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[TepiAnym

O Topéag TG avAALONG CUVALTONUATWV avanTUXONKe Ta TEAsUTAiN XPOVIX QTTO TNV
QVAYKN YL EEXYWYT] YVOLNG KOL CUVOLOONUATOV [LE AUTOLOTOTIOLNHEVO TPOTTO AITO HEYAAO OYKO
debopEVLV TapayOEVWV Tt XP1OTES, TToL SatiBetal eAeVBepa oto Stadiktuo. T Tov okomd
auto yivetal xpnon HeBOdwv mou otnpilovial oe TEXVIKEG UNYOVIKNAG pH&Bnong. Me v
ekmaibevon twv aAyopiBuwv pnyxavikig Hdinong He xpnomn XAPAKTNPLOTIK®OV KEHEVWV TTOU
YVpiloupEe TNV TTOAKOTNTA TOUG, KATATKELALOVTUL LOVTEAX Yior TNV TTPOPAEYT) TNG TTOAKOTITAG
VEWV KELPLEVWV.

310 TAaio10 auTd, N TAPOVOX EPYUTIA LEAETA TNV avdAvon ouvaloBijpatog s dedopéva
KPLTIKNAG TAWVIOV KAl ETLYEPNOEWY, LE TN XP1OT TPLWV oAYOopBuwy pnyavikig pabnong, He
OKOTIO TNV aViXVELOT NG TOAKOTNTAG TOUG. IT10 ouykekpLéva, eEeTAlOUE TNV HETAPOAN NG
anodoong k&Be aiyopibuov, oe k&be Pdon debopévmv, Yo SLadopeTIkEG TAPAUETPOUS TOU
OLVOAOU ekTtaidevomng. Ol PAOIKEG TTUPAUETPOL TWV HOVTEAWV, TTOU LEAETALE TNV EMOPAOT] TOUG,
elvat 1o mA00g Twv Sedopévwv, To €idog TG Pdong dedopévav kat 1 Xxprjon KELPEVWV OTO
oUVOAO eKTTaldEVONG [LE TTLO €VTIOVN 1] LE TTEPLOTOTEPO APUDAEYOLEVT] EKPPAOT) TNG TTOMKOTNTOG
TOUG.

Aé€elg Kheldld: avaivom ouvvaloBnpatog, emiPAemOpevn pnyoviky pabnom, taSvounon
TIOALKOTNTAG KELWEVOU, n-gram Ypddol, bag of words avamapdotaor), amAoiko poviého Bayes




Abstract

The field of sentiment analysis has been developed in recent years by the need for
opinion and sentiment extraction in an automated way from a large volume of user-generated
data, freely available on the Internet. For this purpose, methods based on machine learning
techniques are used. By training the machine learning algorithms, using attributes from texts
which we know their polarity, models are constructed to predict the polarity of new texts.

In this context, this thesis studies the sentiment analysis in movie and business reviews
data, using three machine learning algorithms, in order to detect their polarity. More
specifically, we examine how the performance of each algorithm changes, in each database for
different parameters of the training set. The basic parameters of the models in the study are the
number of data, the type of database and the use of texts in the training set with a more
pronounced or more controversial expression of their polarity.

Keywords: sentiment analysis, supervised machine learning, polarity text classification, n-gram
graphs, bag of words model, naive Bayes model
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Kepdhawo 1°: EISATQIH

1.1 AvaAvon ZuvaloOnpatog

1.1.1  OpLopog

H avédivon cuvaionpatwv sival n dtadukaoio mouv otdyog g eival va kaBopioel )
otdomn €vOg aTOHOU OXETIKA e KAmolo BEpa 1) T OUVOALKT TTOAKOTNTA - CUVALOONUATIKY
avtidpaomn Tou o€ éva £yypado, aAAnAemidpaon 1] yeyovog, TallvopmvTag T o€ BTk, apvnTiKn
Kat oudétepn. H otdon autr| ptopel va eivat kpiomn, aloAdynon 13 cuvalodnpatiky katdotaon.
Se éval KEILEVO OLLWG, TIC TIEPLOOOTEPES POPEG, TEPIAXPAVOVTAL TTEPLOCOTEPES ATTO it ATTOPELG,
GVe o€ KaTola Bépata kat yla autd 1o Adyo ouvnBifetat va mponyeital 1 e€oywyr) amopewv,
TPV omtd TNV KATNYOPLOTIOINOT TNG TOAKOTNTAG TOU KELPEVOU. ZUVEM®G eival duvarty 1
ebappoyn ™G avéivong ocuvaloOnpatog eite oe oAdkAnpo €yypado, eite o€ emPEPOUG
Topaypddoug, TPOTAOELS 1] KL O YOPAKINPLOTIKA Tou Kelpévou. H Sadkacia aut) tng
e€aywyng anopewv and éva keipevo ovopdletal e€6puln yvoung. Ot Vo 6pot, TG avaAiuong
oLVALOONIATOG KAl TNG €EOPLENG YVAOUNG, €XOUV TTaPAHOLA €VVOLa, EMTTITITOUY Kol oL dU0 OTo
7ed(0 TNG AVAAUOTG UTTOKELEVIKOTITAG KOL XPNOLLLOTTOLOUVTAL YIX VO avadEpouv Tov {510 okomd
™G avdAvong ouvaloOipoatog. [1]

H avdivon ouvvaloOnpdtwv, mo ouvykekpluéva avadépetal oty enefepyaoia g
dUOLIKNG YAWOO UG, TG AVAAUONG KELLEVOU, TNG UTTOAOYLOTIKIG YAwogoAoyiag Kot TG Blopetpiog
YL TOV OUOTNHATIKO EVIOTLONO, EEXYWYT], TTOCOTLKOTIOIMOT KOl HEAETT TWV OCUVALOONIATIKOV
KOTAOTAOEWV KOL TWV VTTOKELLEVIK®OV TTANPODOPLOV.

1.1.2 Edappoyég

H avdivon ocuvaioBnpartog amotedel éva onpoavtikd nedio £pevvag, el8ikd ta teAevtaia
XpoOvia, TOU TEIVEL VA QITOKTHOEL QKON HEYOAUTEPEG SLAOTAOELS, AOYW TNG ELCNYWYNS TNG
évvolag Twv Big Data otov kA&S0 TG €MLOTNNG TV LTToAOYLOT®WV. Edappoletatl, 1101, evpéwg
OTOV EMLYELPNUOTIKO TOpE, KaBwg ol utevBuvol emyelprioewv pmopolv va AdBouv amoddoelg
Baolldpevol OTIG YVWOLEG TWV XPNOTWV, OXETIKA LLE TA TTPOLOVTA TOUG.

H sdappoyn mg, opwg dev meplopiletal povo otov KAGOO Twv emLyElpriocwy, KabBwg v
OUVOVTAE KL OTOV TOHEXN TOU Xpnuatiotnpiov, oe dpBpa evnuépwaong KAt otov KAGdo Tng
moMTikig. Ewdikétepa otov TOpéQ NG TOMTIKAG, HE TNV €bappoyn Tng avaiuong
ouVaLTONUATWV OTLG YVWHEG TwV TIOAT®WV amd SNUOCLEVOELG OTH KOWVWVLIKE SiKTud, UITAPXEL N
duvatdmra TPOPAEYNG TWV QITOTEASOUATWV TIOALTIKOV €KAOY®V. Ta Kowwvikd diktua
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Bewpovvtal pia KaAr Ty TANpodopL®dV Yo TV €AYy YVOLNG TOL Kowvou, SLdTL oL XprioTeg
ekPppalouV KoL KovoroLoUVv eAeU0epA TIG AOYPELS TOUG O AUTA.

1.1.3 IIpokAnoelg ot Stadikacio g avdAvong cuvalodnpLatog

H Swdwaoio g avdivong ouvaloBnipoatog oe €va keipevo amoteAel SUokoAo
EYXELPNLA, AOYW® TWV IOLALTEPOTITWV TTOUL TAPOLOLALOUV O€ oX€om He dAAa Sdedopéva. Kamoleg
artd TIG KupLdTEPEG SUOKOALEG TTOU avTileTwIti(ovTal elvat oL akoAoLBeg: [2]

- A€oy 1 onpaoctodoyikn apdronpia. TIoAég opég oe éva Keilpevo, oUVAVTAYLE
AE€elg pe TOMATAG vonpa, eite dpaoelg mov ekppalouvv SladopeTikég onpaoieg,
AVAAOY [LE TO TIEPLEYXOLLEVO TOU KELEVOL aTO oTolo epdavifovtal.

- Ixetkn e€aptnon. Mia évvola o€ pia yYAwooa ekdppadetal amod Evay auvouaopd Aéewv
kat dppdoswv.

- @d6puPog ota dedopéva. OpBoypadikd AGON, CUVTOKTIKA 1) KOl YPAUHATIKA AGON Kol
ouvtopoypadieg oto ypantd Adyo. Tuxvo O TMEPUTTOOELS AVAALOTG SEGOUEVWV TTOU
TEPLEYOUV ONHOCLEVOELG XPNOTWV O€ KOLVWVLIKE SiKTuaL.

- ZapKaopOG Kal elpwveia. Xpron eMBETwV aItd Tov ouYYpadEQ, E TKOTIO VA EKPPATOUV
™mv akppwg avtiBetn onpoaocia Tous.

- Ae€Adylo. Zta meploodtepa keipeva mouv epappdletal avdivon ouvaloOnpdtwyv oto
dladiktvo, ypnowomoleital  avemionun YA®WOOQ, TOU  TEPLAAUPAVEL  APYKO,
VEOAOYLOLOUG, emiprkuvon ¢pBoyywv, yprion keparaiwv kot onpeiwv otieng yia épdaon
Kol xprion ouviopoypadlov. Auvti 1 Wiaitepn popdn As€lroyiov dev guvosi T xpron
AEKTIKWV OVOAUTOV.

1.2 XKOTOG TG EPYACLOG

e auth TV gpyaocia epappolovpe avdivon ocuvaloOnpdtwy, He OKOTO TNV aviyveuon
TOALKOTNTAG KPLTIK®V XPNOTOV 0 SU0 UPEWS YVWOTEG Pdoelg Sedopévwv, pe xprion Ae€kon
Kol aAyopiBpwv emiPAeTopevng pnyavikig pddnonge. o ouykekplpéva, n tasvopnon adpopd
KPLTIKEG YpNotwv oTlg Pdoelg dedopévwv touv IMDB kat tou YELP kévoviag xprion Tou
oAyopiBpou n-grams, XpnoLLOTOLOVIAG SLAPOPETIKEG TAPAUETPOVG ELTODOL O KAOE eKTEAED.

SOpPwVA PE TIC TTAPAETPOUG L0080V TTOU PN OLotolovvTaL 1) arddoor tou aiyopiBpou
HETAB&AAETOL KOl OKOTOG TNG epyaoiog eival va evtomicovps v eEdptnon g KEOe
TIOPAPETPOV ELTOSOV HE TNV aTtO800T) KAl TTWG EMTUYXAVOUHE HEYLOTN amtddoom kat aflomiotia,
¥wplg vTApEeL Tpomomoinon otov K®SIKA Tou akyopiBpov.
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1.3 Opydvwon KELHEVOL epyaaiog

H epyaoia aut amoteAeital and téooepa KePpAAala OUVOALKE. AUTO eival TO TPWTO
KePAAQLO TO o7oio €xeL OKOMO TNV EL0AYWYN OTO YEVIKO Bépa g epyaoiag, TG avaAvong
ouvalgONpaTwV, KOBWG KL TNV avAAUOT TOU OKOTIOU KAl TG d1épBpwong g epyaoiag.

310 6eUTEPO KEGAANLO avaAVOVTAL OL BACIKEG EVVOLEG TNG EPYNOLNG, OTTWG 1| EVVOLX TNG
HNXOVIKNG H&Bnong, oL aAyoplBpol mou XpnoLpomomnkoy Kot T HOVTEAX TaSvounT®v.
EmutAéov, emeEnyolvtal Ta 0TdS1a VAOTIONOMG TOU TTPOYPAULATOG.

10 tpito Kepdrao mapovaotdlovial ol fAoelg deSOUEVWVY OTIC OTTOIEG aTNPIYTNKAY TA
TMEPALATA QUTHG TNG EPYNOLAG KL XOPAKINPLOTIKA auT®V. To deUtepo PEPOG TOU Keparaiov
AVAPEPETAL TTIV OPYAVHOOT] TWV TELPAUATWV KAL TIG TTAPAIETPOUS TTOU XPNOLoToOnkay.

370 TETUPTO KL TEAEVTALO KEPAAALO TTAPOLOLALOVTOL T TTELPOPATIKA LOG OTTOTEAECHATA
KOl TO OUPTEPEOUOTA TTOU TIPOKUNTOUV otd aUTd, KOO®MG Kol TPOTEWVOUEVEG LEAAOVTLIKEG
EMEKTATELG TNG EPELVOG.
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Kepdrawo 2° : BaoKEG EVVOLEG

2.1 Mnyavikr) MaOnon
2.1.1 Oplopog

H pnyovikyy pabnon amoteAsl vmomedio TG teYVNTIAG VONUOOUVNG OTOV TOMEN TNG
ETULOTN NG TWV LITOAOYLOT®V. AVOITTUXONKE oItd TN HEAETN TNG AVAYVOPLONG TTPOTUNTWV KL TNG
UTTOAOYLOTIKTG Bswpiog paBnong oy texvnt) vonpoouvvn. H pnyaviky pddnon diepeuvd
HEAETN KaL TNV KATAOKELT] aAyopiBpwv mouv pmopovv va pabaivouv amd ta dedopéva, péow
OTUTLOTIKNG AVAAUONG TOUG, KAL VO KAVOUV TTPOPAEPELS OYETIKG e autd. [3] TEtolol aiydpiBpol
AELTOUPYOUV KATAOKELALOVTOG HOVTEAQ atd TELPAPATIKG Sedopéva, TPOKELUEVOL VA KAVOUV
npoPAgPels PBaowlopeveg ota dedopéva 1 va e€dyouv amodaoelg mov ekppdlovial wg TO
QTTOTEAETLA.

O KupLOTEPOG OTOXOG €VOG HaBNTEVOLEVOL €lval 1) Yevikevuon TG epmelpior Tov. [4]
Tevikevon Bewpeitar n KovoTa plog pnyavig pdbnong va amodidel pe oaxpifeia oe
KALVOUPLEG, TPWTOYVWPES EPYATLES, EPOTOV apykd €xel ekmtandeutel og Eva avoro dedopevav
exmaidevong. Ta Odebopéva mou  ypnolpomolovIal  TPog  ekmaidevon  Bewpovvral
QVTUTPOOWITEVTIKA TOU XWPOU KATAOTACEWY KAL 1) LYoV €ival KOV YL TNV KOTACKEUT £VOG
YEVIKOU HOVTEAOU TTOU Ba €xel TN SuvaTOTNTA VA KAVEL TTPOPAEPELS VI VEEG KATAOTAOELG LE
eMapKn akpifeLa.

2.1.2 Eidn pnyaviknig pdbnong

O TOPENG TNG HNYOVIKNG LAONONG SLAKPIVETAL O TPELG TTEPUTTWOELG HAONONG, LLE KPLTI)PLO TO
BaBpo mapépPaong tov avBpwmov ot dadikaoia g pdbnong:

e Md&Onon pe enifAeyn (supervised learning) 1 p&Bnon pe mapadeiypata (learning from
examples): 10 oVoTUa KaAeltot va "paBel”" pia évvola 1) cuvAaptnon oo Eva gUVOAO
debopévarv, 1 omola amoteAel meptypadn] vog LovTEAO.

o  MdabOnon xwpis enifAreydm (unsupervised learning) 1 pébnon and mapatipnon (learning
from observation): 10 cUCTNUA TTPETEL LOVO TOU VA AVOKOAUPEL GUOYETIOELG 1] OPAOES
oe éva olbvolo dedopévwv, dnuovpywvtag mpdtuna, Ywpis va eival yvootd av
untépyoLV, TOCN KAL TToLd Elval.

e evioyUTIKN pdBnon (reinforcement learning): amtoteAeiTon otd LA OLKOYEVELX TEXVIKGOV
OTlG omoleg to ovoTNua pdbnong mpoomaBel va pébel péoa amd TV ApEOM
OMINAETTIOpaom ToU e TO TIEPLBEANOV.
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2.1.3 Tawvounon

Onwg avadépbnke, ot dadikaoia g emPAenopevng pdbnong, divetat atn pnyovn
€Val aVTIKEIHEVO 1) LA KATAOTHOT WG £i00d0 Kot 1 avapevopevn €€odog mou embupeitatl va
emotpépel . pnyavr.  To avilkelgevo 1 1 KATAOTAON TEPLYPAPETAL WG €va TUVOAO
YOPOKTNPLOTIKGWV, TO oOmoio ekdppdletar pe €va  Savuopa  aplBuov  (Savuopa
XAPAKTNPLOTIK®OV). [4] Ol TIHEG €10660V Kal €660V TwV Slavuopdtwy pmopel va elval site
ouveyelg, site dakpitéc. Otav Pplokopaote os mepimtwon Habnong pe dtaxkpltég tipég e€6dov,
N dtadikacio mov akorovBovpe ovopdletal pébnon taEvopnong Kot ot Stakpltég Tipég eE6dou
ovopddovtal kAdoels. Katd v ekmaidevon touv aiyopiBpov, Aowmdv, oto otddo ng
EKTTAIOEVOMNG EXOUE VA ETUTTAEOV YAPAKTNPLOTIKO OTO SLEAVUOUA, TO SLEVUOUX KAKONG, TTOU
ekppdlel Vv avapevopevn €€odo.

Edooov ohokAnpwBel n ekmaidevon touv aiyopiBpov, 10 HOVTEAD eAEyxETL ME VEQ
oebopéva, mov kaieitar va mpoPAéPer v €6odo. Katd 1t Sadikacia eAéyyov TO
YOPOUKTNPLOTIKO KAGONG OEV YPTOLLUOTOLEITL YIX TNV £EAYWYT] TOU QITOTEAETHATOG, CUVETIMG N
pnxavn Sev yvwpilel v KAGOT 0TV omola avijKeL T0 VOEXOLEVO Kal eTLOTPEDEL pia TpOPAEYM
HE ¥PNOTM TNG OUVAPTNONG TTOU KATAOKEVOOE KATA TNV ekmaibevon mG. To XapaKInpLoTLKo
KAQOTG XPNOLUOTIOLEITL TEAIKY, YLot TN OUYKPLOT LE TNV £6000 oL TTPOPAEYE TO HOVTEAO.

2.1.4 Metpikég afloAdynonG HOVTEAWY

Mia ouyvd XpnOLHOTOLOUUEVT) HETPLKY afloAdynong sival n akpifeia taEvopnong twv
pHovTéAwV (accuracy) kol UToAoyileTal otd TNV THPAKATW OYEON:

number of correclty classified test instances

Accuracy = -
y number of test instances

3TN OUYKEKPLUEVT epyaoia, BplokOpaote otnv mepimtwon enmPAeTOpeVNg pabnong katd
Vv omoia to ovotpa «pabaiver» pio ouvapinon, pe dedopéva éva GUVOAO TAPASELYHATWV
€10660v kat €660V To omoio ovopddetal oUvoAo ekmaidevong (training set). Ztnv mepintwon
HOG, XPNOLUOTIOLOVLE TIG KPLTIKEG Taviav oto IMDB kat Tig kpitikég tov YELP, yia Tig omoieg
yvwpifoupe Vv TOAKOTNTA OTNV OMolar AVIKOUV, YO VO KOTAOKEUACOUHE TO OUVOAO
ekmaibevong g pnxovns. Q¢ eioodbo otov oiyoplBpo yia ekmaidbevom, Sivoups Ta
XAPAKTNPLOTIKE TV KEWWEVOV QUTOV KL TNV KAQOT otnv omoia avrkouv. Etol n pnyavi,
votepa amtd 10 otddlo ¢ ekmaibevong, pmopel va mpoPAEmel yia kdBe véo xeipevo pe véa
XOPOKINPLOTIKE o mowx kAdomn avhkel. Emopévwg, auvt) n dwdwkaoia avéyetar oe éva

TPOBANHA TAELVORNOoNG.
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2.2 AAyoplOpog Bag of words

2.2.1 OpLopog

To poviéAo Bag of words opiletal ®G Rl oTAOTONUEV] AVOTTOPAOTACT), JIOU
ypnotpomoleitar oty ene€epyacio Puokng yAwooag. ZUpPwva HE aUTO, €va Kelpevo
avamoapiotatal pe €va oUVOAO AEEEWV, TTIOU OUAAEYETE IO TO TIEPLEYXOLEVO TOU KELLEVOU,
ayvovtag mAnpodopieg Omwg 1 oslpd gpdEviong Toug 1 N ypappoatikr. H povadikn
mANpodopia Tou apyLkoL KEWEVOU, IOV EXEL OO 08 AUTO TO HOVTENO, Elval 1) oUYVOTNTA
epdaviong twv AéEswv. [5][6]

2.2.2 Edappoyeg

O aAyopLBpog autog eival ToAD e0KOAOG TNV KATOVANOT) KAL TV UAOTIOINOT) KAL YL QUTO TO
AOyo edapuoletal ouyva oe peBddoug emefepyaoiag Gpuokng yAwooog, Omwg avayvoplom
YAWOOOG, GATPApLORa aVETIBOUNTOV HNVUUATWV, KOTIYOPLOTIOINOT KELWEVOU, OavAAUOT
OLVALOONUATOG K.A., AKOUT KL O EPUAPLOYEG OTOV TOUEN TNG OPACTG VITOAOYLOTWV.

2.2.3 Avamapdotaon KEPLEVWY L xpnor Bag of words

H avamapdotaon k&Be xewpévou, pe ) péBodo autr, €MTUYXAVETOL HE TNV XPNON
Stavuopartog. Kabe B€om tou dtaviopatog avtiotolyel o pia AéEn tov Ae€lroyiov (vocabulary
set) mou €yovpe dnLOVPYNOEL, Kal eite AapPavel TIHEG TG ouyvoTnTag epddviong k&dBe AEEnG,
elte amwg avomaplotd v €voelln epddviong me. Ou ouvyvonteg epddviong maipvouv
AKEPALEG TIHEG KaLl dnAwvouv to TAB0g Popwyv ov cuvavtape pia AéEn oto keipevo, evo 1
€vbeln spddviong sivat dvadiko Ynoio mov maipvel v Ty aAnbég dtav 1 avtiotoiyn A€
Tou Ae€hoyiov spdavifetal oto keipevo kat Pevdég oty aviiBetn nepimtwon. To Ae€AdyLo oL
XPNOLLOTOOVE Og auTh T dtadikaoia, dSnpovpyeitat amobnkevovtag AEEELS TV KELHLEVHV TOV
OUVOAOU eKTTAOEVONG TNG NXAVIIG KAL [LE TN XPNOoN TV gpyaieinv G PLpAoBikng Weka'. H
péBodog autr) ypnoipomolel ®WG SLAVUOUA YAPOKTNPLOTIK®WV, TO Olavuopa AE€ewv NG
npooéyylong bag of words e v mpoaOkn TOU XUPAKTNPLOTIKOU KAAONG, Yl TNV ekmtaideuon
KOL TOV EAEYYO0 TOU TAELVOUNTY).

'http://www.cs.waikato.ac.nz/_ml/weka/
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2.3 AAyoplOpog N-gram
2.3.1 OpLopog n-gram

JTOUG TOMEIG TNG UMOAOYLOTIKNG YAWOoOAOYiaG kol g mbavotntag, éva n-gram
aoTteAEl pia ouveym akolouBia n otolyeiwv atd o akoAouBia kelpévou 1 opuAiag. Ta otolyela
eEaywyng, avaAdywg He T Hopdr) TG akoAouBiag Kol To oKOmo T £DUAPHOYNS, HITOPOUV VA
elvatl poviipata, cuAAPEG, Ypappata 1 AEEelG. SV MEPIMTWON TTOU EXOUHE N YOPAKTIPES
ovopdlovtal n-grams yapoktipwv (character n-grams) KoL otV TEPITTWON OV EXOVUE V
Aé€etg ovopdlovtal n-grams AéEewv (word n-grams).

Ta n-grams 7OV JIPOKUTNTOUV OtO0 £€va KEIPEVO elval EMKOAVTTOUEVA, OTTWG
TOPATNPOVLLE OTO EMOPEVO TTapddeLypLa e€aywYNiG n-grams Yapaktpwv (ylo n=1,2,3):

Mapadetypa 1-gram 2-gram 3-gram
...sample_text... ..,s,a,m,p,l e, ..., 2, am, mp, pl, le, ..., Sam, amp, mpl, ple, le_,
SLtex t .. e ,_t te ex, xt, ... e_t, _te, tex, ext, ...

To Paoikd onpeio Twv n-grams eival OTL [LE T XP1|0T) TOUG HEAETHLE TN YAWOOLKY] SO
and otatotiky) amoyn. Voo peyoAlTeEpo TO n-gram, TOO0 TEPLOCOTEPOL OL TOPOL KAL 1)
UTTOAOYLOTLKT] LOYUG TTOU YPELACETAL YL VA EKTTALOEVTEL TO LOVTEAO.

2.3.2 Edappoyég

H e€aywyn n- gram XpnolUOTOLEITAL EVPEWG OTNV OTATIOTIKY avAAuon NG GUOLKNIG
YAwoooGg. Xpnown spappoyn €EL OTNV avOyvoPLoT) ORUALAG, OTTOU Ta GVIHOTA KoLl Ol
akoAouBieg pwvnuATWV povteAomolovvTal e BAon TV AOYLKY] TwV n-gram. [6]

Ta n-grams Pmopovv eniong va ypnotpononBovv yia akorovBieg oxeddv omolovdrjmote
Tomov dedopévwv. Ta mapddelypa, €xouv xpnotpomonOel yio v e€oywyr] XOpOKTINPLOTIKWY
antd peydAa ovora 60pudOpPLKWOV ELKOVWV, YLO TOV TTPOCOLOPLOUS TWwV TUNHATWwV ™S I'g ou
amelkovifel o ouyKeKpLLEVN swkova. Emiong, otov topéa TG PBlolatpikiig, €xouv HEYEAN
emtuyia wg mpwtrn diepevivnon ™G avalnTnong YEVETIKIG akoAouBiag kKol otV TauTomoinom
ToU €iboug artd 10 omoio TPoEPYOVTAL TUVTOUEG aAANAOUYieg DNA.

TéAog, pe Vv yprion n-gram ypadwv HITOPOULE VA TETUYXOULE e€aywyn mepAnymg
KeLPEVoL (text summarization),[7][8] yeyovdg mou kdvel tov aiyoplBpo twv n-grams va
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eDUPUOCETAL ATTOTEAETHATIKA O€ TEPLEXOEVO HECWV KOWVWVIKIG SIKTUWONG, YL TNV avAAUOT)
ouvaloOnpaTos.[9]

2.3.3 Edpappoyn tou n-gram oAyopibpov  ommv  Avdiuon
Juvaodnpatog:

Zmyv 1K1 HOg TIEPUTTWOT) PN OLLOTOLEITAL TO HOVTEAD KELHEVOU WG AVATIAPAOTAOT] EVOS
OUVOAOU KELPEVWV KPLTIKOV TOLVIOV KOL ETLYELPNOEWV TIOU £XOUV Kown yvoun (Betikn 1
OPVITLKT] KPLTLKT)).

2.3.3.1 Avamapdotaor KELLEVOL LLE n-gram ypAdo YapaKTpwV:

Ta v dnuovpyia TOL HOVTEAOU KELHEVOU avaTTOPLOTOUHE KAOE Kelpevo pe évav n-
gram ypado wg €ng:

Eotw éva tuyaio keipevo kpLtikng: “sample text”

EmiAéyouie n (00 pe 3 Kot EEAYOUE Ta 3-grams YOPOKTI PV oItd TO KEIHEVO :

“sample text”

sam | amp | mpl | ple | le_ | et _te tex ext

¥ ouvéyela, Eekwvdel 1 Sadwkaoio dnpovpyiag Tou 3-gram ypddouv. Apyikd,
dnuovpyovpe yu k&Be tplypappa évav képpo oto ypddo. O ypddog autdg BEAoupe TeEAKA va
amewkovifel Vv yewtvioon Twv n-grams, OOTE va pog Oivel mAnpodopieg ya v oelpd
ePdAVIONG TWV XOPAKTHPWV OTO KEIRLEVO.

T'a tov oxedlaopd tou ypddou ypnoipgomoloUpe T petafint) “punikog mopabupov”
(Dwin), otnv omola divoupe pia T ovpdwva pe o TAN00G Twv n-grams, mov eNLOUHOVE va
BewpnBolV yertovikd e TOo UTTO PEAETN n-gram. YUUPWVA LE TNV T Tov Tapabdupou av Eva
n-gram Ppioketat péoa oto Sidotnpa tov mopaBipov TOTE TOTMOOETOVE L aKp HETAED TV
dV0 kOpPBwv. To B&pog g axpig opiletal amd 1o mAB0g epddviong touv (eUyoug TwV n-grams
€VTOG TOU TapaBvpovu.

O 1eAkdg yYpadog Tou KEWWEVOU TOU TTapadelypatog, yia T mapabuvpou ion pe 3,
daivetal oto oyMpa 2.1:
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: mpl

amp\l

tex

Zynpa 1 Avamap&otaon KEWEVOU LIE xpron n-gram XapaKtipwy

2.3.3.2 Avamapdotaon KeLPEvou pe n-gram ypado Aé€ewv (word graph):

Me okomd TNV OKpPLBECTEPT AVATAPAOTOOT €VOG KELLEVOU KPLTIKNG HEOW Ypadwv
xpnotpomomnke kot pia véa péBodog mou mpokvntel amtd to cuvduaopo g peBddov bag of
words kKol Twv n-gram ypddwv yoapoktipwv. Avti 1n véa péBodog omnv epyacia auvty
ovopdetan péBodog word graphs kot vAomoleital pe v Sl Aoykrj Touv akyopiBpov e€aywyng
n-gram yp&dpwv yapoktjpwv, pe ™ dtadopd 6Tl avti yia akoAovBieg YapaKTpwV EXOULE
akoAouBieg Aé€swv kat avtiotolya e€aywyn) Ypddou Aéswv.

ITio ouykekpLéva, yia TNV e€aywyn evog ypddou AéEewv evog Kelpévou akoAovBolpe
mv €€ni¢ Stadikaoia:

"E0TW TO KEILEVO KPLTIKNAG :
“this is a sample review for a word graph example”
Ot xoppot tou ypddou mou dnpovpyovviat yia pEyebog mapabipou = 1 AéEn eivar :

this | is | a | sample | review | for | word | graph |example
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example

Zynua 2 Avamapaotaon KeWEVOU LE Xprion n-gram Aéfewv

O ypdadog mou mpokUmTeL yia péysfog n = 3 eivat mapovatdletal oto oynpa 2.2. A&ilel
va tpocéoupe OtL 0 KOpPog «a» Snuovpyeital pio povadiky popd kat mpoocappoélovpe v
TLpr) Tov BAPOUg TWV OKUGV, oL epdavifovtal Tave amd pia Gopd otov ypado.

2.3.3.2 SuyX®veLoN TwV Ypadwv kal dnpovpyia poviéAou:

H efaywyn 10U povtédou ypadou yivetal UOTeEpA Ad OUYXWVEULOT] TWV EMLUEPOUG
YPadbwv Aé€ewv K&Oe KEWWEVOU KPLTIKIG TOU OUVOAOU EKTTAISEVONG HE KOWVA YO PAKTIPLOTIKA
(omv nepimtwon pog Betikn 1) apvntikn Pabporoyia). H dtadikacio ovyywvevong twv ypddwv
Eexvael pe v apykomoinom tov ypddouv HOVIEAOU HE TOV TPWOTO YPA&do. 11 CUVEXELX
npoafétoupe otov Ypado ta véa (eUyn n-grams JToU TIPOKVIITOUV oItd TOUG EMOLEVOUG YP&doug,
TPOCHETOVTAG TOUG VEOUS KOLLBOUG KA OKHES KAL AVAVEDVOVTAGS Ta Bépn Twv 110N vmapyovowmv
OKH®V, £T0L OOTE VA OITOTEAOVV TOV HECO 0po Twv Papwv. AiCel va Swooupe mpoooyn ot
nepimtwon mov pia axpr) eppavietal otov ypddo HOVTEAOU Kal O€ V-1 YPADOUG KELHEVWV, TOTE
10 B&pog TNG AKUG TIPETEL VA avaVEWB El KATAANAX WOTE VO ATTOTEAEL TO PLETO OPO TWV V Bapwv.
O aiyépBpog, Opwe, emeldn} dev amobnkevel Ta ponyovupeva Bapn yia va utoAoyilel ek vEou

20



Tov pégo 6po, yvwpiloviag to mAB0G Twv LTTO GUYX®VELOT] AKU®VY, TO VEO B&pog pmopel va
vToAOYLOTEL IO TOV TUTO:

1
new average = old average + - X (new weight — old average)

. W1+ Wt Wy
Omov old average = %

2.3.3.3 ECoywyn XOpoKINpLOTIKWOV LE XP1oT TwV YPaPwv:

v gpyacia auty xpnopomomidnke duikn tafvopnon (o 600 KAGOELG) KAtd TV
omola tavopolpe kdBe evdeyopevo katdotaong wg ainBég 1§ Pevdég (1 kal 0 avtioToLya) Kat
oV mEpimTwon pog N taswvopnon adopd v kKAGon O€TIKNG TOAKOTNTOG KoL TNV KAKOM
OPVNTIKNG TTOALKOTNTAG.

Am6 kd&Be keipevo- instance mpog Tavopnomn eEAyoupe Eva GUVOAO XOPAKTINPLOTIK®OV
TO OTI0{0 EIVAL AVTITTPOTWITEVTIKO YLA TNV TTOAMKOTNTA TOV. 'l TOV 0KOTTO qUTO XPNOLLOTTOLOVVTOL
TA LOVTEAX. APYIKA SNLoupyoULe ToV n-gram ypado Tou KEBe KEWWEVOU-EVOEXOILEVOU KAL OTN
OUVEXELX TOV OUyKpivoupe pe k&Be ypddo moAkdTnrag, «ote va €EGAYOUHE KATIOLEG
OUYKEKPLULEVEG TLHEG OPLOLOTNTOG Y KAOE KElEVO, OL 0TTOlEG ATTOTEAOUV TA YO PAKTNPLOTIKE YiX
™V TaELVOUNON TOU KELHEVOL OTNV KATAAANAN TTOALKOTNTA, LETO OTTO TNV LUNYXOVT).

O SelKTeEG OHOLOTNTOG TTOU XPNOLHOTOONKAV XPNOLHOTOOVVTIAL Yo oUYKPLon Ypadwv
otV aflordynon nepinewv [7] kat ivat ot €€nig:

e Coocurrence 1} Containment Similarity (CS): SnA®veL TO TOOOOTO TWV AKUWOV EKELVOU
TOU YpAdou e TIG Atydtepeg akpég Tou epdavifovial Kal otov peyaivtepo ypado (dev
AapBévoupe vTdYP o PAPOS TWV AKUWOV).

e Size Similarity (SS): dnAwvel v avaroyia peyéBoug twv 800 yYpddwv.

e Value Similarity (VS): dnAwvel tov aplBpd Tov aKL®V Tou HIKPOTEPOL Ypadou ou
epdavidovral KoL 0Tov LEYAAUTEPO aKPLBWG OTIWGS KoL oIV tepintwon tov Containment
Similarity pévo mov avt ™ dopd Aappfdvoupe voPn T Pépn TWV AKUOV.

e Normalized Value Similarity (NVS): dnAwvel v avoroyia : g

Zmv npd€n oe auth TV epyaoio eEAyoupE Yia KEOE KEILEVO KPLTIKTG TPELG TLHEG OLOLOTNTAG
pe tov kaBe ypddpo moAkdTnTag dSnAad) ouvorlkd £EL TLpeg oto Stdotnpa {0,1} yia k&Oe keipevo.
Svpmeprappavovtag kat v tLpr) C g KAGoNS Tou Kelpévou dnpiovpyeitat éva didvuopa epta
TIHOV Yla K&Be evdeyopevo e TG omoleg yivetal 1 ekmaidevon g pnyoavrc. Avtiotoya
AELTOUPYOULE YL TO GUVOAO KELWEVWV EAEYYOUL. XNV TepimTwon pag dev Ba aoyoAnBolpe e
TNV KAQOT 0USETEPNG TTOALKOTNTAG CUVETTWG TO TTPOPANHA LoG avdystal oty Katnyopia Binary
Polarity Problems.
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2.4 Movtéda Tavountwv

To 710 SNPODAEG HOVTEAD TASIVOUNOTG KEPEVQV elval To povTélo Naive Bayes [10][11]
10 o7oio kot epappdlovE 0T CUYKEKPLULEVN Epyaoia.

2.4.1 AmAoko povtého Bayes (naive Bayes)

O 0pog naive Bayes avadEpeTal yla vo SNANCEL TA HOVIEAX HNYOVIKIG HABNnong mou
ebpapuolovv Tov Kavova Tou Bayes katd v talvopnomn o€ KAGOELS TWV  EVOEXOUEVWDV
Katdotaong, mou skdpdlovral pe €va Sidvuopa yapaktpotikwv. H AéEn naive mou
yapoktnpilel 1o poviero, ekdppalel pio aderry vmdbeon avefapmoiag TV peTABATOV TV
XOPOKTNPLOTIKWV, TTOU AXUPAVOURE. EMUTAEOV, 0TO HOVIEAO QUTO 1) KAAON TWV EVOEXOULEVWDV
AAPPEVEL SLOKPLTEG TEG OE €V TTEMEPATUEVO TUVOAO, GUVETIWG TO HOVTEAO QITOTEAEL LOVTEAO

Taévopnong.
[Tio ovykekpLpéva, oUpdwva e ToV Kavova tou Bayes toyvet:

P(B|4) P(4)
P(B)

P(A|B) =

1

omov A kat B gival yeyovota.

- P(A) xat P(B) eivat ot mBavdtnteg twv A kat B mtov eivat aveEdptnta petald toug.

- P(A | B), nund ouvOnxn mbavomnta, ival n mBavéta touv A Sedopévou tou B va
elvat oAnOnge.

- P(B | A), eivaw n mBavotnta tou B ddopévou tou A va eival aindiig.

Emopévwg yior v taltvopnon evog evOEXOHEVOU O KATIOLX KAAOT OTNV TEPIMTWOT LG
XpnotpomoloUpe Ta povtéda Bayes. T kdBe evbeydpevo vmoroyilouvpe v mbavdmra va
aviikeL auTd o€ kABe pia amd TG KAGoNG, VPPV LLE TO XOPAKTIPLOTIKA TOU, XPTOLLOTOLOVING
T0 Osdpnpa Tou Bayes kal 0t ouvéxela autd Talvopeital otnyv avtiotolyn KAGo.
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Kepdrawo 3°  Ikavotnta yevikevong
LOVTEAOU UNYAVLIKNG Habnong

OL oAyoplBpol G eMPAETOUEVNG UNYXOVIKNG HAONONG, OMwG avadEpeTal oOTo
TPOTNYOUHEVO KEPAALO, EMIOLOKOLV TNV dNLLOVPYIA LOVIEAWV Ta oTtola eKTTaLdevovVTAL Ao Eval
oUVoAo dedopévmv ekmaidevong pe Vv e€aywyn XUPAKINPLOTIKWY TTOU JTPOKVUITTOUV KATH TNV
avdAvon tewv Sedopévwv TNYNG. ZKOMOG €vOG HOVIEAOU popel elval va tafivopel véeg
TEPUTTWOELS f&om evdG cUVOAOL KaTtnyopLlwv. I va elvat epiktr) autr) n Asttovpyia Ba mpémet
To povtédo mou Ba OnpovpynBel va pmopel vo yevikeUoel. e auTtd TO KEDAAXLO
EMKEVIPWVOLOOTE OTa (NTHHOTN TTOU TPOKUTITOUV KOTE TN Sladlkaoio KAtaokeung €vog
KATEAANAOU HOVTEAOU O€ éva oUOTNHA PUNYAVIKYG LdBnong.

3.1 Ymepmpooappoyr] - YepHovieAomoinom

"Eva povtého mov dev pag odnyel o YEVIKEUON TNG EUTELPLOG TOV CUOTHHATOG OT|HALVEL
OTL dev pmopel va kavel akpLPeis mpoPfAePels yia véa dedopéva mouv ouvavtd. Tty mepintwon
AOLTIOV, TIOU TO HOVTEAO ELVAL TTPOCAPLLOCHEVO O€ VA CUYKEKPLILEVO OUVOAO SedoPEVwV OE TETOLO
BaBuod wote va pnv pmopel va mpooappootel ge véa O6edopéva 1) va mpoPAéel véeg
mopatnpnoelg  aflomota,  mapoatnpeltal To GAWVOUEVO  TNG  UNEPTIPOTUPHOYTG-
vneppovteronoinong (Overfitting).

To ¢pawvopevo autd mpokaAeital cuviiBwg, OTAV TO OTATLOTIKO LOVTEAO TOU CUOTHLLATOG
TIEPLEYXEL TEPLOOOTEPEG TIOPAUETPOUG QIO aUTEG Tou eival avaykaisg kot skdpalovv Ta
XOPOKTNPLOTIKA TV dedopévwv mou pag eviiadEpouv, mpokelpévou va emeEnynoel 6oo to
duvatov mo motd Vv omota oupnepldpopd epdavilel o meploplopEvo mABog dedopEvav
exkmaidevong. v ovoila oe aut) Tt meEpimTwon e€dyovial v ayvold oG OTOLXEID T®V
dedopévwv mou gpmepLéyouvv kdmoto Badpo opdApatog 1) asroteholv tuyaio Bopufo kot autd
0TI CUVEXELN AVIUTPOTWITEVOUV TNV UTTOKEILEVT] SO} TOU povtéAou kat audvouv Tov kivouvo
HELWHEVNG TTPOPAETTIKNG LKAVOTNTOG TOU CUOTIHLOTOG.

Me &M\\a Aoyla, N umeppovteAomoinomn eival 1 xprion HoviéAwv 1] Sadlkaou®v mou
napafidlouv Vv apyn G owkovopiag (to Eupddt Tou Occam), Yt TTOAPAOELYHA
neplrapfdvoviag  meploodtepeg  PUOULCOPEVEG  TAPAPETPOUG QIO TIG OVOYKOlEG 1)
XPNOLUOTIOLMVTOG [ TILO TEPLTAOKT TTpoogyylon amo v Péitiotn. To Eupddt tou Occam
vIodNAWVEL OTL omotadrimtote dedopévn oAUTTAOKN Acttoupyia dev eival amapaitnta kaAUTepn
artd omotadrimtote SeSopévn At Asttoupyia. Auto To davopevo dlakpivetatl kabBapd oto oympa
3, OTO OT0{0 TTOPATIPOVLE TIWG TO VITEPTIPOCAPLOCTHEVO HovTEAo KaBopiletal avotnpd and ta
dedopéva skmaidsvong, xavovtag €10t TV IKAVOTNTA TOL Yl Yevikevon dtav Ba ouvavtiioel
véa debopéva.
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BéAtioto povtélo YNePTMPOCAPUOCUEVO HOVTENO
Zxnua 3 Z0ykpion PEATIOTOU HOVTEAOU - UTTEPTIPOCAPLOTUEVOU LLOVTEAOU

ITio ouykekplpéva, oe éva xwpo vmobéoswv H , pia umdBeon h € H vmeppovteronolel
ta dedopéva av vmapyeL pa aAAN vtdéBeon h' € H pe peyaivtepo odpdipa amd v h ota

debopéva ekmaibevong, 0AAG HIKPOTEPO 0€ OAO TO CUVOAO TWV TTEPLITTOTEWV.

H vneppovieromoinon eivat Waitepa mbavr oTIg TEPUTTOOELS OTTOV TO [LOVIEAO TTOU
xpnotpomoteital ival apketd oUVOeTO 1) 6TV TO CUVOAO debopEvwV ekTTaibevong elvat LKpO,
TPOKOAWVTOG TO HOVTEAO VO TIPOCAPHOOTEL O€ TTOAD GUYKEKPLLEVA TUXON XAPAKTNPLOTIKA TV
debopévav exmaidevong, ta omoia HpE€pouv avemBUUNTA ATTOTEAECUAT KAL OEV ETTPENOLY OTO
HOVTEAO va yevikeDoel pe emtuyia. 'Etol otav to poviédo mou ypnoldormoleital sival
UTTEPTIPOCAPHOTHEVO, T aKpiBela oTa Tapadelypata ekmaibevong eival vymAn, evod N artddoaon
o€ véa, ayvwota dedopéva apyilel va peldveTaL.

3.2 Ymompooappoyr) - ATeAg nabnon

‘Eva poviéro mpdPreyng, o omoio dev eival apketd ouvOeto, pUmopel va amotUyeL va
HLOVTEAOTIOLNOEL EMTUXWG T dedOUEVH EKTTAIOEVONG KAL VO [N UITOPEL VO YEVIKEVOEL OE VEX
dedopéva, odnywvtag oe ateAn] pdbnomn. H ateAng pdbnom, 1 oAAKG LTOTPOCAPHOYT
(Underfitting), amoteiel axplpwg 1o aviiBeto davopevo amd v UIEPTTPOCAPHOYT KL EVa
TETOLO HOVTEAO HNYAVIKNG HEONoNG avayvwpiletal eDKOAX AOY® TWV XAUNA®V TIHLOV artddoaong,
T000 ota Sedopéva exkmaidsvong, 6oo Kot ata dedopéva eAgyyou.

Juyxvd, T10 ¢oawvopevo oautd oupPaivel otav  €gouvpe Alya dsdopéva yia  va
KATHOKEVAOOUE Eval OKPLBEG LOVTEAD KAL ETTIONG OTAV TTPOOTTABOVLE VO XTITOUE EVA YPOLLLKO
HOVTEAO LLE [N YPOAHLLKE SESOUEVA. ZE TETOLEG TTEPUTTWOELG, OL KAVOVEG TOU HOVTEAOU UNYOVLIKIG
pabnong eivat oAl amAol, Aappdvoviag VO AVETAPKT] XOPAKTNPLOTIKE KAL AITOTUYYGVOUV
VO AIt0d®WOOLV TN CUUTEPLDOPE TOU TUVOAOU TV OESOUEVWV EKTTAIOEVONG KAL WG EK TOUTOU TO
povtéro Ba k&vel TmBavwg moAAEG AavBaopéveg TpofAEPELG.
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BéATioTO poVTéNO YTOTPOOApPOCHEVO UOVTENO

ZYnpa 4 Z0ykpion BEATIOTO LOVTEAOD - YTTOTIPOTAPLLOOLLEVO LLOVTEAOD

'Onwg mapatnpeital oto OYNHA 4, EVO VTTOTIPOCUPLOTHEVO HOVTEAO EXPTATAL EACYIOT
and Tt debopéva ekmaibevong kot kavel pia oyvpny mapadoyr ywa to dedopéva. Eto
OUYKEKPLUEVO SLAYPAUHA VAl UTTOTTPOCUPHOOHEVO HOVTEAD, OTIWG Eva TTOAVWVULO 1°° Babpon
dev Sivel dlaitepn mpoooy] ota onpueia, spoocov 1 vmobeon sival 6tL T dedopéva eivan
YPOAWWLKE, KATL TTOU TTPOPAVOS SEV CUUTTITTITEL [LE TNV TTPAYHATIKOTTA

3.3 Emoyn katdAAnAov poviéAou

Smv Waviky mepimtwon, BéAovpe va emAé€ovpe Eva LoviéAo To omoio ovUte Ba eivat
OPKETH ATAOLKO MOTE VA EILAOTE OTNV TTEPUTTWOTN TNG ATEAOVG HEONOoNG, aAAG 0UTE KO ApKETA
oUvOeto KoL v TTopatnpeltal vmeppovieAonoinon. Avtdg eival 0 0td)0G, aAAd eival TTOAD
dvoko o va emitevyBel otnv TPd&én.

I'a va KATaVOriCOUE QUTOV TOV OTOXO, HITOPOULLE VA TTAPATIPHITOULE TNV aItd800T] EVOG
oAyopiBpou pnyoavikng péBnong pe v mapodo tov xpovou, kabwg ekmatdevetal. MmopoUe va
oxedldooupe 1000 TV amddoomn ota dedopéva ekmaidevong doo kot TNV arddoon ae Eva aUVOA0
dedopévwv mou €youpe amokAeioet oo ) Sradikacia ekmaidsvong.

Me v tépodo tou Xpdvou, OG0 aAyoplBpog pabaivel, 1o oGAALA Yo TO HOVTEAO OTA
debopéva exmaibevong pelwvetal kal To (510 oupPaivel kal pe 1o oPpdApa aTo cUVOAO dedopévmv
eAEYYOU. Av ekmaldeVoOUPE Yl TTOAU PEYGAO XPOVIKO OSLaotnua, To opdApa oto oUVOAO
dedopévwv exkmaidevong pmopel va ouveyioel va petwvetat eneldn apyiel va Aappavel yopo to
OUALVOLEVO TNG LTTEPTTPOTUPHOYNS KAL TO OUOTNHA EKTTUOEVETAL |E ATYETEG AETITOPEPELEG KL
otowxeia BopUPouv oto oUvVoAo dedopévwyv ekmaibevong kat mpooappoletal o qUTA.
Tautoypova, To OPAALA YL TO TUVOAO EAEYYOL ap)ilel va avEdveTal Kal TEAL KaB®G HEL®VETAL
1 IKOVOTNTA TOU HOVTEAOU VO YEVIKEVEL.

To onueio mov pog evdladépel ya v emAOY €VOG KATEAANAOUL HOVTEAOU YlO TO
ovoTHa pog, eival to onpeio akplpwg mpwv apyioel va avEdvetal to opOALa 0To gUVOAO
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dedopévmv eAEyyou, OTTOU TO HOVTIEAO €xel KAaAEG Oefldtnteg TO00 0TO OUVOAO dedopévwv
EKTTA{OEVOMG 600 KAL 0TO TUVOAO VEWV AYVOOTWV deSOUEVWV.

[Tlo avoAUTIKE, 0TO PALVOLEVO TNG UTEPTIPOTUPLOYNG OVADEPOHATTE AEYOVTAS OTL TO
povtédo €xet uymAn Swakvpavon (high variance). Avtiotolya oty mEpimtwon TG
UTIOTIPOCOPHOYNG AELE OTL TO HOVTEAD yapaktnpiletal amd vymAn pepoAnpia (high bias). H
peponpia eival éva opdApa mou amoteAel oOTEAsopA €0hOANEVWV LTTOBEOEWY OTOV
oAy6pBpo pabnong. H vymAn pepoinia pmmopel va TpoKaAEoeL Evav aAyoplOpo va xAoeL Tig
OXETIKEG OYETELS HETOED TV YAPAKTINPLOTIKOV Kol TwV otdywv £66dou (vmompooappoyny). H
Sdlakvpavon sival Eva ohEALA TTOU TTPOKAAEITAL AITO TNV €LALOONOLA OTLG HIKPEG SLAKVAVOELG
010 oUVoAO ekmaidevong. H peydAn SiakOpavon Hmopel va TpokaAEéoel Evav aiyoplBpo va
evidlel oto poviédo tov Tuyaio B6puPo ota Sedopéva exkmaibevong, kol va odnynoeL oe
AavBaopéveg umobéoetg (Lmepmpooappoyn). To SiAnppa pepoAnPiog-SlaKOpavonG amoTeAel T
oVYKPOUOT OTNV TTPOOTIADELN TAUTOXPOVIG EAXYLOTOTIOINOTG AUTROV TV dU0 TNYWV 0GEALATOG
1oL epmtodifouv Toug arydplBpoug emBAemOpEVNG LABNONG VA YEVIKEVOUV TTEPA otd TO TUVOAO
debopévwv exmaidevong.

3.3.1 I[ToAvmAokdTa HOVTEAOU Kal OPAALQ

310 OYNHA 5 OITEKOVICETAL 1] OYXEON TNG TTOAVTTAOKOTITAG TOU HOVTEAOU UE TO OPAAUA
mov mapatnpeital. Eivat pavepd otL o poviédo mov graylotomolel 1o opdipa skmaibevong dev
Tautiletal e TO HOVTEAO TTOU EAYLOTOTIOLEL TO OOApa EAEYYOL. Eved To oddApa ekmaidevong
HELWVETAL 000 AVEAVETAL 1] TTOAVTTAOKOTITA TOU LOVIEAOU, TO OpEALa eAEYYOU epdaviel TTOAD
dadopetikny ouvpmepipopd. T pOVIEAQ HE HIKPY TIOAUTAOKOTNTA, OTA QAPLOTEPA TOU
dlaypdppatog (seployr) He vYMAY pepoAndia), to opdApa eAEyyov otadlakd peldveTal 600 1
TIOAVTTAOKOTN T aUEAVETAL XNV TTopela, OPWG, HETE Ao Eva OUYKEKPLLEVO onpeio apyilel kal
TEAL va avEdvetarl pe v adfnon g ToAVTTAOKOTNTOG (Tteployr] pe vPmAn StakOpavon). To
onpelo autd mov mapouotdlel EAGYLOTO TO OPAALA EAEYYOU QVTLOTOLYEL OTO BEATLOTO HOVTEAO
YL TO CUOTNHA OGS KAl oNHatodoTel To onpeio Evapéng Tou GpaLvopEVoU TG UTTEPTIPOCAPLLOYNIS
TV HOVTEAWV HE LPMAGTEPT TToAvTTAOKOTNTA. H YapnAr amddoor twv HOVTEAWY e auEnpévn
TIOAVTIAOKOTNTO OPEIAETUL 0TO YEYOVOGS OTL atodidouv pia dopr) mpooappoopévn ota Sedopéva
ekmaidevong, n omoia mpopavwg dev vdiotatat ota dedopéva erEyyou.
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$ e TAAPQ EAEYYOL
\ — Tpahua exmaibeuong

Zeaipa

MoAumAokOTNTa HOVTENOU

Zxnpa 5 KapumOleg opaAuaros - moAvIAOKOTNTAS TOU LOVTEAOU

3.3.2 MéyeBog ouvorou Sedopévwy ekmaidbevong kot opAApa

AN plo petafAnt mou pag eviiadeépel va e€eTdooupie, EKTOG ot T TOAVTTAOKOTI T
Tou povTéAov, eival To mA0og Twv dedopévwv ekmaidsvong. e auth TN MEPUTTWON YA Vo
SLOTTLOTWOOVE AV EIHAOTE AVTLHETWTIOL LLE TO TTPOBANHA LPNANG pepoAniag 1) LE TO TTPOPANHA
VYPNANG SLOKUHAVONG QTTOTUTTOVOULE TIG KOTUAEG OOEALATOG EKTTOOELONG KAl EAEYXOU WG
oUVAPTHOELG TOU TTA00UG dedopévmwv TOU TUVOAOL eKTTaidevOTG.

Y10 oynpa 6 mapouoldletal P MEPIMTWON UTONMPOCUPUOYNG 1§ CAA®WG UVYPMANG
pepoAniag. And to didypappa sivat pavepd dtL 600 HKpOTEPO £ival To TAIB0G ToL TUVOAOL
ekmaibevong 16o0 o aKpLPNG elval 1 TPOCAPLOYN TOU HOVTEAOU oTa dedopéva ekmaidsvong
Kal aviiotolya 1600 HIKPOTEPO TO oPdApa ekmaidbevong. AvtiBeta 600 avEdvetat To TANB0G TV
dedopévarv exmaidevong 10 HoVTEAO TTAPOUOLACEL HIKPOTEPT] LKOVOTNTA TTIPOCAPHOYNG KOL TO
oddApa ekmaidevong avEdvetal.
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MArBog dedopévuv ekmaldsuong

Zxnpa 6 Kapmodeg opdpuarog - mhnbog dedopévwy exkmaibsvong : Iepintwon vipnAng pepoAnipiag

[podavmg, To aviiBeto paivopevo mapatnpeitar 6oov adopd to olvoro eAéyyou. I'a
HLKPOTEPEG TLEG TOU TTABOUG TOU GUVOAOU EKTTAISEVONG, TO HOVTEAO TTAPOUCLACEL PELWUEVT)
KovOTNTA YEVIKEVOTNG KL OUVETIQOG LEYOAUTEPO OhAALa eAEy)ov. Doo avfavetal To TA00G Twv
debopévov  ekmaidevong mapatnpeital pelwon Tov OGAAPATOG €AEyYoL, edOoOV  O0O
neploodTepa elval Ta debopéva [le Ta OTola EKTTALOEVTNKE TO HOVIEAO, TOOO HEYOAUTEPT
wovdTNTa YEVIKELONG TAPOUCLALEL KaTA TNV £DApLOYT] TOU O VEX dedopéva.

Otav, Aoutdv, avtipeTwmiCoupe TNy eplimtwon VPNANG pLepoAniag, To apdApa EAEYYOU
HEL®VETAL e TN otadiak] avEnom tou TABoug Twv dedopévwy ekmaidsvong, ald Votepa amo
€va onpeio 1 PeAtioon mov Tapouotdlel TO UTTOTPOTAPHOTHEVO HOVTEAD Ba elvat pndapivr). To
obdApa ekmaidevong avtiotorya AAUPAVEL YOUNAEG TLHEG VIO LLKPA OUVOAX EKTTAISELONG KOl
KOTAANYEL OE TUEG TTAPATTATOLEG TOU OPAALATOC EAEYYOU YL LEYAAVTEPO TUVOAX EKTTAIOEVONG.

XapaKInpLoTKO OTOLYE0 TOU GALVOPEVOU TNG VTTOTPOCAPLOYNG EVOG HOVIEAOU Elval 1
UPMAN TLUT] TTOU KATAAYOUV v £X0UV TO OPAALA EAEYYOU KoL TO OPEApa eKTTaidEVONG. ZUVETTKG
0NV TEPIITTWOT TTOU 1) XARNAT) artdO00M TOU HovTEAOL odeieTal og LYNAT pepoAnia, 1 adEnom
Tou TTANB0oUG TV dedopévwv ekmaidevong amd povn g dev mpoodEpel onpavTiky BeAtinon
peTd amd éva onueio kat ypetdletar va AndBovv emimAéov mapdyovieg umoPLy, Omwg 1
TPOCHNKN HLEYOAUTEPOU aPLOOD YAPAKTIPLOTIK®V.
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MArBog dedopévuv ekmaldsuong

Zynpa 7 Koaumodeg opauarog - mAjBog Sebopévwv ekmaidevong : Iepintwon vning Staxvpavong

AvtiBeta, otV nepintwon mov éva poviero yapaktnpiletal amd vpnAn Stakvpavon, To
obdApa ekmaidevong Ba Eekivijoel armd TOAD YOUUNAEG TLHEG YLO HIKPA OUVOAX eKTTAidELONG KL
Ba ouveyioel va €xel apketd koA amddoom yla peyailtepa oUVoAa ekmaidsvong pe pikpn
avénom touv odpdApatog exmtaidevong.

Antd v G, T0 oPAAPLA EAEYYOU VOGS UTTEPTIPOTUPLOTHEVOU HOVTEAOU, EEKLVAEL PE
TIOAU UPNAEG TLHEG KaL PELOVETAL OG0 aLEAVOVTAL Ta SeSOPEVH EKTTAISEVONG KOL OTN TUVEYELX
apd TNV JUKPY TTOTIKY TEOoN TTOU Tapouotdlel, Statnpel apKeTd VPNAEG TIHEG aKOWN KOl YLa
apKeTd peydAa oUVoAa ekmaidsuong.

XopoKINPLOTIKO €VOELIKTIKO OTOLYEIO QUTHG TNG TMEPUTTWONG UTEPTTPOCUAPLOCHEVOU
HOVTEAOU €ival 1) Tapatiipnon HEYEANG amtdkALoNG avdpeca oto opaApa ekmaibevomg Kal oto
obdApa eAéyyou. Ta peyoAltepeg Tipég tou mABoug Twv dedopévav ekmaidevong ot 600
KOUTTUAEG opoApdTwV TEVOUV VO OUYKAIVOUV, OUVETIWG XPNOLLOTOLOVIAG TEPLOTOTEPA
debopéva oy Sadikaoio g ekmaibevong pmopel mpdypott va PeAtiwBel 1 amddoon tov
HOVTEAOU.
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3.4 MeA£tn ™G anmddoonG YVwotwv HeOOdwv

e auth TV gpyaoia, avaADoape PEPLKOUG aAyoplOpoug yia Toug omoioug Ba rtav
XPNOLLO VO YVOPICOULE OE TTOLEG TEPUTTWOELG 0O YOULLAOTE 0€ GAVOLEVA VTTEPTIPOTUPLLOYNG 1
UTTOTTPOCOPLOYNS HE TN XPNOTN Toug, KaB®S Kol TRV €miOpaot TOU TAELVOUNT TTOU €XOULLE
EMAEEEL TNV AITO600T) TOU CUOTILATOG.

e H pébodog bag of words

H mietoymdpia tov pebodwv pnyavikng pdbnong taltvopnong KeLLEVWV YpnoLLOTOoLEL
TO HOVTEAO Slavuopatikol ywpou (Vector Space Model - VSM). Mia amd autég tig peBodoug
elvat 1 néBodog bag of words, 1 omoia ypnoLHoTTOLEl TIG TUYVOTNTEG ERDAVIONG HEHOVWLEVOV
AEEEWV WG YOPAKTNPLOTIKA TwV SLAVUOUATOV. QoTd00, QUTH 1) TPOCEYYLOT| XPTOLLOTIOLEL TTOAMG
TIAEOVACOVTA YOPAKTIPLOTIKA KoL £XEL L ApaLy] UNTPA HEYGAOU pHeyEBoug, 1) omoia eivat Bavo
va odnynoel oe vmeppovteAonoinon otnv ekmaidevon kot xapnAn akpifeia ota dedopéva
eAEYYOU [14]. Tuvenwg, n xpnon autng g peBodou elvar amodidbel wavomomtikd dtav ta
debopéva mou €xovpe ot S1abeon) pag eival eapkn.

e H pébodog n-gram ypadpwv

"Evag akOpun aAyoplOpog mouv PHeAETLE 0 aUT TNV gpyaoia, eival o aiyoplOpog twv n-
gram ypddwv. KaBwg 1o péyebog twv n-gram avédveral, n mbavdtnta va cuvavtiooupe idila
n-grams ota dedopéva pewwvetal. I'ia 1o Adyo auvtd, mapd 1o yeyovog, OtL éva  n-gram, (e
peY&Ao n, BewpnrTikd, TEPLEXEL TTEPLOOATEPEG TTANPOPOPIEG OXETIKA LLE TO TEPLEXOMEVO LLOG
AEENG, Sev pmopel eDKOAX VO YEVIKEVOEL 08 AN VEX TUVOAX SESOPEVWV (VTTEPTIPOTAPLLOYT] TOU
HOVTEAOU). ATIO TNV GAAN TTAEUPE, £VA LOVTEAO TTIOU KATHOKEVAOTNKE YL TTOAD HLULKPT] TLUH TOU N,
dev €xel apketég mAnpodopieg oyetikég pe ta oupdpaldpeva Kal PmOpel vo odnynoeL ot
UTTOTTPOCOAPLOYT] TOU CUOTI LATOG.

JUVETKG, €V To AeEAIYL0 TV dedopévwy Kelpévwy Tou €youpe ot didBeon pag eivat
TIOAD TTAOUOL0, OAAG OL AEEELG AUTEG £XOUV TTOAD YOUNAT ouYVOTNTA epddviong, eival mbavo va
€YOoUE KOAUTEPO QITOTEALOUATH YL HIKPOTEPES TIHEG TOU N. Opoiwg, €dv TO GUVOAO TWV
dedopévwv ekmaibevong sival moAD LKpo, KaAd Ba Mtav va yivel xpron HKPNS TIUNG Tou n.
Qotéo0, vmoBétovtag OtL €xoupe apketd dedopéva v va amodpUyete t0 PaVOUEVO NG
UTTEPTIPOCAPHOYNG, TOTE ETLTUYYXAVOULE KAAUTEPES £MLOOTELS Yot UPNAOTEPES TLHEG TOU N
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¢ O talwvountg Naive Bayes

‘Ooov adopd Tov tavopnt), o Naive Bayes sival évag tatvountig vmAng pepoAniog,
HE YOpNA SlakOpavon Kot PITopel vor SnLOUPYNOEL Eva KOAO HOVTEAO, OKOUN KoL OTOV TO
oUvoo dedopévwv eival pikpd. Eival ammhog ot xpron Kot €XEL HIKPO UITOAOYLOTIKG k6oTtog. H
akpifela Tou Naive Bayes Oewpeltat yevikd kaArn os amopaoelg tavopnong, kot eivat og B€on
va avté€el To B0pufo mov slodystal Katd ) Sidpkela ™G ekmaidevong aAAd €xel vtEpPOALKN
EUTTLOTOOUVT] OTIS oo ATELS TOV. TUVETIWG, £vag Tallvountiig Naive Bayes €xel éva otabepd
douko oympa aveEdptnta oo ta dedopéva ekmaidbevong. AuTdg o TEPLOPLOUOG 0dNYEl oUYVA OF
GALVOLEVA UTTOTTPOTAPLOYTC, WOTO00 £EAKOAOUOEL va atodideL apKreTd KaAd.

Mo avoivtikd , pe tov tafvount Naive Bayes, kdévoupe pia adeAn vmdBeon
ave€aptnoiag Twv HETAPANTOV, TTOU ONHAiVEL OTL Ol QAANAETIOPAOELS PETAED HETUPANTOV
propoUV va ayvonBoulv. Auto €xEL WG ATTOTEAETUA:

i) va €xel pla amholaoTepn Kot ypnyopotepn Asttoupyia vmobéoewv (o€ oUyKpLom e
TaELVOUNTEG, TL.X. AOYLOTLKY] TTOALVOpOUNOT))

ii) debopévou OTL oL aMnAemdpaoelg dev Aapfdvovtal voYn, OpLOUEVEG QTTO TIG
manpodopieg ota dedopéva ayvoolvtal. Autd Tov KaBlotd povtédo vYmAng pepoAnyiag.
[Mapovotdlel LPNAG ohAALA, MG elval apkeTd avBekTKo otov B6pufo Twv dedopévwy.

iii) téhog, edpooov ayvoolvial oL efapTnoElg, amaltouvVIaL Alydtepa Sedopéva
exmaidsvong.
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Kepdrawo 4°  YAormoinon kat opyavwaon
TELPALATWV

310 KEPAAALO0 QUTO, TTAPOUVCLALETAL 1) APYLTEKTOVIKT] VAOTIOINONG otV omoia atnpixdnkav
Ta EpApata. Tl Toug OKOTTOUG AUTNG NG EpYNOiag, Xpnotpomomdnkay ya v eEaywyr Twv
TELPOLATIKOV ATTOTEAETHATWY, dU0 Bdoelg Sedopévay , oL omoieg Tapouatd{ovTal OTr CUVEXELQ,
0€ QUTNV TNV EVOTNTA KOl EMEITA YIVETAL 1] GVOALOT TV TAPAUETPWY EKTEAEONG, KAOE
TMELPALATOG TTOU VAOTIOLONKE.

4.1 YAomoinomn mpoypaHHaTOG

O aiydpBuog, ou ypnotponofnke o aut TV epyacia, xwpiletal os Tpia eMPEPOUS OTASLA
ene€epyaoiog:

Anpovpyia kat amoBnkevon Twv ypadwov.
Anpovpyia kat amoBrikevon apyeiwv ekmaidevong kat eAéyyou (training kai test set).
Anpovpyia tavopntn kat aloAdynon tou.

4.1.1 Ilpwto otddlo

e autd to otddlo dmpuovpyovvtal ol n-gram Kot oL word-gram ypddol oL omoiot
AIOTEAOUV TA HOVTEAQ, Eva Yia K&Be moAkotnta. I'ia Toug SU0 aAyopLlOpoug eEaywyng ypddwv,
yivetal xprjon TV WIlnV KEPHEVHOV KPLTIKIG TOU OUVOAOL EKTTAiSEVOTG.

3T0 OTAdL0 AUTO €YOUHE TN SLVATOTNTA VA ETMAECOUHE T KEIPEVH KPLTIKIG Tov B
xpnotponomnBovv pe Pdon tig Pabpoioyieg kpLtik®v mov emtBupovpe, to TARB0G Toug, kabwg
KOL VO OplOOVLE TIG TTAPARETPOUG TTOU XPTOLHOTIOLOVHE Yia kK&Be aAyoplOpo émwg to péyebog
napaBipov kot to péEyehog Tou n.

To otddlo autd dev amoteAel HEPOG TG UNYAVIKNG HABNoMG, ald Bewpeital otddilo
npoeneCepyaoiog kal mpoeTolpaciog twv dedopévwv. Ev télel, oL ypadol mov Ba mpoxvpouv
a7t 1o oplopévo otddlo, amobnkevovtal yia Xprion Toug o€ SLadopeTIKA TELPALATA.

T'a v Kotaokeun twv Ypddwv g peboddov n-gram ypddwv kot word- gram ypddwv,
€ywve xpnon g PLPA0ONKNG JInsect. Tuykekpipéva, xpnotpomomfnkay ot pefddol tng kKAGoNg
DocumentNGramGraph kot n eméktaor g ywa v vlomoinon tng devtepng pebodov.
EmumAgov, 1 Biprodnikn JInsect kével xprion g PLpAodikng Open]JGraph g Java yia tov
XELPLOHO TV YPAPwV.
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4.1.2 Ag0tepo otddlo

310 deVTEPO OTASL0 ONLOVPYOVVTAL TX APXELX EKTTAISEVOTG KOl EAEYYOU. SZUYKEKPLUEVT
yivetat oUykplon Tov ypddwv TOAKOTNTAG OV ONULOUPYHOAE OTO TIPWTO OTASLO HE TOUG
YPAdoUS TV VTOPNPLWV VI EKTTAISELON 1] EAEYYOU KELLEVWV KPLTIKTC. ZTO TEAOG TOU SeVTEPOV
otadiov dnpovpyolvtal Ta apPYEId TWV SLAVUOUATWV XOPAKTNPLOTIKOV TOV KELLEVAOV KOl
amoBnkevovtal ot popdn Attribute Relation File Format (ARFF). Y& aqutd to otaddio yiveral kat
1 dnpovpyia Twv apyeiwv ekmaidsvong kat eEAéyyou g peBodou bag of words.

To povtého bag of words vAomowmBnke pe ) PoriBeia g PifAodnkng Weka. H
BLBAL0OMKN aut TpoadEpel Eva GIATPO, TTOU ETIITPETEL TN LETATPOTTY] EVOG KELLEVOU, TTOU Elval
amoBnkevpévo oe éva string, o éva Stavuopa AéEewv. H Stadikaoia emAoyng Twv Aé€ewv Tou
dlavuopartog yivetat oo ta dedopéva ekmaidevong kat To TAN00¢ Twv AEEEwV oL emAEyovTal
kaBopiletal amod pio TapAUETPO, e TPOKADOPLOPEVT] APXLKT) TLUT) TIG 1000 AEEELS.

4.1.3 Tpito otddlo

310 tpito otadLo dnpovpyeital kot aforoyeitat o TaEvopn g mov kabopiletal amo Tov
XPNOTN HE TIG TTUPAUETPOUG TwV apyeiwv mou divovtal wg eicodo oe kabe ektéAeomn kal
onpovpyndnkav oto deltepo otadlo. Kat oe autd 1o otddlo, Aoumdv, YPNOLLOTOLETAL 1)
BLpAoOrkn Weka, 1 omola eEVOWHATOVEL VAOTIOMOELG HEYAANG TTOKIAOG TAELVOUNTWOV, KAB®G
Kal pef6doug aELoAGYNOTIG TOUG. ZTNV SIKLA PG TEPITTWOT), YL TNV EKTTOVNOT TOV TELPAPATOYV,
0 TaELVoUN TG TTov XpnoLpomol)Onke eival o naive bayes.
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4.2 Baoelg dedopévav

4.2.1 Baon dedopévav kpLtikwv taviwv tov IMDB

To IMDB amoteAsl pia amd TG peEYoAUTEPES OLadIkTLOKEG Pdoelg dedopévmv e
mAnpodopies yia N8omolovg, Tavies, TNAEOTTIKG TTPOYPALATA, TTAPOVCLAOTEG TNG TNAEOPAOTG,
Bvteomaryvidla Kol CUVTEAEOTEG TAPAYWYNS TAWVIWV 1) Ttpoypappdtwv. H fdon dedopévav
KpLTIkV Tov IMDB mov emAé€apie otV OUYKEKPLUEVT Epyaaia eival Stabgaipn otnv loTtooeAida
ToL mavemotniov Tou Stanford'.

Ta debopéva autd ovykevipwOnkav amd 1o mavemomjpo touv Stanford kot
TpoodEPOVTAL £V TUVOAO 25.000 APYEIWV KEWWEVWV KPLTIKOV LLE OKOTTO TNV eKTaibevon Kal
£€va 0UVOAO 25.000 OPYEIWV KELLEVWV KPLTIKQOV Yia TV Stadikaoio eAéyyou-alohdynong. Kabe
€va artd autd Toe CUVOAX elval YwpLopéva oe BETIKEG KL ApVITIKEG KPLTLKEG.

H Bdon aut amoteAeital amd apyeia KEPWEVOUL .txt T omola TEPLEYOUV TO TTEPLEYOEVO
KELLEVOU TV KPLTIKOV KoL TO OVOHA TwVv apyeiwv €xel T popdr] number_rating.txt 6mov
number o avfovtag aplOpog Tou apyeiov kot rating n Babporoyia g kpLTIKIG 0TO SLACTHA
{1,10}. Ou Betikég PabBporoyieg opifovrat oto StdoTnpa {1,4} KoL aviioTOL(O OL PVNTLKEG OTO
dtdompa {6-10}.

4.2.1.1  Ilepleyopevo Kpluikwv

[ TV KOAUTEPT KATAVOTN 0T TOU TTEPLEXOLEVOU TWV KPLTLKWOV NG Paong dedopévwy, e
plo oOviopn oTaTOTIKY avAAUOT], TAPOUCLALOVTINL 0TI CUVEXELD OL AEEELG LLE TN HEYOAUTEPN
ovyvotnta epddviong ota Keipeva. H avéivon aut) mpaypatonmojfnke ota apyeia KpLTikov
IOV YpnoLlpomomnkay ot ouveyela yla v ekmaidevomn tov aiyopiBpov. O kwdKAG TOU
XPNoLLomomnke yla v avaivon Pploketal oto TopApTNHa 0TO TEAOG TG EpyaTiag.

'http://ai.stanford.edu/~amaas/data/sentiment
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BaBpotoyia: 1,2 BaBpoioyia: 3,4
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Zxnpa 8 IMDB - Top 20 words - Rating:1,2
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Syhua 10 IMDB - Top 20 words - Rating:7,8 Synua 11 IMDB - Top 20 words - Rating:9,10
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4.2.1.2  AOPN KEHEVWV KPLTIK®V

T v Kotavonon g SOUNG TOV KEHEVWV NG PAOMG, HLaG EVOLAPEPEL | KATAVOLT) TWV
HNK®OV KeWévav, avd (evyn Pabuporoyiwv (epdoov epyaldpoote avd (evyn kot ot
ouvéyel). O K®OOKAG TOU YPNOLUOTOONKE yla TNV KOTAOKELY] TWV LOTOYPAHLHATWV
Bploketal oto TopAPTNHA OTO TEAOG TNG EPYATLOG.

Moapatnpeitat, ota oYHUAaTo 3.5-8 OTL 0L KATAVOREG £XOUV UPKETEG OLOLOTNTEG KAL OTLG
TEOOEPLS TEPUTTWOELG Kal pog evoladépel 8waitepa 6t ge OAeg Tig Pabporoyieg
TPOVOLACETAL EYLOTO OTO SIACTNHA 100-200 AEEELG. SUVETIMG, TO CUYKEKPLUEVO GUVOAO
apyelwv exkmaidevong elval KatdAAnAo yLa xprjon oTa TEPALATA TNG EPYATLAG.

Rating: 1,2 Rating: 3,4
100 A

80+
804

@
o
!

60

no of Reviews

8
L
no of Reviews

204

400 600 200 400 600 800 1000 1200 1400 1600
Text length Text length
Sxnpa 12 IMDB - Text Length Distribution - Rating: Zynpa 13 IMDB - Text Length Distribution - Rating:
1,2 3.4
Rating: 7,8 Rating: 9,10

60 120 -

501 100

80

60

no of Reviews
no of Reviews

20 40 4

10 A 204

400 600 800 1000 0 200 400 600 800 1000 1200 1400 1600
Text length Text length
Zynpa 14 IMDB - Text Length Distribution - Rating: Zxnpa 15 IMDB - Text Length Distribution - Rating:
7,8 9,10
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4.2.2 Baon debopévav KpLTIK®V emyelprjoewv tov YELP

To YELP sivar moAveBvikdg opyaviopdg mov dnpooteel Pabporoyieg Kol KPLTIKEG
XPNOTWV YLO TOTILKEG ETLYELPNTELG. OL KUPLEG KATNYOPLEG ETLYELPTITEWV TTOU EIVAL EYYEYPALLEVEG
otn Pd&on tov YELP eival €0TlatOpLA, TOAUKOTOOTHOTH, KEVIPA VUXTEPWNG SlaokEdaaomg,
TOTILKEG LTINPECIEG, KAPETEPLEG KoL autokLvnToBlopnyavies. Ta dedopéva avta eivat StabBéopa
otov wototono tou YELP', yia xprion amd GpoLtnTég yia eKnaldeuTikoUg OKOoUG.

H Bdon Sedopévwv amotedeital amd 5.200.000 KPLTIKEG ETLYELPNOEWV Kol £ival
OPYOVWHEVT HE SladopeTikny Sopr], omoOTE ¥PELAOTNKE VA TNV HOPPOTOL|COULE aVTIoTOLYA LLE
autr) Tov IMDB, 00TE VA [NV YIVOUV TPOTTOTOLTELS OTOV KOOIKA TOU KUPILWG Tpoypdppatog. Ot
KPLTIKEG oTNVv BAom otV apyLkn g popdn Bpiokovial OAeG o€ Eva apyelo .json, LeydAou OyKouv,
amoBnkevpéveg oelplakd. I'ia va epyactolpe oe auty ™ Pdon Sedopévwv, TV petatpéPpapie
ot popdn mou meptypdPape TponyoupEvws. O KOSIKAG Yl TV HETATPONY BplokeTal oto
TOPAPTNHA OTO TEAOG TNG EPYATiag.

3TN OouyKekpluévn Paon Sedopévwv, oL KpLlkéG eival oUVIOHO KEIMEVA  TTOU
atoTEAOUVTOL aTTO AlYEG YPAMMEG PE Tepimou ekatd AE€elc. ZuviBwg, Lo KPLTIKY KAVEL pia
TOAUTIAEUPT) TtEPLYPadT] OYETIKA HE TIG UTMMPECIES LG ETMLYElPNONG KAl TNG EUTELPIOG TOV
xpriom. EmutAéov, doov adopd to ovotnpa fabpordynong. ol Betikég fabporoyieg opilovrat
oto ddonpa {4,5}, eved oL apvnikég oto didompa {1,2}. Me Bdon auté 10 oLOTHHA
BaBpoAdynong, emiéxOnkav oplopéva apyeia KpLTKOV yio ekmaidevon tou aiyopibpouv, ta
omoia T Stakpivape oe BETIKEG KAl APVNTIKEG KPLTLKES KAL OVTIOTOLYX OPLOHEVA apXEia yia
EAEYYO.

4.2.2.1  IleplexOUEVO KPLTIKOV

Opolwg pHe TV TPONYOUUEVH TEPIMTWON, avaAVoOope T PACT OUTH WG TPOG TNV
ouxvoTNTa gpddviong AéEewv ota KelPeva Kol Tapouatd{oVE 0T OUVEXELA TIG E€(KOOL TILO
oUXVEG Aé€elg, avd Babporoyia kelpévwy. H avdivon autr) pag Bonbdel va €xoupe o otk
EIKOVO TOU TTEPLEYOLEVOL TV KPLTIK®V K&Be Babporoyiag.

! https://www.yelp.com/dataset/challenge
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BaBpoAoyia: 1

ro
| oootT
I oooz
I coos
[ OO0t
- 0005

not

food
service
back
place
time

like
never
told
even
go
dont
very
didnt
room

good
asked

JUNOD  —

minutes

Zxnpa 16 YELP - Top 20 words - Rating:1
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Zynpa 18 YELP - Top 20 words - Rating:4
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Zxnpa 17 YELP - Top 20 words - Rating:2
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time
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nice
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IUNOD

Zxnua 19 YELP - Top 20 words - Rating:5
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4.2.2.2

Aopr] KEWWEVOV KPLTIKWV

EmumAéov mAnpodopieg yia avt ) faon dedopévwv Sivouv ta oynpata 15-18, OYETIKA
HLE TNV KATOVOT] TOU HIKOUG TOU KELHEVOU, Yia K&Oe pia Babporoyia Eexwplota.

Mapatnpovpe OTL 1 KATAVOUY] TOU HIKOUG KELHEVOL €ival TAVOUOLOTUTIN KOL YO TLG
téooepig Babporoyieg mov e€etdlovpie koL n TAsoYMdia TwV KEWPHEVOV KUPAIVETOL OTLG 50 — 100
MECELG, OUVEMWG TO OUYKEKPLUEVO OUVOAO OpXElWV KPLTIK®V KPIVETOL KATGAANAO ylo TnV

TELPOHATIKT HEAETT).
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4.3 TlapdpeTpol EKTEAEONG

OL aAyopiBpoL ou xpnotpomodnkav yia to neipapa eivat o word-graphs , o n-gram
graphs, pe 1o péyebog n (0o e 4 kat (6o punkog mapabupov, O6mws ouvnBileTal ot OXETIKN
Biproypadia [12] kot o bag-of-words, pe xprion ouxvéttog epddvions AéEewv Kat pe TA00G
A€ewv mou emAEXONKAV yia TV dnpovpyia Tou Ae€lhoyiou OpLOUEVO OTIG 100.000 AEEELC.
[Meprypadn) tov kdBe aiyopiBpov yivetal avaiutikd oto Sevtepo KedhdAalo.

4.3.1 Ieipapa 1° : Kpitikég tawviwv tov IMDB

- TTapAPETPOL EKTEAEONG OYETIKEG E T ApXEiX EKTTAIBEVOTG:

AlakpivoupE TPELG YEVIKEG TEPLITOOELG He Paon ) Pabporoyia tou cuvoiov
ekmaideuong yla v dnuovpyia Twv HOVIEA®V YPADWV TTOAKOTNTOG:

- Negative Rating: {1,4}, Positive Rating: {6,10} (OAeg ot faBporoyieqg)
- Negative Rating: {1,2}, Positive Rating: {9,10} (Axpaieg faBporoyieg)
- Negative Rating: {3,4}, Positive Rating: {7,8} (Evdi&ueoeg fabporoyisg)

AN pla tapapetpo movu e€etdlovple 0NV epyaocia aut eival to péyefog Touv cuvoroL
exmaidevong. Atakpivoupe Tig €1ig MEPUTTWOELG:

- Training set : 1000 reviews
- Training set : 2000 reviews

TNa k&Be pla amd TG TPONYOULEVES TTEPUTTWOELS, CUYKEKPLUEVA YL TOV oAyoplOpo
word-graphs, Stakpivoupe §00 emLEPOUG TEPLTTOOTELS L Bdom To péyebog mapabipou:

- Window =1
- Window =4

JuvoAikd, s€etalovpe Swdeka TUVOLAONIOUG TTAPALETPWY ELOODOV OTNV EKTEAEOT) TOU
MpwTov otadiov Tou TPOYPAUHATOG Y Tov  oAyoplBuo word-graphs, ouvenwg
dnuovpyovvtal dmdeka povieAa ypddol katd o otddlo ekmaidevong Tou aiyopiBpov kot
£EL ouvdvaopol mapapéTpwv 10680V Yia Toug aAyopLlOpoug n-gram kot bag of words.

> TapGUETPOL EKTEAEONG TV apYEiwV EAEYYOUL:

Efetdlovpe Tpeig YEVIKEG TEPIMTWOELG, e Bdom To péyeBog Tou cuvdroL TV apyeiwv
eAéyxou kat ™G Pabporoyiag wg eEng :

- Testing set : 2000 reviews, Positive Rating: {5}, Negative Rating: {1}
- Testing set : 2000 reviews, Positive Rating: {4}, Negative Rating: {2}

- Testing set : 10000 reviews, Positive Rating: {4,5}, Negative Rating: {1,2}
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4.3.2 ITlelpapa 2° : Kpitikeg emyetprjoewv tov YELP:

- Tapdpetpol eKTEAEONG pe Bdom apyeia exmaidevong :

Opoiwg epyaldpoaote pe ) Pdomn dedopévwv tou YELP | SLaKPIvOVTAG TPELS YEVIKEG
TEPLITTWOELG, HE fdon T Babporoyia Tou ouvorou ekmaidevong:

- Negative Rating: {1,2}, Positive Rating: {4,5} (OAeg ot faBporoyieg)
- Negative Rating: {1}, Positive Rating: {5} (Axpaisg Babporoyieg)
- Negative Rating: {2}, Positive Rating: {4} (Evbidpeoeg fabporoyisg)

EmutAéov, Slakpivouie Tig e€1G TEPUTTWOELS e Bdon To HEYeBOG TOU CUVOAOU ekTaidevong.

- Training set : 2000 reviews
- Training set : 8000 reviews

Me Vv 8l Aoywkn, vy k&Be pia otd TG YEVIKEG TEPUTTOOELS dlakpivoupe &Vo
ETEPOUG TTEPUTTOOELS e Bdon To péyebog mapabipouv Tov aiyopiBpov word-graphs :

- Window =1
- Window = 4

JUVOAKA, OMWG OKPLP®G KoL TPONYOUREVWG, efetdlovpe dwdeka ouVOLAOHOUG
TUPOLETPWY  €L0OO0U OTNV  €KTEAEOT TOU TPOTOU OTadioU TOU TPOYPAUHATOG TOU
aiyopiBpov word-graphs kot €61 oUVEULACHOUG TTAPAUETPWV OTO OTAOL0 eKTAideLONG TWV
aAyopiBpwv n-gram kot bag of words.

- TapGUETPOL EKTEAEONG TV APYEIWV EAEYYOUL:

To oUvoAro TV apyeiwv eAéyyou dlakpivetal pe akpLp®G Tov 8lo TpOTo, ONTWG OTNV
Béon 6edopévwv tov IMDB, pe Tig Tpelg yevikég mepumtwoelg (pe Pdon 1o péysbog tou
OUVOAOUL TV apyeiwv eAéyyou kal TG fabporoyiag) va sival :

- Testing set : 2000 reviews, positive ranking: {5}, negative ranking: {1}
- Testing set : 2000 reviews, positive ranking: {4}, negative ranking: {2}

- Testing set : 10000 reviews, positive ranking: {4,5}, negative ranking: {1,2}

JUVEN®G, ouvollkd e€etdloupe 36 SuVATOUG TUVOVACHOUG TAPAUETPWV OTNV TEPLTTWON
Tou aAiyopiBpov word-graphs kot 18 oUVOUNOUOUG TOAPAPETPWY OTNV TEPIMTWON TV
oAyopifpwv n-gram kat bag of words, yia kaBe pio amo tg Pdoeig dedopévwv, oL omoiot
KaAUTTTOUY éva eupy Ppdopa yia T dte€odikn) peAétn TG oupmepidopds Twv aiyopiBuwv.
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Kepdrawo 5° AmoteAéopata ITetpapdtwv kot

[Tapatnproelg

3V evOTNTA QUTH, YIVETOL TTAPOUCLAOT) KOl OUYKPLOT] TWV OITTOTEAETUATWOV TWV TELPAPATOV

TOU TIPAYLATOTTOWONKOV.

5.1 Tlapovoiaon amoteAeouATwV Kal oUyKpLot HeBodwv

5.1.1 Ileipapa 1° : Kpuikég tawviwv IMDB - AoteAéopata

= Z0VoA0 eAEYXOU HE 2000 KPLTIKES Kot Babpoloyieg 1,2 - 9,10 (Akpaieg BabBpoloyieg):

o Amoteréopata WordGraphs

' window size =1 :

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
Model graphs: b2 \ . 34 \ b2:3.4 \ o2 \ . 34 \ L34 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews  reviews  reviews  reviews  reviews  reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
Results WordGraphs
Correctly Classified Instances 75.15% 70.40% 75.25% 79% 70.30% 76.05%
Incorrectly Classified Instances 24.85% 29.60% 24.75% 21% 29.70% 23.95%
Kappa statistic 0.503 0.408 0.505 0.58 0.406 0.521
Mean absolute error 0.2749 0.3455 0.2935 0.2448 0.3565 0.2757
Root mean squared error 0.426 0.4533 0.4149 0.399 0.4589 0.4094
Relative absolute error 54.99% 69.10% 58.71% 48.96% 71.31% 55.14%
Root relative squared error 85.20% 90.65% 82.98% 79.81% 91.78% 81.89%
Coverage of cases (0.95 level) 94.85% 96.35% 98% 94.60% 95.70% 96.10%
Mean rel. region size (0.95 level) 77.10% 87.75% 84.80% 74.55% 87.90% 80.08%

ITivaxag 1 IMDB-WordGraphs Results (window size = 1) - 20voAo eA€yxou e 2000 Kputikég kat Pabpoloyieg 1,2 -

9,10
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Model graphs:

Results WordGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

o window size = 4 :

o Amoteréopata NGramGraphs

Model graphs:

Results NGramGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 34\ 1,2,3,4\ 1,2\ 34 \ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
83.20% 74.50% 82.40% 85.15% 72.65% 80.95%
16.80% 25.50% 17.60% 14.85% 27.35% 19.05%
0.664 0.49 0.648 0.703 0.453 0.619
0.2057 0.3078 0.2299 0.1811 0.3208 0.2267
0.359 0.4142 0.3693 0.3335 0.4259 0.3713
41.13% 61.57% 45.98% 36.22% 64.16% 45.34%
71.80% 82.85% 73.85% 66.70% 85.19% 74.27%
95.60% 98.10% 97.10% 96.75% 97.65% 96.45%
72.30% 87.85% 78.18% 70% 86.55% 75.90%
Iivakag 2 IMDB-WordGraphs Results (window size = 4) - Z0voAo Ay 0V e 2000 KPITIKESG Kat fabiioAoyies 1,2 -
9,10
Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews  reviews = reviews = reviews = reviews  reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 3,4\ 1,234\ 12\ 34\ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
81.80% 73.85% 79.75% 81.50% 69.75% 80.50%
18.20% 26.15% 20.25% 18.50% 30.25% 19.50%
0.636 0.477 0.595 0.63 0.395 0.61
0.2003 0.303 0.2409 0.2071 0.3408 0.2434
0.3775 0.4299 0.3872 0.3756 0.4406 0.3788
40.06% 60.61% 48.17% 41.43% 68.17% 48.68%
75.50% 85.98% 77 .45% 75.12% 88.11% 75.76%
93.60% 96.30% 95.55% 94.95% 97.05% 96.45%

Coverage of cases (0.95 level)
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Mean rel. region size (0.95 level)

67.05%

84.55%

76.55%

69.73%

89.03%

79.03%

ITivakag 3 IMDB-NGramGraphs Results - Z0voAo eA€yyou e 2000 KpITIKES Kat fabuoloyies 1,2 - 9,10

e Amoteréopata Bag of Words

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews  reviews = reviews = reviews = reviews = reviews
& rating: &rating: &rating: &rating: &rating: & rating:
. 1,2 , 1,2,3, 1,2 , 1,2,3,
Training Set: Posi\tive: f’:si\tive: Pos?tii}/e\: Posi\tive: l?z(j}si}cive: Posftiie\:
500 500 500 1000 1000 1000
reviews  reviews  reviews reviews  reviews  reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
Results Bag of Words
Correctly Classified Instances 77.10% 72.75% 75.75% 78.30% 75.75% 78.30%
Incorrectly Classified Instances 22.90% 27.25% 24.25% 21.70% 24.25% 21.70%
Kappa statistic 54.20% 45.50% 51.50% 56.60% 51.50% 56.60%
Mean absolute error 22.85% 27.45% 24.69% 22.00% 24.92% 21.96%
Root mean squared error 46.29% 50.55% 48.19% 45.47% 47.64% 45.19%
Relative absolute error 45.70% 54.90% 49.39% 43.99% 49.83% 4391%
Root relative squared error 92.58%  101.10% 96.37% 90.93% 95.27% 90.38%
Coverage of cases (0.95 level) 81.30% 77 .95% 79.20% 81.40% 80.65% 81.85%
Mean rel. region size (0.95 level) 54.25% 55.75% 54.40% 53.95% 56.73% 54.30%

Iivakag 4 IMDB- Bag of Word Results - Z0voAo eA€yyou pie 2000 KpLTikég Kat Babuoloyies 1,2 - 9,10

[Mapatnpovpe Aoutdv, OTL OTNV TEPIMTWON TTOU TO CUVOAO €AEYXOU, TTOU £EETALOULE,
elval 2000 reviews kat Rating : 1,2-9,10 , té1e Yl otaBepd mMANO0G KPLTLK®V OTO GUVOAO
exmaidevong, (0o e 2000 (1000 KPLTIKEG Yo KGO moAkdnTa) kot window size (0o pe 4 o
nepimtwon tov word graphs, metuyaivoupie ) péylotn akpifela yia kdBe aryopBpo. Xt1o oxnipa
19 Sivetat n ypadkn] avormapiotaoT) TwV ATOTEAETHATWY, Yia K&Bs aAyoplOpo Eexwplotd. Stov
optlovTio Gfova €YOUHE OTA APLOTEPA TO HOVTEAX YPA&POUG TTOU ONHLOVPYNOAUE HE TIG
evOldpeoss - apdreyopeveg fabpoioyieg, atnv péom Toug Ypadoug pe OAS TG Babporoyieg kot
ota de€l1d Toug Ypadoug e TNV HeyaAltepn mOAwon (Lévo akpaieg fabpoioyisg).

Sopdwva e to oYfUa 19, TAPATNPOUHE OTL ) HETAPBOAN NG MOAWONG OTO CUVOAO
ekmaibevomng Selyvel va emnpedlel v anmddoon twv aAyopiBpwv n-gram graphs kat word
graphs, Kol CUYKEKPLLEVA YL LEYOAUTEPT) TTOAWOT) £XOUVE PeATiwarn Tov Too0oToV akpifelag,
evw 1 pHEBodog bag of words eivar avBektikiy omyv petaforr) g MOAWONG TOU CUVOAOU
ekmaibevomng e, epOoov oL AUEOHELWOELG TNG aKPIPELAG OTLG TPELG TTEPUTTWOELG YLO QUTH] TN
HEBodo elval apeAntéeg.
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H péBobdog bag of words 6tav 1o aUvoro ekmaidbevong amoteAeital pdvo amd evOldpeoeg
BaBpoAoyieg smituyydvel kaAUutepn amtddoon amd Toug dAoug dUo aAryopiBuoug, eved dtav n
TOAwOT Yivetal Mo €viovn, epooov aut 6ev petafdiietal, vmAdtepa TO0OOTA aKpifelag
ETLTUYYXAVOUV oL aAyoplOpol word graphs kot n-gram graphs.

SUYKEKPLIEVQ, OTN TIEPITTWOT TOL aiyopiBpov word graphs, £youpe onpavtiki avEnon
™G amddoong oo To training set yivetal mEPLOGOTEPO TOAWMEVO, TIETUXALVOVTOG TN HEYLOTN
armodoon pe TN 85.15% yla peydAn moAwon.

O aiydplBpog n-gram graphs moapovolddel eniong PeAtioon g amodoor|g Tov, 600 1

TIOAWOT] TOU OUVOAOU EKTTAIOEVONG YIVETAL TILO €VTOVI] KOL EMTUYYXAVEL PEYLOTN ammddoon yla
HEYGAN TTOAwOT) pE T 81.5%.

Test : 2000 reviews, Rating : 1,2-9,10
Train: 2000 reviews, window size =4

90.00%
85.00% —=—=0
—

80.00% f

75.00% /
70.00%

65.00%
60.00%
55.00%
50.00%
Negative: 1000 reviews & Negative: 1000 reviews & Negative: 1000 reviews &
rating: 3,4 \ Positive: 1000 rating: 1-4 \ Positive: 1000 rating: 1,2 \ Positive: 1000
reviews & rating: 7,8 reviews & rating: 7-10 reviews & rating: 9,10
==@==Results WordGraphs «=@==Results NGramGraphs Results Bag of Words

Zxnpa 24 IMDB - Z0ykpion alyoplOuwv - Z0volo eA€yxou e 2000 KpITikéS Kat Babloloyies 1,2 - 9,10
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> Z0UVOAO EALYXOU E 2000 KPLTIKEG Kal Babpuoioyiss 3,4 - 7,8 (EvOidpeosg fabuoloyieg):

e Amoteréopata WordGraphs

Model graphs:

Results WordGraphs

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)

' window size = 1:

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 34\ 1,234\ 1,2\ 3.4\ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
68% 64.50% 65.95% 70.30% 66.70% 67.15%
32% 35.50% 34.05% 29.70% 33.30% 32.85%
0.36 0.29 0.319 0.406 0.334 0.343
0.3549 0.3908 0.3745 0.3303 0.3787 0.3597
0.4948 0.4883 0.4867 0.472 0.4697 0.4854
70.98% 78.16% 74.90% 66.07% 75.73% 71.94%
98.95% 97.67% 97.34% 94.40% 93.94% 97.09%
90.85% 96.05% 95.50% 92.85% 96.75% 93.95%
81.30% 90.68% 88.58% 81.20% 90.10% 84.55%

Iivakag 5 IMDB-WordGraphs Results (window size = 1) - Z0voAo A€y 0oV e 2000 KPITIKEG Kat fablioAoyies 3,4 -

Model graphs:

Results WordGraphs
Correctly Classified Instances

7)8

o window size = 4 :

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews  reviews = reviews = reviews = reviews  reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 34\ 12,34\ 1,2\ 3,4\ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
& rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
71.30% 69.65% 71.25% 73.65% 68.40% 71.95%
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Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

o AmoteAéopata NGramGraphs

Model graphs:

Results NGramGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

28.70% 30.35% 28.75% 26.35% 31.60% 28.05%
0.426 0.393 0.425 0.473 0.368 0.439
0.3093 0.3596 0.3241 0.2888 0.3642 0.3154
0.4595 0.4551 0.4565 0.441 0.4598 0.452
61.86% 71.93% 64.81% 57.75% 72.84% 63.08%
91.90% 91.03% 91.30% 88.19% 91.96% 90.41%
92.75% 97.60% 94.70% 93.35% 96.90% 94.95%
78.53% 91.45% 83.13% 76.73% 88.98% 81.65%
ITivakag 6 IMDB-WordGraphs Results (window size = 4) - Z0voAo eAEyX0U e 2000 KPITIKES Kol SaOLoA0YIES 3,4 -
7,8
Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 3,4\ 1,234\ 12\ 34\ 1,234\
Positive:  Positive:  Positive:  Positive:  Positive: ~ Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
70.95% 68.50% 71.65% 70.70% 64.85% 70.80%
29.05% 31.50% 28.35% 29.30% 35.15% 29.20%
0.419 0.37 0.433 0.414 0.297 0.416
0.3064 0.3513 0.316 0.3134 0.3881 0.3306
0.4822 0.4664 0.46 0.4788 0.4802 0.4621
61.27% 70.27% 63.20% 62.69% 77.62% 66.11%
96.43% 93.27% 92.00% 95.76% 96.04% 92.41%
88.65% 96.10% 93.70% 90.00% 96.45% 94.45%
71.93% 88.68% 80.65% 74.55% 91.40% 83.58%

Mean rel. region size (0.95 level)

ITivakag 7 IMDB-NGramGraphs Results - Z0voAo eAEyxou [ 2000 kpltikég Kat fabpoioyies 3,4 - 7,8

e AmnoteAéopata Bag of Words

Training Set:

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 34\ 1,234\ 1,2\ 34\ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive: ~ Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
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& rating: &rating: &rating: &rating: &rating: rating:

9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10

Results Bag of Words

Correctly Classified Instances 65.15% 66.10% 65.90% 67.65% 67.95% 67.05%
Incorrectly Classified Instances 34.85% 33.90% 34.10% 32.35% 32.05% 32.95%
Kappa statistic 30.30% 32.20% 31.80% 35.30% 35.90% 34.10%
Mean absolute error 35.01% 34.07% 34.28% 32.74% 32.46% 33.15%
Root mean squared error 57.80% 56.60% 57.21% 55.77% 54.86% 56.00%
Relative absolute error 70.02% 68.15% 68.56% 65.49% 64.93% 66.31%
Root relative squared error 11560% 11320% 114.42% 111.54%  109.72% 112.00%
Coverage of cases (0.95 level) 69.60% 72.00% 70.25% 71.80% 73.75% 71.95%

Mean rel. region size (0.95 level) 54.25% 55.75% 54.40% 53.95% 56.73% 54.30%
ITivaxag 8 IMDB-Bag of Words Results - X0voAo eAyyov Le 2000 KPITIKESG Kat fablioAoyies 3,4 - 7,8

Y& auTh T TepImTwoT) Tou To test set, mou e€stdloupie, eival 2000 reviews kot Rating:
3,4-7,8 , 10Te yla otabepd MANBOG KPLTIK®V 0TO gUVOAO eKmaidevong, (0o pe 2000 (1000
KPLTIKEG Yl kGBe moAwkomTa) Ko window size (0o pe 4 (yia tov adyépiBuo word graphs),
TETUYAVOULE TWEG HEYLOTNG aKpifelag yia kGBe aiyoplOpo. Zto oynpa 20 yivetal ypadika
avoTapdoTao TV OIOTEAEOUATWV HE OKOMO TN OUYKPLON NG amodoong twv TpLOv
oAyopiBuwv.

Opolwg e TNV TpoNyoUHEVT) TEPITTWON, CUPPWVA LE TO oY LA 20, ETaAnBeeTal OTL 1
péBodog bag of words pével avemnpéaotn otn HETAPOA] NG TOAWONG TOU CUVOAOU
ekmaibevong, eve oL S0 aryoplBpol ypddwv tapovaidlouv dtadopéc.

O oAyoplBpog word graphs moapoatnpeitar 6t PeAtiover v akpifela Tou, o0
LEYLOTOTOLOVLE TNV TTOAWOT) OTNV EKTTAIOEVON KL TETUYALVEL T PLEYLOTI TLUY] KOL OTTO TOUG TPELG
oAyopiBpoug oy mepimtwon pe ) HeyoAUTep TOAWON. ASloonpeiwTto eival OTL, THPOAO TTOU
TO 0UVOAO eAEYYOUL adopd Ldvo Tig evildpeoes fabpoioyisg, £xoupe peyaAlTtepn akpifela dtav
To OUVoAo ekmaidsvong mepléxel oakpaieg Pabporoyies. Zuvenmwg, aveEApTNTA TOLEG
BaBpooyieg epLEyeL TO TUVOAO EAEYYOU, VIO VO EXOVLLE TNV KOAUTEPT akpifela Tov PtopoUe
va eMTUYOUVNE, 0 auT T Pdon dedopévwy, xpnotpomoovpe pévo akpaieg fabporoyieg yia
Vv ekmaidevon TG HNYovG.

O aAiyopiBpog n-gram graphs, yia oUvoro ekmaidevong pe evdidpeosg povo Pabporoyieg,
TIOPOUCLACEL TA XELPOTEPX ATTOTEAECHLATA GUYKPLTLKA [LE TOUG AAAOUG U0 ayopiBpoug, yio OAEG
TG Pabporoyieg avraywvifetar tov word graphs, eve) €4V oTOLOVOOOULE HOVO TIG AKPOiES
BaBuoroyieg oty ekmaidevon deiyvel va pun petafdiietal.
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Test : 2000 reviews, Rating : 3,4-7,8
Train: 2000 reviews, window size =4

75.00%

70.00%

0

°

—
65.00%
60.00%

55.00%

50.00%
Negative: 1000 reviews & Negative: 1000 reviews & Negative: 1000 reviews &
rating: 3,4 \ Positive: 1000 rating: 1-4 \ Positive: 1000 rating: 1,2 \ Positive: 1000
reviews & rating: 7,8 reviews & rating: 7-10 reviews & rating: 9,10

=@==Results WordGraphs ==@==Results NGramGraphs ==@==Results Bag of Words

Zynpa 25 IMDB - Z0ykpion alyopiBuwv - Z0vodo eAEy)ou Le 2000 KPITIKEG Kat fabpoloyies 3,4 - 7,8
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- Z0UVOA0 EAEYYOU LE 10000 KPITIKEG Kat Babpoloyieg 1,2,3,4 - 7,8,9,10 (OAeg ot fabuoroyieq):

o AmoteAéopata WordGraphs

' window size = 1:

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000

reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:

1,2 , 1,2,3, 1,2 , 1,2,3,
Model graphs: Posi\tive: }?;:si\tive: Pos?t;\l/e:\ : Posi\tive: l:i:si\tivez Pos?tié\}/e\ :
500 500 500 1000 1000 1000
reviews  reviews  reviews  reviews  reviews  reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
Results WordGraphs
Correctly Classified Instances 72.37% 67.85% 71.02% 74.43% 68.20% 72.44%
Incorrectly Classified Instances 27.63% 32.15% 28.98% 25.57% 31.80% 27.56%
Kappa statistic 0.4474 0.357 0.4204 0.4886 0.364 0.4488
Mean absolute error 0.3071 0.3644 0.3318 0.2866 0.3677 0.3133
Root mean squared error 0.4552 0.4683 0.4514 0.4373 0.4644 0.4454
Relative absolute error 61.42% 72.88% 66.36% 57.32% 73.55% 62.66%
Root relative squared error 91.03% 93.66% 90.28% 87.45% 92.88% 89.08%
Coverage of cases (0.95 level) 93.23% 96.40% 96.23% 93.89% 96.45% 95.02%

Mean rel. region size (0.95 level) 78.94% 89.36% 86.11% 77 .55% 89.10% 82.12%
Iivakag 9 IMDB-WordGraphs Results (window size = 1) - Z0voAo eA€yyou LE 10.000 kpitikég kat fabpoioyieg
1,2,3,4 - 7,8,9,10

' window size = 4 :

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000

reviews  reviews = reviews = reviews = reviews  reviews
&rating: &rating: &rating: &rating: &rating: & rating:

Model graphs: e \ . 34 \ b2:3.4 Vo2 \ . 34 \ b2:3.4 \

Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating:  rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10

Results WordGraphs

Correctly Classified Instances 78.28% 72.25% 76.59% 79.91% 70.90% 77.38%

Incorrectly Classified Instances 21.72% 27.75% 23.41% 20.09% 29.10% 22.62%

Kappa statistic 0.5656 0.445 0.5318 0.5982 0.418 0.5476

Mean absolute error 0.2473 0.3319 0.2735 0.2294 0.3407 0.2644
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Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)

0.4029
49 .46%
80.57%
94.89%
74.96%

0.4345
66.39%
86.91%
97.50%
89.28%

0.4132
54.70%
82.64%
95.96%
80.09%

0.3874
45.87%
77 .48%
95.31%
72.83%

0.4404
68.14%
88.08%
97.23%
87.78%

0.4067
52.88%
81.33%
95.99%
78.39%

ITivakag 10  IMDB-WordGraphs Results (window size = 4) - X0voAo EAEYX0U LLE 10.000 KPITIKES Kat PabroAoyies
1,2,3,4 - 7,8,9,10

e Amoteréopata NGramGraphs

Model graphs:

Results NGramGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 34\ 1,234\ 1,2\ 3.4\ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
77% 71.43% 75.75% 77.38% 68.11% 76.23%
23% 28.57% 24.25% 22.62% 31.89% 23.77%
0.54 0.4286 0.515 0.5476 0.3622 0.5246
0.2479 0.3267 0.2751 0.2501 0.3612 0.283
0.4285 0.449 0.4241 0.421 0.4586 0.4177
49.58% 65.33% 55.01% 50.02% 72.23% 56.59%
85.70% 89.79% 84.83% 84.20% 91.72% 83.55%
91.14% 95.93% 94.85% 92.82% 96.87% 95.75%
68.93% 86.12% 77.97% 71.60% 89.98% 81.12%

Iivakag 11 IMDB-NGramGraphs Results - X0voAo eA€yyou Le 10.000 KpITikég kat Babpoloyiss 1,2,3,4 - 7,8,9,10

e AmoteAéoparta Bag of Words

Training Set:

Results Bag of Words
Correctly Classified Instances

Negative: Negative: Negative: Negative: Negative: Negative:
500 500 500 1000 1000 1000
reviews  reviews = reviews = reviews = reviews  reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1,2\ 34\ 12,34\ 1,2\ 3,4\ 1,2,3,4 \
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
500 500 500 1000 1000 1000
reviews  reviews  reviews  reviews  reviews  reviews &
& rating: &rating: &rating: &rating: &rating: rating:
9,10 7,8 7,8,9,10 9,10 7,8 7,8,9,10
71.75% 70.07% 71.10% 74.04% 71.72% 73.30%

51



Incorrectly Classified Instances 28.25% 29.93% 28.90% 25.96% 28.28% 26.70%

Kappa statistic 0.435 0.4014 0.422 0.4808 0.4344 0.466
Mean absolute error 0.2837 0.3025 0.2916 0.2614 0.2876 0.2683
Root mean squared error 0.5191 0.5323 0.5254 0.4969 0.5147 0.5017
Relative absolute error 56.74% 60.50% 58.31% 52.27% 57.52% 53.66%
Root relative squared error 103.82%  106.46%  105.08% 99.38%  102.94% 100.33%
Coverage of cases (0.95 level) 75.65% 75.17% 75.10% 77.83% 77.15% 77.76%

Mean rel. region size (0.95 level) 54.19% 55.78% 54.64% 54.28% 56.76% 54.93%
Iivakag 12  IMDB-Bag of Words Results - Z0voAo eA€yxou LLE 10.000 KPITIKEG kat fabpoloyies 1,2,3,4 - 7,8,9,10

IV mePinTtwon, Aoutdv, TOU To CUVOAO EAEYYOU TEPLEYEL OAEg TG PBaBpoioyieg
OUYKEVIPOVOUE TA AITOTEAETHATA YLO 2000 KPLTLKEG 0TO 0UVOAO ekTtaidevong kat window size
= 4 (yw ™V mepimtwon tou oAyopiBpov word graphs), 7mov OMwWG NTAV AVUUEVOLEVO
eMITUYYGVOVTAL oL UYMAdTEpEG amodooelg yia kdBe oAydplBpo kol ta amoteAéopota
TPOLOLAOVTAL OTO SLAYPALLA OTO OYTHL 21.

'Onwg mapatnproape Kot oTa 00 oUVOAQ EAEYXOU TTOU TTAPOUCLACALE TTPOTYOUREVWG,
N L€Bodog bag of words belyvel va pn peTafaAAeTal onpovIKA Yo SLadOPETIKEG TTOAWTELS OTO
obvoro ekmaibevong. H amddoon g eival ouykpioyn pe tig amoddoelg Twv dAwv 600
oAyopiBpwv povo otn mepimTwon mou To oUVoAO ekmaidevong amoteAeital amd evdldpleosg
BaBpoAoyieg povo.

AvtiBeta pe ) pébBodo bag of words, 6w, 0 aiyoplBpog word graphs kat o aAydpLBpog
n-gram graphs BeAtiwvouv v amd66001] T0UG 600 TO CUVOAO ekt ibevOoNG YiveTal TePLOCOATEPO
noAwpévo. O akyoplBpog word graphs 6tav 0to OUVOAO EKTTAIOEVONG EKTOG QIO TIG EVOLALETEG
BaBporoyieg mpooteBovv koL akpaieg emTuyYGveL peyahUtepn amodoon, pe TIES 77,38% v
oUvVoAo ekTaidevong mov meptéxel 6Asg TG Pabporoyieg kat 79.91% yia oUvoro ekmaidsvong
IOV amoTEAELTAL POVO aTtd akpaieg Pabpoloyleg. ZUVEN®G, 0NV TEPIMTWON OV YivETAL Xpriom
auToL Tou aAyopiBpov 1 skmaibevon Pe GUVOAO HEYAANG EVTAONG TTOAWONG PEATIOVEL PKETA
™V at6800T], YL 0TTOLOOT)TTOTE GUVOAO EAEYYOU.

TEN0OG, 0 aAYOpLOOG n-gram mapatnPoUHE OTL, EVE TTAPOUCLALeEL peydAn BeAtiwon g
am6doong tou (8%) otav oto oUvoAo ekmaidsuong ektog amd TG evdldpeoeg Babporoyieg
npooteBolv kal oL axpaieg , otav adaipeBovv oL evdidpeoeg PabpoAoyieg amd 10 cUVoAO
ekmaidevong mapatnpeital emiong avfnomn g akpifelag arld pikpoTepn TG TAENGS 0L 1%.
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Test : 10000 reviews, Rating : 1,2,3,4 - 7,8,9,10
Train: 2000 reviews, window size =4

85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

i

Negative: 1000 reviews & Negative: 1000 reviews & Negative: 1000 reviews &
rating: 3,4 \ Positive: 1000 rating: 1-4 \ Positive: 1000 rating: 1,2 \ Positive: 1000
reviews & rating: 7,8 reviews & rating: 7-10 reviews & rating: 9,10

=@==Results WordGraphs «=@==Results NGramGraphs «==@==Results Bag of Words

Synpa 26 IMDB - S0ykpion aAyopiOuwv - ZUvoAo eAEyyou LE 10.000 KPLTIKES Kat fabpoAoyies 1,2,3,4 - 7,8,9,10
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5.1.2 [Melpapa 2° : Kpitikég enyeprjoewv YELP - AtoteAéopata

o 3UVOAO EAEYYOU LE 2000 KPLTLKES Kat Babporoyieg 1 - 5 (Akpaieg BaBpoAoyieg):

e Amoteréopata WordGraphs

I'a window size = 1:

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000

reviews  reviews = reviews = reviews = reviews  reviews
&rating: &rating: &rating: &rating: &rating: & rating:

1 2 1,2 1 2 1,2
Model graphs: P;sitive: Po\sitive: Posi\tive: P;sitive: Po\sitive: Posi\tive:
1000 1000 1000 4000 4000 4000
reviews  reviews  reviews = reviews = reviews = reviews &
&rating: &rating: &rating: &rating: &rating: rating:
5 4 4,5 5 4 4,5
Results WordGraphs
Correctly Classified Instances 82.40% 76.40% 82.55% 86.40% 77.95% 82.85%
Incorrectly Classified Instances 17.60% 23.60% 17.45% 13.60% 22.05% 17.15%
Kappa statistic 0.648 0.528 0.651 0.728 0.559 0.657
Mean absolute error 0.1866 0.2674 0.2058 0.1546 0.2511 0.1928
Root mean squared error 0.3695 0.4093 0.3519 0.3276 0.4064 0.3559
Relative absolute error 37.31% 53.48% 41.17% 30.92% 50.22% 38.57%
Root relative squared error 71.21% 81.86% 70.37% 65.52% 81.27% 71.17%
Coverage of cases (0.95 level) 95.90% 96% 96.80% 95.65% 94.90% 96.30%

Mean rel. region size (0.95 level) 67.73% 79.03% 72.50% 64.08% 75.13% 69.95%
ITivaxag 13 YELP-WordGraphs Results (window size = 1) - Z0voAo eA€yxou e 2000 Kpitikég kat fabuoroyies 1 - 5

' window size = 4 :

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000

reviews  reviews = reviews = reviews = reviews  reviews
& rating: &rating: &rating: &rating: &rating: & rating:

1 2 1,2 1 2 1,2
Model graphs: \.. \.. ’ \ \.. \.. ' \

Positive:  Positive:  Positive:  Positive:  Positive:  Positive:

1000 1000 1000 4000 4000 4000

reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
5 4 4,5 5 4 4,5
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Results WordGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

84.30%
15.70%

0.686
0.1737
0.3413
34.74%
68.26%
95.45%
65.98%

77.45%
22.55%

0.549
0.2742
0.3905
54.83%
78.10%
97.35%
81.98%

82.60%
17.40%

0.652
0.1898
0.3451
37.96%
69.03%
97.35%
70.28%

83.35%
16.65%
0.667
0.1711
0.371
34.22%
74.20%
91.75%
60%

79.80%
20.20%

0.596
0.2134
0.3906
42.68%
78.12%
93.80%
67.60%

87.80%
12.20%

0.756
0.1444
0.2977
28.89%
59.54%
97.35%
65.93%

Iivakag 14 YELP-WordGraphs Results (window size = 4) - Z0voAo eA€yxou e 2000 KpITIKES Kat Babuoloyies 1 - 5

o AmoteAéopata NGramGraphs

Model graphs:

Results NGramGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2 \ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5
87.80% 77% 88.75% 83.85% 76.30% 88.90%
12.20% 23% 11.25% 16.15% 23.70% 11.10%

0.756 0.54 0.775 0.677 0.526 0.778
0.1482 0.2628 0.1486 0.1774 0.251 0.1559
0.3078 0.3896 0.2894 0.3591 0.4253 0.2932
29.63% 52.56% 29.72% 35.49% 50.20% 31.18%
61.55% 77.91% 57.88% 71.82% 85.05% 58.64%
96.25% 97.65% 98.20% 93.75% 91.95% 97.80%
65.20% 80.68% 69.53% 64.38% 69.73% 70.70%

Iivakag 15 YELP-NGramGraphs Results - Z0voAo eA€yyou pie 2000 kputikég kat fabuoroyies 1 - 5

e AmnoteAéopata Bag of Words

Training Set:

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews  reviews  reviews reviews reviews  reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2\ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
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& rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5

Results Bag of Words

Correctly Classified Instances 69.45% 69.35% 71.50% 70.15% 70.20% 70.05%
Incorrectly Classified Instances 30.55% 30.65% 28.50% 29.85% 29.80% 29.95%
Kappa statistic 38.90% 38.70% 43.00% 40.30% 40.40% 40.10%
Mean absolute error 30.60% 30.75% 28.48% 29.80% 29.79% 29.91%
Root mean squared error 55.16% 54.99% 52.99% 54.37% 54.19% 54.42%
Relative absolute error 61.21% 61.50% 56.97% 59.61% 59.58% 59.83%
Root relative squared error 110.32% 109.98% 105.98% 108.75%  108.39% 108.83%
Coverage of cases (0.95 level) 69.95% 70.65% 72.80% 71.00% 71.55% 70.90%

Mean rel. region size (0.95 level) 50.55% 51.45% 51.13% 50.73% 51.33% 50.85%
ITivaxag 16  YELP-Bag of Words Results - X0voAo eA€yyov pe 2000 KpLTikEG kat fabioroyieg 1 - 5

JMV TEPIMTWON 7OV TO TUVOAO EAEYYXOU, TIOU €EETACOUE, Elval 2000 KPLILKEG Kol
akpaieg Babporoyieg 1 - 5, T0TE Y oTaOEPS TANO0G KPLTIK®V GTO OUVOAO eKTTaideVONG, (00 e
8000 (4000 KpLTIKEG Yia KGOe moAlkdTNTA) Kol window size (00 pe 4 ot mepintwon tov word
graphs, TeETUYAVOULE TN HEYLOTN amobo0om yia KABe aiyoplOpo. Tto oynpa 22 divetat n ypadikn
avarmapdoTaon TV AamoteAeopdTwY, yia k&dBe aiyoplBpo Eexwplotd. Ztov opiloviio dlova
€YOULE OTA APLOTEPE Ta HOVTEAA YpAdOUG TOU ONUOUPYNOOUE HE TIG eVOLAEDEG -
apdreydpeveg fabporoyieg, oty péam toug Ypddoug pe OAeg TG fabporoyieg kot oto de€id
ToUG Ypdadoug e TNV peyailtepn moAwon (Ldvo akpaieg fabporoyieq).

[Mapatnpovpe, oOpPwva pe To Sdypappa Tou oyfiupoatog 22, 6t n Pdon touv YELP
napovotdlel dtadopetikny oupneptpopd amd auty g Pdong tou IMDB. Xe aut | Pdon
dedopévwv, N péBodog bag of words Sivel oAU yapnAodtepn ardO00T], CUYKPLTIKA LLE TOUG SUO
AAOUG aAydpLBpLoug, o 1) at6800T) TOUG OXEDOV TAUTI(ETAL OE AUTY] T TEPITTWOT).

Mia akéun moapatripnon, sivat 0tt n moéAwWoN ToU ouvoAoL ekmaidevong, dev emmpedlet
kaBorov Ta amoteAéopota yior T pEBodo bag of words. Eto ouykekpylévo melpapa,
TOPATNPOVLLE PEYAAX TTO00OTA akpifeLag yia Toug aryopiBpoug word graphs kat n-gram graphs
KOL OUYKEKPLLEVA TTAPOUCLALETAL PLEYLOTO YLt OUVOAO apyElwV ekTaidevong mou meplhapfavel
OAeg TIG PaBporoyieg, pe TipéG 88.9% yia tov aiyopBpo n-gram graphs kot 87,8% yia tov word
graphs.

A&iCeL va Swooupe TpoooyT], OTO OTL, AKOT KAL 0tV TO OUVOAO EAEYXOU HOG aOTEAEITAL HOVO
a6 akpaieg pabporoyieg, péyotn akpifela €xovpe dtav 10 oUVoOAo ekmaidevong amoteAsital
aro 6heg Tig fabporoyieg.
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Test : 2000 reviews, Rating : 1-5
Train: 8000 reviews, window size =4

95.00%
90.00%
85.00%
80.00%
75.00%
70.00% @ —C— —
65.00%
60.00%
55.00%
50.00%

Negative: 4000 reviews & Negative: 4000 reviews & Negative: 4000 reviews &
rating: 2 \ Positive: 4000 rating: 1,2 \ Positive: 4000 rating: 1\ Positive: 4000
reviews & rating: 4 reviews & rating: 4,5 reviews & rating: 5

=@==Results WordGraphs «=@==Results NGramGraphs «==@==Results Bag of Words

Zynpa 27 YELP - 30ykpion aAyopiBuwy - Z0voAo eAEyyou Le 2000 KPITIKES kat fabuoloyies 1 - 5
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e 3UVOAO EAEYYOU LE 2000 KPLTLKEG Kot Babpoioyieg 2 - 4 (Evoiapeoes Babpoioyieg):

o AmoteAéopata WordGraphs

Model graphs:

Results WordGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

' window size = 1:

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2 \ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5
82.40% 76.40% 82.55% 86.40% 77.95% 82.85%
17.60% 23.60% 17.45% 13.60% 22.05% 17.15%

0.648 0.528 0.651 0.728 0.559 0.657
0.1866 0.2674 0.2058 0.1546 0.2511 0.1928
0.3695 0.4093 0.3519 0.3276 0.4064 0.3559
37.31% 53.48% 41.17% 30.92% 50.22% 38.57%
71.21% 81.86% 70.37% 65.52% 81.27% 71.17%
95.90% 96% 96.80% 95.65% 94.90% 96.30%
67.73% 79.03% 72.50% 64.08% 75.13% 69.95%

ITivaxag 17 YELP-WordGraphs Results (window size = 1) - Z0voAo eA€yyov pe 2000 KpITIKEG kat fabliooyies 2 - 4

Model graphs:

Results WordGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

' window size = 4 :

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2\ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews  reviews  reviews  reviews  reviews  reviews &
&rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5
84.30% 77 .45% 82.60% 83.35% 79.80% 87.80%
15.70% 22.55% 17.40% 16.65% 20.20% 12.20%

0.686 0.549 0.652 0.667 0.596 0.756
0.1737 0.2742 0.1898 0.1711 0.2134 0.1444
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Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)

0.3413
34.74%
68.26%
95.45%
65.98%

0.3905
54.83%
78.10%
97.35%
81.98%

0.3451
37.96%
69.03%
97.35%
70.28%

0.371
34.22%
74.20%
91.75%

60%

0.3906
42.68%
78.12%
93.80%
67.60%

0.2977
28.89%
59.54%
97.35%
65.93%

ITivakag 18 YELP-WordGraphs Results (window size = 4) - Z0vVoA0 EAEYY0U LLE 2000 KPITIKES Kat faBLOAOYIES 2 - 4

e Amoteréopata NGramGraphs

Model graphs:

Results NGramGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)

ITivakag 19 YELP-NGramGraphs Results -

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2\ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5
69.75% 73.95% 78.05% 65.15% 70.65% 75%
30.25% 26.05% 21.95% 34.85% 29.35% 25%

0.395 0.479 0.561 0.303 0.413 0.5
0.3106 0.3114 0.2614 0.3457 0.3075 0.2758
0.4973 0.4158 0.4059 0.5468 0.4608 0.4234
62.12% 62.29% 52.27% 69.15% 61.50% 55.16%
99.46% 83.17% 81.17% 109.36% 92.16% 84.68%
86.45% 97.55% 95.05% 79.90% 92.95% 94.15%
68.53% 86.85% 77.83% 63.50% 76.63% 76.85%

e AmoteAéopata Bag of Words

Training Set:

Results Bag of Words
Correctly Classified Instances
Incorrectly Classified Instances

20voAo eXéyyou Lie 2000 KPLTikEG Kat BabLoroyies 2 - 4

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2 \ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews  reviews  reviews = reviews  reviews  reviews &
& rating: &rating: &rating: &rating: &rating: rating:
5 4 4,5 5 4 4,5
63.10% 65.00% 64.30% 63.80% 64.50% 63.50%
36.90% 35.00% 35.70% 36.20% 35.50% 36.50%
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Kappa statistic 26.20% 30.00% 28.60% 27.60% 29.00% 27.00%

Mean absolute error 36.98% 35.05% 35.50% 36.23% 35.38% 36.46%
Root mean squared error 60.65% 58.67% 59.19% 60.00% 58.94% 60.13%
Relative absolute error 73.96% 70.11% 71.00% 72.46% 70.75% 72.92%
Root relative squared error 121.30% 117.33% 11838% 119.99% 117.88% 120.27%
Coverage of cases (0.95 level) 63.60% 66.65% 65.85% 64.40% 66.75% 64.60%

Mean rel. region size (0.95 level) 50.63% 51.70% 51.30% 50.63% 52.00% 51.00%
ITivakag 20 YELP-Bag of Words Results - Z0volo eA€yxou e 2000 Kkpitikég Kat Babpoloyies 2 - 4

J€ QUTN TN TEPITTWAT), TTOU TO GUVOAO EAEYYOU HAG OITOTEAELTAL QIO TIG EVOLAETEG
BaOporoyieg (2,4), Omwg daivetal kot oto oxfpa 23, k&Be aiydplBpog €xel T Sk} tou
dladopetikn oupmepipopd.

O aAyoplBpog word graphs 6ivel v vpnAotepn T akpifelag yia ovoro exmaideuong
pe PaBporoyieg idieg pe to avvoro eréyyou (evdidpeoeg). T ypddoug poviéda pe OAeg Tig
BaBpoloyieg divel oxedov v dla amddoomn (e pior aQpeEANTEX MTOON NG TIURG) KAl OTn
OUVEYELN YLA TTOAWHEVOUG YPAPOUG EXOUIE OPKETA YOUNAOTEPT aKpiPeLa.

A Vv @\ TAeLpd, o n-gram graphs ywa ypddoug pe eviiapeoes Pabpoloyieg Exel
YopMAGTEPN amodoon amd tov word graphs, eved To LTTOAOUTA ATTOTEAETUATO TAUTICOVTAL [LE
HEYLOTN TN Yia oUVOoAX ekTtaidevong pe OAeg TiG Bdoelg dedopévmy.

O aiydpiBuog bag of words e€akolovBel va mapovatdlel TOAD YoUNAEG TILEG akpifelag
KAl va eival avOEKTIKOG 0TN LETUPOAN TNG TTOALKOTITAG TOU GUVOAOU EKTTAIOEVONG, LE AUEANTEEG
QUEOELWTELG TNV AITOO00T).

Test : 2000 reviews, Rating : 2-4
Train: 8000 reviews, window size =4

80.00%

75.00% o

70.00%

65.00%

60.00%

55.00%

50.00%
Negative: 4000 reviews & Negative: 4000 reviews & Negative: 4000 reviews &
rating: 2 \ Positive: 4000 rating: 1,2 \ Positive: 4000 rating: 1\ Positive: 4000

reviews & rating: 4 reviews & rating: 4,5 reviews & rating: 5
==@==Results WordGraphs «=@==Results NGramGraphs Results Bag of Words

Sxnpa 28 YELP - 30ykpion aAyopiBuwv - Z0vodo eA€yyov Le 2000 KPITIKEG kal fablioloyies 2 - 4
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e 3UVOAO EAEYYOU LE 10000 KPLTIKEG Kal Babporoyieg 1,2 - 4,5 (OAeg oL Babporoyieg):

o AmoteAéopata WordGraphs

Model graphs:

Results WordGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

Mean rel. region size (0.95 level)

I'a window size = 1:

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2 \ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5
76.27% 74.04% 76.85% 79.24% 75.05% 76.94%
23.73% 25.96% 23.15% 20.76% 24.95% 23.06%
0.5254 0.4808 0.537 0.5848 0.501 0.5388
0.2474 0.2938 0.2587 0.2182 0.2825 0.2484
0.4244 0.435 0.4073 0.4048 0.4332 0.4202
49.48% 58.77% 51.74% 43.63% 56.50% 49.68%
84.87% 87.01% 81.45% 80.96% 86.65% 84.04%
92.76% 95.17% 95.07% 92.29% 93.89% 93.67%
70.00% 80.33% 75.74% 66.34% 77.36% 72.10%

Iivakag 21  YELP-WordGraphs Results (window size = 1) - Z0voAo €AEyx0U L€ 10.000 KPLTIKESG Kat fablioAoyieg 1,2

Model graphs:

Results WordGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

-4,5

' window size = 4 :

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2 \ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews  reviews  reviews  reviews  reviews  reviews &
&rating: &rating: &rating: &rating: &rating: rating:

5 4 4,5 5 4 4,5
74.32% 75.02% 76.76% 72.99% 77.10% 80.80%
25.68% 24.98% 23.24% 27.01% 22.90% 19.20%
0.4864 0.5004 0.5352 0.4598 0.542 0.616
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Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)
Mean rel. region size (0.95 level)

o AmoteAéopata NGramGraphs

Model graphs:

Results NGramGraphs
Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Relative absolute error

Root relative squared error
Coverage of cases (0.95 level)

0.2626 0.3 0.249 0.2706 0.242 0.2093
0.4497 0.4175 0.4117 0.4858 0.4156 0.3795
52.52% 60.00% 49.80% 54.13% 48.40% 41.86%
89.94% 83.49% 82.34% 97.17% 83.13% 75.90%
89.79% 96.48% 94.92% 82.98% 93.39% 94.55%
67.41% 83.08% 73.16% 60.33% 70.34% 68.59%
ITivakag 22 YELP-WordGraphs Results (window size = 4) - Z0voAo eA€yyou LE 10.000 KPITIKES Kal Babloloyies 1,2
-4,5
Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2 \ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating: rating:
5 4 4,5 5 4 4,5
77.99% 74.69% 81.61% 74.13% 72.01% 81.12%
22.01% 25.31% 18.39% 25.87% 27.99% 18.88%
0.5598 0.4938 0.6322 0.4826 0.4402 0.6224
0.2382 0.2952 0.2172 0.2686 0.2904 0.2261
0.4211 0.4106 0.3667 0.4695 0.4553 0.3752
47 .64% 59.03% 43.44% 53.72% 58.07% 45.23%
84.23% 82.12% 73.34% 93.89% 91.06% 75.04%
90.97% 97.53% 96.30% 85.80% 91.91% 95.51%
67.47% 84.44% 74.11% 63.99% 73.57% 74.19%

Mean rel. region size (0.95 level)

Iivakag 23 YELP-NGramGraphs Results - X0voAo eAEyxou [ie 10.000 KPITIKEG Kat fablioAoyies 1,2 - 4,5

e AmnoteAéopata Bag of Words

Training Set:

Results Bag of Words

Negative: Negative: Negative: Negative: Negative: Negative:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews
&rating: &rating: &rating: &rating: &rating: & rating:
1\ 2\ 1,2\ 1\ 2\ 1,2\
Positive:  Positive:  Positive:  Positive:  Positive:  Positive:
1000 1000 1000 4000 4000 4000
reviews reviews reviews reviews reviews reviews &
&rating: &rating: &rating: &rating: &rating:  rating:

5 4 4,5 5 4 4,5
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Correctly Classified Instances 65.82% 66.49% 67.08% 65.97% 66.91% 66.26%

Incorrectly Classified Instances 34.18% 33.51% 32.92% 34.03% 33.09% 33.74%
Kappa statistic 0.3164 0.3298 0.3416 0.3194 0.3382 0.3252
Mean absolute error 0.3417 0.3348 0.3284 0.34 0.3305 0.3373
Root mean squared error 0.5826 0.5733 0.5694 0.5809 0.5704 0.5782
Relative absolute error 68.34% 66.95% 65.68% 68.00% 66.10% 67.47%
Root relative squared error 116.51%  114.65% 113.87% 116.18%  114.08% 115.65%
Coverage of cases (0.95 level) 66.54% 68.33% 68.42% 66.74% 68.45% 67.15%

Mean rel. region size (0.95 level) 50.70% 51.77% 51.20% 50.72% 51.53% 50.87%
ITivakag 24 YELP-Bag of Words Results - Z0voAo eA€yyou [ie 10.000 KPITIKESG Kat fabpoAoyies 1,2 - 4,5

Test : 10000 reviews, Rating : 1,2 -4,5
Train: 8000 reviews, window size =4

85.00%

80.00%

25.00% .—/\

70.00%

65.00%

60.00%

55.00%

50.00%
Negative: 4000 reviews & Negative: 4000 reviews & Negative: 4000 reviews &
rating: 2 \ Positive: 4000 rating: 1,2 \ Positive: 4000 rating: 1\ Positive: 4000

reviews & rating: 4 reviews & rating: 4,5 reviews & rating: 5
==@==Results WordGraphs «=@==Results NGramGraphs Results Bag of Words

Zxnpa 29 YELP - Z0ykpion alyopilBuwv - Z0volo A€y ou e 10.000 KPITIKEG Kat fablioloyies 1,2 - 4,5
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5.2 ZUYKpLlOn omoteAsopdtwv kKaBe aAyopiBpouv yua
dladopetikd oUVoAQ eKTTAIdELONG KL EAEYYOU

311 OUVEXELD CUYKEVIPWVOULE TA ATTOTEAECHATA KoL amo ta Tpia Stadopetikd ovvora
€AEYXOL KOl TAPOLOLELOVTOL AVOAUTIKA OL TAPATNPHOELS Yia K&Bs aAyoplBpo Eexwplotd.

5.2.1 Baon dedopévwv IMDB - Z0YKPLOT) AITOTEAEOUATWV

Je aQuT TNV EVOTNTA CUYKEVIPOOAUE Ta amotedéopata kabe aiyopiBpov, yur kébe
OUVOAO EAEYYOU TIOU EEETACALE LE TTAPAUETPOUG TOU TUVOAOU EKTTAIBEVONG TTOV ETUTUYYXAVOULLE
péylotn amodoon (TANB0g KPLTIKGOV (00 e 2000 Kot péyebog mapabipou (0o pe 4, Yo ™V
nepimtwon tov aryopiBpov word graphs). K&Oe ypappn avijkel o€ éva oUvoro ekmaidevong.

Onwg mapatnpoUle 010 oY 25, Yo Tov aAyoplOpo word graphs, TG vymAdtepeg
TIHEG atddoong AaUPBAvVEL 1) WITAE ypapun n omoia SnAGVEL OTL Xpnotpomominke olvoio
ekmaidevong tou aiyopiBpov to omoio mepAapPAveL HOVO TIG OKPOLEG TLHEG 1,2 — 9,10 (€vTovn
TOAWOT)). X1 OLVEXELX aKOAOUBEL 1) TTEPITTWOT OV TO OUVOAO ekTtaideVONG TTEPLEYEL OAEG TIG
BaBpoloyieg kat TEAOG pe TTOAD YapnAr amtddoon N epimtwon pe TG evoldpeosg Babpoloyies.

T'a tov aikydplBpo n-gram graphs, oOpdwva pe to oynjpo 26, mapatnpoUpe OtTL, 1
TEPIMTWON LLE TO CUVOAO €KTTAISEVONG VO TIEPLEXEL TIG aKpaieg Pabpoloyieg, kal 1 mepimtwon
€KelvoU 1oV TIG TIEPLEYEL OAEG oY edOV TauTilouv Ta ammoteAéopata Tous. Eve mapatnpolpe 6t
neplntwon mov 10 oVVOAO ekmaidsvong mepLéyel povo apdlieyopeveg PabpoAoyieg, tote 1)
aKPIPELN LELOVETAL ONHAVTLKA.

INa ta amoteAéopata Tov aAyopiBpov bag of words, mapatnpoUie amd to oy 27, 0Tl
dev petapfarrovtal wlaitepa pe v HETABoA} twv Pabpoioyldv, mov mePLEXEL TO TUVOAO
exmaidevong, epooov oL ypappeg oxeddv tavtifovtal. TUVETI®G, 0€ AUTO To SLdypappa, daivetal
kaBapd, mwg n peBodog bag of words dev emmpedlel v akpifela G, 0TOV PETAPAAOVLE TV
€VTOon TNG TOAWONG 0TO OUVOAO eKTTaibevong Tov aAyopiBpov.
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90.00%
85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

Results WordGraphs
Train: 2000 reviews, window size =4

L]

Test : 2000 reviews, Rating : Test : 10000 reviews, Rating : Test : 2000 reviews, Rating :
3,4-7,8 1,2,3,4-7,8,9,10 1,2-9,10

=@=Negative: 1000 reviews & rating: 1,2 \ Positive: 1000 reviews & rating: 9,10
=@==Negative: 1000 reviews & rating: 3,4 \ Positive: 1000 reviews & rating: 7,8
=@==Negative: 1000 reviews & rating: 1-4 \ Positive: 1000 reviews & rating: 7-10

Sxnpa 30 IMDB - Results WordGraphs (window size = 4) - Z0ykpton amo500ns StapopeTikdv auvorwv

85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%

50.00%

exmaibevong

Results NGramGraphs
Train: 2000 reviews

Test : 2000 reviews, Rating : Test : 10000 reviews, Rating : Test : 2000 reviews, Rating :
3,4-7,8 1,2,3,4-7,8,9,10 1,2-9,10

=@==Negative: 1000 reviews & rating: 1,2 \ Positive: 1000 reviews & rating: 9,10
=@==Negative: 1000 reviews & rating: 3,4 \ Positive: 1000 reviews & rating: 7,8
=@==Negative: 1000 reviews & rating: 1-4 \ Positive: 1000 reviews & rating: 7-10

Synpa 31 IMDB - Results NGramGraphs - Z0ykpton anéboong S1apopeTikwv ouvOoAwV eKTAiSEVONG
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80.00%

75.00%

70.00%

65.00%

60.00%

55.00%

50.00%

Results Bag of words
Train: 2000 reviews

Test : 2000 reviews, Rating : Test : 10000 reviews, Rating : Test : 2000 reviews, Rating :
3,4-7,8 1,2,3,4-7,8,9,10 1,2-9,10

=@=Negative: 1000 reviews & rating: 1,2 \ Positive: 1000 reviews & rating: 9,10
=@==Negative: 1000 reviews & rating: 3,4 \ Positive: 1000 reviews & rating: 7,8
=@==Negative: 1000 reviews & rating: 1-4 \ Positive: 1000 reviews & rating: 7-10

Sxnua 32 IMDB - Results Bag of Words - Z0ykpton am6600ng SiapopeTiKdV GUVOAWY eKTQiSeVONG
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5.2.2 Baon dedopévwv YELP — Z0YKpLON QITOTEAEOUATWV

Zmv nepintwon tov YELP, akoAovBnoape Vv idta akplpwg Stadikacio Kol ouyKevTpwaoaple
TA QTOTEAEOUATA QIO T TPLA OUVOAX EAEYYOU, YLO TNV TEPIMTWOT) OV EKTMALOEVOAE TOUG
oAyopiBpoug e avoro 2000 KPLTIK®OV Kot peEyeBog mapabupou (oo pe 4 (Yia Tov aAiydplBpo
word graphs), okond va peAeTiooupe ) ovpeplidpopd kKaBe aryopiBpov Eexwplotd yia k&be
oVVOAO ekTIaiSEVONG HE SLADOPETIKY) EVTOOT) TTOAWOTG.

Onwg dpaivetal oto oynpa 28, ya ) péBodo word graphs, mapatnpeital va emtuyyavet
KOAUTEPN OUVOALKT] aTtOd00T) 1] YKPL YPOLLLY], TTOU QVTUTPOOWITEVEL TA HOVIEAN YPAdOUG TToU
elval ekmadevpéva e 0Aeg Tig Babuoroyiec. Emiong, afilel va dmoouie mpoooyr) ato yeyovadg,
OTL OTAV TO OUVOAO €AEYYOU atoTeAE(TaL ammd evOldeasg Pabporoyieg elval mpotipdtepo va
ypnotpomomnBel ovvoro ekmaidevong mou va meplExel evoldpeosg Pabporoyieg, kabBmg n
QTTOU0IA TOUG QIO TO OUVOAO EKTTAIOELONG €XEL OMNUAVIIKEG EMUTTMOELS OTNV aKpifela mov
ETTUYYGVOULLE.

['a Tov aAyoplBpo n-gram graphs, oOpdwva e 10 oxipa 29, mapatnpeital ot EexdBapa
KOAUTEPA TTOOOOTH OKPIBELOG EMTUYXAVOULE YIot OUVOAO EKTIOIBEVONG TTOU TIEPLEXEL OAEG TIG
BaBpooyieg, aveEdpnTa LLE TO TTEPLEYOIEVO TOU CUVOAOU EKTTAISEVOTG. AVTioTOLYQ, KOL YL TNV
nepimtwon autol Tou aiyopiBpou, dtav 10 oUVoAO eAEyyoUL TepLEXEL eVOLApEDES Pabpoloyieg,
KaAUTEPT amtddoaT €XOULE Yo oUvVoAa ekmtaidevong mov mepléyouv evliapeoes Pabporoyieg,
KaBwg Gv autég adatpeBolv T0 TOCOOTO AKPIBELNG LELOVETUL OTLAVTIKA.

1t péBodo bag of words, 1 petaforr} g Eviaong g TOAWONG 0TO GUVOAO ekmaidevaong
dev delyvel va emnpedlel Ta amotedéopata g akpifelag g peBodov, O6mwg daiveral oto
oY Ha 30, KaO®G Ta amoteAéopata yia kK&dBe ovvoro ekmaidsuong mov peietiinke tavtifovral.
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90.00%
85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

Results WordGraphs
Train: 2000 reviews, window size =4

Test : 2000 reviews, Rating : Test : 10000 reviews, Rating : Test : 2000 reviews, Rating :
2-4 1,2-4,5 1-5

=@=Negative: 4000 reviews & rating: 1 \ Positive: 4000 reviews & rating: 5
=@=Negative: 4000 reviews & rating: 2 \ Positive: 4000 reviews & rating: 4
==@==Negative: 4000 reviews & rating: 1,2 \ Positive: 4000 reviews & rating: 4,5

Synpa 33 YELP - Results WordGraphs (window size = 4) - Z0ykpion anéboong SiapopeTikdv auvorwy

95.00%
90.00%
85.00%
80.00%
75.00%
70.00%
65.00%
60.00%
55.00%
50.00%

exmaibevong

Results NGramGraphs
Train: 2000 reviews

\

Test : 2000 reviews, Rating : Test : 10000 reviews, Rating : Test : 2000 reviews, Rating :
2-4 1,2-4,5 1-5

=@==Negative: 4000 reviews & rating: 1\ Positive: 4000 reviews & rating: 5
=@ Negative: 4000 reviews & rating: 2 \ Positive: 4000 reviews & rating: 4
=@ Negative: 4000 reviews & rating: 1,2 \ Positive: 4000 reviews & rating: 4,5

Sxnpa 34 YELP - Results NGramGraphs - Z0ykpton am6600ng SlapopeTiKOV GUVOAWY EKTALSEVONG
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75.00%

70.00%

65.00%

60.00%

55.00%

50.00%

Results Bag of words
Train: 2000 reviews

e

Test : 2000 reviews, Rating : Test : 10000 reviews, Rating : Test : 2000 reviews, Rating :
2-4 1,2-4,5 1-5

=@=Negative: 4000 reviews & rating: 1\ Positive: 4000 reviews & rating: 5
=@==Negative: 4000 reviews & rating: 2 \ Positive: 4000 reviews & rating: 4
==@==Negative: 4000 reviews & rating: 1,2 \ Positive: 4000 reviews & rating: 4,5

Synpa 35 YELP - Results Bag of Words - X0ykpion am6600ng Siapopetikv ouvolwv ekmaibevong
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5.3 ZUUTEPACHATA

Juvoyifovtag, ota U0 MEPEUATA TOU EKTEAECUE, TOPATNPrioapE OTL otn [Bdon
dedopévwv kplrtikyv tov IMDB 1) xprjon ouvoAou ekmaibevong mov yapaktnpiletal amd
evtovotepn €kdpaon TG Eviaong G TOAWoNG, BeATIOVEL TA TOCOOOTA akpifelag Tou
aAyopiBpou onpavikd yia Toug aAyoplOpovg word graphs kot n-gram graphs, evo 1) emidoon
¢ peBddov bag of words deiyvel va unv e€aptatal oe peydro fabpd and avtr ) TapAHETPO.

‘Ooov adopd ) fdon dedopévwv kpttikwv Tou YELP, BEATIOTEG TIHEG AITOO00NG YL TOUG
oAyépiBpovg word graphs kot n-gram graphs emtuyydvoupe Otav to oUVoAo ekmaidevong
QTOTEAE(TAL QIO KPLTIKEG OAwV Twv Pabporoylwv yla omoodnmote olvoro eAéyyou. O
oAyéplBpog bag of words péver avefdpmntog amd omoladnmote HETABOAN NG €viaong Tng
TIOALKOTINTAG TOU OUVOAOU KTt ibevong.

TENOG, TUVOAMKA TLG KAAUTEPEG TIHEG aKPIPELaG EMITUYYXAVEL O aAyOpLlOpog word graphs,
He ToV oAyoplBpo n-gram graphs vo akolouvBel pe pikpég diadopésg oty emidoom, evw o
aAyépiBpog bag of words mapouvoldlel, katd KUpLO AGYO, TIG XOUNAOTEPES TLHEG OoKpifelag
OUYKPLTIKA L TOUG AAAOUG SU0 akyopiBuoug.

5.4 MeMoVTIKEG Epyaoieg

Xpnoin €pevuva tou Ba LITopovoE va YIVEL 0TO HEAMOV Elval 1] ELOOYWYT] TNG OVOETEPNG
KAQONG TOAKOTNTOG 010 TTPAPANHa [13], Tov aroteAel onpavTikd Tedio HEAETNG OTOV TOHEN TNG
avaivong ouvaloOnpatwy. EnumAéov, edpdoov os auth) T SUTAWHATIKY] EPYNOIO EPEVVOALLE TIG
TEPLTTWMOELG TWV KPLTIKOV TULVIOV KOL ETYXELPNOEWV, Xprotun Ba NTav kol 1 emEKTOoN NG
peAETNG kot 1 afloAdynon g emidoong Twv aiyopiBuwv oe Pdaon Oedopévev KPLTIK®V
TPOIOVIWV.
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[Tapapmpua

o  Metatpomn popdng Paong dedopévwv touv YELP amd .json apyeio o€ apyeia .txt

import json
data = []

with open('yelp_academic_dataset_review.json') as f:

for index, line in enumerate(f):

parsed_json = json.loads(line)

stars = parsed_json['stars']

with open('r/{} _%s.txt'.format(index) % stars,

json.dump(parsed_json[ 'text'], outfile)

'w') as outfile:

o  Kataokeun SLaypopUATOV KATAVOLUTG TOU UKOUG KELLEVWY, avd Pabpoioyia

import numpy as np

import matplotlib.mlab as mlab

import matplotlib.pyplot as plt

path = raw_input("Filenames path= ")
raw_input("Dataset path= ")

import os

try:
data_path
wordcount

[]

with open(path) as f:

for line in f:
data =[]

"Y.replace('?"',

num_bins =
n, bins,
alpha=0.5)

data_path_temp
data_path_temp

[]
data_path + '/' + line

data_path_temp = data_path_temp.rstrip()

with open(data_path_temp, 'r') as review:

data = review.read()

data data.replace('."',"

"Y.replace(';"'," 'a.lower()

100
patches

wordcount.append(len(data.split()))

= plt.hist(wordcount, num_bins,

plt.ylabel('no of Reviews');
plt.xlabel('Text length');

plt.show()

").replace('!"’,

facecolor="blue"',
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os.system('pause")
except Exception as ex:

print ex

raw_input()

e EUpeon Tov AEEewV pE TN HEYAAUTEPT CUYVOTNTA ERPAVIONG

import os

import collections

import pandas as pd

import matplotlib.pyplot as plt

try:
path = raw_input("Filenames path= ")
data_path = raw_input("Dataset path= ")
[]

wordcount

# Stopwords
stopwords = set(lines.strip() for lines in open('stopwords.txt'))

with open(path) as f:

for line in f:

data =[]
data_path_temp

[]

data_path_temp = data_path + '/' + line

data_path_temp

data_path_temp.rstrip()
with open(data_path_temp, 'r') as review:
data = review.read()
for word in data.lower().split():

word = word.replace(".","")
word = word.replace("-","")
word = word.replace(",","")
word = word.replace("?","")
word = word.replace(":","")
word = word.replace("<br /><br />","")
word = word.replace("\"","")
word = word.replace("/","")
word = word.replace(">","")
word = word.replace("!","")
word = word.replace("a€e","")
word = word.replace("a€™","")
word = word.replace("*","")
word = word.replace("'","")
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if word not in stopwords:
wordcount.append(word)

# Print most common word
n_print = int(input("How many most common words to print: "))
print("\nOK. The {} most common words are as follows\n".format(n_print))
word_counter = collections.Counter(wordcount)
for word, count in word_counter.most_common(n_print):
print(word, ": ", count)
# Create a data frame of the most common words
# Draw a bar chart
1st = word_counter.most_common(n_print)
df = pd.DataFrame(lst, columns = ['Word', 'Count'])
df.plot.bar(x="Word',y="Count")
plt.show()
os.system( 'pause')
except Exception as ex:
print ex
raw_input()
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