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MepiAnyn

Ymv napovoa Siatpiffi] MPOoTEive €va CLOTNHA YIX TNV TIHPAKOAOVBNOT] KOl TOV €AEYXO TV TIH®V
AvVIKNG amd etepoyeveig mnNyEg dedopévev peyaAng kAipakag. To oOoTNUR OTOXEVEL GTNV TIAPOXT|
TOAVTIH®Y TIAN|POQPOPIOV TOGO OTOVG AAVOTIWANTEG 000 KOl OTOLG TEAXTEG, TOPAKOAOLBWVTAG Kot
OULYKPIVOVTOG TIG TIHEG TV TIPOTOVIWV O€ SIOQOPETIKA COVTIEP HAPKET KL TAPEXOVTOG CUOTACELG GTOVG
TIEAGTEG.

O1 MavIKEG TIEG TV TIPOTOVTOV aAAG{OLY OLYVE Kal ampOBAeTTa AdYyw S1@OprV TTAPAYOVI®V, OTIKOG T
TPOCPOPA KOl | {TNOM, Ol TPOGPOPEG KAl 0 AVIAYWVIOHOG. TOCO 01 KATaVOA®TEG GO0 Kol Ol EUTOPOL
ALQVIKIG HTTOPOLV V& EMOEEANB00V amd v akpifin] Kot yKaipn mapakoAoLONon TV TIH®OV AAVIKNG
yix va AdpBAvouy TEKHNPLOPEVEG ATOPAOELG OXETIKA HE TIG OTPOTNYIKEG ayopdg Kol TIHOAGYNONG.
EmumAéov, ol ouotdoelg mpoidovimy PTopoly va BEATIOCOLY TNV EUTIEIPIX TOL XPHOTN KAl Vo av&noouvv
TIG TWATOELG.

To Bestcart eivon pio moAveminedn e@oppoyrn TOL TAPAKOAOLOEL TIC TIHEG AAVIKIG KOl TIOPEXEL
ovotdoelg mpoioviwv. H epappoyr mepthapfBdvel éva web crawler mouv cuvAAéyel Sedopéva amo
TMOAANQTAG ocoUTep PApKeT Ypnolpomolwvtag Tt PipAodnkn Selenium, éva API Baciopévo ot
BiBAobnkn g Python Flask mov amofnkevel ta enelepyacpéva dedopéva og o faon dedopévav
SQLite kot pa frontend vnmpeoia mov ontikomolel Tar EpWOTHATA (queries) Kol TAPEXEL VA CUOTNHX
OLOTACE®V YIX CLOTACELG TIPOIOVIWV.

To oo pa cvotdoewv xpnotponotei to TF-IDF yua va dnpiovpynoet pia aptfpntikn avanapiotaon
TV TIEPLYPAO®V TV TIPOIOVIWV (Vectors) Kol 0T CLVEXELX Xprolpomnolel To cosine distance y v
€0PEOT] APOHOLWVY TIPOTOVIGV. TNV Tapovoa SatpiPn mapovoi&letal o oxeSlopOg, 1| LAOTIOINOT Kot
n adlohoynon tov Bestcart. H a&loAoynon amodeikvdel 6t 1o Bestcart mopéxel akpipn kol €ykoipn
TAPAKOAOVONOT] TV TIHAOV ALXVIKNG TIOANOT|G KL AMOTEAECHATIKEG GLOTACELG TIPOTOVTIWYV, KAO10TOVTAG
TO €vVal XPHIO1HO0 EPYAAEID YO TOLG KATAVAAWTEG KOL TOLG ALOVOTIOAT TEG.

A€&erg — Khetdua

Web Crawlers, web scrapers, mapakoAoVOnon TiH@V, eVHEP®OT TIH®V, KATYOPLOTOOT TTPOIOVI®Y,
OULOYETIOHOG TIPOTOVTQV






Abstract

In this thesis, I propose a system for tracking and controlling retail prices from large-scale
heterogeneous data sources. The system aims to provide valuable insights to retailers and customers
alike by tracking and comparing prices of products across different supermarkets and providing
recommendations to customers.

Retail prices of products change frequently and unpredictably due to various factors such as supply and
demand, promotions, and competition. Consumers and retailers alike can benefit from accurate and
timely retail price tracking to make informed decisions about purchasing and pricing strategies.
Additionally, product recommendations can enhance the user experience and increase sales.

Bestcart is a multilayer application that tracks retail prices and provides product recommendations. The
application comprises a web crawler that collects data from multiple supermarkets using the Selenium
library, a Flask-based API that stores the processed data in an SQLite database, and a frontend service
that visualizes queries and provides a recommender system for product recommendations.

The recommender system uses TF-IDF to create a numerical representation of product descriptions and
then employs cosine distance to find similar products. This thesis presents the design, implementation,
and evaluation of Bestcart. The evaluation demonstrates that Bestcart provides accurate and timely
retail price tracking and effective product recommendations, making it a useful tool for consumers and
retailers.

Words - Keywords

Web Crawlers, web scrapers, price tracking, price updating, product categorization, product
recommendation






EuXOpPIOTiEQ

Evyxaplota dwaitepa tov kadnynm k. Iavayiotn Toavaka yiax v avdBeon ko emifAeym avtod tov
B¢patog SrmAopatikig epyaociag. Evxaplota dlaitepa Kot TNV 01KOYEVELX OV KOt TOLG GIAOLG OV Yl
v opIEn, LAIKN Kot 0K, KAt& TNV SIGPKELN TV GTIOLSGOV HOU.
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KepaAaio 1: Web Crawlers: éva oOotnua yia Ttnv
TTOPOKOAOVONON KOl TOV EAEYXO TWV TIHWV AIOVIKHG OTTO
ETEPOYEVEIC TINYEC OEOOMEVWV HEYAANC KAIMOKOG

1.1 Elcaywyn

Ol aviyveuTtég 10TO0, YyvwOoTol Kol ¢ apdyveg 1 bots, eival autopatomomnpéva mPOyPAHHATH TIOU
dwaoyiCouv tov Tlaykoopio Ioto pe pebBodiko, avtopatomomnpévo Tpomo. XpnolHonolovvial Yo Tnv
avakKGALYTN Kol TNV opyaveor TANpo@opledv oTo S1adiktuo, Kalotoviag Tig e0KOAX TpooBdoijieg
OTOUG XPNOTEG HECH TWV HNYavav avalntnong. Ot avixveutég 10To0 Agltovpyolv akoAovBaviag
oLVOEapoLg amd TN pia 10TooeAISo TNV GAAN KA1 OTN OLVEXELX ava{NTOVV TIG TTAN|POPOPIEG OE KVTEG
T oeAideg woTe va xpnotponomBovyv and Tig pnxaveg avadntnong. H diadikaoio avt eivon yvootn wg
web crawling. Ot web crawlers omotedodv BaoKO 0OLOTATIKO TOL OVOyXpovoy SladiKTHOV,
OLHBAAAOVTOG OTN YPIYOPN KL EDKOAN TIPOGPaon TV XpNoT®V OTIG EMBOVUNTEG TANPOPOPLEG.

H &pvnon mpoéoPaong twv oolnep HAPKET o€ KaBnpepva dedopéva amoteAel OnpAVTIKY TIPOKANOMN.
M Aoon eivan i xprion texvikwv web crawling, kaBag eivat 181aitepa Kaveég ot ypriyopn oLAAoyn
Ko emeepyaoia peydAwv moocotntov dedopévmv. Qotdoo, Ba mpénel va onpewwbel o1, evao Ta
TIPOYPAH HOTA TIEPIYNONG Elval AMOTEAECHATIKG GTNV €KTEAEOT JavaScript, oTnv eLEAVION EIKOVOV Kot
0TI HOPQOTOINCT TANPOPOPIOV HE QIAIKO TIPOG TOV XPNOTN TPOTO, 1 a&lOTOINOT TV E0WTEPIKAOV
SIEMOPQOV TIPOYPAPHATIOHOD epappoywv (API) mov mapéyovial and toug 1ototonovg Ba propovoe
eniong va 61evKoALVeL TNV anoktnon dedopevav. Iap' 0Aa avtd, ivatl onpaviiko va Angdet vmoyn ot
ol S1G@OoPOol 10TATOMOL CUXVA €QPAPHOLOLY HETPA Y1 TOV TIEPLOPIOHO TNG TPOCBaONG O QUTEG TIG
eontepikeg Stenapeg APL. Qg anotéAeopa, to web scraping avadeikvoetal og n povn flooipn Avon oe
avtd 1o TPOBANHQ.

1.2 AI0OECIHEG AIETTOPEC

Ytov topéa Tov web scraping kot g e&aywyng dedopévav, vapyovv Stkpopeg PipAlobnkeg mov
HTopoLV va LAomonBovy He TN Xprion ¢ YAWooag mpoypappatiopov Python. Opiopéveg ano tig mo
oLXVQ xpnolponolovpeveg PBifAodnkeg meptiappfavouv to Scrapy [3], to Beautiful Soup [4], To
Selenium [5] kot To Requests-HTML [6] [2].

To Scrapy, éva avolyTol KOSIKX KXl GUVEPYATIKO TTAOIG10 web scraping, emTpenel TNV AMOTEAETHATIKT
eaywyn dedopévav anod 1otdtonovg, kabwg ko ) xprion APIs. To Beautiful Soup, pia BiAoBnkn
Python yux v avaivon eyypaowv HTML ko XML, emtpénel ) Snpovpyia SEvipov avaAvong ylax
mv eéaynyr] MANPOYOPLOV omd aUTOLG TOLG TOMOUG eyypaewv. To Selenium, éva epyaleio
QLTOHNTONOINGONG TOL TIPOYPAPHATOG TIEPIYNOTNG, EMTPETEL TNV AVTOHATONOINOT SPACTNPIOTTWV TOV
TIPOYPAHHATOG TEPUYNONG, ONMG TO TMATNHA KOLHUTIWV, 1| CUHUTANP®OCT] POPHAV KAl T TTAOT|ynon o€
oeAidec. Téhog, 0 Requests-HTML, piax BifAobnkn avéAvong HTML, emtpémel v ektéAeon
EPYOOLIAV amO&eon ¢ 10TOL pe T Xprion ¢ BiAodnkng Requests ¢ Python [7].

To Scrapy eival éva avolytod KOSIKX Kol OUVEPYATIKO TAKIOl0 web scraping mov emTpémel v
amoteAeopatikn e§ayoyn dedopévav amd 10totonovg, kKabog kot T xprion APIs. Awxbétel
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EVOOUATOHEVT LIOCTAPLEN YIX TOV XEIPIOHO KOWVMV EPYNOIOV QMOEECTG 10TOV, ONMG 1| GUVOEDT, O
XEPLOPOG TV cookies kot 1 mapakoAovOnon avokatevBivoewyv. To Scrapy emtpénel emiong v
€OKOAN efaywyn Sedopévwv oe mOAOTAEG popeeg, Oomwg CSV, JSON 1 XML. H BifAwodnkn
ouvInpeital evepyd Kol SlB€TEL pior PHEYGAN KOWVOTNTO TIOU UTOPEl Vo TPEXEL LTTOOTNPIEN Kol
KaBodnynomn. Qotd00, PMOPEL va €XEL P TIO AMOTOWT] KOMTIVAN EKHAONONG Yoo 600VG gival apyxdplot
010 web scraping ko pmopel va pnv givat KatdAANAn ylo pikpég epyaaieg [8].

To Beautiful Soup eivon pa fifAodnkn Python yia v avaivon eyypdowv HTML kon XML, n onoia
EMTPENEL TNV €EAYOYT] TANPOPOPLOV ATO KUTOVG TOLG TUTIOUG EYYPAPMV HECK OEVIPMV OVOALOTG.
Elvan amAn| ot xprion kot €0KOAn oty ekpaBbnomn ko SaBétel peydAn Kowotnta mMov MMopel va
TapéxeL oo tpLEn kat kaBodnynon. Lotoco, 1o Beautiful Soup avaivel povo HTML kouw XML, Sev
aAANAemSpd e 10T00EAISEG OMWG To Selenium ko pmopel va unv eivat n KaAVTEPN €mAoyn Y& TV
amo&eon HEYAA®V Kal TOAVTTAOK®V 10TOCEAISwV [7].

To Selenium eivon éva gpyaleio auTopaTonoinong TOL TMPOYPAHHATOG TIEPIYNONG TIOV EMITPENMEL TNV
OLTOHOTOTOINOT SPACTNPIOTHTWV TOV TPOYPAUHATOG TEPUYNONG, ONMWG TO TATNHK KOLUTIQV, N
OLUTIA|PWOT] POPHAV KAL T TAOTYNOT O€ OeAideg. ALTO TO KABLOTA 10aVIKO yix TNV aAAnAenidpaon pe
Suvapikég 10TooeAibeq. Qaotooo, T0 Selenium pmopel va amontel MEPIOCOTEPEG TEXVIKEG YVMOELG KOl
puBpioelg oe oLykplon pe aAAeg PifAoBnkeg kot pmopel va eival Atlyotepo QMOTEAECHATIKO yixr web
scraping peydAng kAipaxag [7].

To Requests-HTML eivon pia BiAiodnkn avaAvong HTML mov emtpémnel v eKTEAEOT €PYAOIOV
ano&eong 1otoL He TN xprion g PiAobnkng Requests tng Python. Eivon amAn otn xprnon, cAAG €xel
TIEPLOPLOPEVEG SUVATOTNTEG O€ OLYKPLOT He GAAeg BiAloBrkeg, ypnoilponoteiton KUpIwg yor HIKPES
epyooieg web scraping kot pmopel va pnv givar KatdAAnAn ywx mo ovvleteg epyaocieg ano&eong mov
QMOITOVV  UTOHNTOTOINGT TOV TIPOYPAHHOTOG TEPUYNONG 1 XEWPLOHO Twv cookies kKol Twv
avakatevBOVoEWV.

[Ma Toug okomovg NG SlaTpiPrg Hov, AMOPACICK VA XPNO1HoToom To Selenium wg 10 KOO epyaieio
ywx T0 web scraping. Ot 10TOTOTIOl TV GOUTEP HAPKET TTIOL OKOTEV® VO CAPMOO® AMAITOVV QOPTMOT)
oeMowv pe scrolling kon kavouvv xpron JavaScript, kB¢ kor omddoon amod TNV MAELPA TOL
S10KOH1OTH. AUVTG TO XOPOKTNPIOTIKA HTTOPOUV VX KOTAGTHO0LV TO web scraping mo SUCKOAN Kat ot
napadoolakeg peBodor tov web scraping pmopet va pnv eivon enapkeic. To Selenium, wg epyaieio
OLTOHOTOTOINOTG TOV TIPOYPAHHLATOG TIEPUYNOTG, EMTPENEL TNV KVTOHATONOINGT SPACTNPLOTTWY TOV
TIPOYPAHHATOG TIEPUYNONG, ONWG N POPT®OT 0eAldwV pe scrolling, n aAAnAenidpaon pe JavaScript kot
0 XEPLOPOG SUVOUIKQOV 10T00eAISwV. ALTO To KaBloTtd 18avikr emAoyn yw T0 web scraping mov
OlBETOLY aLTA TA XOPOKTNPLOTIKG, KOOMOG HIPElToN TIG €vEPYElEG €vOG XPNOTN Kol pmopel va
TIAPOKAUYPEL TUXOV TIEPLOPLOHOVE TIov propel va emPBaiiovion and Tig mapadooiokég peBodovg web
scraping. EmmnA¢ov, to Selenium SwaBétel peydAn kowotnta kot mtAnBopa Siabeoipwv mopwv, ot omnoiot
HTIOPOLV va eival e§oNPETIKA XPT|OHOL YO TNV QVTIHETOMON TUXOV TPOBANUATOV TIOL PTopel v
TPOKLYOLV KaTa TN Stadikaoia anodeong.

1.3 M'evikoi Avixveutég lotol (Web Crawlers)

H avdykn yuax yevikoOg aviyveuTeég 10TOD TIPOKUTTEL QMO TNV OMaitnomn yla cVAAoyn 6eSopévav amo
TOAAQTIAEG TINYEG e EAGYLOTI TIPOOTIGBEI. TNV TEPIMTOOT 1OV, KAODG epydlopal o€ piot SUTAOUATIKNA
epyaoia mov meEPIAXUPAVEL TNV KIOKOT TANPOQOPLAOV TIPOIOVI®VY aMO GOUTIEP HAPKET, Xpeldlopal Evav
web crawler mov pmopei eDKOAa va pLOPIOTEL Kol va TPOCAPHOOTEL WOTE VA AEITOVPYEL EDKOAX KO [LE
SapopeTika oovmep papket. KabBag kdbBe oovmep PAPKET €xel TN S1KT| TOL GOpT] 1OTOTOTOL KAl TN S1KN
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TOL Hopen SedopEvav, N SnHoLpyia EVOG VEOL TIPOYPAHATOC aViXVELOG Y KaBe covmep PAPKET Ba
NTav XpovoBopa Kol anmaitnTikn o€ mépoug. 'Evag yevikdg aviKveuTrg 10To0 UTMopel v IPOCapHOaTel
WOTE VO AEITOLPYEL pE SLAPOPETIKOVG 10TOTOMOVG GAAALOVTAG TIG SIAHOPPOOELG, TOUG KOVOVEG KOl TX
poTifa WoTe va Tonplddovy HE TOV 10TOTOTO-0TOX0. AVTH T| TIPOGEYYLOT] HOL EMTPEMEL VA& TIPOCOET®
€0KOAX VEeg vmEpayopeg oTn Sadikaoia amodeong xwpic va xpeldletonr va SNUOLPYNO® VEOULG
QVIXVELTEG amo TNV apyr. EmmAéov, 1 xprion €vog yevikod web crawler pmopei va pe fonbroel va
OloQoAlo® TN ouvoyr Kol TNV okpifelr Twv OedOpEVEOV TIOL CLAAEyovTal QMO TIG SLAQPOPEG
UTTEPAYOPEG.

ITpokelpévon va eMTOX® HIX GUVETT] KOl OPYAVOHEVT TIPOCEYYLON YlX TNV OMOKTNOT 6ed0pévmv amo
TOAAOTAQ  OOUTIEP HAPKET, €XO EQPOPHOCEL MO OULYKEKPLHEVI HOPON Yt KA&Be ocoumep HAPKET.
ZUYKEKPIHEVA, Snpovpynoa évav @akeAo "scraper”, evtog Tou 0omoiov Snpovpynoa évav EexmploTo
eakeho yx kaBe covmep papket. Meoa oe KaBe evav amd avTOLG TOUG PAKEAOVG, EX® CLHTIEPIAGPEL
Eva apyeio amo&eong oL aPopd E181IKAK TO GUYKEKPLHEVO GOVTIEP HAPKET, EVA OPXELD TTOL TIEPLEXEL TOUG
OLVOECHOLG TIPOG scraping, €va apyeio ".txt" ywx v omoBnKevon OXETIK®V TANPOPOPLOV Kal EVOV
@akeAo ywx v omoBrikevon Sedopévev tov TapeABOVTOC. AT T HOPOT EMTPEMEL TNV €VKOAN
opyavaon Kot pocfact ota Se60pEVA TIOL CAPOVOVTNL OO K&Be GOUTIEP HAPKET KOl eETQaAIlel OTL
n Sadikaoia TpoaBNKNG VEwV 0o0TEP HAPKET €lval ATTAOTIONNHEVT KO OTOTEAEGHATIKT).

__init__.py

__main__.py

credentials

test_req.py
Ewova 1.1 Generic web crawlers format
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"Ex® LAOTIOW|CEL P YEVIKT] CLVAPTNOT, LE TO Ovopa "get_categories_{supermarket}", peoa oto apyeio
"find_links", n omoia elvon edikd oyediaopévn yio va xpnoiponolei to Selenium pe okomo Tnv
TAONynomn ot oeAlda TOU NAEKTPOVIKOD KOTAOTIHATOG EVOG GUYKEKPLHEVOU COUTIEP HOPKET KOl TNV
aMO&EEOT TV CLVOETPWV KAl TV KATNYOPLOV aUTOL TOL cgoumep pdpket. H Asttoupyia autr) emrtpénet
TNV OMOTEAEGHATIKI] KVOKTNOT] T®V OXETIKMOV SESOHEVOV KOl Slatnpel emiong piax Alota Tov mepiexel
OAa T dedopéva ov €xouv amokopnBel, eExAgipovtag €101 TNV AVAYKN EMAVEIANUHEVNG AVAKTNONG
TV dedopévav avtav. H mpoogyyion autr Stac@aAilel 0Tt n Stadikaoia amoKOopnG TV CUVEECH®Y KAl
TOV KATNYOPL®V €VOG GOVTIEP HAPKET €lval TOGO AMOTEAEGHATIKN 0G0 Kot aKP1BTG.

Ewova 1.2 Eva Baoko “class_conventions” dictionary twv HTML & CSS attributes

[Tpokelp€von va PEYIOTOTIOWO® TNV TIHPAYDYIKOTNTO KL TNV AMOTEAECHATIKOTNTA KOTA T Snpiovpyia
web crawlers ylx kGBe covmep PHAPKET, €xw avamtdéel i faoikn Sopn oL TPEMEL VX aKoAOLBTNOETE.
Avt n dopn mepthapfavel ) Snuovpyla evag véou avtikelpévou "class_convention” ywax kdbe véo
scraper, T0 omoio meptAapfavel OAa T amapaitnta xapaktmplotkd HTML kot CSS yiax v anokton
TRV eMOVPUNTOV SESOHEV@V. ZUYKEKPIHEVA, T) Sopn ouTr TEpLAapdvel To Ovopa TOu TIPOIGVTOG, TNV
TN, TNV OPXIKN TN €&V TO TIPOIOV elvan o€ €KMT®OT, T0 Bdpog (edv 1oxVEL), TV avaAoyia TIHNG-
a&lag,  dievBuvon URL g eikovag (kabBwg kaBe codmep HAPKET POPTAOVEL TIG EIKOVEG TOU HEC® €VOG
API) kon 1t &evBuvony URL tou mpoidviog. AvT 1) TPOCEYYIOT €MTPEMEL HIX OCULVEM| Kol
anoteAeopaTIKY] pHEBOSO amOKTNONG OefopEvv amd TOAAX ooUTEpP HAPKET, €V TAPAAANAQ
S1EVKOAVVEL TNV IPOCONKN VE®WV COVTEP HAPKET OTI S1ASIKNCIX ATTOKOUNG.

EmumAéov, xa&Be mpldypappa  oviyveLOTNG 10TOD  XPTOIHOTOIEL M1t OULYKEKPIEVN  Olemaon
TPOYPAPHATIOHOD epappoywv (API) n omoia, peéow g xprniong touv webdriver, ekteAel €VIOAEG
JavaScript mpokelpévou va avaktioel ta dedopéva. H péBodog a&lomoinong autav twv Agltoupylov
nepLAXpBavel apyikd Tov mpocdloplopd Tov aplBpol TV TPOIOVI®Y TIOL LTTIAPXOLV O HIX 10TOCEASO
KOl 0TI GUVEXELX TNV EMAVOANTTIKTY €§€Taon KGBe TPOIdVTOg Yo TNV EXy®YN TWV XAPAKTNPLOTIKAOV
Tou. AUTI T TIPOCEYYIOT EMUTPEMEL P OMOTEAECUOTIKT] KOl OAOKANpwpevn HEBOSGO avaKTnoNg
dedopévayv, eved  mapdAAnAa  SlaoeoAilel 0Tt N Sadikooia  eivol  QLUTOPOTOMOWHEVT] Kol
BeAtioTOoMOpEVT).
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kritikos():
getTitle(i):
getUrl(i):

getImg(i):

getPrice(i):

getValueRatio(1i):

getWeightFromPriceRatio(price, ratio):

Ewodva 1.3 Basic web crawler’s API

{class_conventions oduct"]1}")[{i}].getElementsB sName (" {c onventions

ute script( return document.get entsB ne("{c entions["pr

ute_script( return document.g entsByClassName(" { conventions["product

img

Image 1.3.1 Implementation

16



Image 1.3.2 Implementation

Miwx GAAN POKANOT TIOL TIPOKVTITEL KATA TNV avAaKTnotn SeSopéVaV amd MOAAATAG GOOTEp HAPKET
elvar 1 MOKIAIX TV KoTnyoplov mov dnAwvel kaBe colmep pdpket. Ia va 10 QVTIHETOMO®O OUTO,
Snpovpynoa éva GLOTHA AVTIOTOLX10NG TNG KATyopiag K&GBe coLTEP HAPKET O€ 10 YEVIKT] KATNYOpia
EVTOG TNG €QUPHOYNG HoL. H TpooEyylon auTr) EMTPEMEL TN GUVETH] KAXTNYOPLOTOINOT TV TPOIOVI®KV
Kot SlevkoAUvel v avaAvon Ttov dedopévev mov €xouvv avoktnBel pe amodeon (crawling),
OMOTEAMVTOG €Tol  pix  omoTeAeopaTIK] KOU  OAOKANpwpeEvn pEBodO avaktnong OeSopévav,
S10QAALlOVTOG EMUTAEOV TOV AUTOHATOTIOMNHEVO XXPAKTHPA TNG.

Ot avtioTolyioelg Katnyopl®y mov €xouvv VAomon et eivan ot €§n¢:

}

return categories

Image 1.4 Category mappings
ITpokewévov va omobnKeLO® Kol VX OpPYavOO® OMOTEAECHOTIKA Ta SeSOpéVA T®V TIPOIOVI®Y,

avénTuéa pl oelpd amd KAGOeElg yl TN OlOXEIPIOT TV AVIIKEHEV@V HE OSOPNHEVO  TPOTO.
Zuykekpipéva, Snpovpynoa pia kAdon "Product” mov pov emrtpénel va xelpifopal T0 aVTIKEIHEVO, avTi
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va Pooifopor oe povadikeég PETAPANTEG Yy KGBe mpoidv. AVTO EMITPETEL TOV EVKOAO XEIPIOHO T®V
dedopévov Ko SievkoAvvel T Sadikaoia evnpépwong g Pdong dedopévev. T kGbBe mpoiodv,
Onpovpym eva aviikeipevo "Product”, 1o amofnkevm o€ plia AloTa Kot ToVTOXpOvVa TO YPAP® O €Va
apyeio. AutO TO OapyeElo XPMOUOTIOEITOL OTI CLVEXEIX YO TNV eVIHEP®OT] NG Pdong 6edopévav,
efaopaAifoviag €tol OTL 1 Sdikaola  €ival QUTOPTOTIOMNHEVT KOl OMOTEAECHATIKY. AvTy 1
TIPOCEYYLOT] EMTPEMEL PO CUVEMT] KOl OpYyovepEévn HEBodo amobnkevong SeSopévav mpoioviwy, eV
TPGAANAG S1ELKOAVVEL TNV AVAALOT] KO TNV OVAKTNOT TV SE60HEV®V.

Eva GAA0 {NTnpa mov TPOKUTTEL €lval 0Tl K&Be colmep PAPKET QOPT®VEL T TPOIOVIA TOL HE SVO
S1aQOpeTIKOVG TPOMOVG. Oplopévol €MAEYOLV Vo XPNOTIHOTOIOVV OEAISEC WG TPOTO POPTWONG HING
TopTidag MPoiovVTmy. AAAOL EMAEYOLV VA QOPTMVOLV TIEPLOCOTEPN TIPOTOVTA KABWG 0 XprioTng KAVEL
scrolling. T TNV MP@OTN TEPIMTWOT, TTPOKEIHEVOL VA TO SIEVKOAVV® QLTO, €XwW OXESIACEL P GEPA OO
EVTOAEG Javascript yia va fpw T0 GUVOAIKO aplBpo TV oeAibwv, OOTE Vo PTIOP® va PTe o€ Kabe pia
ano avtég. Ia ) devTepn TEPINTWOT, OPICHEVA COVTIEP HAPKET IPOCGHETOLY TOV GLUVOAIKO aplBUd TwV
TPOIOVI®WV OTO TAV® HEPOG TNG OEASaG. Av autd Oev LMAPXEL, KAVOLHE KOALOT HEXPL va HNV
@opTwOoLV AN Sedopéva, aAAMOG, TO TIPOYPUHHA TEPUYNONG OTO S181KTLUO KUAGEL KOl (POPTOVEL
HEXPL VO BpeL auTOV TOV aplBpo TPoiovVIwY. L20T000, AOY® KATIOLOV CPAAUATOV OTIG LOTOCEAISEG TOVG,
0 aplBpog avtog pmopet va ivor Pevdnc. Ta To Adyo auto, o KGBe TePIMTWOoT €Y EPAPHOOEL €V
Kavova ao@aleiag, oOpewva pie Tov onoio av o webdriver kavel KOAoT 5 QOpPEG TAVKD KAT® KOl deV
EHPAVIOTOVV VEX TIPOIOVTQ, €XEL PTAOEL 0TO TEAOG NG oeAidag. Kot eKTUTIOVEL évar PHIVUHN Y1 VO [IE
eldonotnoel 0T pmopet va €xouv xabel kamowx mpoiovra.

[TpoKEHEVOL VA EVOOHATOO® OMOTEAECHATIKA OAX Ta Tipoava@epBévia oTolein Katl va Slao@aAiow
TNV QMOTEAEOPATIKT Kol akplPr] andéeon dedopévav, €xm avantiéel pia Baocikn Sopn yw tov web
crawler. H dopn &ekwvd pe Tov TPoadloplopo TOL HNYAVIGHOD POPTWOTG TNG OEAISNG, OV TIPOKELTAL Y1
HNXaVIOHG EOpTwONG HEe KOALon 1) Oxl. Edv 1 oeAida xpnoipomnotel to pnxaviopd eoptwong KOAoNG, T0
TPOTO Pripa elvar 1 KOAON HEXPL TO TEAOG TNG OEAISNG, EVQ O€ S1APOPETIKI TIEPIMT®OT, N SladKaoin
TPOYWPK OTO €mMOpevo Brjpa. Xt oLVEXElH LAOTOlEiTOl Pl Sadikaoia eMavaANYNG HECW TOUL
OLVOAIKOU aplBpoL TwV MPOIOVI®Y, OMOL AMOKTOVIAL Ta Pacikd dedopeva yia kaBe mpoiov. Na kabe
npoiov Snpovpyeitan éva avtikeipevo "Product” to omoio eyypdeetal oe €va apyeio pe tn SuvatoTnTa
va xpnotpononfetl yio petayeveotepn avaAuvon. AVTH 1 TPOCEYYLOT| EMITPEMEL HIX AUTOHXTOTIOUHEVT
Kol BeAtiotononpévn Sadikaoia anoéeong dedopévay, eved MapdAANAa dStaoc@aAilel 6Tl ta dedopéva
€lvaL OpyaVOHEVH KL TIPOOBACIHA YO TIEPALTEP® aVAALOT).

1.4 Meyiotomtoinon tng ATtodoong twv Web Crawlers

H xaBuotépnon tov Siktvou gival éva TPpTApYIKO €UmOS10 oL pTopel va epmodioel v anddoon
orolovdnmote €pyov web scraping. Tooo N PETASO0T EVOG KUTHHATOG OTOV SIKKOULOTH 10TOV 000 KAl T
emakoAoLON ANYN pag amdvtnong odnyodv oe kaBuotépnorn. Av Kol LTTGPXOLV TIEPLOPIOHOL OTO TL
propel va yivel yi tnv emiAvomn autol tou TpoBAnpatog, 6nwg n vapén KXAVTEPNG OUVOEOTG 1) KAPTAG
S1KTVOL, LTTAPYOLY S1&POPOL TPOTIOL Y1 TNV EVioYLOT NG aMAGS00TG.

M tétowa pébodog eivan i xprion headless mpoypappdtwy mepuynong, 1o onoio vmootpiletan anod to
Selenium. Xe oplopéveg mepmtwoelg, eva headless mpoypappa meptynong HMmopel va Pnv @épvel ta
emButd amoteAéopata, KaBDG oplopévol 10TOTOTOL XPNOTHOTIOI00V EAEYXOUG QIO AVIXVELTEG 10TOV
Kot 8ev B optoovv TN oeAida eav dev eppaviletal kamola 08ovn. Qotoco, OTav givar duvath 1
XP1|ON €VOG TIPOYPAHHATOG TEPUYNONG XWPIG KEPAAT, Hmopel va vmdpéel e§okovopnom HEXPL TOU
H1G0L XpbVov.
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EmmAgov, n xpnon moAlomiev vnpdtwv (threads) pmopel emiong va PeAtiwoer v oamodoon,
EMTPEMOVTNG O€ TOAAOVG OVIXVELTEG 10TOV va ekteAovvton aveEdptnta [9]. Avt n péBodog eivan
anoteAeopatikn] povo eav n CPU eivan oe Béon va yeplotel to moAAamAa vijpota Selenium mov
EKTEAOLVTAL TOLTOYPOVA. XTOV UTIOAOYIOTI] HOUL, EMITELYXONKE ONUAVTIKT] HEIWOT) TOL XPOVOL HECK TNG
EQPAPHOYNG TOAVVIHATIKOTNTAG. X®PIG TOAVVIHATIKOTNTH, O XpOVOG TIOL KIOITOVVIAV YIX TNV OMO&EDT
OAWV TV dedopévmv amd GAoLG TOLG SIKTLAKOVG TOTIOLG NTAV TEPITIOL €61 MPEC, EVQ HE HIA OHIY®G
TOAUVNHOTIKY pOBHLOT, 0 XpOVOG pELWBNKE O PIGUION HE SV0 WPEG. AKOUT HEYOADTEPT HEWWOT) TOL
QMOITOVHEVOL XPOVOUL HTIOPEL va emtevyBel pe 10 SaXwplopd TV oLVOECH®Y EVOG COOTIEP HOPKET O
Ovo 1oeg AMoteg €101 wote kaBe Alota va tpexel oe dpopeTiko thread, pe amotéAeopa ) peiwon Tov
XPOVOL KOTK TO MU0V, XTNV TEPIMTMOOT] HOU, aUTO HEIWOE TOV XpOvo amd Hiaplon opa og 30-45 Aentq,
avaAoya pE T ovvoEoT.

TeAog, eivor onNpavTIKO va onpelwBel OTL KATd TN Xpron TOAAXTA®V VIHAT®V, TOAAX VIHaTa UTTOpEl va
EMYEPNIOOLY VA ypdouv 010 1810 apyeio tavtdypova. Ia va SIkoEOAICK TV Ao@EAAEl Kol TNV
OKEPALOTN TN TOV CLOTNHATOG, E@dppooa spinlocks. Eva spinlock eival €vag Hnyaviopog cuyxpovioHov
TIOU XPTOHOTIOLEITAL Y10 VO KAEIS®VEL €var apyelo OTavV €va VIHX ETIIXEIPEL VO YPAYEL € KUTO KOl 0T
ovvéxela 10 EekAeldavel 0tav oAokAnpwBel n Stadikaoia eyypagrc. Avti n mpooeyylon Stxc@aAilel
OTL povo €va vipa givon og B€on va €xel mpoafaon oto apyeio kdbBe @opd, amoeevyovtag mBAvVEG
OLYKPOUCELG T CPAAPNTO TIOL PTIOPEL VO TIPOKVYOLV AOY® TRLTOXPOVNG TPOTPaOTG.

1.5 MeAAOVTIKEG BEATIWOEIC

M mpoogyylon ya ) BeAtioon g anddoong twv web scrapers eival n xprion OMOHOKPULOHEVRV
S1I0KOHIOTOV Yl TV amo&eon. Me v a&lomoinon Tov mopwv TV AMOHOKPLOHEVEOV SIOKOHUIOTAOV, Ol
web scrapers Pmopolv va au&Noouy TNV TaXVOTNTA OMOEECNG, VO XEIPLOTOVV TEPIOCOTEPA LTI AT
TOLTOXPOVA KOl VX HELDMOOLY TOV KivBUvo va PTAOKGpPloTOOV amd toug web servers [1]. Avti n
TPOCéyylon TepAapPavel TNV eKTEAEOT TV web scrapers o€ S10KOP10TEG TOL Sev Bpiokovio oo 1610
SIKTLO pE TO PMYAavNpa oV eKTeAEL To scraping script. Auto pmopel va emtevybel eite pe ™ picbwon
€vOg €1KOVIKOL 1810TIKoL Stakopiot (VPS) eite pe ) xprion piag vmnpeoiag mov Paoiletanl oTo VEQOC,
onwg 1 Amazon Web Services (AWS) 11 1 Google Cloud Platform (GCP).

EmumAéov, N xprion QmOpOKPLOUEVAOV SIOKOUIOT®V EMTPENEL TN XpNomn MoAAXTAGV StevBuvoewv IP,
HELOVOVTOG €Tol TIG TOAVOTNTEG EVIOMIOHOD KOl QMOKAEIGHOD OMO TOUG SlOXEIPIOTEG 1OTOTOMWY,
EMTPEMOVTING EMUTAEOV TN XPHON TMOAAGTAGV VIHAT®V, OLEAVOVTIOG €101 TNV TOXOTNTA AMOSECT|C.
Q0T000, €ival ONPAVTIKO VO ONHEIWOEL OTL N aMO&ECT) O AMOUAKPLOHEVOUG SIOKOUIOTEG CLUVOSEVETAL
EMIONG QMO OPIOPEVA HEIOVEKTNHATA, OTIWG TO QLENHEVO KOOTOG KOl T AVAYKT Yo a&l0motn ovuvSeon
010 Swxdiktvo.
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KepdAaio 2: Back-end Yinpeoia

2.1 ETuAoyn Bdaong Asdopévwv Kot Aopn

H emAoyn tov kKataAAnAov povtédov Bdong dedopevwv PMOpEl va amOTEAETEL GTIHAVTIKT] TIPOKANOT),
KkaBag vrdpyel MAnBapa Sabéopwv emAoywy. Ot emAoyég avtég mepthapfavouy Pacelg dedopévav
Baowopéveg oe SQL, Baoeig dedopévav NoSQL ko Baoelg dedopévmv ypaonv, kabBepia amno Tig onoieg
€xel oXeSAOTEL Y1 TNV AVTIHETOTION GUYKEKPIHEVAOV TUTIOV MPOKANCEDV. LTO MTAQIO10 TOL TIAPOVTOG
€pyou, 0 @OpTog SedopévmV elval OXETIKA XOXHUNAOG, pe ouvoAikd 70.000 Swakpitd mpoidvia Kol Ta
OXETIKA dedopéva Toug. EmmAéov, n avayKn Yo 6YECELG 0T SESOHEVA, OTIOG AVTEG TTOL ATIKITOVVTAL YO
TIG TIPOTAOELG, Ogv elval W0wxiTepa amottnTKN. AGUPAVOVTNG LTTOYN QUTEG TIG EKTIUNOELG, HIX QTIAN
Baon Sedopévawv SQLite Bewpeitan eMapKNG yLo TIG AVAYKEG TOL TTAPOVTOG EPYOU.

EmumAéov, pia vmmpeoia 10To0 givon amopaitnTn yio Tov XEPLoHO TeV epTNHATOV SQL Kot TNV mapoyn
€VOG pEoov oAAnAenidpaong pe t Paon dedopevav. AeSopEVOL TOU AVAHEVOHEVOL XOHNAOD OYKOL
ontnpatewv HTTP, pa anAn epappoyn Flask Bewpeiton emapkng yiax 1o okomd autd, kabng mpoopepel
HI EAX@PLA KOl OTTOTEAETHATIKT] AVOT] Y1 TO XEIPLOHO KUTOV TV TUTI®V QLT HATOV.

Or epappoyeg Flask eivon e§omhiopéveg pe Sidgopa epyaAeiar Tov pmopovv va aglomonfovv ya
BeAtioon g AettoupykoTnTdg TouG. Eva 1€to10 epyaieio eivon n SQLAlchemy, pax BiAodnkn
Avtikelpevooyeotlakng Avtiotoiyxiong (ORM) mouv emtpénel v aAAnAenidopaon pe Paoelg dedopevav
He MO OMOTEAEOHOTIKO Kol [oAikd tpomo. H SQLAIchemy eivol plia kowvrj emAoyn ywx Toug
TIPOYPOHHATIOTEG OTAV TIPOKELTAL V& €PYNOTOVV HE Bhoelg dedopévav oe epappoyeg Flask.

H aéonoinon g SQLAIchemy emtpémnel mn Snpiovpyia P0G OYECIAKNG OVTIIOTOIXIONG HETAED
kA&oewv Python ko kddika SQL. Avutd emtpénel Tov Xeplopo g Bdong 6edopévav péow g Xprong
kAaogwv Python, avil g ovyypagng okatépyactov kKodika SQL, pe omotéAeopo pio mo
amoteAeopaTikr Kol foAkn Stadikaoio avamtuéng.

TéAog, elvar évag ao@OAN|G TPOTOG Y TNV TPOOTaCia Twv dedopévev and embéoelg onwg n SQL
Injection. H SQLAIchemy amotpénet v €yxvon SQL xpnolponolQvIag Hia TEXVIKT|] TIOL OVOHAETOL
"§€apevon TOPAPETP®V". AVTH N TEXVIKT TEPIAAHPAVEL TO S10XWPLOUO TV SESOHEVOV T TO EPWTNHA
SQL ko ) Safifoaon tev dedopévav wg exmplotn TapapeTpo. Me autdv tov Tpomno, k&be dedopévo
TIOV TIEPVAEL OTO EPWOTNHA AVTIHETOMILETOL WG SEGPUEVHEVN HETABANTH Kol OX1 WG PEPOG TOL 1810V TOL
epwtnHatog SQL. Avuto Stac@aAilel 0T ormolxdnmote §e60HEVA TTIOL TTIEPVOVV OTO EPMTNHA, AVEEXPTNTA
QMmO TO TEPLEXOUEVO TOLG, OVTIHETOMOVIOT ®G TR Kol OXl @G HEPOG Tou epwtnuatog SQL,
€60VSETEPOVOVTAG QMOTEAETHATIKG TLXOV amonielpeg SQL Injection. EmmA¢ov, n SQLAIchemy napeyet
évav Tpdmo ywx n xprion "sql expressions" avti g amAng ovvévwong ovpfBoAocelp®y, 1 omoia fonBd
otV anotporr touv SQL Injection.

MNa mopdadetypa, Otav xprnolgomnoleital n OmA ouvévworn oLpPoAooelpayv, Hia €l0odog xprnotn
npootifeton ot cvpforocelpd EPOTAHATOC, ®WATOCO, OTav Xpnolponoteitol 1 SQLAIchemy, n eicodog
XPNOTN TEPVAEL ®G EEXWPLOTH MOPAHETPOG OTO €POTNHA Kot dgv mpootifeton ot ovpfoiocelpa
epwmpatoc. 'Etol, akdun ko av 1 €i0odog xpriotn meplExel Kamolo kakofovAo kadika SQL, dev Ba
ekteAeotel eneldn) dev anoteAel pEPog TG oL POAOCEPAG EPOTIHATOG,.

20



2.1.1 Nivakag MNpoidvtwv

~t (Base) :

tablename =

id = db.Col , primary key=True, unique=T

c
=3

upermarket english = db

nullable=F:z

tring)

company
company

category .
category english = db

netric = db.Column(db.String)

prices = db.Colum :
datesUpdated = db.Colum

value ratio
weight = di

img
url

discount = db.C

exist = db.Column(db.Boolean)

Image 2.1.1.1 Product class: Basic attributes

Iy e@appoyn outr, £xouv XprolponolnBel oplopéveg HeTAfANTEG e aLTOVONTEG TEPLYPAPEG. Mix
a&loonpelmTn TPOKANOT IOV AVTIHETWTIOTNKE KATA TN Stadikaoia avamtuéng Ntav n anobnkevon tov
10TOPIK®V 8€S0HEVOV TIHOAOYNONG Yl K&Be mpoiov. Ta TNV aVTIHETOMION OUTHG TNG TPOKANONG,
EPAPUOOTNKE N XpNon Twv petafAntav «_prices» kot «_datesUpdated». Avteg ot petafAntég
XPNOEVOLVY Yl TN OOUVOEOT] KOl QMOBNKELOT TV 10TOPIKAOV TANPOPOPIAOV TIHOAOYNONG Kol T®V
QVTIOTOLKWV NHEPOUNVI®V Yo KAOE TTpoiov.

‘Eva and 1o facika yapaktnplotikd tov SQLAIchemy eivor i ikavotta tov va opiel properties,
hybrid properties, and setters oe k&Be kAdon. Ta properties givol XapaKTnploTIK& o€ eminedo KA&oNg
TIOL XPNOLHOTIOOVVTAL YIX TOV KXBOPLOHO TV OTNA®V €VOG TIVOKX Kol TV TUM®V dedopévmv toug. Ta
hybrid properties, ano v a&AAn, eival évag ovvévaopog Python expressions kot 1010THT®V TOUL
BaoiCovion oe omAn. Xpnoponowovvial yix tov KaBoplopod vmoAoylotikewv mediov mov  bev
amoBnkevovtal ot Paon dedopévav aAa vroAoyilovton apécws. TEAOG, Ol setters Xprno1OMTOIOVVTAL
Y& TOV OpOHO TIPOCAPHLOCHEVEV HEBOO®V puBHIoT Yy 1610TNTEG, Ol omoieg pMopolv  va
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XpnowonomnBovv yix Vv €ekteAeon TPOoBetwv evepyeldv Otav oplletal éva property, ONM®G 1
EMKOPWOT) 1| O HETAOKNHATIOHOG SeSOoPEVQV.

._prices.split("’;

(self, price):
Lf. prices is None:
self. prices = ";%s' % price

self. prices += ';%s' % price

Image 2.1.1.2 How a property, a hybrid property and a setter is used for the prices

Otav oAokAnpwbel n @d&on Tov scraping eKTeA®

rtFromInputFile(main
rtFromInputFile(main

FromInputFile(main
rtFromInputFile in
rtFromInputFile(main

Image 2.1.1.3 Update functions

H ouvéptnon éxel oplotel yiax v avayvwon dedopévav and apyeia, xopl{oviag Ta oTn CLVEXEIX O€
Hix AloTa Ae€lkav Kat emKaAoLpevn T ouvaptnon "insertProducts(products)”.

[Ma va oAokAnpwaoel avtyv v gpyacia, o API xpnowpomnoiet mpota to path yix va mpoodiopioet v
TPEXOLON THEPOUN VIO KL TO AVTIOTOLXO GOVTIEP HAPKET. AVTO EMTPETEL 0TI AEITOLPYIN VA AVOKTH T
KatdAAnAa dedopeva ko va Stac@aAilel 0T o1 mAnpogopieg mov ep@aviovial oTov XproTn eival
EVIHEPWHEVEG KO OYETIKEG.

rtFromInputFile(file, name=""):
current date = ne.now( )
file date = current date.strftime(

print(file date)

to identify each




1N GUVEXELX TIPOXWPA GTNV KVAYVWOT] TOL apxeiov Kol 0T dnpovpyia plag AloTag avTIKEIHEVQOV
th open(file,
products = []

- line in f.readlines():

items = line.replace('\n’, y.split(’',
| len(items) - 7

0=

p
for k in range(l, j):
p += items[k]
if k !1=7 - 1:

p +=

if items[j+6] ==
disc = T

! supermarket name,
glish": supermarket name english,

(]

pany”: items[j+1],
: items[j+4],
: items[j+5],
: disc,
: Tile date,

Image 2.1.1.5 Spliting the data file into a list of objects




H ouvdptnon exteAel pia emavdAnyn pHeow g AMoTag Twv TPoiovVI®V mov Aapfavovial amno To apyeio
KOl 0T GLVEXELX avalntd Ty Drapén K&be poidvtog EexmPloTd. e TEPIMT®ON OV TO MPOIOV LIIAPXEL
NéMn, N CLVAPTNOT EVIHEPDVEL TIG TIHEG TOL TPOIOVTOG KOl GLVEXLLEL TNV EMAVAANY).

prod exist = session.query(Product).filter(Preduct.url == product["url"]

if prod exist i lone:
prod exist.product = help.removeAccent(product["pr
prod exist.category = help. removeAccentiproduct
prod exist.prices = product[
prod exist.dates = product[“date’
prod exist.value ratio = product["value rati
prod exist.weight = product["weight"
prod exist.discount = product["discount"
prod exist.img = product["img"]
prod exist.url = product["url"]
prod exist.exist = True
prod exist.metric = product["metric”

Image 2.1.1.6 If product exists update it’s attributes

Aw@opeTikd, €Gv ypewdleton va mpooteBel €va véo mpoidv, exkteAgital 0 akOAOLOOG KMOEKOGC:

googletrans
translator = googletrans.Translator()

translated product = translator.translate(str(product["product"]) el', dest='en’').text

if len(product["compz } == 0:
translated company

translated company = translator.translate(str(product["company"]), src='el', dest='en').text

prod = Product(
supermarket=product[’ arket"]
supermarket english= product permarket _english"]

product=help.getProperWord(help. removeAccent(product["f
product english = translated product,

company=help.getProperWord(help. removeAccent(product["company"
company english=translated company,

category=help.getProperWord(help.removeAccent(product["category"”]
category english = categories[help.getProperWord(help remoueAccent{productf category"

metric=product["me
img=product[”
url=product["url"]
discount=product["di
)
prod.exist = T

if isinstance(product["price"]
prod.prices = product

prod. datesUpdated =

if isinstance(product["value “at%:ﬂ
prod.value ratio = product["v

if isinstance(product["weight
prod.weight = product["weight’

session.add(prod)

Image 2.1.7 Create new instance of product
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2.1.2 Deals Table

Iy apykn €kSoom NG Qapuoyng, Xxpnotponowdnke éva pévo aitnpa HTTP yia Tov unmoAoylopo tou
drop value evog mpoidvtog pe Bdon T HEOT TIHN TOL, EMIOTPEPOVING OTI CUVEXELX TUXOV OXETIKEG
TPOCPOPEG. QL0TO00, AOY® TV Teploplopévav 2 GB pviung RAM oto VPS mouv @iAo&evovoe v
EQAPHOYT| EKELVN TN OTIYHN, ALTOG O LTIOAOYIOHAG SIMOTEONKE OTL NTAV OXETIKK apyOg, XpeLxlovIav
nepinmov 4-6 SevtepdAenta yix v oAokAnpwBel. EmmAéov, out 1 TPOCEYylon OMOITOVCE TOV
eMavVLUTIOAOYIOHO Twv dropValues kdBe @opd mov €vag xpnotng (nrovce va el TIG TPOCPOPEG.
TTpoKEEVOL VO AVTIHETWTIOTOVY QLTH T& (NTHATA, AMOPACIOTNKE VA EQPAPHOOTEL €VOG VEOG TIHIVOKOG
TIOL S1ATNPOVCE TIG OXECELG HETAED TV AVOYVOPLOTIKOV EVKAIPIOV TIPOIOVIWV 0 @Bivovoa oglpq,
EMTPEMOVING TNV TORPOVCINOT] TWV TO ELVOIK®V TPOCPOP®V OTNV KOpLYT NG Alotag. Me tnv
nMePOSIKN  €KKABAPLON aUTOL TOL TIVOKX KOl TN OLVIAEN VE®V TPOCQOp®vV, NTav duvat) n
QMOTEAEGUATIKT] EVIHEP®OT] TOV TIHAV TOV TPOIOVIMV XWPIG TNV AVAYKI] EMAVUTTOAOYIOHOV.

unique=True)
1'), nullable=False)

parent = relationship("Pr t", uselist=T

Image 2.1.2.1 Deal class

Meta v andéeon vémv dedopevav Kat Ty amobrkeuor| toug ot faomn deSopEVmV, EMKAAODHOL OVTO
10 API mov vroAoyilel to dropPrice, To omnoio eivan pia 1616t KAGong tov Product. Movo mpoiovia
HE eKMTOOELG Satnpovvtal ot Bdon dedopevav. Avt 1 Sladikacia eMTPENEL TNV KMOTEAECHATIKY
Sayeiplon TV 6e6opéVRV TV TPOTOVTIWV KOl SIKCQUAILEL OTL HOVO OYXETIKG TIPOIOVTIA KAl TIPOIOVTH e
ékntwon SwxtiBevratl oTovg XpriOTEG.

ret = [prod for prod in session.query(Product).filter(Product.exist == True).all() if prod.dropPrice < -8.1]

ret.sort(key= 3 X: x.dropPrice, reverse=False)

n.commit ()

session.close()

Image 2.1.2.2 Find best Deals function

2.1.3 Users Table

Onwg ovpPaivel pe kaBe gpappoyn, MPoKLMTEL N avaykn amobnkevong dedopevav xprot. INa va
S1euKOALVOEL aVTA, 01 XPr|OTEG €XOLV TNV €MAOYT| v auvEeBolV pe Tov Adoyaplacpo toug Google kot va
TapakoAovBolV To KOAGOL ayopwVv TOLG. XULYKEKPIHEVA, €QAPHOOTNKE M 1810TNTa KaAaBloy mov
TMEPIEXEL P AlOTO HE QVAYVOPIOTIKA TPOIOVIOV KOl TNV QVTIOTOXN TOCOTNTA TOLG Of pix
ovpPoAooelpd. AVTO EMTPEMEL TNV EVKOAT SIAXEIPLOT] KOl AVAKTNOT TV S€60HEVEOV TOL KOAKB100 TOL
xpnotm.
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primary key=True, unique=Tr

", unique=True}

email =

name =

firstNa

lastName

authToken = | . _

idToken = db unique=T
authorizationCode = db. Lim b.5tring)

Image 2.1.3.1 User Class

To API yuix v evnpépmon Tov KaAaBlol ayopmv €vog Xpnotn €xel SUVO TPOMOUG AEITOLPYING:
"overwrite" ko "update". Xtn Aettovpyia "overwrite", o xprnotg avikabiotd TANP®G TO LIAPXOV
KOAGOL pe eva véo, onwg kabBopifeton oty mapapetpo "product_quantities”. Ilpwv amo autv v
EVINHEPWOT], TIPAYHOTOTOEITOL €AEYXOG Y VX  SIXCQOAIOTEL OTL LMTAPYXOLV TA TIPOIOVIA  TIOL
npooTtifevial 0to KaAGBL. Xtn ouvexeln, 10 API emotpepel Ta QMOTEAECHATH QUTNG TNG EVNHEPWONG.
Y1 Aettovpyia "update”, o xpriotng Pmopel va mpocBéael 1) va a@oipéael Tpoiovta ano To KaAdB tov,
OTI®G kaBopieton otnv TIOPAPETPO
"product_quantities". TIpaypatomnoieiton €k véou
EAEYXOG Yot va O1l0QPaAICTEL OTL LTIAPYOLY T
MPOIOVTA TIOL TIPOOTIBEVTAL 1) KPAPOVVTHL ATIO
T0 KOAGOL kol ot ovveyewn, to API emotpépel
TO AMOTEAETHATH QVTHG TNG EVIHEPWOTG.

setting, product guantities=H

uct_guantities[i]} +

t.id == id).first{)

Image 2.1.3.2 How to update the users cart
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2.1.4 User’s Messages Table

EmumAéov, €xel vhomomnBel évag ivakog HNVUPATOV IOV OVCIHOTIKG ATTOBNKEVEL TA UNVOHATA OO TOUG
XPNOTEC.

» unigue=T . N , autoincrement=

Image 2.1.4.1 Message Table

2.1.5 Suggestions Tables

H Sopny tou mivaka mpotdoewv eival mo TEPIMAOKN 0€ OVYKPIOT] HE TOUG TipornyoLpevous. o va
ONHI0LVPYNOETE Pl o¥€om many to many xpnoipomoloviag to SQLAlchemy, eivol anapaitnto va
SnpovpynoeTe €vav TPOCMPIVO TIVOKK Yl TNV omoBnkevon twv povadikov oyxéoewv. EmmAéov,
TIPEMEL emiong va dnpovpynBel piax oxéon yovéwv-mandiav, pe to mondid va amodnkevovial oe Hoper|
AMotag. Avti N TPOCEYYION KMOLTEITH YIX TNV OMOTEAETHATIKT] EQAPHOYT TNG €MOLUNTHG OXEOTG OTOV
nivaka npotdoewv. Na toviotel nwg oe avtr| Vv Alota praivouv povo Deals.

, Base.metadata,

ry=suggestions list deals)

Image 2.1.5.2 Suggestion Table
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Onwg meprypapeton oto KepdAawo 3, n ektéAeon touv aiyopibBpov K-means Snpiovpyei éva apyeio
“cluster label file”. Auto 10 apyeio eival Sopnpévo €101 MOTE 1| CEPA i VA AVTIOTOLXEL OTO TIPOTOV HE
éva id = i-1. KaBe oe1pa Tov apyeiov mepLeEXel pior aplOPnTIKT| TIUT) IOV AVTIOTOLXEL OTO GUUTIAEYHN OTO
Omol0 KVNKEL TO AVTIOTOLKO TIPOTdV, 0w KaBopiletat amod Tov aAyopiBpo.

ion).deletel)

5 ion.commit({)

print(“Done with c

p.where(cluster labels == i

3l.id.in {new line}}

pend{ results[j]}

.append{ results[j])

session.close()

Image 2.1.5.3 Fill Suggestions implementation

2.2 Scraped Data: Data Immunity

To Web scraping, wg péBodog cuAAoyng dedopévmv, PMopel PHEPIKEG POPEG VA TIAPAYEL AVOAELOTOTA 1)
avakpPn anoteAéopata. Autd opeileton ouxva otny EAAelPn KatdAAnAo formatting dedopévwv atoug
10T0TOTIOVG oL e&eTlovtal. [a va peTplacTel avTO TO JTNHE, €XO EPAPHOCEL EVaV aAyoplBpo yio tnv
eMKOPOT Ko T 810pbwon Pacikev dedopévwv Odnwg n tiur, to price value ratio kon 1o Bépoc.
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ZuyKekplpeva, o aAyoplBpog cuykpivel v avadoyia a&iag mpoiovtog TOAAXTAACIACHEVT HE TO fAPOG
TPOG TNV TIUN Kot S1opBovel TuxOV amOKAIoElg OV pPTIOPEL va €lval AMOTEAECHN TPAAPAT®Y GTOV
L0TOTOTIO TPOEAELONG. AUTN T IPOCEYYLOT] HOUL EMTPETEL VX BEATIOO® TNV aKpifela kot v aglomoTtia
TV 8e80EVOV IOV GLAAEYOVTAL.

striprod.product) +

Image 2.2.1 Fix Prices
2.3 VPS Setup

210 MAXIO0 NG MAPOVONG SUTAWHOTIKNG €pYyNoing, KPIVETOL amapaitnTog €vag €1IKOVIKOG 1810TIKOG
Sakopotg (Virtual Private Server - VPS) yia v aoTtapdtntn Attovpyia g €@appoyng. Lotooo,
TIPEMEL VO EEMEPACTOVV OPLOPEVA EPTIOSIX TIPOKEIHEVOL Vi Slac@alioTel  ao@dAelar Tov VPS kon
opoAn Savopn TV KANoewv Siktoov, Kabog kol 1 Stapkng Aettovpyia g epappoyng flask. Xto
mAaio10 NG MapodoOG SMAWHOTIKNG €PYaciag, KPIVETOL amapoitnTog €Vog E€KOVIKOG 1810TIKOG
Srakopotg (Virtual Private Server - VPS) yia tnv ouveyn Aettovpyia g e@appoyng.

2.3.1 NGINX

To NGINX eivatl éva AOYylOpUIKO S1I0KOULOTH] 10TOD TIOL XPNO1HOTOLEITAl LYV WG reverse proxy, load
balancer, kot HTTP cache. Eivon yvwoto yi tnv vgnAn anodoon Kot tn XapnAn KatavaAoon nopy,
KaB1oTOVTOG TO pla SNHOEIAT] Aoy Y& 10TOGEAISEG VYNANG EMOKEPIHOTNTOG KOl EQUPHOYEG web.
Mrnopet emiong va yxpnoiporonfel yia v €§uMNPETNON OTATIKOD TEPLEXOHEVOL, MG OLAKOHIOTH
pHeooAGfBnong yix dAlovg Srakopiotég Iotod kot wg load balancer ywa ) Siavopn Twv €10epxOHEVROV
OLTNHATOV HETaEL MOAA®Y Stakopiotav. [TapaAAnia, pmopetl va xpnotponownBel yia Tov Teppatiopo
ouvdéoewv SSL/TLS Ko va xpnolHeDoel G SIKKOPIOTIG TTPOEAELOT|G Y1 TO TpwTOkoAAo HTTP/2 [12].
H Stapopowon tov doakopiot) NGINX oe auto 10 0evaplo €xel oxeSlaoTel yix v avakatevBovel OAa
Ta eloepyopeva oatripoata HTTP ota avtiotoa 1codovapa HTTPS. Avutd emrtuyxavetan pe T Xpnon
TOV KAtGAANAwV odnywwv avakatevBuvong péca oto apyeio Sapopewong NGINX. EmmAéov, n
Sapopewaon Swayelpiletan n cvpnepiAnym tov "www." subdomain, Staeo@aAifovrag OTL OAX Ta GYETIKG
oLt ROt SIKTVOL KaTeLOVVOVTAL CWOTA OTOV TPOPAETOHEVO SIOKOHIOTH. TNV MEPIMTOOT] CTNHAT®V
HTTPS, n &wpopowon xpnogonolei to Pondnuikod mnpoypappa Certbot yix 1t Snpiovpyia
TMOTOMONTIKOV SSL Kat avakateuhUVEL KUTA TA ALTHHOTO OTOV TOTIKO S1OKOHIOTH TIOU EKTEAEITAL OTN
Bupa 8080 ywx mepotépm enedepyaoia. Xuvolikd, n Stapopewon NGINX €yel oxedaotel yax va
TapeExel BEATIOTN aOQAAEIX KOl amtodooT, Slao@aAilovtag moupaAAnAa OTL OAd Ta ITAHOTH SIKTOOL
AVTIHETOMI{OVTOL KOl KATELBVVOVTOL CWOTA.
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server_name bestcart.gr www.bestcart.gr;

root /home/ntua/projects/Super-Market-App/backend/frontend;

location [ {
proxy_pass http://localhost:8080/;
}

listen 443 ssl; # managed by Certbot

ssl_certificate /fetc/letsencrypt/live/bestcart.gr/fullchain.pem; # managed by Certbot
ssl_certificate_key /etc/letsencrypt/live/bestcart.gr/privkey.pem; # managed by Certbot
include fetc/letsencrypt/options-ssl-nginx.conf; # managed by Certbot

ssl_dhparam /fetc/letsencrypt/ssl-dhparams.pem; # managed by Certbot

b

server {
if (Shost = www.bestcart.gr) {
return 301 https://ShostSrequest uri;
} # managed by Certbot

if (Shost = bestcart.gr) {
return 301 https://$hostSrequest_uri;
} # managed by Certbot

listen 80;

server_name bestcart.gr www.bestcart.gr;
return 404; # managed by Certbot

Image 2.3.1.1 NGINX Configurations

2.3.2 Docker pe Gunicorn

To Docker eival pior mAAT@OpUA TIOL XPTOLUOTOLEL KOVIEIVEP Y1 T OLOKELAGIA Kol TN Slavoun
EQAPHOYQOV OE HIX HOPQON TIOL HTOPEl VO EKTEAEITAL [E OULVEMEIXN OF SAPOPETIKG TEPIPAAAOVTAL.
Emtpénet v e0koAn Onpovpyic, SOKIUN KOl OVOTTUEN EQOPHOYDV KOl EMITPEMEL  GTOVG
TIPOYPOHHATIOTEG VX EMKEVIP®BOOY 0T olvVTaén KOSIKK XWpig Vo avnouyolv yli 10 OOCTNHA OTO
onoio Ba exteAeitar. BonBda emiong 1ig opddeg AE1TOLPYIOV TANPOPOPIKIG VO HETHKIVOUV YPIyopa
EPAPHOYEC PETAED TEPIPAANOVTIOV KOl VX OITAOTIOO0V TNV KAIHAK®ON Kol T Slxxeipion epappoymv
XPNOHOTIOIOVTIOG  €pyoAcian  evopynotpwong  EmmAéov, moapéxel pux  peydAn  ovAloyn
TIPOKOTHOKEVOOHEVAOV  EIKOV®V TIOL HTOPOLV VA  Xpnolponoinfolv ywx ypriyopn €Kkivnon Hiog
EQPAPHOYNG 1] LTNPECING, EEOIKOVOHMVTAG XPOVO Kal TTpooTdbela.

To Gunicorn (cvvtopoypagia tov Greenlet-based Worker for UNIX) eivon évag Saxopiotg HTTP
dlaovvdeong muANg Sakopiot Web (WSGI) g Python. A&lonou)te yiax v €§unnpetnon epappoy®v
10100 pe xpnon Python ko yxpnolponoteiton ovxvd w¢ Stoakoplotg web €TolHog yia mapaywoyn ylo
e@appoyég mov €xovv dnpiovpyndel xpnoponowwvrag BifAodnkeg onwg to Flask. To Gunicorn €xet
oxedlaoTel yia va eival eAa@pL, ypriyopo Kol OMOTEAEGHATIKO Kol UTOPEL var XEIploTel MOAAXTIAEG
TOUTOXPOVEG OLVOEDELG ¥prolponolwvtag éva pre-fork poviédo epyaoiag, emTpémoviag Tov va
XEWPLLETAL HEYRAO aplOpO E1CEPKOUEVOV NTNHATOV XOPIG ONHAVTIKT ad&NoT 0T Xprjon mTopwV.

Elvan emiong yvwoto yx v Kavotntd tov va xelpiletal apyolg MEAATEG XWPIG va PITAOKAPEL TIg
Sadikaoieg epyaciag, pmopei emiong va donpovormonBel Kol PMoOpeEl €MONG VX EKTEAEOTEL OW MO
EVOV QVTIOTPOQO S10KOH0TH PHECOAGBNONG OMwG To nginx 1) To Apache.

To Gunicorn yprotponoleital ouvnBwg o€ GLVSLAOPO HE EVaV reverse Proxy Kot évav S1aKop1oTr web

front-end 6nwg to nginx 1 0 Apache, o onoiog pmopet va xelplotel epyaoieg Onwg o teppatiopog SSL, n
€€l00ppOMNOT POPTIOL KAl N TPOCWPLVT| amoBnKevoT).
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IMa va ekteheoete éva Dockerfile, mpata, fefoiwbdeite 6T €xete eykataotnoel o Docker 010 VoG
oaG. A@ol evepyoro|oete Kol ekteAeite 1o Docker, petafeite otov katdAoyo omov Ppioketon to0
Dockerfile cog xpnolponolovtag tm YpoHHT EVIOA®V. X1 CLVEXELX, UTIOPELTE VA XPTOLHOTIOUOETE TNV
evtoAn] "docker build" yix va dnpiovpynoete pia eiova amo to Sikd oag Dockerfile. H Baokn ouvtagn
yw v evtoAn build eivon "docker build -t [image_name] [path_to_dockerfile]". Ia napdaderypa, €dv
1o Dockerfile oag Bpioketon otov tomkd kKatdAoyo "myapp"” ko BéAeTe va OVOPACETE TNV EKOVA
"myapp-image", 8a xpnoponowmoete v evioAn "docker build -t myapp-image myapp/".

MoAg onpovpynbel n ewkova, pmopeite va xpnolponowogte v evioAr] "docker run" ywx vo
EeKvroeTe €va VEO KOVTELVEP XPNOIHOTIOIOVTAG TNV €Kova. H Baoikn ovvtaén yux v evioAn
ekteeong etvon "Docker run [image_name] [command_to_run]". INa nopadeypa, yioo va EeKvrnoete
€Vl KOVTELVEP XPTOLHOTIOIOVTIRG TNV €lKOva "myapp-image” Kol va eKTeAéoeTe TV €vioAn "python
app.py", 6 xpnotponolovoate tnv evioAn "docker run myapp-image python app.py".

Mropeite €mMiong v XprOLHOTOUOETE TNV EMAOYT] -P OTNV EVIOAN EKTEAEOT|G YIX VX OVTIOTOLXIOETE TIG
B0peg TOL KOVTEWVEP OTOV KEVIPIKO LMOAOYLOTH. ALt N €mAoyn eival xprion eav BéAete va
QMOKTNOETE TPOCPOOT OTNV EQAPHOYT) TTOL EKTEAELTAL OTO KOVIEVEP MO TOV KEVIPIKO bIoAoyloTh. [a
TMapASEYA, Yo v avTioTolyioete T B0pa 8080 tov Kovtévep atn Bupa 80 TOoL KEVTPIKOL LTTOAOYLOTH,
Ba xpnoponolovoate v evioAr] "docker run -p 80:8080 myapp-image python app.py"

EmumAgov, pmopeite emiong va xpnolponoumjoete v emAoyn -d yla vo eEKTEAECETE TO KOVIEWVEP O€
Agrtoupyia amooLVEEONC, 1) OTOLK EMIITPEMEL OTO KOVIEIVEP VA TPEXEL OTO TAPAOKIVIO, OOG EMTPETEL
eniong va TpoPAAETE apyelor KATAYPAPNG KL VO OTHHATIOETE TO KOVTELVEP.

Eilval onpavtiko va €XeTe KATA VOUL OTL OTOV EVO KOVTELVEP OTOHOTAEL OAX T Sedopeva xavovTal, Qv
BéAete va SratnpnBoiv ta Sedopéva, Ba TPEMEL Vo XPT|OTIHOTIOINCETE TOPOVG I} TTPOCAPTHTELG GVVEEGTG

HE TV emAoyn -v. [13]

[Mapakdatw, ovpnepiedafa 1o Dockerfile pov kot Tnv eVIoAr EKTEAEOTG TOL KOVIELVEP KATAOKELT|G.

install -r requirements.txt

Image 2.3.2.1 Dockerfile
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Ke@dAaio 3: ZUOTNUA ZUCTACEWV

3.1 H Avaykn yia 'Evav KaAo AAy6pi10po ZuoTtdoewv

H avaykn yua évav kaAd oAyopiBpo cvotdoewv elval vPiotng onpaciog O0To ONHEPIVO TUXEWG
e&eAlooopevo mepifaArov Mavikng ToOAnong. Me v mAnBwpa emAoyav mov €xouv otn 61kBeot) Toug
Ol KOTAVOADTEG, €lval ouXva SVOKOAO Yyl VTOVG va AGPOVLV TEKUNPLOPEVEG XTIOPAOCELG OXETIKA HE TO
nowx mpoiovia Ba ayopaoovv. Evag KaAdg aAyoplBpog oLOTACE®Y AVTIHETOMI(EL OUTO TO (NTNHO
TPOTeivovTaG TPOIOVIA OTOUG KOTAVOAWTEG He [Aon TG TPOTIUNOE KOl TNV TPONYOVHEVN
OLUTIEPLPOPG TOLG. AT Ox1 HOVo PonbBdel Toug KatavaAwTég va BupunBolv mpoidvia mov pmopel va
gxouv Eexdoel, aAAd kol Toug [onbael va avakaAvyouv vea mpoidvia mov propel va givon o
KatdAAnAa yU' avtovg. EmmAéov, €vag kaAdg aAyopiBpog ocvotdoewv pmopel va Bondnoel ot
XOPTOYPA@NOT TOAVOHOIOTUTIOV TIPOIOVI®WV OF OLXQOPETIKA COUTIEP HAPKET, TUPEXOVIOG OTOLG
KOTAVOAWTEG P10 TIIO OAOKANPWHEVT] €IKOVA T®V TPOIOVI®V KAl TV TIHAOV ToL givanl Sabéopa oe
auTOUG. AULT N XAPTOypA@NON HMOpel €MONG VX OMOTEAECEL HEYAAO TAEOVEKTNHA YO TOUG
AOVOTIOANTEG, KABDG TOLG EMTPEMEL VA €XOLV HIX TIIO oKPIPN avTIANYN TV TPOIOVIWV Tov eival
owBeopa oty ayopd, n omoix pe TN oepd G pmopel va toug PBonbnoel va Adfouv kaAlTepeg
QMOQPAOELG OXETIKA JIE TA TTPOIOVTH TTOL SIKBETOLY KA TIG TIHEG TOVG. LUVOAIKA, €vOG KAAOG aAyOp1Opog
OLOTACE®V PTIOPEL VA PEATIOCEL OHAVTIKX TNV EUTIEIPIA XYOP®V TOCO YO TOUG KATAVOAMTEG 000 Kl
Y1 TOLG AMLOVOTIWOAT TEG.

3.2 TF-IDF

3.2.1 BaolKn Oswpia

EEKIVAPE pe TV oA Suadikr oakoLAX AEEemv TOL HOVTEAOL OOV KABE €yypa@o avamapioTatal wg
éva S1dvuopa otaBepol peyeBoug amo 0 kon 1, dmov av pia Aéén epeavideton o€ éva €yypago maipvel 1
Kot av 8ev epoavieton t1ote maipvel 0. Q¢ mapddetypa, BewproTe Ta TAPAKAT® TEGTEPA EYYPAPOL:

D1: the movie was a very indulging cinematic experience.
D2: standard of this movie is above its contemporaries.
D3: director brought out the best of the pair.

D4: moviegoers won’t mind seeing the pair again. [14]

H dvadikn oakoOAa Tov Aé€emv oL avamaploTdtal ano ta 4 keipeva, elvon n e&Nc:

Table Binary Bag of Words Model [14]

Docs/ Words | the movie | of | pair | was | a | wont | mind
D1 1 1 0 0 1 110 0
D2 0 1 1 0 0 010 0
D3 0 0 1 1 0 0|0 0
D4 0 0 0 1 0 0 [1 1

Y& oUTO TO HOVTEAO, QVOMAPLOTOVHE HOVO TNV LTapEn K&Be AEENG, oaAAG dev Aapfdvoupe vmdym ™
onpoaoia plag Ae€ng. Ta mapadetypa, n Aeén "indulging” eivon pla onpavtikn A&én.
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To TF-IDF, cuvtopoypaeia touv term frequency-inverse document frequency, eival éva oToTIOTIKO
HETPO TIOL XPNOIHOTOLEITAL Yl TNV KATAVONON TNG ONHaciag Hiag AéEng oe éva SeSopEvo €yypa@o 1
OO KelpEVey. Elval pio eupemG XprOOTIOIOVHEVT TEXVIKT] OTNV EMESEPYNTIA PUOIKIG YAOOONG KOl
OTNV AVAKTNON TANPOQOPLAOV KAL €IVl 181XITEPA XPTIOUN YIX TNV TAEIVOUTOT KEWHEVOV KO TIG HNYXOVEG
avadnnong.

To pétpo TF-IDF anoteAeiton ano dvo pépn: t ovyvotnta 6pwv (TF) kot v avtiotpoen ouxvotnta
eyypdowv (IDF). H cuxvotnta 6pwv gival éva HETPO TOL aplBol TV pop®V TOL ep@avideTol pia Aéén
0€ EVO €YYPOPO KO XPT|OHOTOLEITAL YO VO HETPIOEL T CLVAQPELX PG AEENG HE EVA GUYKEKPLHEVO
€yypa@o. YTapyouvv S1G@opol TPOTOL Yl TOV OPLOHO TNG oLuxvOTNTaG Opav, OMMG N AKOTEPYNOTN
KOTOWPETPNOT), T OLXVOTNTA OP®V TPOCHPHOCHEVI) OTO HNKOG TOL €yypd@ov, 1 AoyaplOpika
KAlHaKOO eV cuyvoTnTa Kot 1 boolean cuyvotnta.

And v GAAN MAELPE, | AVTIOTPOET CLXVOTNTX EYYPAP®V gival éva PETPO TOL TOCO KON T
aovviBlotn eivar pa AEEn o€ v COHa eyypa@av. XprolHOTOLEITAL YIX T HETPNON TNG ONHACTAG HL0G
A€ENG 010 OLVOAO TOL COHOTOG KEWWEVWY. H avtiotpogn ouxvotnta eyypaewv vmoAoyiletal pe N
ANUm touv AoyapiBpov touv Adyov ToL GLVOAKOL aplBpOD TV EYYPAP®Y OTO COUN KEHEVOV TTPOG TOV
aplOpo TV eyypaenv oTta onoia ep@aviCeton n Aéén [14].

;I — N Scikit-Learn
idf (t, D) = lo
D) 8 ( count (d € D:t € d) / DFCE) = lo L5
L —
Image 3.2.1.1 [14] 8 1+df(D

Standard notation

L

n

e IDF(t) = log s

Image 3.2.1.2 [14]
3.2.2 Npocmeepyaoia

Elvan {wtkng onuaociag n mpoene&epyacia g mePypa@ng TOL TMPOIOVTOG TPV OO Tr XPNON TOU
aiyopiBpov tf-idf, kaBag eivon 18xitepa evaiobntog otig véeg Aé€erg. Mia péBodog mpoemneéepyaaiog
etvan n xprion pag PipAodnkng python pe v ovopaoio "greek stemmer”, n omoia oteAEX@VEL TIG
eAMNViIkEg Aé€elg. O oKomoOg Tou stemming €ival Vo HEIWOEL TIG TOAAATIAEG TIapaAAayEG piag AEENG,
onw¢g "Mnavaveg" kot "Mnovava', o€ Ht eVidi, KOWVI] HOPQT|, OTNV TIPOKEIHEVN TEPIMT®ON
"MITANAN". EmmAéov, kat& tnv €&€taon Tov ouvoAov dedopévmv, Samotobnke OTL vIPXAV
TOAVAPLOpEG TEPIMTOOEIG AXBDV, OMI®WG 0 GLVSLAGHOG TOAAATAGV AéEewV o€ pin A&&n, O QaiveTan
oto mapdderypa "TIOPTOKAAI/MHAO/BEPIKOKO. " Q¢ anotéAeopd, NTAV AmapoitnTe TEPAITEP®
TPOTIOTIOW|CELG TIPLV TIPOXWPT)OOVHE OTN XPNOT OMooLdNmoTe aAyopifpov. MeTa TV €KTEAECT] ALTOV
TOU 0Ayop1Bpov, o1 povadikég Aégelg kan ot Tipég tf-idf rav kaAdTepec.
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applyWeig

(L.upperi)}

HLARELY
pip

T T TETEFTTEFEFTFEFEFTFFTFEFETFEEFTEFTEFTETETETTETE

Image 3.2.3.2 Example of the uniue words
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3.3 AAyopi0pol Néwv Mpotdoewv

To {mua G oLOTAONG VEOV TIPOIOVIWV GTOLG XPNOTEG OMO €va TEPACTIO PAOUA EMAOYQV Eival
MoAUTIAOKO. Q0T1do0, elval SuvaT 1 AVATTUEN CUOTNHAT®Y GUOTACEWDV HE TN XPHoN TV Slabéoipnv
dedopévav.

Yy napovoa Siatpifny, mpoteivovtal 600 CLOTIHATA CLOTACEWY [E S1IAPOPETIKEG HeBASoLG: K-means,
kot Cosine similarity.

3.3.1 K-Means

Mia mBavr] Avon eivan i xprion tov aAyopiBpov K-Means, plag peBddov xwpig emifAeym mov amontet
pHovo Ttov Kaboplopd Ttouv aplBpod Twv opadwv, o omoiog cupfoAileton wg K, mov mpémel va
onuovpynBovv. Avt) n TMpooeyylon omoteAel pla Paoikn €mAoyn yo TV mpaypotonoinon
€EATOHIKEVPEV®V GUOTACERDV TIPOG TOLG XPT|OTEG.

H péBobdog k-means eivar évag Snpo@iAng tpodmog opadomoinong onpeiov dedopévav oe opddeg
TPOOTIABOVTOG VX EAXYLOTOTIOWOEL TNV AMOOTAOT HETAED onpeiwv oty s opdda. Eivan amin kot
ypriyopn, oAAG Sev mapExel eyyunoeig yia tny akpiffela. Me v npoobikn evog tuxaiov atoleiov oty
apxKn tormofétnon twv ovotadwv, N pEBodog pmopel va yivel MO OMOTEAECHATIKY Kol aKpPrG.
EmumAéov, mépa ano v emhoyn K dev pmopovpe va ennpedoovpe To TANB0G TV OHXSOTIO0E®Y, £TOL
givia Suvatdv pla Katnyopia va mepLExeL MOAAG TPoiovTa, €ved GAAEG var €xouv Atyotepa. Ot apyikeg
SOKIHEG €816V OTHAVTIKEG BEATIOOELG TOGO OTNV TaXVLTNTA OG0 KAl oTnV akpifewa [17].

For the k-means problem, we are given an integer k
and a set of n data points X C RY. We wish to choose
k centers C so as to minimize the potential function,

| T T—
¢ =) _ minlz —c|

rEX

Image 3.3.1.1 Definition of k-means [17]

Yy napovoa SatpiPn, mpaypatonoteitan a§loAdynon tov aAyopibpov k-means péow g xpriong dVo
HEBOO®V: TOL CLVTEAEDTH] GIAOVETOG KO TV OMTIKQOV AVOTIOPXOTACE®V TIOV HTOPOVHE VA QTIAEOVIE.

O ovvteAeotg Silhouette Coefficient, yvwotdg kou ¢ silhouette score, eivon pia PETPIKY TOL
XPTOHOTIOLEITOL ylor T METPNOT TNG OMOTEAECHATIKOTNTAG HIXG TEXVIKNG Opadomoinong, He €0POg
TV ond -1 €wg 1. H mpr 1 vmodnAwvel 61t o1 ovotadeg eival kKaAa Sayxwplopéveg, n tipn 0
LTTOSNAWVEL OTL 01 CLOTASEG elvan adLdPopeg Ko 1) TN -1 vTodNAGVEL dTL 01 GLOTASEG €xoLY amodobel
eoaipéva [19].
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Feature 2

[N

Cluster 2

Cluster 1

=
i |
A3
(N ]
(=]

Image 3.3.1.2 Silhouette Score Representation

Silhouette Score =

b(i)—al(i)
max(a(i),b(i))

, OTIOL

a(i): péon andotaon evog onpeio i pe OAx To LTOAOTA CTpEIX GTNV OHASK
b(i): péon andotaon HETAED TOL i 0 OAEG TIG AAAEG OPAOEG TIOL SEV AVIKEL

Table 1. Silhouette Score for various K values

K Value
500
1000
3000
5000
10000
15000
20000

Kata v ektéAeon touv aAyopiBpov k-means oto oUvoAo dedopévev yx diapopeg TipeG touv K,
Smotwbnke 61 kabBwg avéavetan n Tipn oL K, avéavetal kKo 10 okop 01AOVLETHG. Q0TOC0, KAB®OG
avéavetal 1o K, pewwvetor o aplBpog twv mpoioviwv oe K&be kotnyopila. Xe TEPUTTOOELG OMOL
avadnToOVToL TTHPOHOLA TIPOTOVTA, OVTO EXEL CUXVA MG AMOTEAECHA TNV EVPECT HNEEVIKWV TIPOIOVT®V.
Qg ek touTov, piax Tipr K petadd 5000 ko 10000 Bewpeiton BEATIOT yia auTh TNV TIEPIMT®ON XPrIONG
Kot TeNikd emAéyetan N i K=5000. TéAog, va onpelwbel mwg T 0Kop TOL MPOKEIMTOUY KAgivouv

Silhouette Score

0.064123910053892
0.083192436793098
0.114632552705606
0.143830595692552
0.201307073686309
0.237640750096125
0.257919619180028

npog 1o adidpopo (0) [18].
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Image 3.3.1.3 Implementation of the k-means.

import numpy as np

def getlLabels(path="clust_labels_K13868_6k_columns.txt"):
with open(path, "r") as f:
cluster_labels = [int(line.replace('\n’, ")) for line in f.readlines() ]

cluster_labels = np.array(cluster_labels)
return cluster_labels

file_data = np.array(product_data)

def writeNewCategories(file_data, cluster_labels, K, columns="6k"):
with open('new_categories_K" + str(K) + "_" + columns + ".txt", "w") as f:
for i in range(K):
new_line = [(1, file_data[l]) for 1 in np.where(cluster_labels == i)[8]]
for 1, prod in new_line:
f.write(str(1) + ": " + prod + " [&|\t")
f.write("\n")

# print{cluster_labels)

+ Code + Markdown

import cuml
from sklearn.cluster import KMeans

range_n_clusters = [580] # 18606, 21606, 256086, 27568] # , 12068, 15600, 26668, 25600, 36660]
import numpy as np

X = X.todense()# X = np.array(X)

silhouette_scores = []

for n_clusters in range_n_clusters:
clusterer = cuml.KMeans({n_clusters=n_clusters)
cluster_labels = clusterer.fit_predict(X)

with open("/kaggle/working/cluster_labels_K" + str(n_clusters) + ".txt", "w") as f:
for ¢ in cluster_labels:
f.write(str{c) +"\n")
s = silhouette_score(X, cluster_labels)

silhouette_scores.append(s)
print(n_clusters, s)

print(silhouette_scores)

Image 3.3.1.4 Write new categories in a file

AoV oAokAnpwBel 1 ektéAeon Tov kmeans, PTOp® Vo EKTEAEG® TIG SVO CLVAPTHOELS Yo Vo AdPB® pia
OTITIKI] AVOTIAPAOTHOT] TOL TPOTIOL |E TOV OTOI0 OXNHATI(OVTOL 01 KATNYOpPIEG HOv.
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Ima 3.3.1.6 Xamp of Categorles formed with K = 5000
3.3.2 Cosine Distance

H Aon ywx T obotaomn Mpoioviey HEC® TNG amodoong OpoldTnTag He xprion tov cosine distance
neplEAGPave apKeTd BriHaTa yla TNV 0pl1OTIKOTOINGCT ToL. ApXIK(K, 1| opoldtnta Jaccard BewprOnke wg
N TMPWTAPXIKN EMAOYN Yl TOV TIPOCSIOPIOHO TNG OHOOTNTAG HETAED T®V TPOIovVIwy. QoT1doo,
Samotwbnke 6Tt 1 opodtnta Jaccard dev avukatomtpilel pe akpifela v opodT T PETAED TV
TPOIOVIWV, 0SNYAVTOG £TCL OTNV EQAPHOYT| TNG OMOCTHONG GLVNHITOVOL G eVOAAAKTIKNG peBddov. H
QMOOTHOT CULVNUITOVOL €lval éva PETPO OHOIOTNTOG METASD SVO PN HNEEVIKOV SlvUOHAT®V Kot
LTTOAOYIETO G TO TETPAYWVIKO YIVOHEVO TV SIAVUOHAT®OV S1POVHEVO HE TO YIVOHEVO T®V HeyeBmv
TouG. ‘Eva mAeoveKTNHO TNG XPNONG TNG AMOCTAOTG GLVNHITOVOL évavtl GAAwV peBddwv, omwg 1 k-
means, givat 1 SuvaTOTNTA PUOHIOTIG TOL HEYIOTOL APLBLOL CLVICTMHEV®V TIPOIOVT®V. MEe TNV €mAoyn
€VOG XOUNAOD KAT®EAIOL, 0 GLUVOAKOG apPlBPOG TV AMOTEAECUAT®V MTOPEL va TEPOPIOTEL Kl TO
KATOQAL propel ot ouvexela va puBpiotel avaroya pe Baon tov emBupnto aplBpd cLVICTOHEVKOV

npoioviev [20]. Zuykekpipéva vmoAoyileton wg: S, (A, B)=cos(0)= %
Table 2. Example of similar products through cosine similarity
Product’ Id Product Name Similar Product Similar’s id Cosine Similarity
6479 MOYXTAPA MOYXTAPA 5672 0.83
DIJONNAISE DIJONNAISE
200GR 240GR
MOYXTAPA 6019 0.63
200GR
MAILLE 36829 0.8
MOYXTAPA
DIJONNAISE
200GR
6480 EAAIOAAA AQP EEZAIPET37053 0.7
EEAIPET I[TAP®EN
[TAPGEN EAAIOAAAILT
I[TAPAAOXIAK 1LT
9.22
EAAIOANAA 6064 0.74
EEAIPET
[TAP®EN 1LT
16479 KAPAMOAEI'K ZKAPAMOAEI'K 56748 1
YoM XE OETYQM Z XE OET
500GR 500GR
KAPAMOAEI'K 16577 0.78

OKTAXIIOP YQM
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XE OET 500GR
16480 KATXEA YQMYQM TOXT1952 0.88
TOXT YTAPENXTAPEN 720GR
720GR

Elvan onpovtiko va onpeiwdel 6Tt 0 AOyog o o1 eV AOY® TIEPLYPAOEG SEV TIEPLEXOLV TIAT|PELG AEEELG
OQEIAETAL OTO YEYOVOG OTL TIPOKELTAL Y1 AE&ELG PE Pdom.

ZUYKEKPIHEVA, Y10 VO AGP® QLT T OMOTEAETHATA, VAOTIOINCX TOV MOPOKAT® KOOIKA.

similarity check for list(tfIdfX, product data, id)

len words = tTIdfX row(id}.da e8]
minimum similar len words L,

A.getrow(id).data), listiX.getrow(id).indices)))

inge (product data):

K.getrow(i).d

ata), list{X.getrow(i).indices

t(X.getrow{id) .indices) & set(X.getrow(i).indices

and :

mpllq[1]]
q[e] ** 2

and :
product +=

cosine similarity = product f div
f cosine similarity > minimum similarity:
ids.append( (i, cosine similarity})

ids

Image 3.3.2.1 Cosine Similarity check
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Oocov agopa 10 xpovo, xpewalovtal mepimov 7-8 SevtepOAenta avd mpoiov ywx va BpeBovv OAeg ot
opol0tnteg o€ €vav laptop pe 12 GB RAM ko eneéepyaotr| Intel i7. EmmAéov, kata t SoKIuT o€ éva
oevtepo laptop pe 8GB RAM ko ene&epyaotn Intel i5, n diadikaoia anoatovoe 12-13 devtepolenta
yux va oAokAnpwBei. A&iCel va onpelwbel 6T mpoonaBnoa emiong va xpnolponoowm o numba, éva
epyoieio mov otoyevel ot PeAtimon twv emdoocewv pe T xpnon g GPU, mpokelpévou va
BeAtiotomomom ) Sadikaoia. QLotd00, 0LTO Sev gixe To emBLUNTO anotéAeopa. Xto laptop pe pvnun
RAM 12 GB, n Sadwkaoia anoitovoe 0.25 devtepoienta ava mpoidyv, eve oto laptop pe pvinun 8 GB
armtoatovoe 0.35 Sevtepodenta yia va oAokAnpwBel. Avty n éAAewn PeAtioong kol peiwomn Tng
anodoong ogeidetol mbavotata 0To yeyovog 0Tt 1 numba dev eivor KATGAANAN Yl TO XEIPLOHO XpatdV
mvAaKwVv (X).

3.4 Zwolipgo Ztnv Baon AedOpEVWV

ITpwv kAeloovpe TO KEQPAANIO OYETIKG HE TOLG recommenders, €ival OMHOVTIKO VX OL{TIHOOVLHE TNV
EVOOUAT®ON TOV oLOTdoewv o Paon dedopévav. Ta va To emTdX® aLTO, LAOTIOINCK Pl CLVAPTNOT)
eVIOg Tov  @akéhov backend mouv eivonr  eldikd oyxedaopévy yix 10 OKOmMO  QTO.

tion).delete()

f.readlines

p.where(cluster labels == i)[8]])

Jjeal.id.in (new line})

.append{ results[**"

.append{results[j])

close()

Image 3.4.1 Fill Suggestions implementation with K-Means results
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ith open("similarity ou
data = file.read()

data = data.split(’\n

; L te(data):
line.replacel s )ireplace(C ) ).replace(
Lispliselt )
=0

ellations temp = []

le 2 ¥i +1 < len{l}:

corellations temp.append((int(Ll[2 * i]

i+=1

corellations temp.sort(
corellations.append(corellations temp)

suggestions = session.query(®

e({corellations):

% 100 == 0:
print(len(ids), len(results))
print(i, len(results

sociations.append(res)

session.commit()

session.close()

Image 3.4.2 Cosine similarity update

H dwxdikaoia mpoaBnkng twv mpotacewv otn faon dedopevav mepthapfavel dStapopa atddia. IIpatov,
elvar amapaitnTo va Staypa@oidyv OAEG Ol IPOTYOVHEVEG TIPOTACELS, KaBWG Ta deals €xouv aAAGEeL. X
ouvveyela, ya kabe cluster, eviomifovtal OAx T TPOIOGVT TTOL AVTIOTOLXOVV OTO €V A0y cluster kot
npootifevton o pa Alota. T'a k&Be mpoidv oty Alota, dnpiovpyeiton Eexwprot AMota, pe Ta
npoiovTa xwpig To 1810 to mpoiov. TéAog, ot aAhayég owlovio otn Bdon dedopevmy.
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session.query
ion.commit

i.parent.
sion.add(sug)

ssion.commit()

print(

Image 3.4.3 Delete previous data
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KepdaAaio 4: Avtopoatortoljote tnv ‘OAn Aladikacio

4.1 Noti Avtopatoroinon;

Koata v avamtoén outng g €Qappoyng, €ylve @avePO OTL N XELPOKIVNTN €KTEAeon Oev givar o
BéAtiotog tpomog Aettovpyiag. Q¢ amotéAsopa, 1 Snpovpylar AVTOHATOTOMNHEV®VY SCripts ylx T
dayeiplon OA®V TV S10IKACI®V EYLVE AVOYKALO.

4.2 AvtopOTOoTIOINOT

4.2.1 AvtopatoTttoinon Aladikaoiog Web Scraping

H exxivnon twv web crawlers givon amAn ko neptAapfaverl pia povo evioAr] 0To TeppaTIKO (termina).
ZUYKEKPIHEVA QMO TOV TOOt PAKEAO TOL €pyov, HUMOPOVUE va ekteAéoovpe to “python3 scraper/”.
Eowtepikd, otov KatdAoyo scraper, bIApPYEL Eva apyeio __main__.py mov StBdadel oplopéveg e106600V¢
OLOTNHATOG KOl SMp1ovpyel Ta faoK& vijpata.
import sys

threads

if len(sys. ,
threads.append(tl i (target=AB, args=(1,)))
threads.append(tt g.Th target=AB, args=(2,)))

threads.append(t g.Th (target=sklavenitis, args=(1,)))
threads.append(t g.Th (target=sklavenitis, args=(2,)))

threads.append(tt di : (target=kritikos))
threads.append(tt di 1€ target=MyMarket) )
threads.append(threading.Thread(target=masoutis))

for 1

threads append(Th ding.Thread(target=AB, args=(1,)|))
thread; append( ding.Th i1(target=AB, args=(2,)))
thread; append(Th'; ] .Th l(target=sklavenitis, args=(1,
thread; append(threading.Th i(target=sklavenitis, args=(2,)))
if sys.argv[i] it =
1reads .append(threading.Thread(target=kritikos))
f sys.argv[i] == 'M -
ead; append(threading.Thread(target=MyMarket))
s.argv[i] : 5t
threads append(th 1g. Thread (target=masoutis))

ir thread in threads:
thread.start()

yr thread in threads:
thread.join()

print("Done")
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Image 4.2.1.1 Automate web scraping

4.2.2 Avtopatortoinon Back-end

Muwx &AM akoAovBia ov amottel avtopatonoinon eival i eviipépwon tov back-end ko g Bdong
dedopévmv. MOAG o web crawler ohokAnpwoel v epyacia tov, 1o apyeio backend/backend.py pmopet
va ekteheotel. Autd 10 apyeio mepthapfavel moAAd Pripata. To mpoto Prjpa gival va Staypdyel tig
TTANPOQOPIEG TOL TIPONYOVHEVOL TIPOIOVTOG, KATL TTIOL EMTLYXAVETAL opifovtag tn peTaBAnTA “exist”, n
OTIOL0 LTTOSEIKVVEL €AV €VA TIPOIOV LTIAPYEL AVTIV TN OTIYHN OTO KATAO TN, o€ false.

session = Session()

for prod in session. quprythr'iu'r}.alli}:
prod.discount = Fals
prod.exist = False

session.add(prod)

session.commit()
session.close()

Image 4.2.2.1 Clearing Products

X1 ouvéxela, ta apyeia mov amoktOnkav and tov web crawler Siafddovtan kot amoBnkevovtol o
Baon dedopévay.

Image 4.2.2.2 Data update

import os

os.chdir("..")
main dir = os.getcwd()

insertFromInputFile(main dir

insertFromInputFile(main dir +
insertFromInputFile(main dir +
insertFromInputFile(main dir
insertFromInputFile(main dir

os.chdir("b £

I ouvéxela, epappoloviol Tuxov amapaitnteg 610pBwoelg ota SeSOUEVH, OTIWG N EVNHEPWDOT] T®V
ayyAK®V Katnyoplov Kot SiopBwon tewv Tipev. To script mpoodiopidel Ti¢ KaAOTEPEG TPOTPOPEG Ko
OLUTIAT|PWVEL TIC TIPOTATELG.

findBestDeals()

fillSuggestions()

Image 4.2.2.3 Fixes
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4.2.3 Alatipnon Aedopévwv Xprotn

Eilvanl onpavtiko va onpelnbel 0L mpv amo v evEPWOT TV TPOTOVI®WY, TIPENEL va Satnpnboly ta
dedopéva xproTn Kol oLYKEKpIEVA To KoAGOL. T va emtevyBel autd, o script ouvééetan oto VPS
XPNOHOTIOI®VTAG Toug Kwdikovg SSH, xpnoponowwvtag ) BipAodnkn pexpect Python ywa va mapéyet
px apeon Semaery SSH APL. EmmAéov, eneldny Xprolponol® To git g CLOTNHA EVIHEPWONG, EXM
ovpmepAdPel pa Sradikaoia ovpmieong ya mn peiwon Tov peyéBoug touv apyeiov TG Pdong
dedopévav, KaBnhg N evaAAaKTIK B Ty va xpnoilponoow to git-fs, éva cvotnpa eni mAnpwpn.
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ort credentials

hostname
username
password

conn.login{hostname,

conn.sendline("cd projects/S

conn.prompt()
print(conn.before)

m pexpect import pxss

als.hostname
3ls.Uusername
als.password

username, password)

conn.sendline("git pull'

conn.prompt()
print(conn.before)

conn.sendline("gzip
conn.prompt()
print(conn.before)

o =+ el A
Odld. 5L

conn.sendline("git status")

conn.prompt()
print(conn.before)

conn.sendline("git adc

conn.prompt()
print(conn.before)

conn.sendline("git commi

conn.prompt()
print(conn.before)

conn.sendline("git push'

conn.prompt()
print(conn.before)

conn.logout()

except pxssh.ExceptionPxssh as

print("Could not login")

print(str(ex))

Image 4.2.3.1 User update script

r-Market-App/backend/databases

')




4.2.4 Evnuépwarn Tou Server

M 6AAN TITUXN IOV QTIOTEL AVTOPATOTOINOT) €lval I EVIHEPWOT] TOL SIAKOHLIOTH). LUYKEKPIHEVA, EXM
avantoéel éva script mov cupmédel ) Pdon dedopévwv oe éva apyeio “.gz”, 1o Kavel commit oTo git,
ouvoEeTa 0TOV SlaKopoT Kal Tpafdet ta dedopéva. To script xpnolpomnolel v emAoyn volume tov
Docker container, To omoio k&vel avtopato override to mpobnapyov apyeio faong dedopévav HOAG
ekteAeotel To "git pull”.

Image 4.2.4.1 Server Update

47



4.2.5 ABpOICHA TWV ZUCTNHATWV

Eilvon emiong onpavtikd va vmapyel €vag TpOMog GUTOHATNG omoBNKELONG TOV GEG0HEVRV HETR OO
KG&Be scraping ko va Stac@aiidetor 0Tt dev B xaBovv véa apyeia dedopévav. INa va emtevybei avto,
urtapyel €vag edkelog data_new oe kabBe koatdAoyo covmep pdpket. To script petaxkivel to apyeio
{supermarket}/{supermaket}.txt o€ aqUTOV TOV QAKEAO pE TNV AVTIOTOIXN NHEPOUNVIA Kol eKTeAel
emiong T eVIOAEG ovpmieong. Me v eloaywyn Touv script ssh_update_users, evnpepavel aLTOHXTA
TOUG XPNOTEC. XTI GULVEXELN, TO OEVAPLO TPaP& TIg aAAayEg, TG amooupumiélel Kon ekteAel To backend
script, Kol emmAéov  oxnpatifet  T@  VEx  opxeld  OTOUG  QPOKEAOLG  OESOPEVV.

'], stdout=

], stdout=s

current_dat
formatted dat

], stdout=sub
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To script diaypagel emiong ta apyK& apyeia yix k&Be covmep pApKeT, cLHMIECEL TN Paon dedopeEvwv
Kol KGvel commit To vEx dedopéva 0To git, evad T€AOG, ekteAel To oevdplo ssh_server mov evipepmvel
TOV S10KOULOTH pE Ta vea SedopEvVa.

chdir(main_dir)

_dir +

main_dir scraper/kritikos/kritikos.txt
in_dir +

)

main_dir

)

1 dir +

main_dir

], stdout:

Image 4.3.5.2 The rest

IMa va exteAéoete OAN Vv akoAovBia, amonteiton N ektéAeon 1o "python3 scraper/ ; python3 server-
update/", pia akoAovBia 600 evioA@v.
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KepdaAaio 5: Frontend, évag TPOTIOC OTITIKOTIOINGNG TWV
0EOOHUEVWV MOV

Muwx mpoo@atn peAétn Oeiyvel ott T0 60% TG GLVOAIKNG Kiviiong oto Awadiktuo amoteAsitanl amo
kivnon 1010V, vModeIKVOOVTAG OTL Ol 1GTOTOTIOL £X0LV YIVEL TO KUPLO HECO OPYAVOOTG Kal HETAS00NG
dedopévov. H Sadiktuookr emkowvavia eivol €vag Kpiolog evOIGHETOg Kpikog ywax T peTadoon
dedopevov Atadiktoov. (Cantelon, 2015).

Zm Swrpin) pov, vrmootnpilm ot px Stenagr) xprotn (UD) eival {wtikng onpaociag yio v emruyic
omolovdNmoTe cLOTNpaTog oL Pacileton oto web. H Siemagn xprjotn tov frontend xpnoipedel wg n
YEQUPX HETAED TOL XPNOTN KOL TOL OCULOTHHOTOG ULMOOTNPLENG, EMTPENOVIAG OTOV XPNOTN VX
aAMNAemépd kou v mAonyeitol oTig Agttovpyieg kon ta Sedopéva touv cvotipatog. Eva kaAd
oxedlaopevo riepiaAiov xprotn Stac@aiidel 0T N epmelpia xpriotn elvon SronoOnTikn Ko ampookomntn,
S1ELKOAUVOVTOG TOUG XPTOTEG VO €XOLUV TPOGPOOT Kol VO XPNOHOTOoLY TG SuVATOTNTEG TOU
ovotnpatog. EmmAgov, éva meptaAdov Stemagng xprotn pnopet eniong va Stxdpapatioetl faocikd poAo
0TIl CLUVOAIKT] loBNTIKN Kol TNV en@vupia evog cvuotnpatog mov Baciletol oto web, kabiotOviag 0
IO EAKVOTIKO OTITIKG KOl EMAyYEAHATIKO. [16].

5.1 Frameworks, libraries koi TexvoAoyigg

Meta 1o €tog 2000, KaBaG 1 TEXVOAOYiKt TOL TIPOYPAUHATOG TIEPIYNOTG LOTOV TIPOXOPNOE YPIYOPQ, T
JavaScript avadeiyfnke wg nyetikn yaAoooa otnv avantoén lotov. EmmAéov, ot texvoloyieg web front-
end yvaoploav onpavtikég mpoodoug [16].

Meta myv e&dnmiwon ¢ JavaScript, pla mAnBopa frameworks kot BifAoBnkav JavaScript €xouv
avarntoxBel yia va fonbrioovy ot dopnon tov Paoikod KOdka. Avtég meptAapfavouvy SnHoPIAEig
emAoyég onwg Angular, React js, Vue js, Vanilla js kon Node js. Metd amd mpooektikn| €§€taon,
enéAeéa va ypnoonomnow v Angular yix v avamtoén tov €pyov pov. Eve pmopel va amontet
apYIK& il amoTopn KOpTOAN ekpadnong, n Angular mpoo@épel pix MANBOPA EVODHAT®HEV®V
EPYOAEIOV TIOL EMTPEMOLVY GTOV TIPOYPOAHHOATIOTH VO EQAPHOCEL €VA ELPL QPACHN  AELTOLPYLAOV.
EmnA€ov, n Sopn mov Paocileton oe ovviotwoeg tov Angular emtpéenel ) Snpovpyia, TOV CLVSLAOHO
KO TOV XEIPLOHO HEHOVOUEVOV OTOIKEIWV YA TNV KATHOKELT] EVOG GUVEKTIKOV GLVOAOL [16].

5.2 Available Features

EEKIVOVTAG, TOPEX® KX YEVIKT] EMOKOTNOT] TNG EQAPHOYNG 10TOV HOov.

50



... [l vt aydnn Track Play Home Page-A... @ http://agymzo... w Muclear Powe... % Fin

I o [0l

Welcome to bestcart!
ICompare your Grocery Prices
Bestcart is a system for tracking and controlling retail prices from large-scale heterogeneous data sources.

= Compare 5+ suparmarket
- Discover daily deals
= Create you custom list and save money in your next purchase

To send me a message press here

Categories
Fruits & Vegetables :g Meat & Fish “; Fridge r:j Daily Bread @ Ready Meals &
)
Ry 3 "
Pet A Personal Care £ Clean ™= Snacks & Drinks & Coffee EI Ice Cube
Baby _" Store
Products for you All here

POy UTNPECIGIV T POKEIPEVOU v T mév. hitps:/fbestcart gr/data-privacy Accept cookies

Image 5.2.1 Home page with all the components

Extog amo tov tomko kodika HTML, aéilel va emonpave TV TPOCEYYLON TIOL €X® aKoAovBroet
OXETIKA € To routing. 'Exw emA£&el va LAOTIOINO® €vay GLYKEKPIHEVO aplBpo onpeinv SpopoAdynong,
KOaOEVa oo T 0Tl OPTAVEL EVa EEYMPLOTO OTOLYELD.

/\

Image 5.2.2 Routes

ITave and k&Be otoiyeio Ppioketon To Header component, to onoio meptAapfavel To AoyoTund pov oTta
apLOTEPD, HIX YPOHHN avadhTnong oTo KEVIPO KOl SlX@OPN KOLHMIA ONWG TO KOLPTH yA®ooOg, TO
KOLUTIL TPOGPOP®YV, TO TPOOWTIKO KAAKOL Kol T0 kovpmi ovvdeong ota 6e€1&. To Header component
elvan vmevBuvo ya T dayeiplon TV dAAAY@V SPOpHOAOYNONG TOL &EKIVOUV amo TNV Ke@oAiSa.
Yuykekplpéva, 1 ouvaptnor onNavigate() kaAeiton o€ KGBe KAIK KOLUTIOV.
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onNavigate(input:
if (input === 'main
is.router.navigate(['']);
is.search = '"';
: if (input === 'hot
this.router.navigate(['h
else if (input === 1
this.router.navigate(['cart']);
this.search = '';
else 1f (input === 's
this.router.navigate

queryParams:
search': this.search,

else if (input === 'login’

if (this.loggingService.userValue == null) {
this.loggingService.googleLogin();

se 1f (input === 'profile
.router.navigate(['login']);

cartService: CartsS
loggingService:
te dataService: Da

Image 5.2.4 Header Components Services

AvaAoya e To Kovpmi mov motdte, TO0 avtioToko onpeio SpopoAoynong aAldlel. EmmAéov, yax va
BeATioTOMOMOM TN XPHION TOL X®POL OTIG 0BAVEG KIVITWV, XM EVOMHATOOEL KivoLpeva oxédia CSS
Yl va S1oi0oAiow OTL N ypaHKT avadTnong eL@aviCeTol HOvo OTav 0 XproTng KAVEL KAIK 0TO KOLUTI
Qv TNOTG O€ KIVITEG CUOKEVEG.

52



if (input === ch-full’
mall header = document.querySelectorAll<HTMLELen
t inside header = document.querySelectorAl1<HTMLE

et btns: stringl] = [];
b = document.getElementsByTagName("button")
(let 1 = 0; 1 < b.length; ++i) {
btns.push(b[i].className);
b[i].className += " btn-
}

setTimeout( () => {
for (let i = 8; i < btns.length; ++i
b[i].className += btns[i];

document.querySelectorAl1<HTMLElement

document.querySelectorAll<HTMLEI
document.querySelectorAll<HTMLE
}, 2000);

Image 5.2.5 Open search on mobile

-')[0].className +=

)[0].className;
') [0].className;

e.display =

)[0].className += "

a [ pe

e.display =

0].className = small header;
@].className = inside header;

INa va 1o mMeTdxm oo, €xw e@appoael pia KAdon small-header CSS, pia kAdor) inside-header kon pia
KA&om appear kot disappear mov pmopa va aAAG{m K&Be @op& TOL 0 XPNOTNG KAVEL KAIK GTO KOLWTIL.
Eva onpoavtiko oTtolyeio eival 0Tl yio va SI00QAAIOTEL ] 0WOTH AEITOLPYIX TNG KIVOVHEVNG EIKOVOG,
TPOOTEDNKE €va XpoviKO Oplo (kaBuotépnon JavaScript) yix va agoipebel n epeavion g vmoAomng
KeQaAidag. Opoiwg, autn 1| MPOCEYYION XPNOIHOTOMBNKE Yyl TNV €QAPHOY] TOL KAEIGIHATOG TNG
YPOppAG avadimong.
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e 1f (input === 'c
small header = document.querySelectorALL<HTMLE | [0].className;
let inside header = document.querySelectorAll<HTMLEI E={® e-h ~')[0].className;

2t btns: string[] = [];
b = (property) Element.className: string

: b‘m:“;. Returns the value of element’s class content attribute. Can be set to change it.

b[i].className += " btn- i
}

document.querySelectorAll<HTMLElement>(".1in : ader') [€ e.display = 'inline';

document.querySelectorAll<HTMLEL )[0].className += "
document.querySelectorAlLl<HTMLE lement>(".ir : r')[e].className += "

setTimeout( () => {
et 1 = 0; i < btns.length; ++i
b[i].className += btns[i];

document.querySelectorAll<HTMLE lement .small-header : .display = 'none
document.querySelectorAll<HTMLE] E( " ') [0].className = small header;

document.querySelectorAlL<HTMLEle t>( . i > -heade 0] .className = inside header;
}, 2000);

Image 5.2.6 Search bar closure

IIpwv epfabive ota GAAX oToEld, €lval €MTAKTIK] QVAYKN va €ENyNow TI§ TIPOCOPHOCHEVES
unNpeoieg pov OTwG ep@avidovtot otov class constructor. Mia tétola vnnpeoia eivon n LoggingService,
n omnoia givon vrevBLVN yx T Sayeiplon TV §edopévav XpNoTn, To Xelplopd Tov API odvdeong g
Google ko1 ™ datripnon evag subject mov emtpénel o€ kabe otoiyeio mov embBupel va mapakoAovbei
TG aAAQYEG 0TI PETABANT XpNOTN VA eyypa@el o€ oquTtO. Me aUTOV TOV TPOTIO, OTIOLOSTTIOTE OTOLXELD
propel va e18omon et 6tav Tporomon el n Tipn xpro.

i

5. _user.asObservable();

Image 5.2.7 User data

EmmAgov, yia va eyypag® otn Bdon dedopévav pov, vrapyel pia cvvaptnon loginServer mov koaAgiton
loginServer(uservValue: all “é}\lg ouvdehel év(xc Xpr'lo‘-[r]c

let params = HttpParams

if (uservalue
params = params
.set('u ', userValue.id)
.set('user userValue.firstName)
.set('user , userValue.lastName)
, userValue.email)
rValue.name)
, userValue.authToken)
.idToken)
userValue.authorizationCode)
, userValue.provider);

return this.httpClient.get<voi nvironment.path + 'login', { params }

Image .2.8 login Server
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M GAAn t€towx vrmnpeoia eivon n CartService, n omoia eivon vmevBuvn ywx ™ Sayeipion twv

deSopEVOV TOL KOAXBI0D. TUYKEKPIEVD, €xel éva BEpa (g XproTNG) 0To omoio A T aVTIKEipeEVa
Hetapopdg dedopevwv mpoidvtog (Data Transfer Object - DTO) @tdvouv amno to backend. Avt
Qopy, xpelalopaote SV0 PeTABANTEG, pia yix T dedopéva Kot pia yiax To péyefog.

data.asObservable();

._dataSize.asObservable();

Image 5.2.9 data and datasize Subjects

H LoggingService meptlapfavel pioe MOKIAIX AEITOLVPYIOV, OTIWG TNV OVAKTNOT €SOTOHIKEVHEV®V
TIPOTOVIWV Y1 TNV XPXIKT OEASA, TNV EVIHEPWDOT] TOL TTPOCWTIKOL KaAXB0L o1 Bdomn dedopévmv Kat
MV avadlopyavmom Tov KaAabiov.

setTtem('cart’',

s.map({product: P Dto product.id).join("',

.map( (product: P Dto product.quantity).join(’,

t.path + "cart/update”, {params});

5.2.10 Basic functions
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updatePr

.filter(item item

Tilter

id:

product
product

dropPr

Image 5.2.12 The ProductDto object
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Mia GAAN tétowx vninpeoia eivan n DataService, n onoia eivat vevBuvn yla TN SlaxeIpLON TOV OMTIKWV
OeSOpEVDY. ZUYKEKPIHEVQ, XeIpileTan TNV avatnon, TG TPOTPOPEG, TOV 10TOPIKO TWV TIHAOV OF €Va
HOVO TIPOTOV.

Image 5.2.13 DataService API

EmunAéov, oxedicoa pia Aertoupyikn povada Alotag mou xelpiletal Ty evnuépwon SlEmaQng Xpro
HlOG AlOTOG TIPOIOVIWV. ZNHEWOT OTL 0 K&Be avalntnon Qoptavel HOVO 25 TPoIovVIa ylx KXAUTEPN
anodoor.

@ [ milkel ] Q El v Deals [ ©° m
20230117 - @ 0231417 - 20230117 - Bl / @ 20230177
&
ZkAaBevitng My Market Magoitng Magoutng AB

MILKO l'aha pe Kakao 1lt

Milko Yuygiou & ANavTika
1.00lt 2.320€/lt 2.32¢€
‘Exntwon 0.45 €

(=10

202300117

ZkAaBevitng

MILKO laAa pe Kakao 450ml

Milko Yuysiou & ANAGVTIKG
0.451t 3.110€/lt 1.4€
Avodog 0.06 €

[ =1

Milko ZokoAatouxo MaAa ®rain 11t

Yuyeiou & AANavTika

1.001t 2.920€/lt 2.92¢€

Avobog 0.08 €
[=][-]

20230117

My Market

Milko ZokoAatouxo laAa 450ml

Yuyeiou & AAaVTIKG
0.451t 3.110¢€/lt 1.4€
Avodog 0.04 €
(]

Image 5.2.14 Custom search.
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Milko ZokoAatouxo FaAa 1lt.
Wuyelou & AAAavTtika

1.00lt 2.920€/1t 2.92€

Avobog 0.06 €

on
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Chapter 1: web Crawlers: a system for tracking and controlling retail prices
from large-scale heterogeneous data sources

1.1 Introduction

Web crawlers, also known as spiders or bots, are automated programs that traverse the World Wide Web
in a methodical, automated manner. They are used to discover, index, and organize information on the
internet, making it easily accessible to users through search engines. Web crawlers work by following
links from one webpage to another, and then indexing the information on those pages for search
engines to use. This process is known as web crawling. Web crawlers are an essential component of the
modern internet, helping to ensure that users can quickly and easily find the information they need.

The denial of access to daily data by supermarkets poses a significant challenge. One solution is to
utilize web crawling techniques, as web scraping is particularly adept at swiftly gathering and
processing large amounts of data. However, it should be noted that while browsers are efficient in
executing JavaScript, displaying images, and formatting information in a user-friendly manner, utilizing
internal Application Programming Interfaces (APIs) provided by the websites could also facilitate the
acquisition of data. Nevertheless, it is important to take into consideration that various websites often
implement measures to restrict access to these internal APIs. As a result, web scraping emerges as the
sole viable solution to this problem.

1.2 Available Interfaces

In the field of web scraping and data extraction, there are several techniques that can be implemented
using the Python programming language. Some of the most commonly used libraries and frameworks
include Scrapy [3], Beautiful Soup [4], Selenium [5], and Requests-HTML [6] [2]

Scrapy, an open-source and collaborative web crawling framework, allows for the efficient extraction
of data from websites, as well as the use of APIs. Beautiful Soup, a Python library for parsing HTML
and XML documents, enables the creation of parse trees for the extraction of information from these
types of documents. Selenium, a browser automation tool, allows for the automation of browser
activities such as clicking buttons, filling out forms and navigating pages. Finally, Requests-HTML, an
HTML parsing library, allows for web scraping tasks to be performed using the Python requests library
[7].

Scrapy is an open-source and collaborative web scraping framework that allows for the efficient
extraction of data from websites, as well as the use of APIs. It has built-in support for handling
common web scraping tasks such as logging in, handling cookies, and following redirects. Scrapy also
allows for the easy export of data in multiple formats, such as CSV, JSON, or XML. The library is
actively maintained, and it has a large community that can provide support and guidance. However, it
may have a steeper learning curve for those who are new to web scraping and it may not be suitable for
small scraping tasks [8].

Beautiful Soup is a Python library for parsing HTML and XML documents, which enables the
extraction of information from these types of documents through parse trees. It is simple to use and
easy to learn, and it has a large community that can provide support and guidance. However, Beautiful
Soup only parses HTML and XML, it does not interact with web pages like Selenium and it may not be
the best option for scraping large and complex web pages [7].
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Selenium is a browser automation tool that allows for the automation of browser activities such as
clicking buttons, filling out forms and navigating pages. This makes it ideal for interacting with
dynamic web pages. However, Selenium may require more technical knowledge and setup compared to
other libraries and it may be less efficient for large scale scraping [7].

Requests-HTML is an HTML parsing library that allows for web scraping tasks to be performed using
the Python requests library. It's simple to use but it has a limited capability compared to other libraries,
it's mainly used for small web scraping tasks and it may not be suitable for more complex scraping
tasks that require browser automation or handling of cookies and redirects.

For the purpose of my thesis, I have decided to use Selenium as the primary tool for web scraping. The
supermarket websites that I aim to scrape require loading pages with scrolling and make use of
JavaScript, as well as server-side rendering. These features can make scraping more challenging and
traditional web scraping methods may not be sufficient. Selenium, as a browser automation tool, allows
for the automation of browser activities such as loading pages with scrolling, interacting with
JavaScript, and handling dynamic web pages. This makes it an ideal choice for scraping websites that
have these features, as it mimics the actions of a user and can bypass any limitations that may be
imposed by traditional web scraping methods. Additionally, Selenium has a large community and a
wealth of resources available, which can be extremely helpful for troubleshooting any issues that may
arise during the scraping process.

1.3 Generic Web Crawlers

The need for generic web crawlers arises from the requirement to scrape data from multiple sources
with minimal effort. In my case, as [ am working on a thesis that involves scraping product information
from supermarkets, I need a web crawler that can be easily configured and adapted to work with
different supermarkets. Each supermarket has its own website structure and data format, and having to
set up a new crawler for each individual supermarket would be time-consuming and resource-intensive.
A generic web crawler can be customized to work with different websites by changing the
configurations, rules and patterns to match the target website. This approach allows me to easily add
new supermarkets to my scraping process without the need to build new crawlers from scratch.
Additionally, using a generic web crawler can help me to ensure consistency and accuracy of the data
being scraped from the different supermarkets.

In order to achieve a consistent and organized approach to scraping data from multiple supermarkets, I
have implemented a specific format for each supermarket. Specifically, I have created a 'scrape' folder,
within which I have created a separate folder for each supermarket. Within each of these folders, I have
included a scrape file that is specific to that supermarket, a file containing the links to be scraped, a
".txt" file for storing relevant information, and a folder for storing past data. This format allows for easy
organization and access to the data being scraped from each supermarket, and ensures that the process
of adding new supermarkets is streamlined and efficient.
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__init__.py
ab.py
£ ab.txt

Find_links_ab.py

__main__.py
credentials.py

test_req.py

Image 1.1 Generic web crawlers

I have implemented a generic function, named "get_categories_{supermarket}", within the "find_links"
file, that is specifically designed to utilize Selenium for the purpose of navigating to the e-shop page of
a particular supermarket and scraping the links and categories of that supermarket. This function
enables the efficient retrieval of relevant data, and also maintains a list containing all of the scraped
data, thus eliminating the need to repeatedly retrieve such data. This approach ensures that the process
of scraping the links and categories of a supermarket is both efficient and accurate.
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class conventions

Image 1.2 A basic “class_conventions” dictionary of HTML & CSS attributes

In order to maximize productivity and efficiency when creating web crawlers for each supermarket, I
have developed a basic structure to follow. This structure involves creating a new "class_convention"
object for each new scraper, which includes all of the necessary HTML and CSS attributes for
acquiring the desired data. In particular, this structure includes the product name, the price, the original
price if the product is on discount, the weight (if applicable), the price-value ratio, the image URL (as
each supermarket loads their images through an API), and the product URL. This approach allows for a
consistent and efficient method of acquiring data from multiple supermarkets, while also facilitating the
addition of new supermarkets to the scraping process.

Additionally, each web crawler utilizes a specific Application Programming Interface (API) that,
through the use of the webdriver, executes JavaScript commands in order to retrieve the data. The
method of utilizing these functions involves first determining the number of products present on a
webpage, and subsequently iterating through each product to extract their attributes. This approach
allows for an efficient and comprehensive method of data retrieval, while also ensuring that the process
is automated and streamlined.

kritikos():
fill Kritikos(link, category):
getTitle(i):
getUrl(i):

getImg(i):

getPrice(i):

getValueRatio(1i):

getWeightFromPriceRatio(price, ratio):

Image 1.3 Basic web crawler’s API
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getTitle(i):
title = driver.execute_scriptf]

{class_conventions pro
upper = []

i, word in (title.spli
if word.isupper

upper .append( (word, i})
company =

class_conventions

company

if title
title =

title, company

getUrl(i):

url = driver.execute script(

{class conventions

p class_conventions
getImg(i):

' img = driver.execute_script(

class_conventions

conventions

conventions

getValueRatio(i):

valueRatioStr =

= driver.execute script( class_conventions
valueRatioStr
eRatioStr.split(

Clas e("{class_conventions:
M1
. fromWeightStrToNumber{weight_metric)
alueRatioStr.spli vd replace( ).split(
ratio:

valueRatioStr
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alueRatioStr . ( )
ice_ratio:

valueRatio, metric, weight =

valueRatiao

lueRatio, metric,

getWeightFromPriceRatio(pr:

float(price) f

1.8

Image 1.3.2 Implementation




Another challenge that arises when scraping data from multiple supermarkets is the diversity of
categories declared by each supermarket. To address this, I have created a mapping system that maps
each supermarket's category to a generic category within my application. This approach allows for
consistency in categorization and facilitates the analysis of the scraped data.

The category mappings that have been implemented are as follows:

Image 1.4 Category mappings

In order to efficiently store and organize the product data, I have developed a series of classes to
manage the objects in a structured manner. Specifically, I have created a "Product” class that allows me
to manipulate the object, rather than relying on unique variables for each product. This allows for easy
manipulation of the data and facilitates the process of updating the database. For each product, I create
a "Product" object, store it in a list, and simultaneously write it to a file. This file is then used to update
the database, thus ensuring that the process is automated and efficient. This approach allows for a
consistent and organized method of storing product data, while also facilitating the analysis and
retrieval of the data.

Another issue that arrives is that each supermarket loads their products in two different ways. Some
choose to use pages as the way to load a batch of products. Other’s choose to load more products as the
user scrolls. For the first case, in order to facilitate that, I have designed a series of Javascript
commands to find the total number of pages so that I can get into each one. For the second case, some
supermarkets add the total number of products in the top of the page. If this doesn’t exist, the webdriver
scrolls until no more data is loaded. If this exist, the web crawler scrolls and loads until it finds this
number of products. However, due to some faults on their websites, that number might be false. For this
reason, I have implemented a security rule that if the webdriver scrolls 5 times and no new products
appear, it has reached the end of the page. And it debugs a message to notify me that there might have
been lost some products.

In order to effectively integrate all of the previously mentioned components and to ensure the efficient
and accurate scraping of data, I have developed a basic structure for the web crawler. The structure
begins by determining the loading mechanism of the page, whether it is the scroll loading mechanism
or not. If the page uses the scroll loading mechanism, the first step is to scroll through the end of the
page. If not, the process proceeds to the next step. An iteration process is then implemented through the
total number of products, where the basic data for each product is acquired. A "Product” object is
created for each product and the object is written to a file, which can be used for later analysis. This
approach allows for an automated and streamlined process of data scraping, while also ensuring that the
data is organized and accessible for further analysis.
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Image 1.5 Basic web scraper structure

1.4 Maximizing Web Crawlers Performance

The network delay is a primary bottleneck that can impede the performance of any web scraping
project. The transmission of a request to the web server and the subsequent receipt of a response both
result in a delay. While there are limitations to what can be done to resolve this issue, such as having a
better connection or network card, there are several ways to boost performance.

One such method is the use of headless browsers, as supported by Selenium. In certain situations, a
headless browser may not be viable as some websites employ web crawler checks and will not load the
page if it does not appear as a browser. However, when a headless browser can be utilized, it can result
in a speedup of approximately half the time.

Additionally, the use of multithreading can also improve performance, allowing for many web crawlers
to run independently [9]. This method is effective only if the CPU is able to handle the multiple
Selenium threads running simultaneously. In my personal experience, a speedup of approximately two
times was achieved through the implementation of multithreading. Without any multi-threading, the
time required to scrape all data from all websites was approximately six hours. With a pure
multithreading setup, the time was reduced to one and a half hours. However, an even greater speedup
can be achieved by splitting the links into two equal lists, resulting in a reduction of time by half. In my
case, this reduced the time from one and a half hours to 30-45 minutes, depending on the connection.

Lastly, it is important to note that when utilizing multithreading, multiple threads may attempt to write
to the same file simultaneously. To ensure the safety and integrity of the system, I implemented
spinlocks. A spinlock is a synchronization mechanism that is used to lock a file when a thread attempts
to write to it, and subsequently unlock it when the writing process is completed. This approach ensures
that only one thread is able to access the file at a time, avoiding any potential conflicts or errors that
may occur due to simultaneous access.

1.5 Future Improvements

One approach to improving the performance of web scrapers is to utilize remote servers for scraping.
By leveraging the resources of remote servers, web scrapers can increase their scraping speed, handle
more requests simultaneously, and reduce the risk of being blocked by web servers [1]. This approach
involves running web scrapers on servers that are not located on the same network as the machine
running the scraping script. This can be achieved by either renting a virtual private server (VPS) or
using a cloud-based service such as Amazon Web Services (AWS) or Google Cloud Platform (GCP).

69



Additionally, using remote servers also allows for the use of multiple IP addresses, thus reducing the
chances of being detected and blocked by website administrators. Furthermore, using remote servers
also allows for the use of multiple threads, thus increasing the scraping speed. However, it's important
to note that scraping on remote servers also comes with some drawbacks, such as increased costs and
the need for a reliable internet connection.

70



Chapter 2: Back-end Service

2.1 Database Selection and the Structure

The selection of an appropriate database model can present a significant challenge, as there are a
multitude of options available. These options include SQL-based databases, NoSQL databases, and
graph databases, each of which are designed to address specific types of challenges. In the context of
this project, the data load is relatively low, with a total of 70,000 distinct products and their associated
data. Furthermore, the need for relationships in the data, such as those required for suggestions, is not
particularly demanding. Given these considerations, a simple SQLite database is deemed sufficient for
the needs of this project [10].

Additionally, a web service is necessary to handle the SQL queries, and provide a means for interacting
with the database. Given the anticipated low volume of HTTP requests, a simple Flask application is
deemed sufficient for this purpose, as it offers a lightweight and efficient solution for handling these
types of requests.

Flask applications come equipped with various tools that can be utilized to enhance their functionality.
One such tool is SQLAIlchemy, an Object-Relational Mapping (ORM) library that allows for the
interaction with databases in a more efficient and convenient manner. SQLAIchemy is a common
choice for developers when it comes to working with databases in Flask applications. The utilization of
SQLAIchemy allows for the establishment of a relational mapping between Python classes and SQL
code. This enables the manipulation of the database through the use of Python classes, rather than
writing raw SQL code, resulting in a more efficient and convenient development process [11].

Lastly, it is a secure way to protect the data from attacks as SQL Injection. SQLAlchemy prevents SQL
injection by using a technique called "parameter binding". This technique involves separating the data
from the SQL query and passing the data as a separate parameter. In this way, any data passed to the
query is treated as a bound variable rather than as part of the SQL query itself. This ensures that any
data passed to the query, regardless of its content, is treated as a value rather than as part of the SQL
query, effectively neutralizing any SQL injection attempts. Additionally, SQLAlchemy also provides a
way to use "sql expressions" instead of plain string concatenation, which also helps in preventing SQL
injection. For example, when using plain string concatenation, a user input is added to the query string,
however, when using SQLAIchemy, the user input is passed as a separate parameter to the query and it
is not added to the query string. So even if the user input contain some malicious SQL code, it will not
be executed because it is not part of the query string [11].
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2.1.1 Products Table

~t (Base) :

tablename =

id = db.Col , primary key=True, unique=T

c
=3

upermarket english = db

nullable=F:z

tring)

company
company

category .
category english = db

netric = db.Column(db.String)

prices = db.Colum :
datesUpdated = db.Colum

value ratio
weight = di

img
url

discount = db.C

exist = db.Column(db.Boolean)

Image 2.1.1.1 Product class: Basic attributes

In the implementation of the present system, certain self-defined variables have been utilized. One
notable challenge encountered during the development process was the storage of the historical pricing
data for each product. To address this challenge, the utilization of the variables “_prices” and
“_datesUpdated” was implemented. These variables serve to concatenate and store the historical
pricing information and respective dates for each product.

One of the key features of SQLAlchemy is its ability to define properties, hybrid properties, and setters
within each class. Properties are class-level attributes that are used to define the columns of a table and
their data types. Hybrid properties, on the other hand, are a combination of Python expressions and
column-based properties. They are used to define computed fields that are not stored in the database but
are calculated on the fly. Lastly, setters are used to define custom setter methods for properties, which
can be used to perform additional actions when a property is set, such as validation or data
transformation.
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. prices.split(’;

_prices.split(

% price

self. prices += '; % price

Image 2.1.1.2 How a property, a hybrid property and a setter is used for the prices

When the scraping phase is complete I execute

nsertFromInputFile
tFromInputFile(main

Image 2.1.1.3 Update functions

The function is designated to read data from files, subsequently splitting it into a list of dictionaries and
invoking the "insertProducts(products)" function. To accomplish this task, the API first uses the path to
determine the current date and the corresponding supermarket. This enables the function to retrieve the
appropriate data and ensure that the information displayed to the user is up-to-date and relevant.

current date = d time ()
file date = current date.str

print(file date)

et name =
t name english = "Ab

t name engli
file:

t name engli

'Error"

Image 2.1.1.4 How to identify each supermarket
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It then proceeds to read the file and create a list of objects

vith open{file,
products = []

for line in f.readlines():

items = line.replace('\n', }.split{
j = len(items) - 7
p =
for k in range{l, j):
p += items[k]
if k !=73 - 1:
p t+=
if items[j+6] == "T
disc =T

! Supermarket_name,
ngli : supermarket_name english,

RN P,
. items[j+1],
: items[j+4],
]": items[]j+5],
: disc,
: Tile date,

I

ratio”] = float(it[®])

1

items[j+3].split('€/")

bj[“value
[

obj :
obj ["metric”] = it[1]

Image 2.1.1.5 Spliting the data file into a list of objects




The function performs an iteration through the list of products obtained from the file, it then searches
for the existence of each product individually. In case the product already exists, the function updates
the prices of the product and continues the iteration.

prod exist = session.query(Product).filter(Preduct.url == product["url"]

if prod exist i lone:
prod exist.product = help.removeAccent(product["pr
prod exist.category = help. removeAccentiproduct
prod exist.prices = product[
prod exist.dates = product[“date’
prod exist.value ratio = product["value rati
prod exist.weight = product["weight"
prod exist.discount = product["discount"
prod exist.img = product["img"]
prod exist.url = product["url"]
prod exist.exist = True
prod exist.metric = product["metric”

Image 2.1.1.6 If product exists update it’s attributes

Else, if a new product needs to be added, the following code is executed:

googletrans
translator = googletrans.Translator()

translated product = translator.translate(str(product["product"]) el', dest='en’').text

if len(product["compz } == 0:
translated company

translated company = translator.translate(str(product["company"]), src='el', dest='en').text

prod = Product(
supermarket=product[’ arket"]
supermarket english= product permarket _english"]

product=help.getProperWord(help. removeAccent(product["f
product english = translated product,

company=help.getProperWord(help. removeAccent(product["company"
company english=translated company,

category=help.getProperWord(help.removeAccent(product["category"”]
category english = categories[help.getProperWord(help remoueAccent{productf category"

metric=product["me
img=product[”
url=product["url"]
discount=product["di
)
prod.exist = T

if isinstance(product["price"]
prod.prices = product

prod. datesUpdated =

if isinstance(product["value “at%:ﬂ
prod.value ratio = product["v

if isinstance(product["weight
prod.weight = product["weight’

session.add(prod)

Image 2.1.7 Create new instance of product
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2.1.2 Deals Table

In the initial iteration of the application, a single HTTP request was utilized to calculate the drop value
of a given product based on its average price, subsequently returning any relevant deals. However, due
to the limited 2GB of RAM on the VPS hosting the app at the time, this calculation was found to be
relatively slow, taking approximately 4-6 seconds to complete. Additionally, this approach required
recalculating the dropValues every time a user requested to view the deals. In order to address these
issues, it was decided to implement a new table that maintained the relationships between deal-product
IDs in descending order, allowing for the most favorable deals to be presented at the top of the list. By
periodically clearing this table and writing new deals, it was possible to efficiently update product
prices without the need for recalculations.

, unique=T
'), nullab

pduct’ 2)

Image 2.1.2.1 Deal class

After scraping new data and storing it in the database, I invoke this API that calculates the dropPrice,
which is a class property of the Product. only products with discounts are retained in the database. This
process allows for efficient management of product data and ensures that only relevant and discounted
products are made available to users.

ret = [prod for prod in session.query(Product).filter(Product.exist == True).all() if prod.dropPrice < -8.1]

ret.sort(key=L la x: x.dropPrice, reverse=False)

d(deal)

session.commit()

session.close()

Image 2.1.2.2 Find best Deals function

2.1.3 Users Table

As is the case with any application, the need to store user data arises. To facilitate this, users have the
option to login with their Google account and keep track of their shopping cart. Specifically, a cart
property was implemented which holds a list of product IDs and their corresponding quantity in a
single string. This allows for easy management and retrieval of the user's cart data.
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tablename

id = db fy T ", primary key=True, unique=Tr
user_id = dk 1 (1 er, unigue=True)
provider = ing)

email =

name =

firstName

lastName =

authToken =

idToken = d U

authorizationCode

Image 2.1.3.1 User Class

The API for updating a user's cart has two modes of operation: "overwrite" and "update." In the
"overwrite" mode, the user completely replaces the existing cart with a new one, as specified in the
"product_quantities" parameter. Prior to this update, a check is performed to ensure that the products
being added to the cart exist. The API then returns the results of this update. In the "update" mode, the
user can add or remove products from their cart as specified in the "product_quantities" parameter. A
check is also performed to ensure that the products being added to or removed from the cart exist. The
API then returns the results of this update.

tting, preduct guant

triproduct_gquantities[i]) +

Image 2.1.3.2 How to update the  users cart
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2.1.4 User’s Messages Table

Furthermore, there has been implemented a message table that essentially store the messages from the
users.

» unigue=T A , autoincrement=

Image 2.1.4.1 Message Table

2.1.5 Suggestions Tables

The structure of the suggestions table is more intricate in comparison to the previous ones. In order to
establish a many-to-many relationship using SQLAlchemyj, it is necessary to create a temporary table to
store the unique relationships. Additionally, a parent-child association must also be established, with the
children being stored in a list format. This approach is required in order to effectively implement the
desired relationship within the suggestions table. Important to note is that we place only deals in this
table.

, Base.metadata,

Image 2.1.5.2 Suggestion Table
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As outlined in Chapter 3, the execution of the K-means algorithm generates a cluster label file. This file
is structured such that the row i corresponds to the product with an identifier of i-1. Each row in the file
contains a numerical value that pertains to the cluster that the respective product belongs to, as
determined by the algorithm.

ion.query (Suggestion).deletel)

n.commit()

p.where(cluster labels == ij[8]])

eal.id.in {(new line}}

append{ results[j])

s.append{ results[j])

Image 2.1.5.3 Fill Suggestions implementation

2.2 Scraped data: Data immunity

Web scraping, as a method of data collection, can sometimes produce unreliable or inaccurate results.
This is often due to the lack of proper data formatting on the websites being scraped. To mitigate this
issue, I have implemented an algorithm for validating and correcting basic data such as price, value
ratio, and weight. Specifically, the algorithm compares the product value ratio multiplied by weight to
the price, and corrects any discrepancies that may be the result of errors on the source website. This
approach allows me to improve the accuracy and reliability of the data collected through web scraping.
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trivalue_ratio} + * weight) + + striprod.product) + “\n")

Image 2.2.1 Fix Prices
2.3 VPS setup

In the context of this thesis, a virtual private server (VPS) is deemed necessary for the uninterrupted
operation of the application. However, certain challenges must be addressed in order to ensure the
security of the VPS and the smooth distribution of network calls, as well as the sustained running of the
flask application. These challenges include, but are not limited to, protecting the VPS from potential
attacks, effectively distributing network calls, and maintaining the continuous operation of the flask
application.

2.3.1 Nginx

NGINX is a web server software that is often used as a reverse proxy, load balancer, and HTTP cache.
It is known for its high performance and low resource consumption, making it a popular choice for
high-traffic websites and web applications. It can also be used to serve static content, as a proxy for
other web servers, and as a load balancer to distribute incoming requests among multiple servers.
Additionally, it can be used to terminate SSL/TLS connections, and to serve as an origin server for the
HTTP/2 protocol [12]. The configuration of the NGINX server in this scenario is designed to redirect
all incoming HTTP requests to their corresponding HTTPS equivalents. This is accomplished by
utilizing the appropriate redirect directives within the NGINX configuration file. Furthermore, the
configuration also manages the inclusion of the "www." subdomain within the domain, ensuring that all
relevant network requests are properly directed to the intended server. In the case of HTTPS requests,
the configuration utilizes the Certbot utility to generate SSL certificates, and redirects these requests to
the local running server on port 8080 for further processing. Overall, the NGINX configuration is
designed to provide optimal security and performance, while also ensuring that all network requests are
properly handled and directed.
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server_name bestcart.gr www.bestcart.gr;

root /home/ntua/projects/Super-Market-App/backend/frontend;

location / {
proxy_pass http://localhost:8080/;
}

listen 443 ssl; # managed by Certbot

ssl_certificate fetc/letsencrypt/live/bestcart.gr/fullchain.pem; # managed by Certbot
ssl_certificate_key jetc/letsencrypt/live/bestcart.gr/privkey.pem; # managed by Certbot
include [etc/letsencrypt/options-ssl-nginx.conf; # managed by Certbot

ssl_dhparam /etc/letsencrypt/ssl-dhparams.pem; # managed by Certbot

}

server {
if (Shost = www.bestcart.gr) {
return 301 https://ShostSrequest_uri;
} # managed by Certbot

if (Shost = bestcart.gr) {
return 301 https://ShostSrequest uri;
} # managed by Certbot

listen 80;

server_name bestcart.gr www.bestcart.gr;
return 404; # managed by Certbot

Image 2.3.1.1 NGINX Configurations

2.3.2 Docker with Gunicorn

Docker is a platform that uses containerization to package and distribute applications in a format that
can run consistently across different environments. It allows for easy creation, testing, and deployment
of applications, and enables developers to focus on writing code without worrying about the system it
will run on. It also helps IT operations teams to quickly move applications between environments and
simplify scaling and managing applications using orchestration tools. Additionally, it provides a large
collection of pre-built images that can be used to quickly start an application or service, saving time and
effort.

Gunicorn (short for Greenlet-based Worker for UNIX) is a Python Web Server Gateway Interface
(WSGI) HTTP server. It is used to serve Python web applications, and is often used as a production-
ready web server for applications built using frameworks such as Django, Flask, and Pyramid.
Gunicorn is designed to be lightweight, fast, and efficient, and can handle multiple concurrent
connections using a pre-fork worker model, allowing it to handle large numbers of incoming requests
without a significant increase in resource usage.

It's also known for its ability to handle slow clients without blocking the worker processes, it can also
daemonize itself, and it can also be run behind a reverse proxy like nginx or Apache.

Gunicorn is typically used in combination with a reverse proxy and a front-end web server like nginx or
Apache, which can handle tasks such as SSL termination, load balancing, and caching.

To run a Dockerfile, first, make sure you have Docker installed on your system. Once you have Docker
up and running, navigate to the directory where your Dockerfile is located using the command line.
Then, you can use the command "docker build" to build an image from your Dockerfile. The basic
syntax for the build command is "docker build -t [image_name] [path_to_dockerfile]". For example, if
your Dockerfile is located in the local directory "myapp" and you want to name the image "myapp-
image", you would use the command "docker build -t myapp-image myapp/".
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Once the image is built, you can use the command "docker run" to start a new container using the
image. The basic syntax for the run command is "docker run [image_name] [command_to_run]". For
example, to start a container using the "myapp-image" image and run the command "python app.py",
you would use the command "docker run myapp-image python app.py".

You can also use the option -p in the run command to map the ports of the container to the host. This
option is useful if you want to access the application running on the container from the host. For
example, to map the port 8080 of the container to port 80 of the host, you would use the command
"docker run -p 80:8080 myapp-image python app.py"

Additionally, you may also use the option -d to run the container in detached mode, which allows the
container to run in the background, it also allows you to view logs and stop the container.

It's important to keep in mind that when a container is stopped all the data is lost, if you want to persist
the data you should use volumes or bind mounts with the -v option. [13]

Below, I included my Dockerfile and the command to run the build container.

-r requirements.txt

Image 2.3.2.1 Dockerfile
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Chapter 3: Recommender System

3.1 The need for a good recommendation algorithm

The need for a good recommendation algorithm is paramount in today's fast-paced retail environment.
With the plethora of options available to consumers, it is often difficult for them to make informed
decisions about which products to purchase. A good recommendation algorithm addresses this issue by
suggesting products to consumers based on their preferences and past behavior. This not only helps
consumers to remember products they may have forgotten, but also helps them discover new products
that may be a more suitable choice for them. Additionally, a good recommendation algorithm can also
help to map identical products across different supermarkets, providing consumers with a more
comprehensive view of the products and prices available to them. This mapping can also be a great
benefit for retailers, as it allows them to have a more accurate understanding of the products that are
available in the market, which in turn can help them make more informed decisions about the products
they carry and their prices. Overall, a good recommendation algorithm can greatly enhance the
shopping experience for both consumers and retailers.

3.2 TF-IDF

3.2.1 Basic Theory

Started with the simple binary bag of words of model where each document is represented as a fixed
size vector of Os and 1s where if a word appears in a document it gets a 1 and if it doesn’t then it gets a
0. As an example, consider these four document below:

D1: the movie was a very indulging cinematic experience.
D2: standard of this movie is above its contemporaries.
Da3: director brought out the best of the pair.

D4: moviegoers won’t mind seeing the pair again. [14]

The binary bag of words representation for these four documents using 8 frequently occurring words is
shown in the table below.

Docs/ Words | the movie | of | pair | was | a | wont | mind
D1 1 1 0 0 1 1 10 0
D2 0 1 1 0 0 010 0
D3 0 0 1 1 0 010 0
D4 0 0 0 1 0 01 1

Table Binary Bag of Words Model [14]

In this model, we only represent the existence of each word, but we do not take into consideration the
importance of a word. For example, the word “indulging” is an import one.

TF-IDF, short for term frequency-inverse document frequency, is a statistical measure used to
understand the importance of a word in a given document or corpus. It is a widely used technique in
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natural language processing and information retrieval, and it is particularly useful for text classification
and search engines.

The TF-IDF measure is composed of two parts: term frequency (TF) and inverse document frequency
(IDF). The term frequency is a measure of the number of times a word appears in a document, and it is
used to gauge the relevance of a word to a particular document. There are several ways to define term
frequency, such as raw count, term frequency adjusted for the length of the document, logarithmically
scaled frequency, and boolean frequency.

On the other hand, the inverse document frequency is a measure of how common or uncommon a word
is across a corpus of documents. It is used to gauge the importance of a word in the corpus as a whole.
The inverse document frequency is calculated by taking the logarithm of the ratio of the total number of
documents in the corpus to the number of documents in which the word appears [14].

- 1 _ N Scikit-Learn
idf (t D) =lo
S D) 8 ( count (d € D:t € d) / 1+n
e IDF(t) = log +1
Image 3.2.1.1 [14] 1+df(t)
Standard notation
_ n
e IDF(t) = log s

Image 3.2.1.2 [14]
3.2.2 Preprocessing

It is crucial to preprocess the product description prior to utilizing the tf-idf algorithm, as it is highly
sensitive to new words. One method of preprocessing is to employ the use of a python library called
"greek_stemmer," which stems Greek words. The purpose of stemming is to reduce multiple variations
of a word, such as "Mnavaveg" and "Mnavéva," to a single, common form, in this case "pmavav."
Additionally, upon examination of the dataset, it was noted that there were numerous instances of
mistypings, such as the combination of multiple words into a single word, as seen in the example
"TIOPTOKAAI/MHAO/BEPIKOKO." As a result, further modifications were necessary before
proceeding with the use of any algorithms.

After, running this algorithm, the unique words and the tf-idf values were better.
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Image 3.2.3.2 Example of the unique words
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3.3 Suggestion Algorithms

The question of recommending new products to users from a vast array of options is a complex one.
However, it is indeed possible to develop recommendation systems using the available data.

In this thesis, there are proposed two recommendation systems with different methods: K means, and
Cosine similarity.

3.3.1 K-Means

One potential solution is to utilize the K-Means algorithm, a unsupervised method that only requires the
specification of the number of clusters, denoted as K, to be created. This approach is a viable option for
making personalized recommendations to users.

The k-means method is a popular way to group data points into clusters by trying to minimize the
distance between points in the same cluster. It is simple and fast, but it does not provide any guarantees
for accuracy. By adding a random element to the initial placement of clusters, the method can be made
more efficient and accurate. Furthermore, besides the selection of K, we cannot influence the number in
each cluster. That’s why in some cases, there are clusters with many products, while other have 1 or 2
products. Initial tests have shown significant improvements in both speed and accuracy [17].

For the k-means problem, we are given an integer k
and a set of n data points X C RY. We wish to choose
k centers C so as to minimize the potential function,

o S — 2
o] Zl{rl&lil_:lnf el

reX

Image 3.3.1.1 Definition of k-means [17]

In this thesis, an evaluation of the k-means algorithm is conducted through the use of two methods: the
Silhouette Coefficient and optical representations.

The Silhouette Coefficient, also known as the silhouette score, is a metric used to measure the
effectiveness of a clustering technique, with a value range of -1 to 1. A value of 1 indicates that the
clusters are well separated, a value of 0 suggests that the clusters are indifferent, and a value of -1
implies that the clusters have been incorrectly assigned [19].
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Image 3.3.1.2 Silhouette Score Representation

Silhouette Score = _b-a , where
max(a,b)

a: average intra-cluster distance i.e the average distance between each point within a cluster, and
b: average inter-cluster distance i.e the average distance between all clusters.

Table 1. Silhouette Score for various K values

K Value Silhouette Score

500 0.064123910053892
1000 0.083192436793098
3000 0.114632552705606
5000 0.143830595692552
10000 0.201307073686309
15000 0.237640750096125
20000 0.257919619180028
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Upon running the k-means algorithm on the dataset for various values of K, it was found that as the
value of K increases, the silhouette score also increases. However, as K increases, the number of
products within each category decreases. In instances where similar products are sought, this often
results in finding zero products. Therefore, a K value between 5000 and 10000 is deemed optimal for
this use case, and a value of K=5000 is ultimately chosen [18].

features = vectorizer.get_feature_names_out()

from sklearn.metrics import silhouette_samples, silhouette_score
import cuml

from sklearn.cluster import KMeans

range_n_clusters = [580] # 78686, 21808, 25888, 27568] # , 12868, 15808, 20868, 25808, 36664]
import numpy as np

X = X.todense()# X = np.array(X)

silhouette_scores = []

for n_clusters in range_n_clusters:
clusterer = cuml.KMeans(n_clusters=n_clusters)
cluster_labels = clusterer.fit_predict(X)

with open("/kaggle/working/cluster_labels_K" + str(n_clusters) + ".txt", "w") as f:
for ¢ in cluster_labels:
f.write(str(c) +"\n")

s = silhouette_score(X, cluster_labels)

silhouette_scores.append(s)
print(n_clusters, s)

print(silhouette_scores)

Image 3.3.1.3 Implementation of the k-means.

import numpy as np

def getlLabels(path="clust_labels_K138688_6k_columns.txt"):
with open(path, "r") as f:
cluster_labels = [int(line.replace('\n’, '')) for line in f.readlines() ]

cluster_labels = np.array(cluster_labels)
return cluster_labels
file_data = np.array(product_data)
def writeNewCategories(file_data, cluster_labels, K, columns="6k"):
with open('new_categories_K" + str(K) + "_" + columns + ".txt", "w") as f:
for i in range(K):
new_line = [(1, file_data[l]) for 1 in np.where(cluster_labels == i)[8]]
for 1, prod in new_line:
f.write(str(1l) + ": " + prod + " |&|\t")

f.write("\n")

# print{cluster_labels)

+ Code + Markdown

Image 3.3.1.4 Write new categories in a file

After, the kmeans execution is complete, I can then run the two functions to get a visual representation
of how my categories are formed.
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MINEP MAY

Image 3.3.1.5 Example of categories formed with K = 3000

19: MY
ETOIM

3.3.2 Cosine Similarity

The solution for recommending products through assigning similarity using cosine distance involved
several steps to finalize. Initially, Jaccard similarity was considered as the primary option for
determining similarity between products. However, it was determined that Jaccard similarity did not
accurately reflect the similarity between products, thus leading to the implementation of cosine distance
as an alternative method. Cosine distance is a measure of similarity between two non-zero vectors, and
is calculated as the dot product of the vectors divided by the product of their magnitudes. One
advantage of using cosine distance over other methods such as k-means is the ability to regulate the
maximum number of recommended products. By choosing a low threshold, the total number of results
can be narrowed down, and the threshold can then be adjusted accordingly based on the desired number

of recommended products [20]. The cosine distance is calculated as: S,.(A,B)= cos(@)zm
Table 2. Example of similar products through cosine similarity
Product’ Id Product Name Similar Product Similar’s id Cosine Similarity
6479 MOYZXTAPA MOYZXTAPA 5672 0.83
DIJONNAISE DIJONNAISE
200GR 240GR
MOYZXTAPA 6019 0.63
200GR
MAILLE 36829 0.8
MOYZXTAPA
DIJONNAISE
200GR
6480 EAAIOAAA AQP EEZEAIPET37053 0.7
EEZEAIPET I[TAPOEN
IMTAPGEN EAAIOAAAILT
ITAPAAOXIAK 1LT
9.22
EAAIOAAA 6064 0.74
EEZEAIPET
I[TAPOEN 1LT
16479 KAPAMOAETK ZKAPAMOAETK 56748 1
YOM XE OETYQM Z XE OET
500GR 500GR
KAPAMOAEI'K 16577 0.78
OKTAXIIOP ¥YQM
LE ®ET 500GR
16480 KATXEA YOMYQM TOXT1952 0.88
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TOXT YTAPENXTAPEN 720GR
720GR

It is important to note that the reason the descriptions in question do not contain complete words is due
to the fact that these are stemmed words.

Specifically, in order to obtain these results, I implemented the following code.

similarity check for list(tfIdfX, product data, id)

len words =

minimum similarity {len words - 2 * len words + 1) + 8.1

A.getrow(id).data), listiX.getrow(id).indices)))

inge (product data):

b = list({zip(list(X.getrow(i).data), list(X.getrow(i).indices

and = list{set(X.getrow(id}.indices} & set(X.getrow(i).indices
templ = {}

product

alz, b1z

a 12 += q[B] ** 2

if q[l] and :
templg[1l]]

)y 12 4= q[8] ** 2

f g[l] and_:
product +=

div= (a 12 * b 12) ** 8.5

roduct f div

ids

Image 3.3.2.1 Cosine Similarity check
In terms of time, it takes approximately 0.25 seconds per product to find all similarities on a laptop with

12GB RAM and an Intel i7 processor. Additionally, when tested on a second laptop with 8GB RAM
and an Intel i5 processor, the process required 0.35 seconds to complete. It is worth noting that I also
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attempted to utilize numba, a tool that aims to improve performance by utilizing the GPU, in order to
optimize the process. However, this did not have the desired effect. On the 12GB RAM laptop, the
process still required 8-9 seconds per product, and on the 8GB laptop, it required 14-15 seconds to
complete. This lack of improvement is likely due to the fact that numba is not well-suited for handling
sparse matrixes (X).

3.4 Store the results in the database

Before concluding the chapter on recommenders, it is important to discuss the integration of the
recommendations into the database. To accomplish this, I have implemented a function within the
backend folder that is specifically designed for this purpose.

tion).delete()

[suggestions list deals).delete()

r :I 35 1::

t{line.replace("'\n }} fer line in f.readlines

p.where(cluster labels == i)[8]])

er{Deal.id.in {(new line}}

Image 3.4.1 Fill Suggestions implementation with K-Means results
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th open("similarity output.txt"
data = file.read()

data = data.split('\n")
corellations = []

or index, line in e -ate(data):
1 = line.replace('(', '').replace(
= lisplikii )
1=0
(ol ations temp = []

' e 2 ¥ i + 1 < len{l}:
-0ry11dtlun:_ferp append( (int(1[2 * i]
i+=1

corellations temp.sort{key=la

corellations.append(corellations temp)

suggestions = session.query(s stion).all()

for i, cor in enumerate(corellations):
ids = [c[®] for € in cor]
r':=fult5 = session.query(Deal).filter(Deal.id.in (ids)).all(

if 1 % 1880 == 8:

print(len(ids), len(results))
print(i, len(results))

associations.append(res)

The process of adding the suggestions into the database involves several steps. Firstly, it is necessary to
delete all previous suggestions, as the deals have changed. Then, for each cluster, all products assigned
to that cluster are identified and added to a list. For each product in that list, a separate list is created,
with the exception of the product itself. Finally, the changes are committed to the database.
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ion.commit()

print(

Image 3.4.3 Delete previous data
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Chapter 4: Automate the whole process

4.1 Why automate?

During the development of this application, it became apparent that performing each process manually
was a significant challenge. As a result, creating automated scripts to manage all processes became an
imperative.

4.2 Automate the web scraping

4.2.1 Web Scraping Process Automation

Launching the web crawlers is simple and include a single command in the terminal. Specifically from
the root folder of the project, we can execute “python3 scraper/”. Internally, in the scraper directory,
there is a __main__.py file that reads some system inputs and creates the basic threads.

if len(sys.argv) <= 1:
.append(threading.Thread(target=AB, args=(1,)))
threads.append(threading.Th 1(target=AB, args=(2,))]

threads.append(threading.Thread(target=sklavenitis, args=(1,)))
threads.append(th 1g.Th i(target=sklavenitis, args=(2,)))

threads.append(threading.Thread(target=kritikos))
threads.append(threading. target=MyMarket))
threads.append(threading.Thread(target=masoutis))

rgv[i]
threads.append(threading.Thread/(target=AB, args=(1,)|)
threads.append(t ing. (target=AB, args=(2,)))
argv[i] == enit
threads.append(threading.Thread(target=sklavenitis, args=(1,
threads.append(t ing. (target=sklavenitis, args=(2,)))
elif sys.argv[i] ==
threads.append(threac iread (target=kritikos))
elif sys.argv[i] ==
threads.append(t
elif .argv[i] ==
threads.append(thi

r thread in threads:
thread.start()

r thread in threads:
thread.join()

print("Done")

Image 4.2.1.1 Automate web scraping
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4.2.2 Back-end Automation

Another sequence that requires automation is the updating of the back-end and database. Once the web
crawler completes its task, the backend/backend.py file can be executed. This file includes several
steps. The first step is to clear the previous product information. This is accomplished by setting the
'exist' variable, which indicates whether a product currently exists in the store, to false.

session = Session()

for prod in session.query(Product).all()
prod.discount = False
prod.exist = False

session.add(prod)

session.commit()
session.close()

Image 4.2.2.1 Clearing Products

Next, the files acquired by the web crawler are read and stored in the database.
import os

as-chdir(f. %
main_dir = os.getcwd()

insertFromInputFile(main dir
insertFromInputFile(main dir

insertFromInputFile(main dir

(
(
insertFromInputFile(main dir
(
insertFromInputFile(main dir

os.chdir("b )
Image 4.2.2.2 Data update

Subsequently, any necessary fixes are applied to the data, such as updating English categories and
correcting prices. The script then identifies the best deals and populates the suggestions.

updateEnglishCategories()
fixPrices()

findBestDeals()

fillSuggestions()

Image 4.2.2.3 Fixes

4.2.3 User data perseverance

It is important to note that before updating the products, user data, specifically the cart, must be
preserved. To achieve this, the script logs in to the VPS using SSH credentials, utilizing the pexpect
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Python library to provide a direct SSH API interface. Additionally, because I am using git as the update
system, I have included a compression process to reduce the file size of the database, as the alternative
would be to use git-1fs, a paid system.

m pexpect import pxssh

ort credentials

conn = pxssh.pxssl

hostname credentials.hostname
NE GEE credentials.username
password = c als.password

conn.login(hostname, username, password)

conn.sendline("cd projects/Super-M
conn.prompt()
print(conn.before)

conn.sendline("git pull'
conn.prompt()
print(conn.before)

conn.sendline("gzip data.sqlite -k -T")
conn.prompt()
print(conn.before)

conn.sendline("git status")
conn.prompt()
print(conn.before)

conn.sendline("git adc
conn.prompt ()
print(conn.before)

conn.sendline("git commi
conn.prompt()
print({conn.before)

conn.sendline("git push'
conn.prompt()
print(conn.before)

conn.logout()

xcept pxssh.ExceptionPxssh as
print("Could not login")
print(str{ex))

Image 4.2.3.1 User update script




4.2.4 Update the server

Another aspect that requires automation is the updating of the server. Specifically, I have developed a
script that compresses the database into a “.gz” file, commits it to git, logs in to the server and pulls the
data. The script utilizes the volume option of the Docker container, which automatically overrides the
preexisting database file once it “git pull” is executed.

ostname, username, password)

conn.logout()

Image 4.2.4.1 Server Update
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4.2.5 Combine Everything together

It is also crucial to have a way to automatically store the data after each scraping and to ensure that new
data files are not lost. To achieve this, there is a data_new folder in each supermarket directory. The
script moves the {supermarket}/{supermaket}.txt file into this folder with the respective date, and also
executes the compression commands. By importing the ssh_update_users script, it automatically
updates the users. The script then pulls the changes, decompresses them, and executes the backend
script. It then forms the new files in the data folders.

1'], stdout=s
pr

main_dir = os.getcwd()

chdir(main dir +

chdi

resu | backend.py'], stdout=subp
print(

print|(

print{"ab.txt and skl

Image 4.3.5.1 Initial __main__.py script in the server-update folder
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The script also clears the initial files for each supermarket, compresses the database, and commits the
new data to git. Lastly, it runs the ssh_server script that updates the server with the new data.

, Stdout=subpr

L dir +

main_dir
AT

main_dir +

_dir +

)
main dir

Image 4.3.5.2 The rest

To run all the sequence, it requires the execution of "python3 scraper/ ; python3 server-update/", a two-
command terminal sequence.
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Chapter 5: Frontend, a way to visualize my data

A recent study shows that 60% of all Internet traffic is made up of web traffic, indicating that websites
have become a primary means of organizing and transmitting data. Web communication is a crucial
intermediary for transmitting Internet data. (Cantelon, 2015).

In my thesis, I argue that a frontend user interface (UI) is crucial for the success of any web-based
system. The frontend UI serves as the bridge between the user and the backend system, allowing the
user to interact with and navigate through the system's functionality and data. A well-designed UI
ensures that the user experience is intuitive and seamless, making it easy for users to access and utilize
the system's features. Additionally, a frontend UI can also play a key role in the overall aesthetic and
branding of a web-based system, making it more visually appealing and professional. In short, a
frontend UI is an essential component of any web-based system, as it allows for an efficient and user-
friendly interaction with the system's functionality and data [16].

5.1 Frameworks, libraries and technologies

Following the year 2000, as web browser technology advanced rapidly, JavaScript emerged as a leading
language in web development. Additionally, web front-end technologies also saw significant
advancements [16].

Following the proliferation of JavaScript, a plethora of JavaScript frameworks and libraries have been
developed to aid in the structuring of basic code. These include popular options such as Angular, React
js, Vue js, Vanilla js, and Node js. After careful consideration, I have elected to utilize Angular for the
development of my project. While it may require a steep learning curve initially, Angular offers a
plethora of built-in tools that enable the developer to implement a wide range of features. Furthermore,
Angular's component-based structure allows for the creation, combination, and manipulation of
individual components to construct a cohesive whole [16].

5.2 Available features

To commence, allow me to provide a general overview of my web application.

@ Bestcart x o+ y

« C ( @ bestcartgr 2 ¢ O @ incognito ¢

* HowtosignFl.. % Vistacreate—... [l viatnv aydnn Track ay = HomePage-A.. @ http;/fdgymzo... w NuclearPowe... ¥ Find Mistakes.. S MAIBAFArIKO.

Welcome to bestcart!

Compare your Grocery Prices
Bestcart is a system For tracking and controlling retail prices from large-scale heterogeneous data sources.

+ Compare 5+ supermarket
+ Discover daily deals
« Create you custom list and save money in your next purchase

ITo send me a message press here

Categories

Fruits & Vegetables "gf Meat & Fish . Fridge (i) Daily Bread 55 Ready Meals "%
i
L.

pet Personal Care £~ Clean 7= Snacks & Drinks & Coffee [%] Ice Cube

Baby ¥ Store #_

Products for you All here

XproomoiGyE cookie Kt BESOUEV ViQ TV TIApOXT] UNMPECIGY ANOBIKEVOEIC TPOIGVTLIV Kal TPOKEREVOU Vel TIPOTEVOULE via Tipaidvia pe Béon autiv. hitps:iibesteart gridata-privacy,
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Image 5.2.1 Home page with all the components
In addition to the standard HTML code, it is worth highlighting the approach I have taken in regards to
routing. I have chosen to implement a specific number of routing points, each of which loads a distinct
component.
routes: Rol

{path: '

{path:

{path:

{path:

{path: '1 mpone
{path: 'write-n of sageComponent},
{path: i g 0 & :
{path: ' 1 LsComponent},
{path: ‘Compone
I

Image 5.2.2 Routes

Sitting above every component is the Header component, which includes my logo on the left, a search
bar in the center, and various buttons such as language button, deals button, personal cart, and login
button to the right. The Header component is responsible for managing routing changes initiated from
the header. Specifically, the onNavigate() function is called on every button click.
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onNavigate(input:
if (input === 'main
is.router.navigate(['']);
is.search = '"';
: if (input === 'hot
this.router.navigate(['h
else if (input === 1
this.router.navigate(['cart']);
this.search = '';
else 1f (input === 's
this.router.navigate

queryParams:
search': this.search,

else if (input === 'login’

if (this.loggingService.userValue == null) {
this.loggingService.googleLogin();

se 1f (input === 'profile
.router.navigate(['login']);

cartService: CartsS
loggingService:
te dataService: Da

Image 5.2.4 Header Components Services

Depending on the button pressed, the corresponding routing point is altered. Furthermore, to optimize
the use of space on mobile screens, I have incorporated CSS animations to ensure that the search bar
only appears once the user clicks the search button on mobile devices.

102



if (input === ch-full’
mall header = document.querySelectorAll<HTMLELen
t inside header = document.querySelectorAl1<HTMLE

et btns: stringl] = [];
b = document.getElementsByTagName("button")
(let 1 = 0; 1 < b.length; ++i) {
btns.push(b[i].className);
b[i].className += " btn-
}

setTimeout( () => {
for (let i = 8; i < btns.length; ++i
b[i].className += btns[i];

document.querySelectorAl1<HTMLElement

document.querySelectorAll<HTMLEI
document.querySelectorAll<HTMLE
}, 2000);

Image 5.2.5 Open search on mobile

-')[0].className +=

)[0].className;
') [0].className;

e.display =

)[0].className += "

a [ pe

e.display =

0].className = small header;
@].className = inside header;

To achieve this, I have implemented a small-header CSS class, an inside-header class, and an appear
and disappear class that I can toggle each time the user clicks the button. One important consideration
is that to ensure the animation functions correctly, a timeout (a JavaScript delay) was added to remove
the display of the remaining header. Similarly, this approach was also used to implement the closure of
the search bar.
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if (input === '¢ ch!
let small header = document.querySelectorAll<HTMLElement>("'.small er')[0].className;
let inside header = document.querySelectorAlLl<HTM >( ' ~')[0].className;

>t btns: string[] = [];

_:i ?_: (property) Element.className: string

T;JT,::) Returns the value of element’s class content attribute. Can be set to change it.
b[i].className += " btn-d

}

document. querySelectorAll<HTMLElement>("'.1ins er')[0].style.display =

document.querySelectorAll<HTMLE lemen small-header')[0].className +=
document.querySelectorAll<HTML : ~')[0].className += "

setTimeout( () => {
for (let i = i < btns.length; ++i
b[i].className += btns[i];

document. querySelectorAlL<HTMLEL 1t .small-he F e.display = 'none

document.querySelectorAl1<HTMLE] it (! -he @].className = small header;

document. querySelectorAll<HTMLEL 1 . ins header')[0].className = inside header;
}, 2000);

Image 5.2.6 Search bar closure

Before delving into the other components, it is imperative to explain my custom-made services as they
appear in the constructor. One such service is the LoggingService, which is responsible for managing
user data, handling the Google sign-in API, and maintaining a subject to enable any component that
wishes to keep track of changes to the user variable to subscribe to it. This way, any component can be
notified when the user value is modified.

Image 5.2.7 User data

Moreover, to subscribe to my database, there is a loginServer function that is called once a user is
logged in.

te user =1
userValue

s._user.asObservable();
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loginServer(userValue: iall
t params = new HttpParams();
if (userValue

params = params
.set('u

d', userValue.id)

5t , userValue.firstName)
userValue. lastName)

.set('u userValue.email)

.set('u erValue.name)

I
.set('u
I
I
1
.set('user thToken', userValue.authToken)
1
‘u
‘u

.set('u

.set('u userValue.idToken)
.set( C , userValue.authorizationCode)
.set( ue.provider);

return this.httpClient.get<void>(envirc nt.path + 'login', { params }

Image 5.2.8 login Server

Another such service is the CartService, which is responsible for managing the cart data. Specifically, it
has a subject (as the user) in which all the product data transfer objects (DTO) arrive from the backend.
This time, we need two variables, one for the data and one for the size.

. data.asObservable();

._dataSize.asObservable();

Image 5.2.9 data and datasize Subjects

The LoggingService includes a variety of functionalities, such as the retrieval of personalized products
for the home page, updating the personal cart in the database, and reorganizing the cart.
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.product
| data.getValue().lengthl);

Image 5.2.10 Basic functions
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updateProduct (product: Produc ]
list = ._data.getValue().filter(x == x.product != product.product);

. data.getValue();
i=20; 1<v.length; i+
if (v[i].product == product.product) {
list.splice(i, @, product); —
id: number;

._data.next(v);
._dataSize.next(v.length);
product : string;
product_english: string;

= 1]

.updatelocalStorage( "overwrite

' price: number;

i metric: string;

updateProducts(products: ProductDte
._data.next|products);

._dataSize.next(products.length); 5|_||:|er|narket: SLring

dr

supermarket_english: string;

=N

-updatelocalStorage( "overwrite

quantity: number;

deleteProduct (product: ProductDto) {
C list = this._data.getValue().filter(item item != product);

s._data.next(list);
._dataSize.next(list.length);
-updatelocalStorage( "overwrite

company ?: string;

(]

company_english ?: string;

category ?: string;

- X

category _english : string;

moveProduct (supermarket: string, startIndex: number, endIndex: number
list = this. data.getValue

indexl index2

1, img ?: string;

L AL= ); i < list.Uength; i++ url 7: stri 19;
it (j startIndex) {
indexl = 1; .
} ratio ¥: number;
if (j === endIndex) {

weight 7: number

index2 = i;

discount 7: boo
discount value
lastUpdated?: stri

if (list[i].supermarket == supermarket) {
I+

list[indexl1];
._data.getValue().filter(item item = p_rem);

p_rem
list2

dropPrice: number;

1list2.splice(index2, @, p_rem);

._data.next(list2

Image 5.2.11 Basic functions Image 5.2.12 The
ProductDto object

Another such service is the DataService, which is responsible for managing the visual data.
Specifically, it handles the search load, the deals load, the the prices list in a single product.

httpClient: Httpl

search(search: string, page: 2
params = Httf :
params = params.set('s ch', search
params = params.set('page', page);

return s.httpClient.get<ListDto

search', { params });

getHotDeals (page: number
params = Httf :
params = params.set(’'page', page);

-eturn this.httpClient.get<ListDto=(environment.path + 'bestdeals', {params});
getPrices(id: number) {
return this.httpClient.get<{prices: number[], dates: string[]}=(envirenment.path + 'prices/' + id);

Image 5.2.13 DataService API



In addition, I designed a list module that handles the UI update of a list of products. Note that on each

search it loads only 25 products for the best efficiency.
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20230117 B @ 20230117

450
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IkAaBevitng My Market Magoitng Magoitng AB
MILKO laha pe Kakao 11t Milko ZokoAatouxe FaAa ®ahn 11t Milko Zokohatouxo MaAa 1lt. Milko Zokohatouxo laha Free Faha ZokoAatouxo 450 ml
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of 2
Image 5.2.14 Custom search.
Next adding a product to the cart it appears as
@ [ Ja Bl voeals ! @y
Npoo@opég
[ oo oraonas s |
‘ MnBéwioe tgnoobuteg ‘
AB TihaBevitng My Market Kpmuwog Magoitng
0.00€ 0.00€ 0.00€ 0.00€ 0.00€
AB
Ewéva Npoiéy Nosétnra Tehuc Ty
ExhaBevitng
Ewkéva Mpatov Mogétnta Tehkd T
My Market
Ewkéva Mpoov Mogstnra Tehwd Ty
KpnTukég
Ewkéva Mpotav Mogstnta TehkA Tl
Magovtng
Ewkéva Mpoév Noaétnra TehkA Tl

< ©ral-B Genius 8000 HAeKTpIKN 1
ObovtoBouptaa

110.130€/tenéxio 110.13€
Exmwan: 25.27 €

110.13¢ H -3 ‘

Image 5.2.15 Cart

This loads suggestions in the home page.
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Image 5.2.16 Suggestions

Lastly, we have the hot-deals Image
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Image 5.3.3 Application load on a previously logged in device
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Image 5.3.4 Summary

We can see the noticable difference in speed. That is to be expected. The appication is progressive
(PWA). PWA stands for Progressive Web App. PWAs are web applications that use modern web
technologies such as service workers and web app manifests to provide a user experience similar to that
of a native app on a mobile device. PWAs can be accessed through a web browser like traditional
websites, but they can also be installed on a user's device like a native app and can work offline or with
low-quality network. PWAs are designed to be fast, reliable, and engaging, and they can be used
across multiple platforms such as Android and iOS.

PWAs can also be added to the home screen of a user's device and can receive push notifications. They
can also be indexed by search engines, making it easier for users to find them. For all those
functionalities, it needs to load more files that just the webpage initially. Hence, the initial delay is
plausible.
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In conclusion, the results of the user interface testing indicate that on average, the page fully loads
within 1 second. It is worth noting that these results were obtained using a 8GB RAM VPS, which
likely contributed to the efficient loading time. Overall, the user interface design and implementation
have been successful in providing a fast and responsive experience for users. It is important to continue
monitoring and optimizing the UI performance to ensure that the web application remains efficient and

user-friendly.
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