIEAD PNYOVIKNG HAONONG GE TEPLOPIGUEVO

aplOpd oamd delypota dedopévev (Brownlee, 2021). H odwodwkoasio avtn ypetdleton pio

37/70


http://jalammar.github.io/

mopdpetpo k, mov mpocsdiopilel tov aplBud v ouddmv, oTig omoieg Ba xmP1oTOLV TO dEdOUEVA
wote va a&oroynBovv. Eéaitiag avtov 1 dwwdikacio kaAeitoar cvyvd kot cov  k-fold cross
validation. Otav o mapdostypa n tipun tov k=5 , 101 pnopel va avaeepbei cav S-fold cross
validation. H Ty tov k, ypedleton vo emidéyete MPOCGEKTIKA Ge GYE0MN HE T dedopéval,
OLLPOPETIKGL UTOPEL Vo UNV QEPEL AVIUTPOCHOTEVTIKA OTOTEAEGUOTA YO TO GUYKEKPIUEVO

HOVTELO.

SOUTANpOUOTIKE TO 6OVOLO Ogdopévmv Tov dtatifetat Yo a&loAdynon ondel oe k vmosvvolra,
T0. omoiol KATA TPOcEyyon €xovv to 1010 péyebog. L1n CLVEXEL TO HOVTEAO EKTTALOEVETOL
ypnowonowwvtag k-1 vmoovvoia, mov OAa pali Bo ovamapiotohv T0 GUVOAO OedOUEVOV
exmoaidevong tov poviéhov. To vmoAemOpevo VTOGHVOAO OTd OEOOUEVA, YPNCUYLOTOLEITAL GOV

validation chvoro kot Bdon avtod vroroyiletor 1 amrdd0GT TOV HOVTELOVL.

Opoilwg, n dwdwoasio avt) emoavoroppfavetor péypt kabe éva amd ta k vrosvvoia vo €xet
ypnoporomOei ko cav  validation vTosOvolo yia v a&oAOYN o™ TOL HOVTEAOVL. 'ETe1 Aowmov 1)
péon tipn tov k anoddcewv and ta k validation vrosvvora mov vroloyiletor sivar kot 1 Ty

amOd00NG TOL LOVTEAOL YPNGUOTOLDOVTOG VTN TNV GTATIOTIKY LEB0JO.

Test data <———  Train datn =———————

Fold - 1[m
Fold - 2 [m

Folt.:'l -K . | . . -

< All data >

Yynpo 8 K-Fold Cross Validation(Schmid, 2020)

Onwg eaivetar oto oynua 8 1 dadwkacio mov akoArovdeitor yio to lo fold eivar n €€ng, to 1o
VTOoGUVOLO ypnoponoleiton cav validation kot To VTOAOUTO GOV GUVOAO EKTOIOEVONGC, KOl ALTO
emavorapfPavetor puéxpt OAo To dgdopéva vo ypnoipomoinfodv yur v aloAdynon Tov

povtélov, OnAaon cav validation covoAo.
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‘Enetita g emmAéov duvatodOTNTa TOL TPOCEOEPEL N CLYKEKPIUEVT TEXVIKY|, €ivon m Stratified
Random Sampling, n omoia @povtiler e kéBe VTOGHVOLO VO avaTOPICTAVIOL Ol OHAOES
KOTnYyoplomoinons, otov 1010 Padud pe tov apytkod cuvoriov dedopévav. Aniadn vrdcsyeTal 6Tt
KGO VTOCLVOAO elval por LIKPOTEPT AVOTOPAGTACT TOV HEYAAOV GUVOAOL dedOUEVDV. AVTO
ocuvnBmg ypnotpomoteiton OTaV 0eV LILAPYOLY TOAAG dEOOUEVO MOTE Vo aPlepwBovy Hovo Yo
Aoyovg a&loddynong tov poviédov. o avtd kot ota TAaicila TG epyasiog ¥pnotpomomOnke n

TEYVIKN OLTH).

3.2.  Zevapro 2 — AAhayn onuoctoloyiog AéEemv

I'o T0 cvykekpiévo cevdpro axorlovdndnke mapduote pebodoroyia pe aLT TV OMUOVPYDV
¢ peboddov SEM. Apyikd ypeltdotnke va eKTaidentovy €€ opyng To LOVTEAD. Xt TAAICL TG
epyaciag To HovTélo exmaldedtnKay Hovo oto cOvoro dedopéveov IMDB. Exmaidedtnkav
oLVOAIKA 4 d1apopeTikd povtéda 0Vo RNN, éva yopig v eVOOUATOGN TOV KOOKOTOWTH Y10
YPNOM TNG QULVOGC Kol €va e TNV EVOOUOTOUEVN duova kol avtiotoyyo ovo CNN, pe 10

peyoAvtepo péyebog AeEhoyiov va eivar ico pe 30000 AéEeic.

Aol ekmodevTnKav  To  povtéla, ypeldotnke vo TpéEel 10 oevdplo oto omoio O
YPNOLOTOLOVVTOV TO OPYIKA OEOOUEVO MGTE VO EYOVUE TO OPYIKO Accuracy TV HOVIEA®MV. X1
CUVEXEWL TO. HOVTIEAD ypnoilpomomdnkay mote va mpoPAéyovv Tig Katnyopie akoAovdumv
kewévou ota omoia vanpée emibeon WordNet eite emiBeon IGA, wou oavtioctoyo yoo vo
TPOPAEYOLV TIUES HETA TNV ALV DCTE TEMKA v cuykplBodv petald toug. H a&loddynon tov
amodocemv TV povtédwv, &ywve ypnowomoldviag Confusion-matrix cvykpivovtag Tig
TPAYUATIKEG TYLES TV KOTNYOPUDV GTIG OTTOTEG AVIIKOV 01 AKOAOVOIES [LE TIG AVTIGTOTYEG TILES TIG

omoieg TPoEPAeyaY TOL LOVTELQL.

['a to ocevdplo avtd ypnowomomdnke to ocvvoro odedopévov IMDB. Onog avaeépbnke
mapoardveo (BA 3.1.1.2) ta dedopéva amd to IMDB mepiéyovv oydMa tavidv ta omoia ympilovtol

og 000 katnyopieg positive/negative avaloya e TO TEPLEYOUEVO TOVC.
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3.2.1. Movtéla RNN — CNN v keipeva,

O xVproc porog TV Nevpovikdv AKTVOV gival va avamoplotodv to uéyebog po petaAnTg
KEWEVOL Gav €va oTafepd PNKog S1ovOCUATOG. AVTA TO LOVTEAN OTOTEAOVVTOL OO EVAL EMITESO
TpoPoing to omoio yaptoypagel AEEELS, vO-AEEeL, néEpN AéEemV N K-UEPT GE OVOTOPACTACELG
SLVUOUATOV Kol HETA GLVOLALOVTOL HE TIG OLUPOPETIKEG OPYITEKTOVIKEG TMV VELPOVIKAOV

OKTOMV.

3.2.2.1. Movtéha RNN ( Recurrent Neural Network)

To povtéha RNN, eivor moAd Onuo@iiég apov yxpnoipuomolovviol oAy cvyvéd oe  NLP
TpoPAnuata pog kot 1 emavoiapfovopevn doun tovg eivar Wavikn ywo v eneepyacio Tov
pukovg Tov keyévav. Ta povtéda RNN eivor wcovd va enegepyalovior aliniovyieg avbaipetov
UKOVG €QOPUOLOVTOC avadPOIKG o HETAPOTIKY] GUVAPTNOT OTNV ECMOTEPIKY KPLUUEVN

KATAGTAOT TOL O1vOGHATOG TNG eloepyouevng tpotaong (Liu , Qiu and Huang, 2016) .

Ta RNN dovAiebovv oe tpeic pacels (Olah,2015) o) kivodvtal Tpog 10 KPLUUEVO ETIMEOO Ko
Kévouv mpoPAéyelg, P) ovykpivouv TIG TPOPAEYEIS HE TNV TPOYUOTIKY] TOVLS TR,
YPNoonolwvtag ocuvaptoels ondiewg (loss functions) kot ) YPNOWOTOIOVING TIG
AavBacpéveg Tég oe avdotpoen dwadoor (back propagation) vmoioyiloviog meportépw TV

KAMon yw o kéBe onpeio 1 kOUPo.

To RNN povtéda ypnoyomotovvionr cuvifmg yio vo dtoyepilovtor celplokd 6edopéva, oniaod|
dedopéva, oL SLOKATEYOVTOL TO £VaL TO AALO pE KAmola oelpd. Avtd cvpPaivel yiati ta povtéia
aUTE YPNOUOTOOVV EMimeda TOL TOL divovv kPN dtapkelag pvnun. ‘Etol ypnoyonoimvrag
QLTI TNV UVNAUN, WTopobv va TpoPA&youy v enduevn Tiun pe nepiocdtepn axpifeta. O ypdvog
avTOG Yoo TOV 0moio mwapapevel n pvnun e€aptator omd to Pépn mov oabétel To kdbe povtéro

Kot £To1 OV elvar mavta otafepog.

I'evikotepa ta RNN  ypnoyomoovvror yi avdiven ocvvoucOnudtov, Katnyoplomoinon

OKOAOLOIDV, Y10 OVOLYVOPLOT POVNG KAT.
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3.2.2.2. Movtéha CNN ( Convolutional Neural Networks )

Yxomog Tovug eivan 1 eneEepyocion dEOOUEVOV TOL OO0 VTAYOVTOL GE £va YVMGTO OIKTLO GOV oL
tonoAoyion (Namatevs, 2017). Apyikd avomtoydnkav ocav vevpmvikd diktva yuo eme&epyacio
EKOVOV, OOV KOl TETVYAY, APOL CNUEPA EIVOL EVPEMS YPNCIULOTONUEVA Y10 VO ovoryvepilovy

avTIKEILEVO € EIKOVESG OO Lo TPOKOOOPICUEVT] LOPOT| EIKOVOG.

O Goldberg(2017) opiCer to CNN ocav éva eminedo mov £xel v €vOHVN va e€dyel dopég ot
omoieg Ba TposPEPoLV ypNoIUN TANPOoPopia Yo TNV YeEVIKY dtadkacio mpoPieyns. ‘Eva CNN
etvar oyedwopévo va  avayvopilel Tomkég mPoPALyeEls o€ pi PEYOADTEPT dopn, Kol
ouvoLALoVTOC TIG VO TOPAYEL UK OVOTAPACTOCT OlvOGHOTOG oTafepoy peyébove. Xtnv
nepintwon wov 1o CNN Oa ypnowywomomOei yio NLP, n apyitektovikn tov B avayvopicel ta
puépn g mpoTOoNG To omoia elvarl mpoPAEya, yopic va VITapyEL | avaykn vo Tpokafopiotel

£Va EVOOUOTOIEVO O1vLG o Yio KdBe mBoavo pépoc.

INa va ypnopwonomBet éva CNN ypetbletor va exmoudevtel npota poll pe €va enimedo
Katnyopomoinong, ®ote va  avoamopdyst ypriowa ovunepdopota. ‘Eva CNN  tumikd
nmepthapPdvel dvo dwdikacieg convolutional + pooling, pe 10 amotéleoua g aAlniovyiog
QLTOV TOV OOIKACIOV VO €ivol ouVOEdEIEVO pe éva €5 OAMOKANPOL GLVOEDEUEVO EMIMEDO TO

omoio apywd eivar {010 pE TO TOPAOOGLOKO TOAV-EMIMEDD TOL £YOVV TA VELPWVIKA SikTVLOL

(Batista,2018).

Emumiéov, 6tav ta CNN gpappolovrar oe NLP, dtadikacieg mov apopodv Keipevo, mapdyovy Eva
nivaxa pog dtdotaons (1D) ya v avarnapdotacn Tov keypévov. H mo ovuyvn ypnon tov CNN
oe NLP dedopéva, elvar yia v katnyoplomoinorn akoAovfidv KeWEVOD, KOTNYOPLOTOUDVTOG

TOVG YOPAKTNPES OALG Kol TIG AEEELG OE TPO-VTLAPYOVGES KOTIYOPiES.

3.2.2. Mnyovicopédg enifeonc IGA — Improved Genetic based on Text Attack

Ot dnuovpyoi (Wang, 2019) g pebddov SEM oe o mpoomdbeia va aglohoynoovy v

ATOJOTIKOTNTA TOV GLGTNUATOG, ONpovpyncay pio emmAéov enifeon, v IGA. Ot tpéyovoeg
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EMOECELS AVTIKATAGTAONG GLVOVLHOV AéEemv, givan Paciopéveg oe meEPLOPICUOVS, MOTE V.
VILAPYOLV CLVAOVLHEG AEEELS otV 10100 B€om TOVAGYIGTOV o eopd N va. avTikabioTavTol AEEELC
pe mpokaBopiopévo aplipd cLVEVIL®V GTNV apyLKn avBeVTIKY TPATAcT. AVTOC 0 TEPLOPIOUOS
odnyel og TPoPANUATIGHOVS, OT®S Y10 TAPASELY O TOLOG OPLOUOS GUVEOVIU®Y Vo, eTAEXDEl DOTE
va glvatl KatdAAnAoc, agod 1 kabe AEEN pmopel va €xel 010popeTIKO apBpd amd cuvavLUL GE
oxéon pe kamown GAAN AéEn. Emopévoe, vy va 1o avipetomicovv avtd to TpoPAnua,
npoteivouv v enifeon IGA. H IGA esmitpénetl otig cuvavopeg AéEelg va vrdpEovy oty 0w
0éom meprocoTEPeg amd pio eopés. 'Etot n) eniBeon avth pmopel va draoyilel OAEG TIG GLVOVVLESG

AEEEIC oY ETOG OO TNV TIUN TOV GUVAOVOUOV.

3.2.3. Mnyaviopuog Enifeong WordNet Augmentation

Yav emmAéov eniBeon ypnowomomOnke to WordNet, ypnoipomoidvrag 1o epyareio TextAttack
70 omoio ypnoonomdnke eniong 610 TPMOTO GEVAPLO, Yo TNV avtiKatdotaon AEEemv and To

E100YOUEVO KEILEVO, UE GUVAVVLLES TOVG AEEELG.

To WordNet (Fellbaum, 2005) eivon pia tepdotio Aeuoroyikn| Baon, faciopuévn oy ayyAkn
YAOOOO, TEPIAAUPAVOVTAG OVGIOCTIKE, PALOTO, ETPPIUATO, ETIOETO OLOGOTONIEVO OVOAOYA
HE TNV ONUOCIOAOYIKY TOLG €vvola. Ta oVuvoAa avtd cvvoéovial £omMTEPIKA Pdon TG
EVVOLOAOYIKNG onuaciog tov AEEemv mov Ta amopTilovy, evd TAPAAANAL GUVOEOVTAL KOl [LE
dAha chvola pe mopdpoteg onuacies. 'Etot onpovpyodhvton diktua amd eVVOI0A0YIKA GUYYEVIKES

AEEe1C N KoL PPAGELC.

H dopn tov avt 10 kabiotd éva xpnoto pyareio Yoo VTOAOYIGHOVS TOL APOPOVV TV YADCCH
evad mopdAAnia givor ypnoyo kot yo v enegepyacia mpaypoatikng yhowosog (NLP). Tlapora
avTd To EpYaAEi0 0VTO, OpadOTOLEL AVTOVOUES AEEEIC e KOV €vvola ympig va AapBdvel voyn
TNV GLVOMKTY| €vvola (oG AEENG oe oAOKANpN v mtpodtacn. 'Etol kdBe AEEN pmopel va €xet
TOALEG OLOLPOPETIKEG OMUOGIES KO ETOUEVMOG 1 GLYKEKPIUEVT AEEN TOAD TBavd va glvar pélog
o€ 060 CUVOAN OGO KOt Ol €vvoleg TNG. Apa kGBe CUVOAO LE SOPOPETIKN onuacio ivon

HOVaOIKO Ko cuumepthapfavet Eva cvvtopo opiopd(“gloss’™) mov 1o meptypdeet.
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Anéonaopo kOoka 3 Augmentation pg ypfiion Tov WordNet

H tipun ¢ petafintig pet_words to swap mov @aivetol 610 andomacuo KOdKa 3, uropel va
ndpel Tiég and 0.1-1.0 ko mpocdiopilel Tic aAdayég mov Ba €xel kdOe mpoTaon m.y. Yo 0.5 to
50% twv AéEewv g Tpotaong Bo aAddEovv. BéPBata n cvuykekpipuévn eniBeon dev eyyvdtan 0t
npdTaon HETE TNV emibBeon Oa £xel 1o 1010 vonua e mptv, ool PAETEL TV KaOe AEEN ywploTd

Yopig va PAEmEL TO VOO TNG GTNVY TPHTAON.

Keipevo mpwv v eniBeon this is the greatest if you have written it off with out
seeing it you give it a second try

Keipevo peta v enifeon pe this is the majuscule if you have spell it off with out

ovvteieotn arrhayng AéEemv = 0.5 envision it you throw it a instant test

Keipevo wpwv Ty emifeon this is the greatest movie ever if you have it off with out

ever seeing it you must give it a second

Keipevo peta tnv eni@son pe pe this is the swell movie ever if you have it off with out ever

ovvteleoTi alhayng Aéemv =0.2  seeing it you must open it a second

Mivaxog 4 Hapadeiypata ypnons Augmenter WordNet
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Ytov mivaka 4, mapovoialovtal kdmown mapadeiypoato ypnong tov WordNet, avaioyo pe to

Babud aArayng mov opileton kbe Qopd.

3.2.4. Mnyaviopog Apvvog SEM — Synonym Encoder Method

I'o v mpoctacio Tov poviédmv and embécelg Paciopéveg otV oAl TOL VONLOTOS TNG
TPOTUONG, YXPNOWOTOIDVING GLVAVLHW, otV Jonuocicvon “Natural Language Adversarial
Attack and Defense in Word Level” (Wang et al., 2019), npoteivetor n pébodog SEM( Synonym
Encoding Method). H pébodog avt) mpochHitel oto poviélo €va kwodwkomomtr(encoder) mpv
arnod tov kotnyoprormomt( classifier ) kot kowrdlel yioo evaArayég evd apydtepa eKTadEVETOL
ota mpaypatikd dedopéva. ‘Etol to TpofAnua mov ypetdletot va avTeT®TIoTEL gival To Tmg Oa
EVIOTIOTOVV Ol Yeitoveg tov kébe onueiov N AéEnc. Aedopévov 0Tt Ta keipeva gival dakpltd
KOUUATLO, EIvol E0KOAO UE YPNOT O0POPMV TEXVIKOV 1 0AYOPIOUmY VO EVTOTIGTOVV O YEITOVEG.
Boaocwopévor e avtd, mpoteivouv ) véa avty péBodo kmowomoinong cuveVOL®V, OGTE Vo

evromilovtat o1 yeltoveg TG e10epOUEVNG aKOAOVOTNG.

Yg Ut TNV TPOCEYYIoN, OLCLUGTIKA opadomoldvtag (clustering) kot kwdikomoldvrog To
CUVOVLLO, TOPAYETOL £V LOVAOIKO KOIKO KAEWI, MoTe Vo avaykdlovtal OAEG Ol GUVMOVVESG
AEEe1g va Exouv €va KOO Kwowo KAEWT katd v evoopdtwon. H pébodog avt a&toroyndnke
a0l eKmodeLTNKE o€ dedopéva Tov glyav dexBel embéoelc KabloTOVTAG TNV KAADTEPT TEYVIKN

OGOV aPOPd GTNV ATOPLYY| EMOEGEDV GE GUVMOVVLLAL.

YVuyKeKPLEVOL Yo VoL QT TOOV 01 opddeg, Bedpnoav 6Tt 660 Mo Kovtd gival To vonua 600
TPOTAGEWV TOGO TO KOVTA €ival Kot 1 amdCTOCT TOVG GTO SLAGTNUO Kol £T61 VTOBETOLY OTL O1
yeltoveg g KdOe TpodTOoNG X, €lval GUVOVVUES TPOTAGELS. ETopévmg Aomdv Katainyovv oTig
ondoeg (clusters) pe to povadiKd KAEWW, eved moapdAinio epoapuodlovv v pébodo avtr oe
Glove dwvocpata, mov €1GAYEL TOVG TEPLOPICUOVS Yol TO. OVTIOETA KOl TO. GUVAOVLHO GE

AVOTOPUCTAGELS OLOVUCUAT®V.

Mo mv a&oidynon g pebddov avtng, eméielov tuyaio 200 GOOTA KATNYOPLOTOIUEVOL
TOPOSEIYUATO TPOTAGE®V, GE SIUPOPETIKG LOVTELD OO OLOPOPETIKE GUVOAN SEGOUEVMV KO TOL

YPNOOTOOVV Yo vo. @TIaEovv mapoadsiypoata pe dapova eite yopic auova. Oco mo
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OMOTEAECUOTIKOG NTOV O  HNYOVIGUOG duovag tOco mo AMyo £€mepte 1 amddoom NG

KOTNYOPLOTOiNonC.

3.2.5. Awdkaocieg sevapiov emnifBeong kat dpovag

Katéd v dadikasio vAomoinong tov cevapiov anTod ¥PEIIcTNKE VO EKTOLOELTOVY T LOVTEL
®OTE VO UTOPoVV Vo YPNGILOTOMBOLV Y100 TOVG GKOTOVS TOV GEVOPIOV GE KEIEVO EAEYYOV.
Xpnoworomonkoy Kot eKTAdeLTNKAY dVO SLOPOPETIKOL TUTTOL VEVPOVIKAOV OKTO®V CNN Ko
RNN, apyikd ypeldomnke vo EKTOOELTOVV HE TA OWOEVTIKA dedOUEVa, EVD OPYOTEPO OTMC
avaPépOnKe TOPATOVE, YPELAGTIKE VO EKTALOEVLTOVY YPNGILOTOIOVTOS TNV HEB0do quuvag, Le
NV EMIMALOV KMOKOTOINOT TPV TO EMIMESO TNG KATNYOPLOTOINGONG TV KEWUEVOV GE KOTNYOPIEG.
Toa povtéda avtd ypnowonoincav AeSiloyo Paciopévo ota avbevtikd dedopéva, pe péyebog

30000 Aé&elg To moAD.

Ot peTpiKég OV YPNCIUOTOMONKAY KOTA TO GTHGLUO KOl TNV EKTOIOELON TOL HOVTEAOD gival Ot
101eg petpcég mov eiyav mpokabopiopéves ot dnuovpyol Twv poviédmy (Wang et al., 2019) onwg
QOIVETAL 0TO OMOCTOCU KOOWKO 4, pe v dwpopd OTL petwdnKav ot emoyég o€ 5 Adyo Tov

TEPAGTION KOGTOVG TOP®V TTOL o YpelaldTav 1 EKTOIOEVOT SLAPOPETIKA.

.DEFINE
.DEFINE

.DEFINE

DEFINE
gs .DEFINE
_DEFINE i

Andonaopo KOdwka 4 Metpikés o Exnaidogvon Movtéiov
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‘Eneita apov to povtéda elyov mAéov exmondevtel dev NTav avaykoio vo ekmoidgvovtal Kaoe
@opd mov Ba TpEyaLe KATO10 OOKILOOTIKO oevdplo. 'Etot apydtepa ypnotpomoOnke to povtélo
OV EKTOOEVLTNKE oTa. owBevTiKd dedopéva, yio va kdvel TpoPAEyel o dedopéva Tov Oev
déymKav kavévo €ldog emiBeong, oe cvykekpipévo aplBpd dedopévav. Xtn cuvvéxeln 1o 1010
HOVTELO ypnopomomOnke yioo va Kavel TpoPAéyelg oe dedopéva mov elyav deytel Kdmoo €id0g
emifeong. O1 embéoeic mov ypnoomombnkay 6mmwg mpoavapépdnkav eivor n enifeon IGA, ko
10 WordNet yia tpomomoinon twv dedopévov pe ™ Pondeta tov epyoieiov TextAttack. ‘Eneita
TO LOVTEAO LE TNV EMTAEOV KOIIKOTOINGT XPNOUOTOMONKE GOV LOVTELD AUVVAG, DOTE VA KAVEL

npoPréyelg oe dedopéva o elyav oeybel embécserc IGA 1 WordNet.

Ta dedopéva KotaypaeovTol Kot OTIS TPEIS 0VTEG PAGELS, TPV TNV emiBeot, Katd TNV emibeomn Kot

LE TN xpnon Guuvag ®ote va cvykplBovv kot va a&loroynfodv avardymg.

Ot amoddcelC TOV HOVIEADV OTO GUYKEKPIUEVO OEOOUEVO OTIS TPELS QAcELS, agloloynOnkav
YPNOoHoTOI®VTOG £va confusion matrix yio Tov VToAoyIoud Tov Accuracy Tov HOVTEAOL. AvTtd
EYIVE GLYKPIVOVTOG TIC TPAYUOTIKES TYES KOTnYoplog GTNV Omoile avi|Kouv T KEIPEVO PE TIG

TIWES TOV KOTIYOPLOV TOL TPOPAETOVV TOL LOVTEAQ Y10l TOL GUYKEKPIUEVO KEIUEVOL.

3.2.6.1. Confusion Matrix

o mv a&loynon tov oamnotedecpdtov ypnoyoromdnke confusion matrix. Eivor évag

OCUVOTTIKOG TIVOKOG 7OV  YPNOIUOTOLEITOL Yoo Vo KT TV amddoon €vOg HOVTEAOL

’
KOTIYOPLOTTOINGTC.
Predicted Class
i %
Positive Negative
- - False Negative (FN) Sent
Positive True Positive (TP) i S TP
ype rror TP )
Actual Class
: False Positive (FP) . Speaibicity
Negative . o True Negative (TN) TN
vpe 1 Error (TN + FP)
.. Negative Predictive Accuracy
Precision
" Value TP+ TN
.. - ™ (TP +TN + FP + FN)
(TP + FP) il
(TN + FN)

Yympo 9 Confusion Matrix[10]
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Positive: H tyun eivon Ogtucn.

Negative: H tiun etvan apvntcn.

True Positive: Ot Typég mov mpoPArépdnkay cootd yio oty katnyopia “Positive”
True Negative: Ot Tiéc mov tpoPAépnkay cwotd yio oty Kotnyopia “Negative”
False Positive: Ot tipég mov mpoPAEépnkav AdBog yio otnv katnyopia “Positive”

False Negative: Ot tyég mov mpoPArépdnkav Aabog yio oty Katnyopia “Negative”

Agdopévev TV OTOTEAECHATOV TOL epgavifovtolr otov mivako, Hmopel Vo LTOAOYLOTEL

OVTIOTOTYO KOl 1) LETPIKN accuracy, e TV omoio TpocdlopileTol 1 anrddoon TV HOVIEA®DY
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4.1

4,

Yevapro 1 - AAayn Xapoaktpov

Iewpopatikd Aroteréopata

IMDB
Model BERT DistilBERT
Training Samples 800 2400 4500 800 2400 4500
Test Samples 200 600 400 200 600 500
Stratified K-Fold
k =10
Cross Validation : Accuracy
Original Data 0.77 0.74 0.77 0.77 0.76 0.78
(+/- 0.08) (+/- 0.05) (+/- 0.04) (+/- 0.08) (+/-0.06) (+/- 0.05)
Charswap Attack 0.57 0.61 0.64 0.57 0.63 0.63
(+/- 0.15) (+/- 0.05) (+/-0.05) (+/-0.15) (+/- 0.06) (+/- 0.06)
ScRNN Defense 0.62 0.63 0.65 0.62 0.67 0.68
(+/- 0.08) (+/- 0.03) (+/-0.04) (+/-0.08) (+/- 0.04) (+/-0.02)
Mivakeg 5 Xratiotikd Anoteréopata Xevapiov 1 ota ogdopéva IMDB
AGNews
Model BERT DistilBERT
Training Samples 800 2400 4500 800 2400 4500
Test Samples 200 600 500 200 600 500
Stratified K-Fold
k =10
Cross Validation : Accuracy
Original Data 0.82 0.84 0.86 0.82 0.84 0.87
(+/- 0.08) (+/- 0.04) (+/- 0.03) (+/- 0.08) (+/-0.04) (+/-0.02)
Charswap Attack 0.68 0.70 0.72 0.72 0.70 0.77
(+/- 0.08) (+/- 0.06) (+/- 0.03) (+/- 0.06) (+/-0.06) (+-0.02)
ScRNN Defense 0.72 0.73 0.75 0.75 0.73 0.81
(+/-0.11) (+/- 0.05) (+/- 0.03) (+/- 0.08) (+/-0.05) (+/-0.03)

Hivakog 6 XtatioTikd Amoteréoparta Xevapiov 1 ota dedopévo AG_News
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Ytovg mivakeg S5 Kot 6 , avaypaQoOVTOoL TO TEPUUATIKG OTOTEAEGLOTO TOV TPMTOL GEVAPIOV Yo
dvo obvora oedopévaov IMDB, AG News. Awmiotdveror OTL 1 amOd00T TOV HOVIEA®V
pewmvetat 0tav tao 0edopEVA EKTOIOELONG OV JivovTol 6TO HOVTELO dExovTat Enifeon o enimedo
YOPOKTNPA, EVAO avTioTolo M 0mddoor Tovg Pertidveral otav ta dedopéva eKToidevong TOV

HOVTELOL 0€XTOVV TPOTOTOMGELS OO TOV pUNYovVIcd dpovag sSCRNN.

INo v a&oAdynon tov aroddcemv ypnoonomOnke 10-fold cross validation , pe tnv petpikn
accuracy, oTo 0€00UEVO, EKTOIOELONG. XTN GLVEXELN £VOL UKPOTEPO GHVOLO dESOUEVEOV TO 0010

dev ypnoipomomdnke katd Vv ekmaidgvon, 600nKe 6T0 LOVTELO MGTE Vo, Yivouv TPOoPAEYELC.

To povtého tov unyovicpov dpvvag SCRNN 6nmg mpoavaeépOnke, ypeldotnie vo ekmotdevTel
o€ dgdopéva amd To GHVOAN TOL XPNCIHOTOMONKAY OCTE Vo amodmael Kaivtepa. [Tapdra avtd
O0T0. TAOIGLOL TOL GUYKEKPIUEVOL TOPASEYUATOC eKmTondevTnKe pe cvvolkd 20.000 ypappég
dedopévmv Ko amd To 000 LTOGHVOAN Kol 1) d1dIKAGio dLTH KPATNGE TEPImOL 6 Mdpeg o€ POoPNTO
vroroytot pe yprion CPU. Eivor gavepd 0Tt ebv vanpyov KOTIAANAES EYKATAGTAGEL, (MGTE TO
LOVTEAO VO EKTTOOEVTEL OE TEPIGGATEPO OEOOUEVO, TOL OTOTEAEGLOTO TOV LOVIEAOL TNG GULVOG

EVOEXETOL VOL EXOVV KOADTEPEG AMOOOGELC.

4.1.1. YKop-tpoPreyemv

Ao €va ohvoro dedopévav eréyyov 200 derypdtmv, To 0moia NTaV GTNV KOVOVIKY] TOLG LOpPeN,
dNAadn yopic va tpomomomBovv amd Kamown enifeon, £yvav TPoPAEYELS YPNOLULOTOLDOVTOS TO
povtédo DistilBERT. Agol éywav ot mpoPAéyelg pe SGDRegressor, 610 cUVOAO O€QOUEVEDV
IMDB, gypnowonombnke mn ovvaptnon round() ©®cTE VA YivOuv Ol OTOPOLTNTEG
OTPOYYLAOTOWCELS Kot £TG1 Vo bitdpyetl EexaBapn ewdva g Kotrnyopiog 1 oroio TpoPAE@ONKe.
Onwg eaivetal otov mivako 7 o€ pio eVOEIKTIKY EKTEAECT], LETA TNV cuvdptnomn round(), &ywve
GUYKPIOT TOV TPAYHOTIKOV TIUOV TOV KOTNYOPLDV TOL OVIIKOLV TO KEILEVO, LE TIG TUES TIG
omoieg mpoéPreye 10 poviéro. 'Etol gaivetorl 6Tt T0 HOVTEAD TTOL EKTOUOEVTNKE OTA JESOUEVOL
mov &yovv ogybel eniBeom, dev umopel vo amOdDGEL COGTA TIG KATNYOPIES GTO OEGOUEVO TTOV OEV
&xouv 0oeyBel emibeom. Evod petd eaivetol 0Tt 0TaV T0 LOVTELO EKTTALOELTEL GTO 1010 OEOOUEVQL,

aALG apob £xovv deytel Eva unyavicpd dpovvog, £xet KaAvTtepT omddoon).
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Movtélo mov ekTadeVTNKE GE
Kavovikd Agdopéva

MovtéAo TOL EKTOOEVTNKE GE

Agdopéva pe enifeon charswap

Movtélo mov eKTadEVTNKE GE

Agdopéva pe apuovo SCRNN

Yootég MpoPfréyerg
144

129

146

AdBog IpoPréyerg
56

71

54

Hivakog 7 llocoota Ipofréyemv KaTa TIg TPELS PAGELS

[Mopora avtd umopet va emPePormbel 1o 611 t0 DistilBERT cuveyiler va €xet 1o 97% g

GLVOAIKNG amddoomng Tov dackdiov tov BERT, kabdg &xovv oyeddv Tic 101eg amoddcels ota idto

akpPog dedouéva.

4.1.2. Mepikég amoxAiocelc mov mapatnpnOnkay kot a&ilel vo oyolMacstodv

True Sentence

Class

1 “Whatever rating |
give BOOM is only
because of the superb
location photography
of Sardinia and Rome.
Otherwise, this is only

n

for ....

[332]

Prediction Round Round

(0)) ()]
0.8248413 1 0.8
13262397
0.4020494 0 0.4
96867088

Roun 0=ZXZwot Tomog

d npofieyn
R)) 1= Aa0og
npofieyn
0.82 0 EniBeon
0.4 1 Apvva

IMivaxag 8 Mapaderypa peyaing amdékiiong tpofreyng povréiov Emifeonc-Apvovag

Xapakmmptotikd mopdaderypa eivar 1 tpdtacn Tov mopadelyLatog Tov Qaivetal 6Tov mivoka 8,

KaOdG vdpyel peydan amdkiion TpoPreyng omd o LOVTELD OV £YEL EKTALOEVTEL G dedOUEVOL
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mov &xovv ogybel emiBeon kot 610 HOVTELD OV £xEl EKTOOEVTEL e dedopéva Tov Exovv deybel

apova. Oaivetor OTL €V TEAN TO HOVTELO TOV €XEl EKTONOELTEL PE OEOOUEVA LETE amd AUvVOL

amokAivel katd 0.4 oyedov, mpoPrénmvtog AdBog v aAndivn katnyopio ™G TPOTAGTC.

4.  Xevapo 2 — Alhayn onpaciloroyiog AéEewv

Test Samples 80
Maximum length of 150
sequence

IGA WordNet : 0.2

CNN RNN CNN RNN
No Attack 0.75 0.86 0.75 0.86
Attack 0.3572 0.204 0.625 0.68
SEM Defense 0.75 0.75 0.75 0.76

Mivakog 9 XratioTikd anoterléopata embécewv 1

Test Samples 25
Maximum length of 100
sequence

IGA WordNet : 0.2

CNN RNN CNN RNN
No Attack 0.75 0.88 0.75 0.88
Attack 0.36 0.25 0.66 0.63
SEM Defense 0.75 0.76 0.74 0.78

Iivakog 10 Zratiotikd amoteréopato exifeoev 2

2T0V¢ TIVOKEG POIVOVTOL TO TEIPAUOUTIKA OTTOTEAEGLLOTO TTOL £YIVOV GE UIKPO GVUVOAO dEO0UEVDV,

pe peyaddtepo pnkog mpotaonsg 100 AéEelg ko 150 AéEeic. Awmotdvetan 6Tl Kot 6€ EMimEdO

ONUOGLOAOYING M ATOS00T TOV LOVTEAWMV KOTA TNV KATNYOPLOTOiNon TmV 0e00UEVAOV YOUNADVEL

otav ta dedopéva d€xovtal enifeon. Evo avtictoyya mapovstalel pior avodo 0tav To LoVTEA




TPOTOTOOVVTOL HE EMTALOV KOOWOMToinon ®ote va avoyvopilovy mote o mpoTacn E£xel
OAAGEEL ONUACIOAOYIKA 1| oAl €xovV avTikoTaoTadel kdmoleg AEEELS TG TpOTOONG UE GAAES
CUVOVULUEG, DOOTE 1 OTOCTACT TOV 000 TPOTACE®V TPV Kot HETA TNV emifeon va unv sivot

HEYAAN.

[Mopoéra avtd mopatnpeitor 6Tt 1 emiBeon pe v yprion WordNet dev eivar 1060 amodotikny,
KaBmg aArGlel TIc AEEEIS e cLVDVLUES YPig va aAldlel To vonpa TS Tpdtaons. Amd v dAAn
n emifeon IGA @aiveton va €yel KOTAOTPOPIKEG GUVETELEC Y10 TO MOVTELO, VD €miomg elval
QOvEPO OTL 1 CLYKEKPLUEVN Auvva €xel eTiaytel MoTe vo avtipetonilel otov mo peydro Paduo
v ovykekpévn enifeon. ‘Etor emPePardvetor 1 Bewpia 011 1 k4Oe emiBeon yperaletan va
avtikpovetor omd pio avtiotoyn Guova kot 0Tt dgv pmopel pion GUuvo Vo TPOGPEPEL TO

embountd aroteAéopata yio KaOe enibeon.

[MapdAinio PAémovpe 0tL Yoo Too poviéha RNN povtéda, evd qaivetar va €xovv KaAdtepn
anddoon apyikd, petd v enibeon n anddoon Tovg kKotacTpéPpeTat. Evd emiong otnv cuvéyeia
QoiveTal OTL 0 UNYOVIGHOG dpvvaG deV UTOPEL VoL ETOVOPEPEL TNV OTAS00T) TOL L0V apyIKd. Xe
avtifeon pe o CNN povtéha Tov evd apyikd QoiveTol vo EX0VV o HKPN amdd00N UETE TOV
unyoviopd dpovag amoktovv oxedov o 100% g apykng toug amdooomns. Avtd iomg opeileTat

otV 1010 TV eHoN TV HoVTEA®V avT®V 0ol T CNN povtéha Bewpoidvtar ioyvpoTepaL.
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4.2.1.

Array of

True Predicted predict

value Value SGDRergre
ssor

[array([0.19

038194,

0.80961806]
10 1

dtype=float
32)]

[array([0.84
494644,
0.1550536 ],
dtype=float
32)]

Mepikég amokAicelc mov moapatnpnonKay

Authentic Review

a real hoot , unintentionally
sidney portier 's character is
so sweet and lovable you
want to smack him nothing
about this movie rings true
and it 's boring to boot

as i watched wirey spindell i
couldnt but laugh at what
was taking place on screen
wirey sure got a lot of play
from both boys and women
but i was confused as to why
the actor that played wirey in
h s was 10 years old then the
actor changed age to like 20
to play wirey when he was a
senior in hs but whatever , 1

thought it was funny

Attacked by IGA Review

a real hoot , unintentionally
sidney portier 's character is
so sweet and lovable you
want to dope him nothing
about this movie rings true
and it 's boring to boot

as i watched wirey spindell i
couldnt but laugh at what was
taking place on screen wirey
sure got a lot of play from
both boys and women but i
was confused as to why the
actor that played wirey in h s
was 10 years old thereafter
the actor changed age to like
20 to play wirey when he was
a senior in hs but whatever , i

thought it was funny

IMivaxog 11 Katnyopromoinon Asdopévov pe embéoeis IGA

Onwg eaivetar otov wivaka 11, to poviéda mov dwyepilovror keipeva, pmopel vo amoderyfovv
oA gvdAmTa, KOOMOC M aAlayn povo pog AEENG apkel yio v To KAvel vo mépovv AdBog
amdPAoT e OPKETA HEYAAN amOKAloT. Onwg 610 10 Kol To 20 TAPASELYLO TOV TTIVOKO, MTOL 1

amokAlon @oivetor vo givalr oe mocootd 0.7%. [locoostd 1o omoio dev pmopel va mepdoet

ATOPATHPNTO GE TETOLOV €160V EPAPUOYEC.
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Tru Predicte
e d Value
valu
e
1 Am\o 1 1
Movtér
0

2 Movtéh 1 0
0 L€

Apova

3 AmAd 0 0
Movtér

(o)

4 Movtéh O 1
0 L€

Apova

Array of predict
SGDRergressor

[array([0.4922124
7,0.5077875 ],
dtype=float32)]

[array([0.8449464
4,0.1550536 ],
dtype=float32)]

[array([0.5887899
,0.41121012],
dtype=float32)]

[array([0.1903819
4,0.80961806],
dtype=float32)]

Authentic Review

as 1 watched wirey
spindell i couldnt but
laugh at what was
taking place on screen
wirey sure got a lot of
play from both boys
and women but i was
confused as to why the
actor that played wirey
in h s was 10 years old
then the actor changed
age to like 20 to play
wirey when he was a
senior in hs but
whatever , i thought it

was funny

areal hoot ,
unintentionally sidney
portier 's character is so
sweet and lovable you
want to smack him
nothing about this
movie rings true and it

's boring to boot

Review Attacked by
IGA

as i noticed wirey
spindell i couldnt but
laugh at what was
taking place on
screen wirey sure got
a lot of play from
both boys and women
but i was confused as
to why the actor that
played wirey in h s
was 10 years old then
the actor changed age
to like 20 to play
wirey when he was a
senior in hs but
whatever , i thought it

was funny

areal hoot ,
unintentionally
sydney portier 's
character is so sweet
and lovable you want
to smack him nothing
about this movie
rings true and it 's

boring to boot

IMivaxkag 12 EmO£ocig IGA o€ amhd povtého Kol 6€ HOVTELD GpLVOS
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True Predic
valu ted
e Value
1 Am\o 0 0
Movtélo
2 Movtého O 1
He
Apvva
3 Am\o 0 0
Movtéro
4 Movtého O 1
LE
Apvvo

Array of predict
SGDRergressor

[array([0.6410923
, 0.35890767],
dtype=float32)]

[array([0.0211956
5, 0.97880435],
dtype=tloat32)]

[array([0.6238249
,0.37617514],
dtype=float32)]

[array([0.2756355
4,0.7243644 |,
dtype=float32)]

Authentic Review

1 found this film to be
a bit too depressing i
do n't mind dramas ,
but this was a bit too
much for me luckily ,
there does seem to be
somewhat a decent
outcome i suppose it
was well done i'd
watch it again , but it's

nothing to rave about

this film features two
of my favorite guilty
pleasures sure , the
effects are laughable ,
the story confused ,
but just watching
hasselhoff in his
knight rider days is
always fun i especially
like the old hotel they
used to shoot this in ,
it added to what little
suspense was mustered

giveita 3

Review Attacked by
WordNet

i encounter this cinema
to be a chip too
cheerless 1 do n't thinker
drama , but this was a
turn too lots for me
fortuitously , there does
appear to be jolly a
decently effect i reckon
it was good set i 'd vigil
it again , but it 's cipher

to rant about

this take sport 2 of my
front-runner hangdog
pleasure sure , the force
are amusing , the
tarradiddle baffled , but
just view hasselhoff in
his dub passenger
daytime is constantly
sport i peculiarly care
the sometime hotel they
habituate to take this in
, it tally to what
piddling suspense was
rally commit it a

deuce-ace

Mivakog 13 EmO¢ocic WordNet 6 arh0 povtéAo Kol 6€ HOVTELO GROVOG
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Ot mapamdve mivakeg 12 ko 13, mapovstalovy yopaKTnploTikd mopadeiypuato EMOEcEDV e TIG
GUUVEG TOVC. XTOL CLYKEKPIUEVO TOPOOElyLOTa QOIVETOL 1 00TOYI0L TOL HOVIEAOVL TOL £)El
ekmadevTel oav poviého dpovvoc. Onog eaivetot 6to mapddstypa 1,2 tov mivaka pe T1g embéoelg
IGA, n onpaocio g kaOe AEENG ywprotd umopel va maigel onuovtikd poro oty TpoPAeyn Tov
povtélov. ‘Eva GALO xopaKTnploTikd TapAdetyplo 1o omtoio eivol evolapépov, eival 6Tt evd 1 o1
npoétaon ( moapdderypo 3,4 tov mivaxko 11 ) ypnowonoteital 610 omAd HOVIEAO KOU HETE OTO
LOVTEAO GULVOG, QaiveTal Vo TO UTEPIEVEL KOl £TGL VO TNV KOTATACCEL 68 AGB0G Katnyopia.
Avtd emiong amodekviel TV gvaucncio mov €Yovv TO HOVTEAQ UNYOVIKNG HABNong mov
dwyepilovron keipeva. AAG Kol TO TOCO CNUOVTIKO £IvVOl Y10l TO. LOVTEAD VO EKTTOOEVTOVV GE
EMOPKT GVUVOADL OEOOUEVOV, BOTE Vo €lval KAVE Vo KAVOLV 6OGTEG TPOPAEYELS Kot va, £xOVV
woavoromtikn anddoon. [Hapdio avtd mpdkeltal Yo LELOVOUEVES TEPMTMOGELS Kl OELYVOLV

amAd to 1660 gvaicinta eivat Ta povtéda dtayeipiong KEWEVO.

[MapdAinia 660 apopd tov mivaka pe Tic embéoeig WordNet 13, mapatnpeitar 0Tt 11 TPOTACELS
aAralovv pulikd vompo petd v emifeon, apod to WordNet avtikabiotd tic AéEeic cav AEEelg
Kot Ogv AapPavel kaboAov to vomuo g OAng mpodtacng.  EEGAAOL avtd gaiveror Kot oTo
OTOTIGTIKA OTOTEAEGLATO OO TOVG TMIVOKEG GTOTICTIKMOV ATOTEAECUATOV TV emBEcE®V 9 Kot

10.
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5. Emiloyog xor Mehlovtikég Katevboveoelg

Ta povtéha unyoavikng padnong mov dwyelpilovor keipeva, govv gvupeia yp1on Kot popUoyn
oTig pépeg pag. Mo avtd ko emPaireton va dtuc@ariletor n TpooTacio TV dESOUEVOV TOV
€l0dyovtol og OVTA, OAAG Ko 1 Tpootacio Tov dedouévev to ool eEdyovtal. Mo téton
EPAPLOYN TNV omoia 01 TEPIGGOTEPOL GLVAVTOUV Kabnuepwvd, givar oe cvotnuate Question
Answering M o€ enektdoelg tovg Omwg eivon ta chatbots. Tétown cvotiuata €xovv AGueom
EMKOWVOVIOL LE TOV ¥pNoTn, aeod ouvnlw¢ tovg (nteital vo omavINooVV GLYKEKPLUEVES
EPMTNOEIS 1 YPEWLETAL VO, dDCOVYV GTOV YPNOTN CLYKEKPUEVEG TANpopopies. 'Etol £yve pa

pupn| €pevva mhve oto cvothpate Question Answering.

5.1 EmBéoeic ko duovec oe Question Answering GuGTHUATO

Muepa N texvnt) Nompoovvn €xel kdvel tepdotio Prpota eEEMENe. Ta cvotiuoto TeYVNTIG
vonpoovivng gival TAEov kavd va avoyveopicovy Nyovs, vo AABovV amo@Aacels eVe TapOAANAL
UITOPOVV VO, YPNGILOTOM B0V amd TOVg avOp®OTOVS Yo TO YPNYoPN, EDKOAN Kot dpecn emilvon
epOTUATOV o ovykekpuéva Bépata. Mo avtd kot onuepa OtTav [WAGUE Yoo TV TEXVNTH
VONUOGUVT, OKEPTOUAOTE £PaproyéG oav v Alexa, Siri 1 dAlovg BonBovg yio eEummpénon
neATOV Omwg gival ta chatbots. Avtd mov kpvPeTon Tiow amd TV emKoveovio TEToIWV EELVTVEOV
EPAPUOYADV HE TOVLG 1010VG TOVG AVOPAOTOVG, dev €lval TIMOTA TOPATAVE® OO GLGTHLOTO
Question Answering. Ilapoio ovtd To apywd Pruate 6Tov TOUEd OVTOV TV GLGTNUATOV
Eexivnoav amd to téAn g dekaetiag Tov 60, pe ta LUNAR kot BASEBALL (Clementeena et
al.,2018).

Tétolegc teyvoloyiec umopodv vo epoppoctovv o€ chatbots. Ta chatbots PonBovv otmv
avalntnon o€ ovykekpiuévo aviikeipevo. 'Etor n avalitmon minpoeopioc, n tpomomoinon
KEWEVOV 1 axopo Kot mn Owyeipion keywévav, avtopatorotovvtat. [lapdAinia onuepa
YPNOLOTOLOVVTOL TOAD GLYVE Yiot TV ELANPETNON TEAATMV, Y10 OKIOLYPAPNOT TOV TPOPIA TOV
YPNOTN, TOV UETEMEITA YPNCLULOTOLEITOL Y10 TPOTAGELS GE TPOTOVTA 1| TANpOPOpiec Tov Bewpel TO

povtélo O0tL Ba  eavouv evilpépov otov ovykekpiuévo ypnotn(Kodra, 2017). Emumiéov
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YPNOUOTOOVVTOL Y10, OKOTOVS HAPKETIVYK, a@oL mpowbovuv cuvifwg v emyeipnon v v

omoia “epyalovtar”’, S1OIKTVOKA.

Ynrdpyovv dvo gidon amd QA ocvomuota, to Close Domain kot ta Open Domain . Ta npdta
yewpiloviar cvykekpiévo Béua, £1o1 pmopel va etvon mo e0koho va dtayelpilovion TIG OmalTNoELg
T0L YPNoTN 660 aPopd TV amdvtnon mov o mwpémer va dobel. ITapdAinio pmopovv va
JdOVAEVOVY TOAD YPHYOPO POV Ol EpMTNOELS PploKoviol Ge CLYKEKPIUEVO KOUPo dote va
UITOpOvV Vo, TAPOLV TG avTtioTolyeg omavtnoelg moAd evkola. ITapdAia avtd mn mePLocdTEPN
épevva yivetaw ota Open Domain QA cvotiuoata. Xtdy0¢ ToVg €ivar va divovv v akpiPn Kot
T GMOTN ATAVTIOTN Y10 TV EPAOTNOT oL Aapfdvovy amd Tov xpnotn. To cvotnua Bpioket Tig
amOVTAGELS Pe TN Pondeta TG avaKTNoNG TANPOPOPLDY, TNV VTOAOYIGTIKY YAWGGOAOYia, OALY

KO LE TNV aVaTopAoTooT YVAOOTG.

‘Etotr yevikdtepa ta QA UTOPOLV VO TEPTYPUPOVV GOV L0 TEYVOAOYIQ TTOV OiVEL TNV GMOOTN
ATAVINGYN OE [ EPMTNOT avTi Vo yuo. pie Alota amd mOavEg amavinNcelg OmmG TIG UNYOVES
avalnmong. Iapoia avtd pmopel Kaveic va mel 0Tt AEITOVPYOLV GOV UNYOVES avalTnong, oAAd
HE SLOPOPETIKT OVOTAPACTOCT) TV OMOTEAEGUATOV TOVG. Ot punyovég avallTnong ETGTPEPOVY
o Alota pe ovvdéopovg amd amoviioels eved to QA divouv katevBeiov amdvinon otnv
gpowton (Andrew Zola, 2020). H dwadwacio avéktnong g mAnpoeopiag oe éva QA cvuotnua
arotedeiton omd Tpion KOpLo Prjpata o) v mpo emefepyacio g 010G ™S epdTNONG, B) TV
TaEVOUNOT TOV amaVIGE®Y avaioya pe Tov Pabud oyxetikdtntog toug Kot y) v eaywyn mg

10106 ™G amdvTnoNng.

5.1.1 Embéceig oe cvotmiuata QA

Ta QA ovomuarta, ypeldletor va eivor oyedaopéva  pe T€TO0 TPOMO MOTE Vo gival
TPOETOLUOGUEVE VO ATTOVTIIGOVV GE GUYKEKPIUEVES EPMTNOELS , Ol 0T01eG TO 7O ThovO Oa givart
dltvmepéveg o mpayuaTikny avipomvn yAdoca. Etot ivor mpoeavég 0Tt Ta o moAvTAoKa
ocvotnuota ypnoipomolovv mAéov NLP yio va katavorcovv v avOpdmivn YAOoGso Ommg ouTh

YPNOLOTOIEITOL 0Td TOVG avOpDOTOLS Kot Oyt amd Tig unyavés. o akdpo po eopd eledystan M
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YPNON TOV TPO EKTAIOELUEVOV HOVIEA®V 7OV dmoTEAEiTOl amd Ovo dwdikacieg, TNV

TPOETOOGTa Ko TNV enegepyacio TV 101V TV 0E00UEVOV.

To povtého BERT, éyer mAéov yiver moAd onuo@iAng vy tic epapuoyés QA. TlapdAinia m
npotopykn perétn tov Devlin ( Delvin et al., 2018 ), tov dnpiovpyov tov BERT, nepilapPavet
péoo amoteAéopata ¢ anddoons tov id1ov Tov BERT mdve 610 chvoro dedopéveov SQuUAD,
OmOL 1O GVOTNUHO KANONKE va TPOPAEYEL AMAVTNGELS Y10 CUYKEKPIUEVES EPWOTNOELS, POCIGUEVO

oe keipeva and to Wikipedia.

‘Eva mapaderypo emifeong oe poviéda QA eivor ovtd g ewovag 4 (Jia and Liang, 2017).
SVYKEKPEVO TTPOCSTAONGOV Vo UTEPSEYOLV Kol V. LTOPIPAGOVY TNV ATOS0CT TOV HOVTEAOV,
npocBétoviag oto Keipevo, 10 omoio Ba mepvovoe cov €16000G GTO HOVTEAD, EMTAEOV
TPOTOTOMUEVEG TPOTAGELS. ZTNV €IKOVO 1| UTAE TPOTOOT) HOLALEL TOAD pe TNV 1010 TNV EpMTNOM
mov 00Onke o010 pOVTELD, OAAG Ogv mepAauPdvel TV oot amdvinon. Avtiy n emmAfov
npdétaon wropel vo elval kotavontn yio tov avOpomo, oAAG TapOAo avTd pTOopEl Vo
amomAavicel To povtéro. Emopévog dmwg eaivetat, ) amdd061 ToL LOVTELOL LELDOVETOL OO THV
apyn 75% oto 36%, TpoeavmdG VTN 1 AAY] GAAOYT KOl ACTHAVTN ALY Yo ToV dvBpwmo,

umopel va givol KataoTpoQIKn Yo T ATOTEAECUOTO TOV LOVTEAOL.

Article: Super Bowl 50

Paragraph: “FPevion Manning became the first guarter-
back ever to lead two different teams o multiple Super
Bowls. He ix also the oldest quarterback ever to play
in a Super Bow! at age 39, The past record was held
by Jodin Elway, who led the Broncos to victory in Super
Bowl XXXIIf at age 38 and is currently Denver's Execit-
tive Vice President of Football Operations and General
Manager Cuarterback feff Dean had jersey number 37
in Champ Bow! XXXV

Queestion: “Whar is the name of the quarterback who
wias I8 in Super Bowl XXXTIT?

Original Prediction: John Elway

Prediction under adversary: Jeff Dean

Ewova 3 Enifgon o€ povrého Katavonong keypévou(Jia and Liang, 2017)
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Article: Nikola Tesla AddSent
Paragraph: "In January 1880, two of Tesla's uncles

put together enough money to help him leave I_.'Vhat city did Tesla move to Prague
Gospic for Prague where he was to study. in 18807 (Step 1) (Step 2)
Unfortunately, he arrived too late to enroll at Mutate Generate
Charles-Ferdinand University; he never studied question fake answer
Greek, a required subject; and he was illiterate in
Czech, another required subject. Tesla did, however, What city did Tadakatsu move to Chicago
attend lectures at the university, although, as an in 18817
auditor, he did not receive grades for the courses." {Step 3)
Question: "What city did Tesla move to in 18807 Convert into
Answer: Prague statement
Model Predicts: Prague \ /
Tadakatsu moved the city of
AddAny Chicago to in 1881.
Randomly initialize d words: (Step 4)
spring attention income getting reached Fix errors with
crowdworkers,

Greedily change one word verify resulting

sentences with

spring attention income other reached other crowdworkers

Repeat many times
Adversary Adds: Tadakatsu moved to the city
Adversary Adds: tesla move move other george of Chicago in 1881.

Model Predicts: george Model Predicts: Chicago

Ewovao 4 I[IpooOkn keypnévou o€ povrého Katavonong kewpévovo(Jia and Liang, 2017)

2ty ekéva 4 Tapovctdlovtal 2 SPoPETIKES TEYVIKEG DOTE Vo TPooTtedel emmAéov keipevo og
TOPAYPOPO TOL YPNCLUOTOLEITAL YO0 TNV avalTNOT AmAvVTNoNG. XKOTAG TOVG eivan 1 enifeon og

HOVTELQ KATOVONONG KEWEVOD, DGTE OUTA VO ECKEUUEVA VO TPOPAEYOLV KATL AALO.

5.1.2 Bert-as-a-service

To Bert-as-a-Service (Xiao, 2018) ypnowomoiei 1o 6w to povtého tov  BERT, cav
Kodwonomt mpotdoewv ( Sentence Encoding ) kot to mopéyer cov vanpecio pHEG® TOVL
ZeroMQ. "Etot divel v duvatdtra TG yopToypAepnong TOV TPOTACEMYV GE OVOTOPAUCTACELS
otafepoy punkovg pe Vv xpnon Ayov kodka. H dadikacio tng kmd1Komoinong TV tpoTiceE®y,
arorteitor woAD ovyvd amd NLP epappoyéc omwg m  oavdivon ovvaicOnudtov 1 n
Katnyoplomoinon kewévaov. O otdY0g TG eivar va pmopel va avamapiotator to péyebog piog

HeTafAnTig ocuvapTnong, o¢ £va didvuoua otadepod peyéboug.
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o v viomoinom tov Bert-as-a-Service ypnowyomombnkov ta 12/24 enineda amnd t0 TPO
exmondevpévo povtélo tov BERT. T'a va ypnoyomomBet yperdleton vo eykatactadei o Server
kot o Client, evod eniong va gykatactafel kot éva mpo ekmodevpévo poviélo tov BERT. Zta

mlaicwa g epyaciog ypnoyoromdnke 1o “cased [.-12 H-768 A-12°.

513 [TpoondBera eniBeong oe QA pe tn ypnon tov Bert-as-a-Service

To X0voho dedopévav mov ypnooromdnke, vAomomdnke v avoiEn tov 2008 amd portntég
Tov movemioTnuiov g Pittsburgh, omv TpavovAPavio ot omoiol ékavay padnuoto oyeTIKd pe

NLP swdikacieg(Smith, Heilman, and Hwa, 2008).

AvT6 T0 GUVOAO dedouévav amoteAeital amd CeVYdplo EPOTNCEWV KOl OTOVICEDV [LE KATOL
emumAéov media ta. omoia dev ypnoorombnkay. To media mov vANPYAV APYIKE GTO GUVOAO
dedopévev  eivon  ta:  [ArticleTitle , Question, Answer, DifficultyFromQuestioner,
DifficultyFromAnswerer, ArticleFile]. Telkd ypnoiponomdnkav povo 1o medio Question yio v
epOTNON Kot to medio Answer yio TV omdvinorn. XpeWotnke vo yivel (o pukpn mTpo
eneéepyacio TOL GLVOLOL KOOMC VINPYOV KEVE KEMO £TOL SLOypAPNKAY Ol YPOUUES HE KEVA
kemd. H Swdwaocio mov akolovbnnke elvar moapdpole pe too mpomnyovueva cevipla. To
O€dOUEVO YPNOCIULOTOMON KAV Yio EKTOUOEVOT VD TAPOAANAQ KAmOleG emmALoV EexmploTég

EPMTNOELS YpNoomTomOnKay yio EAeyy0 TG amdoooNG.

To cvykekpipévo cevipio agod Aappdvet pia epdon, tpoonadel va TpoPAréyet o oo omd Tig
EPMTNOELS TOV TOL glyav d00el yia exmaidevon avikel. Eved oty cuvéyela agod mpoPréyel oe
o0 EPMTNON OVOPEPETAL 1) EPADTNCTN TOV TOV OIVETAL, EMOTPEPEL TIGM TNV OTAVTNOT TOL TNG

avtiototyel (Zola ,2020).

Onwg dwoumotmdnke otov gpapudotnray ot embécelg charswap/wordnet kot and v peptd g
EPMTNONG OAAL KOl GTNV HEPLA TNG OTAVINGNG, TO CUOTNUA TOPOLGLALEL Kamolo AGOT Ta omoia
opeidovtal kuplowg omv evaucHncic mov mPoKLATEL OmO TN QUGN TOV GLYKEKPUEVOV

GUGTNULATOV.
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6
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9

Why Lincoln grow a beard?
Lincoln old in 18162
how old was Lincoln in 18167
Was King Victor Emmanuel III paying homage to ...
Year of publishing he's collection?
Food of beetles?
Favourite food of beetles?
Is it possible there more than 350
which year did Grover Cleveland win?
Who were Grover Cleveland's parents?
Who was mother and father of Grover Cleveland?
How many children did Grover Cleveland have?
did Grover Cleveland have children?
Was Cleveland born in Caldwell
Where did Cleveland born?He became chief engin
When did He became chief engi in the Depar
What led Becquerel to investigate the spontane...
What made Becquerel to investigate?
Is it true that he married louise désirée lori
when did he married louise désir

Prediction

Who suggested Lincoln grow a beard?

How old was Lincoln in 18162

How old was Lincoln in 18162

Victor Emmanuel III there to pay homa...

When did he publish a collection?

What happened on plants and fungi?

Are turtles pets?

it possible that there are more than 350

which election did Grover Cleveland win?

Who were Grover Cleveland's parents?

Who were Grover Cleveland's parents?

many children did Grover Cleveland have?

many children did Grover Cleveland have?

Was Cleveland born in Caldwell

He became chief engineer in the Department of ...
He became chief i r in the Department of .

What led Becque to investigate the sponta

What led Becquerel to investigate the spontane.
Is it true that he married louise désirée lori.

When did he marry louise dési lorieux?

Was King

How
How

A

11-year-old Grace Bedell

seven

seven

yes

1733

They are food to beetles.

yes

000 species of beetles?

1884 and 1892 presidential elections
Reverend Richard Cleveland and Anne Neal.
Reverend Richard Cleveland and Anne Neal.

New Jersey to the Reverend Richard Cleveland ...
in 1894

in 1894

phographic plates being fully exposed

phographic plates being fully exposed
yes
1890

Ewova 5 Anoteréopota QA ympic kamowo exifcon.

Why Lincoln grow a beard?
Lincoin oid in 18162

how old was Lincoln in 18167

'Was King Victor Emmanuel lll paying homage to Avogadro ?
Vear of publishing he's collection?

Food of beetles?

Favourite food of beetles?

I it possible there more than 350

10 |Which year did Grover Cleveland win?

11_Who were Grover Cleveland's parents?

12 |Who was mother and father of Grover Cleveland?
13 |How many children did Grover Cleveland have?
14_did Grover Cleveland have children?

15_|Was Cleveland bom in Caldwell

16_|Where did Cleveland bom?He became chief engineer in the Department of Bridges and Highways in what year?

17_|Wnen did He became chief engineer in the Department of Bridges and Highways?
18_|What led Becquerel to investigate the spontaneous emission of nuclear radiation?
19 _|What made Becquerel to investigate?

20 _|is it true that he married loLise desire lorieux in 18907

21_|when did he married louise désirse?

Prediction

Who suggested Lincoln grow a beard?
How old was Lincaln in 18162

How old was Lincoln in 1816?

Was King Victor Emmanuel Il1 there to pay homage to Avegadro ?

When did he publish a collection?

What happened on plants and fungi?

Are turtles pets?

I it possible that there are more than 350
Which election did Grover Cleveland win?

Who were Grover Cleveland's parents?

Who were Grover Cleveland's parents?

How many children did Grover Cleveland have?
How many children did Grover Cleveland have?
Was Cleveland bom in Caldwell

Is it true that he married louise desiree lorieux in 18907
When did he marry louise desirée lorieux?

He became chief engineer in the Department of Bridges and Highways in what year?
He became chief engineer in the Department of Bridges and Highways in what year?
What led Becquerel to investigate the Spontaneous emission of nuclear radiation?
What led Becquerel to investigate the spontaneous emission of nuclear radiation?

A
1l1-year-old Grace Bdell

seve

seve

yev.

17g33

Thy are fodod to beetles.

yse

000 specieZ of beetleYs?

1884 and 1892 prseidential electins
Reverend RicharB Clevelanhd and Ane Neal.
Reverend RicharB Clevelanhd and Ane Neal.
Sx.

Sx.

New Jersye to the RevereNnd Rihard CWileveland and Anne Neah?
in 18C4

in 18C4

phographic plateos being fully exposd
phographic plateos being fully exposd

yse

5890

Ewova 6 QA pe amavtioeig mov £xovv ogy0ei eni@eon charswap 0.5

Score
.989488
.967059
.000000
.997284
.955545
.955738
.954250
.988989
.988161
.000600
.979688
.000000
.986567
.000000
.984664
.991645
.000000
.945026
.000000
.979107

Score
0.989487588405609
0.067050314250046

0.99999988079071
0.097283637523651
0.95554530620575
0.955738127231598
0.95425021648407
0.988988518714905
0.088160967826843

1
0.979688405990601
1
0.986567258834839
1

0.084663784503037
0.991645336151123

1
0.945025861263275
1

0.079106843471527

Onog gaiveton oty gwkova 6 pe tig Pabporoyies TV OmMAVINGE®Y, TO LOVTEAO KATAPEPVEL VL
TPoPALyel oyeddV OAEG TIC EPOTNOEIS OMOTH €KTOC OO TIG EPWTNOES 7,8 Yoo TIC OMOieg 1M
avbevtikn epmtnomn NTav 1 “What do beetles eat?”. TTapoia avtd poiverol 6Tt TO LOVTELO OTNV
mePInTOON oV OéyeTal EMIOEST] OTIC OMAVINGELS TOV, OEV TO OVTIAAUPAVETAL, L€ OTOTEAECLLO VO
EMOTPEPEL WOW TNV amdvinon mov &xel dgxfel emibeon xor pdlota yopig vo peidver my
Babuoroyia G Amd v GAAN peEPLE av €QAPUOCOVUE EMIOEOTN OTIG EPOTNGELS TOV GLVOAOL
dedopévev  ,0mmG Qaivetal oty ovtiotoyn ewova 7, T0 HOVIEAD OVIMG UTEPIEVETE Ko
poPAémel AavOUGUEVES EPOTNOELS KOl £TOL PELOVETOL Ko 1) falBpoAoyio TG amdvinong yio v
KGO epdINON, 0POV TALOV TO HOVIEAO Ogv givor Giyovpo yw TOo TL £pAOTNON TPEMEL VA

OTTOVTTGEL.

62/70



11Q Prediction A Score
2 |Why Lincoln grow a beard? What is Finland's conomy lkie? a highly industrialised 0.964727997779846
3 |Lincoln old in 18167 Ddi LinOcoln bea John C. Breckinridge in the 1680 lection? Yes. 0.968042075634003
4 |how old was Lincoln in 1816? Did Liccoln starot his pbolitical careerr in 18327 Yes 0.962865650653839
5 |Was King Victor Emmanuel Il paying homage to Avogadro ? Wo lots control of his arty to the agrraians and silverietes in 1E896? Grover Cleveland 0.956818342208862|
6 | Year of publishing he's collection? sl a beetle's genehal anatomy yniform? Yes 0.941555976867676
7 |Food of beetles? Ark beetles insects? Yes 0.962132215499878
8 |Favourite food of beetles? \WwAre certian species of beetles considered Tpests? Yes 0.957130014896393
9 |Is it possible there more than 350 IAs it psosible that there are more than 35¢ Sorry, | didn't get you. 0.938707411289215
10 |Which year did Grover Cleveland win? Did GrDver ICeveland win the 1884 ejection? yes 0.963038682937622
11 |Who were Grover Cleveland's parents? 'WLho were Grover Cleveuland's parents? Reverend Richard Cleveland and Anne Neal. 0.971622049808502
12 |Whe was mother and father of Grover Cleveland? ‘Where was Grover Cleeland marreid? in the Blue Room in the White House 0.96395355463028
13 |How many children did Grover Cleveland have? uow many children did GrovOr Cleveaind have? Six. 0.977722823619842
14 |did Grover Cleveland have children? 'Wehre was Gyrover Cleveland married? In the White House 0.97395920753479
15 |was Cleveland bom in Caldwell Was Clevelan born in Calidwell New Jersey to the Reverend Richard Cleveland and Anne Neal? 0.98786723613739
16 _|Where did Cleveland bom?He became chief engineer in the Department of Bridges and Highways in what year? Wan Wilsno president of the Amercian Political Science AssocOation in 910 7 | Yes 0.958289265632629
17 _[When did He became chief engineer in the Department of Bridges and Highways? hy was the capital of Uruguya ounded? Uruguay's capital 0.942763864994049|
18 |What led Becquerel to investigate the spontaneous emission of nuclear radiation? What is the offical launguage of Liehhtenstein? German. 0.946140885353088
19 |What made Becquerel to investigate? What was Adams' poliitcal pary? Sorry, | didn't get you 0.937960922718048
20 |Is it true that he married louise désirée lorieux in 18907 S it true that he vmarried ouise désLirée lorgeux in 18907 yes 0.983566164970398
21 |when did he married louise désirée? hat did Lleveland die from? A heart attack 0.960853755474091
Ewova 7 QA pe epotiosig mov £xovv ogydei enibeon charswap 0.5
ne gpoTnoeeg 24 24 | p Y.

1.Q Prediction A

2 |Why Lincoln grow a beard? \WHO suggested Lincoln mature a whiskers? Grace Bedell 0.076422786712646
3 |Lincoln old in 18167 fare Lincoln advance the election of 18607 Yes 0.971563994884491
4 |how old was Lincoln in 18167 How previous was Lincoln in 18167 seven 0.989794909954071
5 |Was King Victor Emmanuel Ill paying homage to Avogadro ? constitute mogul master Emmanuel I there to yield court to Avogadro ? yes 0.976760506629944
6 |Year of publishing he's collection? equal a beetle's ecumenical figure uniform? yes 0.947200894355774
7 |Food of beetles? Are turtle pets? Yes 0.962122678756714
8 |Favourite food of beetles? Avre turtle pets? Yes 0.96336156129837
9 |Is it possible there more than 350 represent it potential that there are more than 350 1000 species of beetles? 0.957138478755951
10 |Which year did Grover Cleveland win? \Which election did Grover Cleveland succeed? 1884 and 1892 presidential elections 0.985873878002167
11_|Who were Grover Cleveland's parents? 'WHO were Grover Cleveland's parent? Cleveland was born in Caldwell 0.99338436126709
12 |Who was mother and father of Grover Cleveland? 'WHO were Grover Cleveland's parent? Cleveland was born in Caldwell 0.981811821460724
13 |How many children did Grover Cleveland have? How many youngster did Grover Cleveland have? 5 0.992574989795685
14 |did Grover Cleveland have children? How many youngster did Grover Cleveland have? 5 0.983268141746521
15 |Was Cleveland born in Caldwell coif Grover Cleveland gain the 1884 election? yes 0.960813105106354
16 _|Where did Cleveland bom?He became chief engineer in the Department of Bridges and Highways in what year? he get main orchestrate in the section of bridgework and highway in what year? in 1894 0.965007245540619
17_|When did He became chief engineer in the Department of Bridges and Highways? \What did Uruguay succeed in 18287 Its independence 0.948650002479553
18 |What led Becquerel to investigate the spontaneous emission of nuclear radiation? What contribute Becquerel to inquire the unwritten expelling of atomic radiation? phographic plates being fully exposed 0.956766843795776
19_|Wnhat made Becquerel to investigate? \What did ford aver abot his biologic forefather? his biological father was abusive and had a history of hitting his mother | 0.946159243583679
20 |is it true that he married louise désirée lorieux in 18902 personify it avowedly that he tie louise désirée lorieux in 18907 yes 0.975547671318054
21 |when did he married louise désirée? 'WHO did obstruct Monroe marry? Elizabeth Kortright 0.967647790908814

Ewdva 8 QA pe epotmiocis mov £yovv ogy0el enibBeon wordnet 0.5
HE EPMTNGEG X! 96 | .

11Q Prediction A Score

2 |Why Lincoln grow a beard? ‘Who suggested Lincaln grow a beard? 11-year-old omament Bedell 0.989487588405609
3 |Lincoln old in 18167 How old was Lincoln in 18167 heptad 0.967059314250946
4 |how old was Linceln in 18167 How old was Lincoln in 18167 heptad 0.99999988079071
5__|Was King Victor Emmanuel Il paying homage to Avogadro ? ‘Was King Victor Emmanuel |11 there to pay homage to Avogadro ? yes 0.997283637523651
6 |Year of publishing he's collection? ‘When did he publish a collection? 1733 0.95554530620575
7__|Food of beetles? ‘What happened on plants and fungi? They are nutrient to overhang. 0.955738127231598
8 |Favourite food of beetles? Are turtles pets? yes 0.95425021648407
9 |Is it possible there more than 350 Is it possible that there are more than 350 1000 specie of overhang? 0.988988518714905
10 |Which year did Grover Cleveland win? ‘Which election did Grover Cleveland win? 1884 and 1892 presidential election 0.988160967826843
11 _|Who were Grover Cleveland's parents? 'Who were Grover Cleveland's parents? clergyman Richard Cleveland and Anne Neal. 1
12 |Who was mother and father of Grover Cleveland? 'Who were Grover Cleveland's parents? clergyman Richard Cleveland and Anne Neal. 0.979688405990601
13 |How many children did Grover Cleveland have? How many children did Grover Cleveland have? sixer. 1
14 |did Grover Cleveland have children? How many children did Grover Cleveland have? sixer. 0.986567258834839
15 _|Was Cleveland bom in Caldwell ‘Was Cleveland born in Caldwell newly jersey 1o the clergyman Richard Cleveland and Anne Neal? 1
16 |Where did Cleveland born?He became chief engineer in the Department of Bridges and Highway's in what year? He became chief engineer in the Department of Bridges and Highways in what year? in 1894 0.984663784503937
17 _|When did He became chief engineer in the Department of Bridges and Highways? He became chief engineer in the Department of Bridges and Highways in what year? in 1894 0.991645336151123
18 |What led Becquerel to investigate the spontaneous emission of nuclear radiation? ‘What led Becquerel to investigate the spontaneous emission of nuclear radiation? |phographic plates being full debunk 1
19 |What made Becquerel to investigate? ‘What led Becquere! to investigate the spontaneous emission of nuclear radiation? phographic plates being full debunk 0.945025861263275)
20 |Is it true that he married louise désirée lorieux in 18907 Is it true that he married louise désirée lorieux in 18907 yes

21 |when did he married louise désiree? ‘When did he marry louise désirée lorieux? 1890 0.979106843471527)

Ewova 9 QA pe amavtioeis mov £xovv dgy0ei emiB@eon wordnet 0.5

Oocov apopd 1§ ekdveg 8 ko 9, otig onoieg mapovoidletal n epappoyn g enibeong wordnet,
o010 ovotnuo QA. daiveton OTL TOPOLO OV TIC TEPIGGOTEPEG POPES TO HOVIEAO TTPOPAETEL
OMOCTH EPMTNOT OTNV TEPITTOON TOL JEYETAL EMIOESN OTIC EPOTNOELS TOV TOL divovTal Yo
EKTTAIOEVOT UTEPOEVETOL TPOPAVAS TEPLIOCOTEPO amd OTL pe TNV enifeon charswap, Kot avtd £xet
va kével pe v eoon tov BERT. And v dAAn pepid 6o apopd Tig emBECELS OTIC OMAVINGELS
oL d{vovTOol GTO HOVTEAO QaiveTal OTL cuveyilel va ETIGTPEPEL TNV AVTIIGTOYN ATAVINGY GTNV

gpOTNON TNV omoia TEMKA TpoPAémetl £6Tm Kot av avTn £xel dexOel kdmolov gidovg emiBeon.
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AlmotdveTon Yoo aKOpo po eopd 1o OG0 gvoicHnTa Kol EVAAMTA E€IVOl TOL CLYKEKPIUEVQL
cvotnuota, £€0T® kKot ov vrootnpilovior amd moavioyvpa epyoiein onwg 1o BERT. ‘Etot
ypewletal vo Japopembody dCTE Vo TPOCTOTEVOVTAL Kol Vo PeEATidOVOVTIOL o€ eminedo
evaoOnoiog, kabmg ToAH gvKola pumopoHv va dSOGoLY AAB0C OTOTEAEG LA TO 0010 Yia TO 1510 TO

oLOTNHO POIVETOL CWOTO, VD eivan EgkdBapa AavBacuévo yia tov dvBpwmo.

5.2 Melovtkég Emektdoetg

Ta QA cvomuota eival éva ToAd ypnowo epyaieio otig pépeg pag. To omoio pdAioto OTMG
mpoavaeépOnke givar 1 faon yia v vAoroinon chatbots (Alloatti, 2019). Emopévac ypetdletal
Vo YIveEl TEPUTEP® EPEVLVA GTOV TOUEN TOV EMBECEDV KL TOV UNYAVICUAOV AUUVAG, TOV TAEOV
etvar amapaitmro va vrootnpilovv t€to10v €idovg cuotiuata. Ta CLGTALNTE AVTE LTOPOVV VO
xpPNoporomBovy akdpo Kol yioo Ty olayeipton dedopuévav vyelag 1 SPOop®Y TPOCSOTIKAOV
dedopévov Kablotovtag ta mdpa moAd gvaicOnta. ‘Encita and v dAAn ot emtdeiot ydyvoovv
aQOpUEG Yoo v emtifevtal 6g TETOWOL €I00VG GLGTAUOTO OCTE VO VROKAEMTOLV €glte Vo
TPOTOTOOVV OMOTEAEGUOTO KOl OS00UEVA. XUVVERMG TPEMEL Vo ANeOovV 610 EmaKpo To
aToPoiTNTO HETPO OO TO 10100 TO. CLGTHIOTO, KOl TOVG OLOYEIPLOTEG TOVG. doTE VO dSlooPoMoTEL
N AGPAAELR TOL amoTeiTOl amd cvoTiHata Tov dtayepiloviol TOG0 GNUOVTIKA Kol gvaicOnta
dedopéva, oAAG akOUo Kol € GLGTHHOTO oL Olayelpilovtal dedopEVO ETLXEPNCEMY TOL

UITopoLV eMioNg va Yivouv 6T0Y0¢ Kdmolov emitndgiov.

5.3 Zovoyn kail Zoumepacuoto

Oocov apopd Tig eMBECELG GE SUPOPETIKOVG TUTTOVS OEOOUEVAOV OIMG Ol EIKOVES Kol T OEO0UEVAL
KEWEVOV, elval Tpoeavég OTL o ekdveg givar cuveyn dedopéva, evod To Keipeva etvat dlakpltd
dedopéva. ‘Etot o1 embécelg kat o1 dpovveg mov mpoteivovTon Y100 0EG0UEVO TOV APOPOVY EIKOVEG
dgV UTOPOLV VO EPAPHOCGTOVV Kol 6€ 0edopéva Keyévov. Tlapdiinia pécm g Epevvag mov
nponynonke domotddnke OTL, PEYPL OLTH TNV GTIYWY], OV LITAPYEL £VOG UNYOVICUOS AULVAS O
omoiog va mpootatedel omd embécels OAOV TV WMV, eVvd avtifeta @aivetal 6TL vIdpyeL £vag
uNYoviopdg Gpuvog mov TPooTaTEDEL ToL 0E00UEVA N TO. LOVTEAN HOVO amd o emifeor KaOe

eopd. T va umopéoet va ytiotel Evog unyaviopog dpovag mote vo, avtiletonilel pia enibeon,
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yperdleton va yivel yvwotn ocav enifeon Kot vo avaAvBel dote va vdpyeL TAEOV 1) YVAOGN Y10 TO

i €ldoovg (nuia KAvel 6To HOVTELO 1) OTO OEOOUEVO TOV.

Emutiéov, 660V apopd To OmMOTEAEGUOTO e CLUYKEKPIUEVES EMBDECELG KOl OVTIGTOLYES AUVVES, O
KaOe epeuVNTNG YPNOUOTOLEL OLPOPETIKES TEXVIKEG Yo v EPaPUOGEL KATOWO0 TEipapa, £Tol
YPNOLOTOIDVTOS OLPOPETIKOVG TASIVOUNTEG, €ITE OKOUO KOl SLOLPOPETIKA GUVOLN OEOOUEVOV
KaO1oTd MV Stadikaciog cHYKPIoNG OMOTEAEGUATOV JVGKOAT. LVVETMG, OEOOUEVOL TOV OTL M
£PELVOL OTO GLYKEKPUEVO TOEN Elval oTO opyKA TNG PLaTa TO amoTeEAEGHOTA TOV AQpPAveL
and 10 melpopo TG kéBe opdoo Epesvvag ypetdletar vo avoivBovv Ko vo egetacTovv,
eQopUOLOVTOC TOVG YEVIKOVG KOVOVEG, MOTE Vo, MTEVYDEL 1| c®OTN AE10AOYN 0T TOV ATOdOCEDV
Tov povtélov. TlopdAinia péca amd v VAOTOINGCT KOL TO GTHOLUO TMOV GUYKEKPUEVOV
nepapdtov, dumotodnke n duokoMa Kol T0 KOGTOG TV TOP®V TOL omouteital omd Eva
CUCTNUO YO TNV CMOTN EKMOIOEVON TOV HOVIEA®V, OGTE VO UITOPOLV VO OTOdIO0VV OTMC

OVOLLEVETOLL.

Emumiéov @aivetar 6t n gpguvntikny o&io Tov gvauctnoidv tov poviéAwv mov drayepilovtan
kelpeva, A0y g wwotepotntag twv NLP depyasudv, 6Ao kot avédvetal. Amo to oevapio 1,
eoatvetor 0Tl o1 emBécelS oe eMimedo YoPAKTNPO, GAAL KOl GTO GEVAPLO 2 LE TIG TPOTONOUGELS
onpacloroyiag, og piKpd oAAd Kl e peyaio Babud pmopovv va HEMGovV 6 peydlo Babud v
arodoon tv povtéAwv. Katd cvvémeln yperdletar vo Peitiodel kot va pvOuotel avti n
evocnoia TV HOVTEA®V amd TAEVPAS AULVOC, OCTE VO VITAPYOLY LYNAOTEPES ATOOOGELS KO

va givot To ac@aAng Kot Td EUmoTn 1 €EQYmYT AMOTEAEGUATOV.
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