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Evyapiotieg

Zmv OAn Swadwkaola épevvag Kat PENETNG Yld TNV EKIOVNOL TG OUIA@PATIKI|G POV
epyaoiag o emPAEn®V Kabnyntg pov, K. Anunrprog Potakng, ntav dima poo Kat oPeirem
va tov evyaplotrjon waitepa yia ) Pordeld tov Kat Tig o§uOEPKEiG EMONPAVOELG TOD.
ZNPAVTIKOTEPT] OP®G KAl KATAANLTIKI) NTav 1) Porbeid tov oTlg aro@aocelg oxeTKd pe T0
pENoV pov. Patifovtag mTLxEg TG MPOOHIMKOTNTAG pov, pov £0eile To dpopo yla ta
ernopeva Pripata.

IToAAég evyaprotieg ermiong Oa rjfeda va ek@ppaom mpog Ta avlpmIIong IIov OTEAEXOVOLV TO
tprpa < R&D NOKIA SOLYTIONS AND NETWORKS HELLAS >yia v napayopnon
Tov dedopévev otoxelmv mov enefepydotnka Kat pe Pdon ta omoia katéAnla ota
OLHIEPACPATA IOV IIAPOLOLALOVTAL OTNV €PYAocid HOD.

Téhog Sexmpilel mavta n o@er] pov otov adeA@o KAt TOLG YOVELG 10D Yid TNV DIIOOTHPISL)
To0G , Kab oAo to SaoTpa TOV OIIOLOWV POV PE KATAVONOL] , SIAKPITIKOTITA KAt ITOAAT)
aydan.
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IlepiAnyn

2Tg pépeg pag éva PeydaAo IMOCOOTO T®V IIPOYPAPPATIOT®V dOXOAOOLVIAlL HE TNV
emd1opbwon alyopifpwv kat v evpeon pebodwv ehayiotonoinong T®v Aabov oe avtovg,.
H avayvwon, 1 katavonorn kat 1) emdtopboon evog kmduka artotelet éva apKetd SOOKOAO
IPOPANpa Kat arattet TOAD peydAn vroAoylotiky] Svovapn alAda Kat avlpamvo Suvapiko.
‘Evag mo anodotikog 1pormog erniloong tov mpoPAfpatog avtod mov napovotdfetat Kat oe
ONeg TG peydAeg etaipieg maykoopiov PeAnvekovg Oa rnrav péow alyopibpwv va
vrioAoyifoope Tig mbavotnteg eppaviong Aadmv Aoylopikoo eite yvopifovtag Tov Kadwa
avtoo eite Paot{Opevol armoKAel0TIKA o 0edopeva tov apeAdovtog eite oovovalovtag ta
dvo napanavo.

Kat ot &0 tpomot vAomotovvtat pe akyopifpoog pnyavikig pabnong kat Tig aviiotolyeg
TeXVIKEG. XV OwWA@patiky aotr epyaocia Oa agoowwbovpe otig dvvartotnteg mpoOPAeywng
Aabov Aoylopikod xwplg va yvopifovpe ToV K@OWKA TG £pAPPOYNG OLTE TNV YA®Oood
HIPOYPAPPATIORoD o &xet vAomowOet ala povo Tto mArfog kat 1o €ldog T®v bugs moo
eppaviotnkav amo Iy pépa mov eyoovpe apyioet v peletn. Ov alyopidpot moo Oa
vlorowmBobdv elvatr pnyavikng pabnong xatr mpooappolovtar ota Oedopeva  mov
dabétoope ywpig xapld mpown yveorn. Emong yivetar avagopd oe 110 vmapyovteg
TPOIIOLG €ImALOING TOL HPOPAPATOG ALTOL, CLYKPLON ALT®V He Tig Oikeg pov pebodovg
Kafmg Kat d1agopeTkovg TpOmog enthvorng akohovdmvtag Ty idia pédodo.

Telog, yivetat ovykpilon tov pebodwv mov ypnowponoumbnkav (Poisson regression, Naive
Bayes, Random Forests, Neural Networks Relu Activation Function, Logistic Regression)
HE TV XPOn HEIPIKAOV IOL XPIOHOIOloLVIAl yia duadikr] tadivopnor. I ovvexela
AIIOQALVOPAOTE OXETIKA PE TV PEATIOT IPOOLYY10T] OTO IPOPANHA AUTO IOV £YIVE HE TV
xprjon xpovooelpwv pe v pédodo g Logistic Regression xabog xat ta emurhéov
dedopeva mov Oa émnpeme va Swabetovpe wote va Pedtiwoovpe TNV Arodoon TV
IIPOOoEYYioE®V.

Aé€erg kAe101a

ANyopiOpot pnyavikng padnong, Zeaipata Aoytopwkov, Aoytotikr) [Takvépopnon,
Avadwkn) Tadivopnorn), Metpikég, Xpovooeipeg, Mapxofiavr) akvoida



Abstract

Nowadays, a large percentage of developers are engaged in repairing algorithms and
tinding ways to minimize errors in them. Reading, understanding and correcting a code is
a fairly challenging problem and requires a lot of computing power but also human
resources. A more efficient way to solve this problem across all major global corporations
would be by means of algorithms to calculate the chances of software errors either by
knowing the code or by relying solely on past data or by combining the two above.

Both ways are implemented with machine learning algorithms and the corresponding
techniques. In this diploma thesis we will devote ourselves to the possibilities of
predicting software errors without knowing the application code neither the programming
language that has been implemented but only the number and type of bugs that have
occurred since the day we started the study. The algorithms to be implemented are
mechanical learning and are adapted to the dataset we have without any early knowledge.
Also, reference is made to existing ways of solving this problem, comparing these with my
trials methods and different ways of solving the same method.

Finally, we compare the methods used (Poisson regression, Naive Bayes, Random Forests,
Neural Networks with Relu Activation Function, Logistic Regression) by using metrics
designed for binary classification. We then make a decision on the optimal approach to the
logistic regression using Logical Regression, as well as the additional data that we should
have to improve the performance of the approaches.

Key words

Machine learning algorithms, Software Bugs, Logistic Regression, Binary
classification, Metrics, Time series, Markov Chain
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(E®PAAAIO1 Ewaywyn

1.1. Oplopog tov npofPApatog

To {nrovpevo g SUTAGPATIKIG ALTIG epyaoctag eivat i dnplovpyia evog akyopibpoov yia
v opoPAeyn Aabov Aoylopikod xopig v yveorn tov KoOKA TG epappoys, aid
AaroOKAE0TIKA Pact{OpEVOD Oe 10TOPIKA Oedopéva Tov IapeABOVTOg TG EQAPHOYIG AVTIG.
O otoxog avtog emrtevyOnke pe Vv Snprovpyia akyopibpov pnyavikng padnong xat myv
ekniaidevor) Tov pe Tta totopika Oedopeva. H eicodog tov alyopiBpov Oa eivarl évag
nivaxkag N x M ototyeiov, omov oe kdbe pia ano tig N ypappég tov 0a etyape éva opaipa
IOV epPaviotnke Kat oe kabe pa arnd tig M otrjleg avtoo Oa rtav Yapaxtnplotikd avtoo,
onwg 1 npepopnvia, 1 epappoyr mov Ppédnke katr otdrmote AAO XAPAKTIPLOTIKO
dtabetovv Ta dedopéva.

O alyopiBpog pag Ba amavida oty epwtnon <mowd eivat 1 mbavotnta epeaviong evog
AaBovg avpro pe avtd ta yapakmprotkd>. [To ovykekpipéva yopiloope ta dedopeva
pag oe dvo katnyopleg. Q¢ NpEEPA pe OPAANPA KAl @G NPEPA XDPIG OPANpA. ZTV IPXOTH
Katnyopila evidooetdatl 1) NHEPA OTNV OIoild ERQAVIOTNKE TOLAUYIOTOV éva OQUApd pe Td
XAPAKTNPLOTIKA IOV aval{nTovpe.

O alyopOpog Oa mpoPAcmet, av 1) emopevn pepa Oa Bempeital nuepa pe oparpa 1) oxt.
Emiong divetat i duvatotta otov P10ty vd AIlOHOV®VEL ODYKEKPTIHEVA XAPAKTPLOTIKA
Tov Aabwv kat va avalnta amoxAetotka avtd. Anhadr) va {ntaet va npoPAéyoope v
mOavotTa ePAVIonNg eVOG OPAAPATOG e OVYKEKPIPEVA YAPAKTPLOTIKA O¢ Kabe pia aro
Tig M otjAeg Tov mivaxa.

1.2. IIpoPAeyn AaBomv Aoyropikoo

211G pépeg pag to eva amd ta peiCova Oepata otov Topéd Tng MANPOQPOPIKNG eivat 1)
dnpovpyta alyopiBpwv pnyavikng pdbnong wote va npooappolovrat oe kabe mpoPAnpa
ov npoonabodpe va emMADOOLHE KAl EKPETANAEDOPEVOL TNV DIIOAOYIOTIKY) OOVAPL OV
dtabetovvy va KATAQEPVOLV VA IIETOXOLV KAADTEPA dAIOTEAEOPATA dAIIO  AIIAODG
alyopiBpovg Kat va vaepvikroovy v avipwmivn dovapr).

Ao v dA\n mAevpd Eva dpKeTd ONPAvVIKO ODPOPANpA otov Topéd TG IMAPOPOPLKIG
etvat 1 mpoPAeyr yia Aadn Aoylopikod oe kdikeg Iptv avtoi ewoayxboovv oty ayopd eite
akopa kat kata T Owipkewa g xprong tovg. Kdabe etawpia Oa nbeke pe peydin
BePatotnta va yvepilet, av ot Kodikeg IIOL XP1OLHOIO0DV Ol EPAPHOYES TG elvat nuépa



PE o@alpa 1) Oxt. Aotog eival o Paocikog Aoyog mov peydho mArjfog mpoypappatiot®yv
aoyoAeitatl anmoxAelotikd pe v emdopbworn alyopibpwv.

To epotnpa mov mpoxvmtel eival, av Ba KATa@epovpe va METOXOVHE TV EKPETANAEDOT)
alyopiBpwv pnyavikng pdbnong wote va emvocoovpe to mpoPAnpa g npopPAeyng Aabov
AoylopKo.

To mpoPAnpa tng mpoPAeyng Aabmv Aoylopikod amotedet eva amo ta Paokotepa
npoPAfjpata oty avarrtodn AoylopKov Kdat Ty ovvexr) emdtopbwor) tov. Evag Baoikog
AOYOG TIOD £Xel TOOO HeYdAn onpaoctia etvat 1) dvovatotta va IPoPAEHovpE, av ot K®OKeg
oo dwabétoovpe etvat xwpig opalpata n oxy, katd noco Oa eppaviotovv Aabn oe avtovg
TG €MOpEVES PEPEG AKOPA KAl yid va PPlOKOLPE TA XAPAKTNPLOTIKA avT®v mov Oa
EPPAVIOTOLV TIg Ipooexels pépes. Ia va pmopeéoovpe va METOXOLHE TOV OKOIO HAG
xpetadopaote dedopéva amno to napeAbov xat ta Aeyopeva «static code metrics», mov eivat
HPETPKEG Ot omotieg pag divoov pia afltohoynor yua v opbotnta tov kwOwka, dwaBalovtag
Tov aAyopldpo g epappoyrg mov embopoovpe va eSetacovpe. Emm\eov Oa etvar dwattepa
ONMAVTIKO EOiTeLYPA yla Tig etaipieg, kabmwg, av pmopecovpe pe peydAn mbavotta va
ano@aviove MG £Vag KOOKAG elval y@plg opalpda, T0Te To Aoylopiko Oa pmopet va Pyet
otV ayopd pe emroyia Kat va avaPadpioet v @rjun g ekdaotote etatpiag kadmg dev Oa
VIIAPXOLV HPOPAT|PATA ATIO TOVG X PIOTES.

Expetal\eoopevot 10 10TOpKO NG ERPAVIONG TOV OPAAPATOV 1] éva TAN00g aI1d peTPKEg
Tov K®wOwka mpoornabodpe yia xabe alyopidpo mov drabétoope va mpooappooovpe Ta
dedopéva oe avTOV MOTE VA KATAPEPOLE VA DITIOAOYioOLE MOavVOTTEG EPPAviong Aabwv
T1g emopeveg pépeg. BePaia etvan anapattnt npodmobeorn va vodapyet eva peydlo mirjfog
L0TOPIKOV OedOPEVOV MOTE VA KATAPEPEL VA IIPOOAPHROoTel 0 alyopBpog pag. Mua tétola
adloonpeiotn mpoogyylon eixe yivel ano v Facebook. ITo ovykekpipeva o alyopiBpog
elxe v dvvatomta pe eAdyloteg TPOIOIOU|0Lg VA KATAPEPEL VA IIPOOAPHOOTEL O
omoladnmote dedopeva kat va Ppet Tig PEATIOTEG TAPAPETPOLS YA TOV DIIOAOYIOHO TOV
(nrovpevov  mbavotjtwv, ot omoleg ot ovveyela péow  evog  KAt®@Aiov
otpoyyvAorolovvtatl oe aképato aplpo (dvadikeg Tipég, av BENovpe Vv eppavion n pn

TNV ENOPEVT] NHEPQ).

Telog, etvat anapatmto va voapyet 11 oootr) TpoPAeyn Aabov oe kabe Aoylopiko xabmg
propet va petwbet to k00TOg artod v £ykvpn IpoPAeyn tov Aabmv, apoo 1 dtayvmorn evog
Aabovg, otav axkopa Pplokopacte oe dtadwkaota avdamtodng Aoylopikoo, eivat Atyotepo



{npoyova, 6ot propet va Stopbwbel dpeoa xat dev eivat avaykn o VIOAOUTIOG KOOIKAG
va Paoifetat oe éva AavOaopevo Koppdrtt.

1.3. Mnyaviky padnon xat e§opoln dedopevmv

H emotpn mg avalvong dedopevav Kat tng avakaloyng potifov oe avtd, ovopddletat
egopudn dedopévav (Data Mining) [20]. Etvat pia avtopatn 1) nuavtoparn dtadikaoia, 1)
onota epappoletat oe dedopéva peydalov peyebong, pe OKoIo v eDPEOT] CLVOLAOP®V KAl
potifov mov axolovBovv ta Odedopeva avtd. Avtr) n Swadikaoia etvar eSarpetikda
ONHUAVTIKI], dQOL TNV €DPeO ALTOV TOV POTIP®V axkolovbel n mpoPAeyn peAoviik®v
KATAOTACE®V KAl AIOTEAEOPAT®V, Pydaloviag upn MIpo@avi) COUIEPAOHATA dIIO TOLG
KAVOVEG 01 OII0101 IIPOEKLYAV ATIO TNV avAALon T®V OedopEvV@mV.

2V HOepinton mov avtd ta potifa opyavebovv oe dopeg, ot omoieg HUIIOPovv va
eSepeovnfoov xat va xpnotponotnfody peAAOVTIKA yid TV e§ay®yr] COPIEPAOPATOV, TA
potifa avta ovopalovtatr dopikda. H pnyavikr) pabnon opiletat og 1 ovAloyr) amo
TEXVIKEG P& OKOIIO TNV EDPEOT) KAl IEPTYPAPT) TV dopk®V potifov, éva epyaleio to omoio
Ponba oty eppnveia tov dedopévav xat oty IpoPAeyn Tov mMOAVOV AIIOTEAEOPATOV.

H pnxavikr) pabnorn) etvat évag kAadog rmov oxetifetal pe v TeXVT] VONHOOoLVE] KAt TV
OTATIOTIKY). ANdpait)to ywa v pnyaviky padnon eivar éva obvvolo dedopevev moo
ovopalovpe dedopeva exnaidevorg (training data), Ta omoia Oa xpnopomnowmbovv yia v
eKTIAIOeLON TOL LIIOAOY1OT] WOTe va propet va Pyadet Ypriolpa COPNEPACHATA Yid Td
dedopeva.

H pnyavr) pabnon prnopet va yopiotet oe 60O peyaleg Katnyopieg:

1.3.1 EmpPAenopevn Mabnon

EmpAenopevn pdabnon etvat o kKAadog g prxavikng padnong o onoiog emyetpet va eayet
pia oovaptnor), mov meptypaget Ta dedopéva mov xovpe ot v diabeor) pag.

KdbBe povada 6edopévav amoteleitatl ano ta yapaktnplotikda g (features)

kabog kat to amotéleopa oto omoio odnyel (label). “Eva mapdadetypa emPlenopevng
pdbnong etvatr n exnaidevon TOL VLIOAOYOTH] vd HIOPel va KATtdAdPet amo pia
potoypagia, eav 1o (o, To omoto ewovifetat, eivat AOkog 1] okOA0G, Yvapilovtag ek TV
IIPOTEP®V TIOW0 elval To (MO MOL HEPLYPUPETAl OTV PAOTOYPAPIA yld TO KOPUATL TG
eknaidevong A@od 1 pnxYavi exmnadevtel, TOTE, €dav TG OWOOLPE Pid AYVKOOTY)
patoypagia, Oa etvat oe B¢on va Ppet moto amo ta 6vo {wa amnekovidetat.



1.3.2 Mn EmpAenopevn Mabnony

H pn emPAenopevn pabnorn amotelet v npoordadeia tng evpeong potifov ota dedopeva,
yla ta onota opwg dev yvopifovpe Toxov Katnyoptomoinon mov akolovbovv (dnAadr 1)
eTkéta  etvat ayveotrn). Avtiotolyo napdadetypa, Oa amotelovoe, av eiyape éva obvoAo
patoypaplwv amno (wa, xopig va yvopifoope Tt {oa ameikovifoviat Kat epeig va etyape og
OKOIIO TNV €VPeoI) POTIPwV ®ote va opadomoujoovpe ta {oa Imov amelkovifovtdal otig
PpTOypaPieg.

To mpoPAnpa pag, amotelet mpoPAnpa emPAeniopevng padnong. Avaloya pe to eldog g
€000V, PIOPOLHE va £XOLHE Kat Oa@opetiko eidog emPAennopevng pdabnong. Edv to
aroteAeopa amotelel pla xkatnyopia (yia napadetypa okOAOG 1) ADKOG), TOTe EXOVHE Eva
npoPAnpa xatnyopromnoinorg (classification). Avtifeta, av npoonabovpe va npoPAéyoope
évav apdpo, ywa mapadetypa pila Tipr) evog mpoiloviog, TOTe £XOLHE éva HPOPAnpa
HAaAlvOpoOpnong (regression).

1.4. 0. aAdrbptLOuo.t TOUL
xXpnoLuomrwotLthbnkav

[a mv ou\wpatikn epyaoia avt xprnowponou)dnkav xatd kopto Aoyo alyopifpot
pnxavikig padnong, kabwg kat evag akyopidpog pe katavopr) mbavot|tov.

I'a tov akyopiBpo xatavoprg mbavottov nov yprnowonouwjoape (Poisson Distribution)
gxoope vmobéoet mwg Ta dedopeva pag axkolovbodv pia katavopr] mbavorntag xat
ovykekppeva v Poisson Distribution xat to mpoPAnpa amlomoteitat oty e0PeOH) TG
KATaAnAng napapétpoov ya my katavopr avtr). Opwg 1 vnobeon nog ta dedopéva pag
IIPOCOPOI®VOVTAl aIId Hd amId TI§ YVOOTEG KATAVOPEG MOAVOTTOV Elval apKeTd
AavBaopévr, onwg Oa enyrjoovpe Kat otn ovveyeia

Zoykekpipéva oocov dagopa otnv katavopr] Poisson, Oa émpene n xabe npépa va etvat
aveSaptnIn amo TV IPONyovpevn) KAt to Kdabe melpapa tOXNG MOL eKTEAOLHE VA PNV
ernpeddel To EMNOPEVO. ZTO NAPAOELYPA A OP®G, LIIAPXEL 1) enoyKOTNTA (seasonality),
dnAadn) vrapyoovv neplodot ov 1 epPAvion TV Aabmv etvat apketd av{npevn, KAt oL
gpxetat oe aviurapabeorn pe Ta xapaxktnplotikd tg Poisson.



Emiong, 6ev akolovBovv 0Aeg ot jpepeg v i0ta katavopr). AnAadr) Oev eivat OAeg ot pépeg
10teg petadv tovg, agov to ZaPPatoxvplaxo amotelel eSAlPeOT), PLAG KAl 1] EPYATIKOTTA
dev elvat oe 1000 vYnAdA enineda oe ox€on pe Tig AAAeg Npepeg. AvTA TA XAPAKTNPLOTIKA
dev propoviv va npocopot@boovyv amo pia katavopr) Poisson, orote yivetat epgaveg nmg ot
alyopiOpot pnyavikrg padnong Ba amodwoovv KAAvTepa Ot Ox£On e TNV KATAVOHIL
mbavottov.

Ot aAyopiBpotr pnyavikng pabnong eivatr alyopidpor ot omoiot mpoorabodv va
EKTIAOEDTOVV KAl VA €KTEAEOOLV Pl epyaocia ywpig va yvapiloov apyxwka dedopeva. O
OKOIIOG TV alyopibpmv avtwv etvat va paboov va npoPAenovyv pe Baon to napeAbov , va
xewpifovtat npoPArjpata 1) va mnaipvoov anogacelg noo fempoovv nwg eivat PeAtiotreg. H
dradkaoia ektéeong evog tétolov alyopibpov amoteleitat amo dvo otadia. H exnaidevon
kat 1 altoAoynon. Zto mpoto otddio o alyopidpog maipvet oav eicodo éva mArfog
dedopevev kat npoonadel va avakalvyet potifa 1) otdnmote GA\O pmopet va enmnpedoet
TI§ €mOOO0Elg TOL. XTO KOMHATL aStoAoynong o alyopldpog pag, oviag eKmatOevjévog
MA€0V, AIOPAIVETAl yld IO AIIOPAOT) IPEIEL VA TIAPOLHE 1) Kavel mpoPAéyetg (avaloya
PE TV Xpron ywa v omoia éxet dnpovpyndet). e avtd to otddio agtohoyovpe Tov
KOOWKa 1mov éyovpe dnpiovpyr)oel avdloya pe Tig emoooetg tov (yvopifovtag mola eivat
ta Pedtiota oo Ba propovoe va eiye amogaviel) kat kpivoope amod to amoteleopa. H
dadkaoia mov kpvPetat miow amo evav Tétolo akyopdpo eivat 1 ehayiotonoinon pag
ovvaptnong kootoog (Loss function minimisation). Eva am\o mapddetypa eivatr o
daywplopog email oav avemBopntn alAnloypagia 1) oyt [37].

Kata ) dwapketa aotrig tng SUA@pATikg epyaciag Kat yia TV emitendrn) To0 OKOIoL TG
npoPAeyng twv Aabov Aoyiopikod exmovriOnkav apxetot alyopidpot. To mpoPAnpa tng
npoPAeyng Aabmv Aoylopikod oe dvadikég Tipeg (Npépa pe opaipa 1 oxl) HIopel va
evtaxbel oe pua evpovtepn katnyopia npoPAnparev. Agov ta dedopeva mov drabetoope
PIOpOLY va Idapovv dvOo Tieg Kat npoorabovpe va anogavioovpe, av 1) enopevn npepa Oa
etvat pepa pe Aabog 1 Oxy, TOTE TO HPOPANUA PAG EVIAOCOETAL OTNV KAtnyopia Tng
emPAenopevng padnong (Supervised Learning).

EmPAenopevn pabnon ( Supervised-learning )

Ztnv empPAenopevn pabnon éxoope dedopéva pe eTikéTeg Kat pe Paon avta npoorabovpe
va tadvoprjooope o Katnyopieg ta peAloviika dedopeva (epappoletat oe classification,
regression [18]).



Atdonpot akyopibpot:

*linear regression.

* logistic regression.

* naive Bayes.

* linear discriminant analysis.

¢ decision trees.

* k-nearest neighbor algorithm.

H emMoyr) tov xatalnioo alyopiBpov yia 1o mpoPAnpa tmg npoPAeyng Aabmv
Aoytopkov armotelet éva dvokolo (rnpa. ITpodmobétel katavonon tav dedopévav moo
dabetovpe kat mo OLYKEKPPEVA MO0l AIO TOvg HApardave alyopibpovg amodidovv
kalvtepa. Evag tpomog eivat 11 pébodog g doxipr)g kat Adbovg (test and error), kabwg
doxpdalovrtag kabe dovatd akyoptdpo pe dlaPopeTkovg TPOIIONG KAl ASIOAOY®VTAG TOV [
Bdaon Tg perpikeg mov Ba oploovpe kat oty ovveyela Ba propovpe va amogavioovpe
OXETIKA e TV PENTIOTY TIPOOEYYON).

Avtifeta, vnapyoov alyopidpot mov pmopovpe va amnogaviovpe neg dev Ba taipralav
oto npoPAnpa pag kabwg etvat apketda amhoi yia ta ovvbeta dedopeva kat dev prmopoovv
va arnodmoovyv KAt vd Katavonoovy ta potifa mov eppavifoviat (kepalato 4).



KEDPAAAIO 2 To nAaiowo oo evtacoetatl to mpoPAnpa-
TPOIIOL agloAoynong ™mg Kale
IIPOOCEYYL01)G

2T0 KEPAAALO ALTO eVTACOOLHE TO MPOPANpa tng mpoPAeyng Aabwv Aoylopikoo ot éva
yevikotepo TmAaiolo, opifovtag 1o pabnpatiko vnopPabpo mov amatteitar yiwa v
Katavonor] too kKat efnyoviag pe 1o pabnpatikd mAaiolo pIopovpe va  To
npooeyyioovpe. Emiong e€nyovpe tovg tpoémovg agtoAoynong g Kabe mpoogyylong, Orwmg
Kat toug 000 Pactkovg SlAPOPETIKODG TPOIOVS, IOV £XOLV EPAPHROOTEL 0TO MPOPANpa
avTto.

2.1. Xpovooe L pég

i) Mwa xpovoloyikr| oglpd etvat pia oelpd onpeiov oto medio Tov Ypovov. Zoxvotepd, pia
Xpovoloywkn] oelpd eivatr pia axolovbia mov AapPdvetatr oe dadoykd oaméyovoeg
Xpovikég ottypes. Etot etvat pia axohovbia dedopévmv draxpitod xpovoo. ITapadetypata
XPOVOAOYIK®V Oelp@V elval Ta LY T®V IAAPPOI®V TOV OKEAV®V, Ol HETPNOELS TOV
NAaK®V KNAIOV Kdt 1) npeprowa Tipr| kKAewotpatog too Dow Jones.

Ot xpovOAOYIKEG OelPEG XPIOIHOIIOOVVTAL OV OTATIOTIKY], OtV €neSepyacia onpartog,
otV avayveplon potifov, oty owovopetpia, ota pabnpatikd OWKOVOHIK®V, OtV
MIPOYV®OI] KAlpoL, OtV OelOHIK] HPOPAey:), OTO NAEKTPOEYKEPANOYPAPNPA, OTY)
PNXAVIKY) eEA&yXOL, OTNV dOTPOVOHLd, OTNV HNXAVIKI] EMKOWVOVIRV Kl 0 peydAo Badpo
Oo¢ OIOLOONIIOTE TOPEA TV EPAPHOOHEVOV EMIOTNHMV KAl NG HNXAVIKIG IOV
HepAapPavel YPOVIKEG HETPOELS.

H avdalvon xpovoloyikev oetpav mepthapPavet pedodoog yia v avaloor dedopévav
XPOVOOoelp®V TIPoKelpévoy va eSayxbodv onpaviikdd oOTtatioTikd otolyela Kat daAa
XAPAKTNPLOTIKA TV Oedopévav. H mpoPAeyn xpovoloyk®v oelpav eivat 1 xprjon evog
POVTENOD yia TV IPOoPAeyn PEAAOVTIKGOV TIH®V Pdoet mpornyovpevey Tipov [5] [17].

Ot xpovooelpég amotehovv éva epyaleio yia v emthvorn dagopwv npoPfAnpdarev. Eva
aro avtd elval 1) IPOoEyyloln pag covAapTnong oto nedio tov xpovoo. Exovrag oav eicodo
dtagopeg Twpég g ovvaptnong kabwg kat Ta opiopatd g mnpoomnabovpe va
dnpovpyrcovpe pia GOPROLVAA yla Va EAAXLOTOIIOU)COVHE TNV AIIOKALOL TG IPoPAeyng
HaG amo TV IPAYHATIKL) T TG XPOVOOELPdS.


https://el.wikipedia.org/wiki/%CE%91%CE%BA%CE%BF%CE%BB%CE%BF%CF%85%CE%B8%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%A0%CE%B1%CE%BB%CE%AF%CF%81%CF%81%CE%BF%CE%B9%CE%B1
https://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B9%CE%B1%CE%BA%CE%AE_%CE%BA%CE%B7%CE%BB%CE%AF%CE%B4%CE%B1
https://el.wikipedia.org/wiki/%CE%A3%CF%84%CE%B1%CF%84%CE%B9%CF%83%CF%84%CE%B9%CE%BA%CE%AE
https://el.wikipedia.org/wiki/%CE%95%CF%80%CE%B5%CE%BE%CE%B5%CF%81%CE%B3%CE%B1%CF%83%CE%AF%CE%B1_%CF%83%CE%AE%CE%BC%CE%B1%CF%84%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%B1%CE%B3%CE%BD%CF%8E%CF%81%CE%B9%CF%83%CE%B7_%CF%80%CF%81%CE%BF%CF%84%CF%8D%CF%80%CF%89%CE%BD
https://el.wikipedia.org/wiki/%CE%9F%CE%B9%CE%BA%CE%BF%CE%BD%CE%BF%CE%BC%CE%B5%CF%84%CF%81%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%A0%CF%81%CF%8C%CE%B3%CE%BD%CF%89%CF%83%CE%B7_%CF%83%CE%B5%CE%B9%CF%83%CE%BC%CF%8E%CE%BD
https://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%BF%CE%B5%CE%B3%CE%BA%CE%B5%CF%86%CE%B1%CE%BB%CE%BF%CE%B3%CF%81%CE%AC%CF%86%CE%B7%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%91%CF%83%CF%84%CF%81%CE%BF%CE%BD%CE%BF%CE%BC%CE%AF%CE%B1
https://el.wikipedia.org/wiki/%CE%95%CF%86%CE%B1%CF%81%CE%BC%CE%BF%CF%83%CE%BC%CE%AD%CE%BD%CE%B5%CF%82_%CE%B5%CF%80%CE%B9%CF%83%CF%84%CE%AE%CE%BC%CE%B5%CF%82
https://el.wikipedia.org/wiki/%CE%95%CF%80%CE%B9%CF%83%CF%84%CE%AE%CE%BC%CE%B5%CF%82_%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CF%8E%CE%BD
https://el.wikipedia.org/wiki/%CE%A7%CF%81%CF%8C%CE%BD%CE%BF%CF%82

Emiong pia akopa xpnotpot)ta 1@V XpOovooelp®V eivat 1) Xp1jorn avt®Vv yid TV IpoPAeyn
TIpOV pe TV XPnon otatotikov pefodov (0nwmg vAomoinoa xat oto npoPAnpa pag).
Ewdwotepa mnaipvovtag oav Oedopevo tv £§odo trg ovvdptnong mov Oéloope va
npoPAéyoope oe tapeAbovtikég xpovikég otypeg npoomnadovpe va amopaviovpe yia v
Tipn g oto péAlov. Ot TpOIot pe TOLG OMOIODG YIVETAL KATL TETO0 avaldovtdl otnv
ooveyxela.

To npoPAnpa g npoPAeyng Aabmv AOYLORIKOD, He TV IPOOLYYLor X®PIg va Aappavoope
DIIOWLV PAG TIG PETPIKEG TOL K®OWKaA, arotelet éva mpoPAnpa mpoPAeyng xpovooelpds,
d10tL mpoPAéniovpe v emopevy) Tipr tng npepag {0, 1} pe Paon to mapeAdoOv .

Oa pmopovdoe To CLYKEKPPEVO MPOPANpa va evtaybel xat otV Katnyopia MpooLyylong
ovvaptroemv (function approximation). @ewpwvtag mg covaptnon f (n) ={0, 1} érrov n Oa
nTav n npepa mov HéNovpe (¢xovtag opioet wg 0 TV IP®TI) PEPA IOV SEKLVANE VA PEAETAPE
10 IPOPANpa) kat &g f (n) av epeaviotnke QAP e TA XAPAKTNPLOTIKA oL avadntodpe
Vv fpepa avtr). Me avtv v HIpooeyylon £xovpe MPOPANpPA XPOVOOEP®OV dLAKPITOD
xpovoo [4].

2.2. XpovoocetiLpéguapkoBLavey alvoldwy

‘Exovtag xatavonoet, yiati 1o npopPAnpa g npoPAeyng Aadmv Aoylopikod arotelet éva
npoPAnpa  xpovooelpamv Oa mpenet va eetacovpe, av anotelel éva mpoPfAnpa
Maxkporavrig ahvoidag ) oxt.

Qg Mapxofiavry alvoida opifetal pia XPOVOOoelpd OTNV OIoid I €MOPEVE] KATAOTAON)
eCaPTATAl AMOKAEIOTIKA OO TNV DIIAPXOLOA KAl OXl dII0 TOV TPOIO IOV PTACAPE OTO
onpeto avto. Anladr] n mbavotta eppaviong plag véag katrdotaong dedopévng g
TOPLVI|G KATAoTaong eivat ion pe v mbavotmta 8edopevov OA®V T®V IPONYOLHEV®V
KATAOTACE®V TG Z& Pabnpatiki) popoer):

P (X = xn|Xn_y =Xn_y +ennen. Xo=x0) =P X =x0| X0y =X0_)

Aoty n npoavagepbeioa 110t ta ovopddetat papxkoBiavi) 10t Ta KAt elvat ePPaveg mmg
10 npoPAnpa g mpoPAeywng Aabmv Aoylopikod Oev eVIACOETAL O LTV TNV KATHYyopld.



Av ioyve 1 mapamnave WOwomrta, 10te Ba pnopovoape yvoplloviag AmoKAEOTIKA TV
televtata pepa {0, 1} va npoPAénape tig mbavotnteg epgdaviong tng enopevng {0, 1}.

Mia alAn xatnyopia Makpopravrg alvoidag etvat avtr) mov dtabétet pvrjpn tadng m.
AnAadr, ot mbavotnteg epgpaviong kabe veag KATACTAONG PHIOPOLY VA OPLOTOLY AIIO TIG
Televtaleg m KATAOTAOELS TG alvoidag avTr|g. Xe pabnpatik) popen:

PXy=x0 X0 =Xn_q5e.... X 1=x)=PXn=x0Xn_ 1 =Xn_1s o 0s Xnem = Xn—)
Vn>m

To npoPAnpa g npoPAeyng Aabwv AOyLOHIKOD eVTACOETAL O AVTHV TV KATNyopid Omg
Ba eCnyroovope kat otv ovveyxeta. Ou mbavotnteg epgaviong xabe veéag KATAOTAONG
opifovtat amo Tig m teAevTaieg KATAOTAOEL.

O alyopBpog pag etvat Sopnpévog pe TETO0 TPOIo wote yid Kabe pia amno tig 2™ mbaveg
Televtaleg kataotaoelg va npoPAénet v mbavotnta ) enopevn Npepa va etvat bug-free 1
OxL.

H 8wotnta avtr) Baciletat oty @vorn oo mpoPAfjpatog, O10TL 1] enoyKoOTnTd enmnpeddet To
anoté\eopa pag, kdai, onwg Oa ednyrjoovpe kat otn ovvexela, metvyaivoope Owaitepa
IKAVOTIOU)TIKA AIIOTEAEOPATA, KATL IOV EVIOYVEL TNV Hernoidnorn pag nog ot teAevtaieg m
KATAOTAOELS elval APKETEG yia va IPoPAEyoLpe TV T g veag katdotaong {0, 1}.

2.3. MponyoduevegcépevyEg

'Exovtag opioet, mAéov, pia Baon ya to npoPAnpa g mpoPAeyng Aadmv Aoylopikoo eivat
arapaitnto va avagepboovpe oe 01ootedoEL IOV IPOVIPX AV OTOV TOHEA AVTOV.

Kdabfe pia dnpooievon mov éxet yivetr yia v npoPAeyn Aabov Aoylopikoo evidooetdatl o€
pia amo dvo peyaleg xatnyopies. Eite mpoomnabel o akyopiBpog mov éxet dnpiovpyndet va
npoPAeyet Vv eppavion Aabov Tig emopeveg Npepeg pe PAOH TOV KOOKA KAt TIg HETPUKES
oo éxet optoet eite npoonabei va npoPAenet, av Oa eppaviotet kanoto Aabog 1) to mir|fog
avtov nov Ba Ppebodv pe Pdon yapaxtnplotika nov Bewprnbnkav onpavikda otnv
EKAOTOTE IMEPIITMON).

Apykd, Ba Kavovpe pia OOVTIOR! ava@opd OTlg ONpootedoelg Moo HPOPAEIovY pe Paot)



T1g peTpkég Tov Kodika , dnAadr) draPalovtag Tov K®OKa va arno@aiverat o alyoppog,
av rnepéyet Aabn 1 oxt pe Paon dragopeg napapétpoog [26] [8]

Mua napdpetpog oo propet va pag dmoet kmdika pe opdAparta etvat éva vypnAo eminedo
lepapylag petadd TV oLVAPTIOEMV MOV XPNOLpoIIotodVTIAl otov akyoptdpo. Kdatt tétoo
0€ APKETEG TIEPUITWOELS KAVEL TOV KMOIKA M0 d0OVONTO He armoTtéAeopd va av{avovTtdt ot
mbBavotnteg yua bugs [25].

Emiong pia alAn petpikn) mov priopet va pag deilet, av o kwdkag mepteyet Aadn 1) oy, etvat
Ta OlIQOPETIKA HOVOHATIA IIOD MIIOPOLV VA €KTEAEOTOOV KATA T OIpKeld TOL
alyopifpov yla dagopetikég e10000v¢. ‘Ooo avavetat o aplpog avtog Toco mo mbavo
elvat va vndapdet kdmowa eioodog ) onoia va amnodwoet Aabog. O 6pog avtodg amodidetat og
KOKAkn) moAvmhokotta (Cyclomatic Complexity) [19].

O opog yapnAny ovCevdn (low coupling ) elval emiong pla DAPAPETPOG MOV HIIOPEl va
ennpedoet Vv anodoorn) evog kmdika. Ot diagpopeg oLVAPTHOELG IOV XP1OLHOIOODVTAL Yl
Vv ektéheon toL alyopifpov ogetlovv va elval avedaptnteg HETASL TOLG, ®OTE VA
HIopoovv va xpnowpomnotfovv kat oe dANovg akyopibpovg pe emroyia (£tol Staopaliletat
Kat 1 akepatomta tovg). Kdatt mov @ativerat va ennpedadet v akepatot)Ta ToL KOOKA
etvat 1o mAnbog ypappov xodwa g kdbe ovvdptnong mov xpnowpomoteitat. e
MEPUITOOT] IOV P1d OLVAPTIOL) elvat peydAr) oe EKTaor), TOTe etvat mbavo va mpoomnabet va
ektehel apketd ovvletovg vrIOAOYOPOVG pe avdnpéve mbavotnta Aaboog

Telog, éxet OnprovpynOel axopa peydho mArjfog petpikmv yla v emitevdn avtod Tov
okorobd Kat kabe mpooeyylon mov €xet yivelr pmopet va ypnowporowmdet pe Sta@opeTiko
OoLVOLAOPO AVT®V Y1 VA DAOIIOW)OEL TOV OKOIIO TG IPOPAeyng Aabmv Aoyioptkoo.

Ma dA\\n mpooeyyton yia 1o IpoPANpa avto, dSa@opeTiky) Ao TV IPonyoLHev), eivat
va npoonaboovpe va kavoope tagivopnon kdbe alhayr) otov koadika og Aavlaopévn 1) oxt.
AnAadny xabe @opa mov yiveratr xdamowa aMlayr) 0 aAyopldpog evpep®VETAl yid TNV
alayr) avt) Kat anogatvetat, av etvat AavBaopévn 11 oxy, AapPdavovtag vonoyv Tig
ypappég moo tpomnonou)dnkav otov kwOwa. H mpoPAeywn aotr) yivetatr pe Paon to
LOTOPIKO aVTIoTOLY®V AAAAy®V KAl ITO0EG AIl0 aLTEG KATAPepav va egaletyoov Ta Aabn
TOL KOOIKA XWPIG va SnIIovpyrjoovy ved.

Ano mv aA\n mevpd apketa peyalo mAnbog dnpootedoewv npoomnabel va emAvoel 1o
npoPAnpa avtod xmpig va yvopifet Tov KoOua aAAd LOVO TO 10TOPKO TV Aabmv.



e mepltoon nov avaldnroope 1o nAnog Tov Aabomv oo Oa eppaviotodyv Tig enopeveg
Npépeg etvat apketa obvnbdeg otig dnpootedoelg va opilovv draotrpata tng popers [a, Pl
Kat va npoonabovv va Ppovv oe 1ot draotnpa Oa evidooetat 1 NOPeV) NPEPA AVTL va
npoPAénoov to axkpPpég mirjog Aabav mov Ba eppaviotoov.

Ze 1dn vndapyovoa dnpootevon 1 OpoPAeyn yiveratr amoxAeloTka pe To mAnbog tov
epyalopevev mpoypappatiotov kabe npepa, dnAadt) pia ocovaptnorn g popens f (N) ->n
onote N 1o m\fjdog 1oV npoypappatiot®v kat n to nAnbog tov Aabwv. Etot o alyopiBpog
EKTIAOEVETAL WOTE VA KATAPEPEL VA ENAIOTOIOU|OEL TO OQPAUAPA TNG CLVAPTHONG ALTIG
KATAtdooovtag To N 0g KAtnyopieg Otaotnpuatev g popeng [a, P]. Av o akyopiBpog pag
retdyel Vv Katnyopia moo Ppioketal to n, Tote Oewpettatl emroxnpévn mpoPAeyn, eve oe
dragpopetiky) mepimtworn Oxt. EmmAéov, o xabe alyopiBpog ypnowponoteitat ovvifwg oe
dragopetikd dedopéva ya v mo opboloyikr) atoAoynor) oo [12].

Eivat epgavég nog évag oovdvaopog tov dvo maparndve 0a propovoe va armodomoet
Kalotepa amotehéopara. Katt tétoo dMwote mpoxdmtel amd To YeYyovog M®G ®G
peAdovTikn) epyaoia T@v dnpootedoemv opileTal 1) el0ay®yl] HETPIKAOV KOOIKA Oe OOEg
dnpootevoetg Oev eiyav v dvvatdtta va ta copmepdapfoov.

H dwud pag nmpooéyyiorn oto npoPAnpa g npoPAeyng Aabov Aoylopikoo evidaooeTtat otny
devtepn katnyopia, d1ott dev elyape v dvvatotta va OtabdeTovpe PETPIKEG KOOK Kat
npoonafoovpe va npoPAéyoope Pact{opevol amokAeloTikda og dedopeva tov apeAdovtog
KAl VA eKPETANNEDTOVHE TNV EPPAVIOT] KATIOIOV POTIP®V 1] NGV OTOLXEIMV XPOVOOEIP®V
rov Oa copPdAlovv otV TpOPAeW) Pag yia TV EMOPEVT] HEPA KAl TV KATyOPLOIIOinol)

NG O PEPA e OPANpA 1) OXL.

Kdabfe pla amno tig 110n vrdapyovoeg 0npootedoelg YPNnOHOIIotel TIg HETPLKEG ASIONOYTOELg
TV alyopifpev pnyavikrg pdbnong mov agopovv v emtPAenopevn pdbnon (supervised
learning). Ou petpikeg avteg avalvoviat ot oovexela xat oto téhog Oa yiver pua
yevikotepn adtoAoynon avtev (Kepdato 4).

24. MeTtptLkés aAdroplOuwy unxavi kfs
Had nong



Ia v adoloynon alyopibpev pnyavikng pdabnong (machine learning algorithms)
DIIAPXOLV KAIOLEG PETPLKEG TIOD XPTOHOIIOIOVHE V1A VA KATAPEPOVHE VA OLYKPLVOLE TA
aroteAéopata petadd OlagopeTikmv mpooeyyloeov. H mo mpogavrg petpkny mov Oa
PIopobLOoE va oke@tel KATowog etvat 1 akpipewa (accuracy) , 6nAadn) T0 HOCOOTO T®V O®OTU
talwvopnpeveov  napadetypdteov  (instances) oe  ox€on pe TO  OLVOAKO ITAr0og
HAPAdelypat®V IMov Tagtvopnoe o akyoptopog.

aA00oc cwoTdv mpofréwemv
TA00g GUVOAMKGV TPOPAEYEDV

axpifewa (accuracy) =

H petpwa) avt), av kat ek Opotg oyemg @aivetat opbr) xat KatalnAn ywa v
aloloynon alyopifpev, éva am\o napddetypa propet va pag meioet yia to avtifeto. H
tadvopnon email oav avemBopnto (spam) 1) 0xt Oa propovoe va dwoet akpiPeia 95%, av
npoPAénape nwg xabe email Oa etvar avembopnto, piag KAt 1o IOCOOTO ALTO AVTIOTOlyEl
OTO IPAYHATIKO TOCOOTO TV email mov Bewpovvtat avembopnta (spam) emails. Apa Oa
PIOPOLOApE VA HETOXOVHE €VA TETOL0 DWPNAO ITIOCOOTO OTNV HETPLKL| AVTH, XDPIG IIPAKTIKI
va £xovpe dnpovpyrioet KAroov alyoptopo!

Av10 10 aito amotelel éva amod Tovg Pactkovg Aoyovg mov dnpovpynOnkav kat alleg
PETPIKEG aStoAoynong alyopibpmv pnyavikng pdabnong.

Zto napdadetypa pag og 1 Bewpovpe tig npépeg mov eppaviotnke Aabog, eveo wg 0 avtég
oo Oev ep@aviotnke Kamowo Aabog.

[Tpwv eotiaoovpe oe dA\eg petpikég Ba opioovpe 1€ooeptg évvoteg oo Ba yprnotporomdoov

oTn ovvexela:

1) true positive: To mA1j0og tov mpoPAeyemv mov frav 1 dedopévov mwg 1) IPAYPATIK)
T nrav 1.

2) true negative (TN )To mAnfog tewv mpoPAéwemv mov nrav 0 Sedopevov meg 1)
npaypatika) tpr nrav 0.

3) false positive (FP) To m\rfjfog tov npoPAéyenv mmov ntav 1 dedopévon nmwg n mpaypariki)
Tipn nrav 0.

4) false negative (FN) To mAnfog tov mpoPAeéwemv mov nrav 0 dedopévov nwg 1)
HPaypatiki) T nrav 1.



Ot mapandave Téooeplg THEG @aivoviair oe évav Iivakd Iov ovopdletat mivakdag
ovyyvorng (ConfusionMatrix).

Actual Values

Positive (1) Negative (0)

Positive (1) TP FP

Predicted Values

Negative (0) FN TN

Emdva 2.1 Nivaxag Zoyyuons

‘Exovtag opioet mAéov Tig Te0oeptg avteg évvoteg Ba dovpe Tig petpkeg aStohoynong [7]:

1)Precision:
precision = + 2
p+fp
2)Recall:
__p
recall = v
3)F1 score:

2xprecision*recall

F1 score = =———-
precision+trecall

4)Roc (Receiver Operating Characteristic Curve) - AUC (Area Under Curve) [35], [24], [10].



Comparing ROC Curves
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Ewova 2.2 Zoykpion Roc Curve

H prAe ypappr) vnodnAmvet évav toxato tadivopntr) kat kabe odvykpion yivetat pe antov
ywa va anogavboovpe mooo kalvtepog tov eivat. AnAadn to AUC g prAe ypapung etvat
0. 5, ortote avadnrovpe tadovountég pe AUC > 0. 5.

H pm\e ypappny amotedet tv ypagwkn mnapdaotacn ROC evog mpoPAemtr), eve pe
dtaxexkoppevn eobeia mapovolaletat o toxaiog mpoPAemtng, o omoiog Pploketat otV
gobeia x=y. = 'Ooo ka\btepo mpoPAertr| éxovpe, TO00 peyaldtepo epPfadd dnpovpyeital
AVApeod OtV KAPIIOAD Kat Vv evbeta x= 0.

Enopéveg 0oo mo wnAa Ppioketatr n ROC evog mpofAenty) évavtt g x=y, TO00 IO
IIETOXNPEVOG elvat O IPOPAEITTIIG. ZXIATIKA AVTO PAIVETAL HAPAKAT®:



RO S

Ewkova 2.3 Roc Space

KdBe pia anmod tig napandve petpikeg Oa propodoe va dmoet arote\éopata apKeTd Kald,
Xopig Vv vmapdn adiohoyov alyopibpov ocav vmoPabpo. 'Opwg o cvvoLAOPOG TV
PETPIK®V yla va ovykpivoope alyopibpovg eivat np mo adiomiotn Avor). ITapartpovtag
ONeg TG METPIKEG KAl OLYKPIVOVTAG TA AIOTEAEORATA Tovg oto 1010 mpOPAnpa pag
IIPOKDIITEL IIOLA IIPOOLYY1OL) ELVal 1) IO KATANANAL avANOyd He TOV OKOIIO IOV €XOVHE Yl
10 IPOPANpa rTov mpooradovpe va emMADOOLHE.

Ot mapandve TOIot XP1OHoIoodVTAL 08 KAbe MPooLyylon Mov KAVOLpE. ZTo IPOPAnpa
pag 1o 1 anotelet v epgpavion Aaboog v coykekpipévn pépa, eveo to 0 ) pn) epgavion.
Me Baon avtv mv vriobeon vroAoyifoope to mAn0og twv TP, TN, FP, FN ota dedopeva
aSloAOyNong Kat PPloKovpe TIg HETPIKEG AVTEG. 2T ovvexela vroAoyi{ovpe TI§ IAPATIAV®
PETPIKEG woTe va adlohoyrjoovpe v Kdabe mpoogyyion.

Mua mo extevi)g avagopd oe xkabe pebodo mov yprotpomno)dnke Kat ota AroteA\eopata



oL arIEdMOoe YIVETAl OTO KEPAAAO 4, Omov mapovotdfovTal ot PETPIKES yia Kdabe pa amo
T1g PeBOOOLG IOV EPAPPOOA}LE.

2.5. Overfitting - Underfitting

Eva emumAéov npoPAnpa mov priopet va ennpedoet Tig PETPLKEG TOL alyopilOpov pag etvat n
gpavion Tov @awopevoo overfitting 1 underfitting. ITio ovykekpipéva yia to npofAnpa
g npoPAeyng Aabmv Aoylopikod og@ethovpe va Ppoope Tto KataAAnlo 1mArnbog
Hapapetpv nov Bempoovpe nwg enmpedfel v OpoPAeyn pag yua v enopevn nuepa. H
PN 0®OTr) eV TOV IAPAPETP®V PIIOPEL va pag odnyr)oet 0To paivopevo Tov overfitting
1] underfitting. [6].

Overfitting

To overfitting amotelei éva Paociko npoPAnpa otovg alyopibpoovg pnxavikg pabnong xat
Hnpenet va AapBavetdal bnoytv aro Tovg IPOYPARHATIOTES. AlvovTag HOAEG IAPAPETPOVS
oe éva poviélo, amoktdtal 1 dvvatomta va <tapuael> nave ota Oedopéva pe
amoté\eopa pia pikpr] alayr) va amotedel mpoPAnpa otov alyopdpo pag 1) akopa
XEPOTEPA, O OMOLOONIIOTE VEO  MAPAOElypa €KTOG avtod mov Exet exmaidevtel va
napovotdfetal pa napdloyn oopnepipopd. I'ia napddetypa oty dvadikr) taSivopnon 1
daywplotiky) ypappn petad tov Ovo kAacewv mpénet va Owabétel ovykekpipéva
XAPAKTNPOTIKA avaloya pe v pédodo mov ypnowpomou)dnke yia va amogevydel to
npoPAnpa tov overfitting.

ITo ovykexppéva to npoPAnpa tov overfitting apyilel va epgpaviletat, otav divoope v
eoyépela oe évav alyopldpo va exel mapandave IAapapeTpons o avteg oo OwKatoloyet
ta dedopeva nov drabetet. Erot avti va exnadevetat, amm\d anopvnpovevet O,Tt PAénet pe
arotéAeopa 1 £§0d0g Tov va etvat Mo MOADIAOKI AIIO AVTIV MOV IPAYHATIKA AIattel To
npoPAnpa. Ztnv nepimtwon avt)v o alyopidpog pag Oa exet oA doxnupa amoteAéopata
oe dedopéva oo dagépoovv Alyo amod avtd tng eknaidevong 1) oe dedopéva ta onoia dev
éxet Oel (dedopeva adtoloynong). Zta OO pag dedopeva kat oty Pedtioty) pébodo moo
xpnowonou|dnke, OnAadry va £xovpe Hld MAPAPETPO M IOL va pag Oeiyvel IOoeg
IIPONYOLEVEG THEPES OPeilovpe va AdPovpe DIIOWLV yid va AIIoQACiOVHE, av 1) EMOHEVT)
pepa Ba epgavioet Aabog 1y 0x1, vrrapyet o e{ig kivoovog overfitting: Av n mapdapeTpog ov
optlovpe elvat apketa peydhog apdpog, tote omv @dorn exnaidevong ta Papn Oa
IIPOCAPHOO0TODV OF TIHEG TETOEG MOTE VA AIIOPVIHOVEDOOLV TA POTIPO XWPIG OLOLAOTIKA



va vnapSet kamnowa npaypatikyy exnaidevor. Etolr xabe gopda mov Oa avayvwpilet o
al\yoplOpog pag KAatt mov €xel mpodrdpdel amnod v @don g eknaidevong Oa armodidet
opba pe apketd peyain mbavotnta (ta Pdapn pmopet va pnv eivatr dovatov amo
pabnpatikng anoyemg va IMIAPOovV TIHEG TETOlEG ®Ote va propovv va dwoovv 100%
arnodoorn) ota dedopéva exnaidevorng), Opwg oe kabe mepimrworn mov dev exel Savadet (1) oe
éva vea dedopeva TOL EMOHPEVOL €TOLG Yld MAPAOElyHd) VA LIIAPXEL APKETA YAPNAL
arodoon.

Underfitting:

To underfitting amotelei éva emiong obvnOeg mpOPAnpa otovg alyopibpovg pnxavikr|g
pabnong. To mpoPAnpa avtd epavifetrar, otav mpoorabovpe va MPooeyylOOLHE €va
dedopévo pe pia mo armloik) coVAPTION AId LTV IOV IPAYHATIKA ardatteitat (0nwg n
poogyyton tov mpoPAnpatog g npoPAeyng Aabmv Aoylopikov pe katavopr Poisson).
Onwmg @aivetat kAt OtV €KOva 1) dIOIEPd VA XPnolpornoujoovpe v pebdodo tov
ypappkrg naiwvdpopnong (linear regression) (6nAadn) va Bempriocovpe nwg n £€5odog pag
poopel va elvat mg popeng y=ox+fp ,Evo otV OPAYHATIKOTNTA Vd EOPEHe vd

e@appootel pia KapmoAn apketda mo ovvbetn), dnpiovpyet 1o @arvopevo tov underfitting.

Bias:

To Bias opiletat wg E [Y'-Y] OnAadny n avapevopevn tur) tov opalpatos. YynAo bias
napatnpeitat otav €xovpe kKdvet vmobéoelg ot omoieg eivatr AavOaopéveg, onwg yia
napadetypa nog 1o oet dedopévev pag Ba propovoe va mpooopolwbel pia amAoikr)
pebodog oOnwg 1 ypappwkn nalwvdpopnon eve Oa  xperalopactav  mapArave
HAPAPETPODGE.

YynAo bias -> Underfitting

Awaxvpavon (Variance): H dwaxopavon amnotehet tnv amoxAon oo Oa etyape oe vea
dedopéva. AnAadr) 11 vynAn dakdpavon onpaivel IMG O EKTIPNTHG HAg €xel  Tatptddet
ave ota dedopeva pag, pe amotedeopda va pnyv amnodidet oe dragopetika dedopeva.

YynAn dwaxvpavor -> Overfitting

Eivat avtovonto mAéov mwg avto mov avalntoope oe évav alyopldpo eival 1)
e\aytotonoinon twv 6vo avtwv peyebov. Ewdwkotepa avalntoope tov BéAtioto apipo
HOPAPETPOV TIOL MPEHeEl vdad OMOOLHE OTOV AAyOplpo pag oote va eKIatdenTel
ano@evyovtag avtd ta dvo pr) Oepta pawvopeva (overfitting, underfitting),



KATL TIOL QAIVETAl KAl OV IAPAKAT® €KOVd, 1) omold xapaktnpietat dmo apketd
oynA1 Stakvpavor) .

Eixdva 2 .4 Yynhf Aiakopavaon- Overfitting

Mropet pev n pavpn ypappr) va pnv taswvopet 100% opbd ta dedopéva exnaidevong, ara
Oa exel peyalvtepn) emroyia ota vea 0edopéva o OxEon e TNV IPAoLVY YPARHL) 1) omoia
éxet <taipualer> 100% ota O6edopeva pag. H ewova Oa frav axkopa mo epgavrg, av
DIIPXE £vVaA NAPAOELYPd He KOKKIVO XPWHA O £Va ONpelo mave 0eSla oty elKova. XtV
Hepilmtwon avty) 1) Dpdowvn ypappr) Oa elye akopa mo nepiepyn oopmnepupopd kat Oa edive
oapmg yewpodtepa amotedéopata oty dadwaoia adlioloynong tmg. Avto 1o oevapio Oa



DIIPXE OTNV MePLITOOT IOV epPavi{otav kamowa epgavg eSaipeorn ota dedopéva pag, 1
oroila Op®G IPEMeEL va PNy ennpeddel ep@avag Tig emdooetlg Tov alyopifpov pag xat va
&xet TNV dvvatotta ano povog Tov va Oldmot®oetl To IPOPANPA KAl VA TO AIIOPUYEL e
Vv ehdaytotn dovarr) (npia.

To npoPAnpa pag yia v npoPAeyn Aabov xat coykekpipéva n taSivopnon tng xabe
NPEPAS WG NHEPA Pe OPAApa 1] Oxt BewpwvTag o mpOPANpA aLTO N®G IIPOCOHOLMVETAL ATIO
Mapxkofravr] alvoida o@eilel va armo@ovyel T0 GAIVOPEVO Thg VYNALG dtaxvpavong. ITo
ovyKkekppeva mpénet va Ppedet to kataAnlo nArog mponyodpevev npepmv pe PAaor to
omnoio Oa mpoPAcmovpe yia v enopevy) (dnAadn) n pvipn g MapxoBiavrig akvotdag) .

To epompa mov mpoxdHTEl €lval N®G HIOPOVLHE VA AIOPLYOLHE Ta dVO HAPATIAVK
npoPAnpata otig mpooeyyioelg pag yia 1o npoPAnpa g npoPAeyng Adabmv Aoylopukoo.
Eav Sivape v dovatromta otov akyopdpo pag va exmaidevetat pe peydaho mArnbog
HApPAapeTpav, tote Oa eiyape 1o mpoPAnpa tmg vynAng Saxovpavong (Overfitting). ITwo
ODLYKEKPLEVA, [E TNV IPOCEYYLOT XPOVOOEIP®V PakpoBiavig alvoidag talng m, av 1o m
NTav éva apketd peydalog apldpog, tote Ba Swvotav n dovatotnta va AIopvIjHoveDdEel
axkolovBieg kat va <taipraler™> nave oe avteg, avit va exmadedetal kat va Oivel ta
KataAnAa Bapn otig Tipég mov Bempet 1og ennpedalovv To ArTOTEAEOHd.

Avtifeta, xata v mpoogyytlorn pe T pop@r) Poisson Distribution, Bewprjoape nog ta
dedopeva pag akohovBovv pta amloikr) KATAVOHI] KAl PIIOPEl Va eKQPAOoToLV HE pid
povadikr) napdapetpo. O akyoppog pag mpoormabel, xopig va €xet v dovvatomta va
dlagpoyetl amo v KATavopr) Iov Tov EXOVHE Opioel, va PBpet TNV PEATIOT HAPAPETPO WOTE
va mpoPAénet, av ot enopeveg npepeg eivatr xmpig Adbog 1) Oxt. Avt) 1 Ipooeyylon
napovotalet 1o IPOoPAnpa g vywnAng daxkdpavong, d1ott vriobéoape nwg ta dedopeva
pag akolovBobdv pia mo amAotikr) KaTAavopn dIlo TV IPAYHATIKL] TODG KATAVOML).

Telog, Ba mpémet 1000 va opioovpe TNV KATaAANAn pédodo yia Ty emiteoln 1@V PeATIoTOV
AIOTEAEOPATOV aANd KAl va npoogfovpe va pn dwoovpe ehevbepia otov alyopbpo va
pdbet ta dedopéva Kat va pnv KAvel KATOod IPAyRATiKY] eKIAiOenorn) IAav® oe auTd.



2.6. Ao o
mpoporpapupuatctiopnod-MMAartdépoua

I'veopifovtag mieov 1000 To £€1d0g TG PefOOOL MoL PITOPOVLHE VA XP1OLHOIOW)OOVHE OO0
Kat toug mbavoovg Kivdvvoog mov PIopove VA OLVAVINCOVE KAt IPETIEL VA AIIOPVUYOLE,
pla emuiAéov emloyr) elvat 1 YA®ood MPOYPAppATiopod Kdat I HDAAt@oppa mov Oa

XPTOHOTIOU|OOVHE.

H emoyr) Oa emnpedoet 1o amotéleopa pag kabog kdbe dtagopeTikog ocvLVOLAOHOG
xpnowporotet aleg pefodovg exmaidevong (SrapopeTikég IPooeyyloelg).

H y\®ooa mpoypappatiopod IOL XPNOHOHOLETdl KATAd KOpov otovg alyopibpovg
pnxavikrg pabnong eivat n python. H exdoon mov ypnoipomnoinoa eym yia tov Kodika
etvan n python 3 otnv nhatgpoppa sklearn.

https: //github. com/scikit-learn/scikit-learn

Scikit-learn (emionpa scikits. learn) etvat BipAoOnxn pnyavixkng pabnong oxedraopévn yia
v Python.

Mrmopet va epappootet ywa xatnyoplomoinorn, mnalwvOpoupnon xat alyopifpoog
opadomnoinong (support vector machines, random forests, gradient boosting, k-means and
DBSCAN), xat pmopet va Aettovpyei mapd\Ania pe 1 PrpAodnkn Numpy, xdtt moo
vAonou|0nKe KAt OToV KOOIKA TOL OLYKEKPIPEVOD TIPOPAaTOG,

Scikit-learn etvatr @uiaypévo oe Python, pe xdamowovg ahyopiBpovg oe Cython ywa va
retvoyovpe Kalvtepa amoteheéopata. Ta Support vector machines éxoov vAomowOet oe
Cython. H logistic regression xat linear support vector machines otn PipAoOnxn
LIBLINEAR [9], nj onota avantoyOnke amno to National Taiwan University.

H m\atgoppa avt) pag Siver v dovatdtnta yia eOKOAn eknaidevor kat aStoAoynon
kabwg ot PipAtobnkeg mov vrdapyoov Odwabéopeg Oev kabvotepodv vV @don NG
eKTIAIOELONG KAl PAG EMTPENOY TV eKTEAeOn] Tov alyopibpov pag oe Atyotepo amo éva
AEITO y1d Onoladr)IoTe IIPOOLYYLOT] XPIOILOIIOUCOVE.



KEDPAAAIO3 OualyopiBpor moo ypnoponou)fnkav

‘Exovtag m\éov opioet pia Paon yia to mpoPAnNpa Kat tovg Tporovg aSltoAoynong avtov,
kabwg xat v mpornyovpevr) dovAeld TOL €xel yivel NAV® O ALTO PIIOPOLHE VA
avagepboovpe otnv kalotepn dnpootevorn (Prophet Facebook) xabwg xat otig dikeg pag
npooeyyioelg oto npoPAnupa tng npoPAeyng Aabwv AOylopikod xwpig TtV yv®orn Tov
kodwka. Tooo xata v Sidpxela Tov melpapatog pe Paon ta dika pag dedopéva, 000 Kat
pe v mpooeyylon g Facebook [33] o aAyopiBpog mov métvxe Ta kalvtepa
arnote\éopata 1tav 1 Aoylotikr) nalvopopnon( Logistic Regression).

3.1. NoryriotikfAnrnaAditveépbunon

H pébodog Aoyrotikr) maiwvdpopnon (Logistic Regression) amoteAet v mo dradedopevn
pebodo yia mpoPAfjpata Svadikrg tadivopnong oe Oepata emPAenopevng padnong. [23],
[29] . Ta v pébodo avty ogetlovpe va €xovpe opioel KAIMOlEg MAPAPETPODS IOV
Bewpoovpe nwg ennpedlfovv to amnotédeopa pag. ITo ovykekpipéva oty mepintmon pag n
€PMTNON IOV Ipérel va aravindel eivat moteg mapdpeTpot mpenet va Angbovv vmmoyiy yia
Vv OpoPAeyn av 1 enodpevn pepa Oa etvar npépa pe Aabn 1 Oxt. Exovtag opiloet T1g
PéATIOTEG MAPAPETPOLG, TOV OMOI®V Ol TUEG elvat eite mpaypatikoi aptfpot eite dvadikeg
TipeEg, o alyopidpog pag vmoloyilet Papn, pa otabepd mov xpProlponoteital wote va
IIETOYOVHE KAANDTEPA ATIOTENEOPATA.

Ze pabnpatikn popoer):
- 1
CO)—{ vk +b —- kY —=(5)
input linear function, sigmoid function a output based on a,
w = weight a€(01) lifa>=05
b = bias Oifa< 05

H twr| tov a moo vndapyet og £€5060g aro v otypoeldry ovvaptnor) etvat 1) mOavotta 1
enopevn Npepa va amnotelet nuepa Aabovg. O Aoyog 1ov 1o veupwaviko pag Oev teppartiet
OTo onpelo avtod elval NmG 1 APXIKI epwTNON eivatl av 1 enodpevn nuepa Oa epgavioet
Aabog 11 oxt. I'ia avto 10 Aoyo ypnowpomnoteitat eéva katw@At (covfwg oto 0. 5) wote va
otpoyyvAdomotei v mbavotnta mov Pprkape oto {0, 1} ywa va pmopécoope va



OLYKPIVODPE HE TNV MIPAYPATIKY) T TG OLVAPTNONG Iov mpoonabodpe va
IIPOOEYYLIOOV}IE.

O alyopBpog pag npoonabet va Ppet ta Pedtiota Papn eAay10TONOI®VTAG TNV OLVAPTION)
OPAAPATOG IOV PAIVETAL ITAPAKATR.

n—1
Jw)y= -1 ;) {'loglog [h(w'x))] +(1—y")log[l—h(wx)] }

H &wadwkaoia evpeong tov Papov ovopaletat @aorn ekmnaidevorng ( train-phase) xat etvat
oodvvapn pe IV €0PECI TOV PAPOV IOV EAAYLOTOHOODV TV OLVAPTNOI OPAAIATOS.
Kdt tétolo amotedet éva minpwg pabnpatika opiopévo mpoPAnpa 1o omoto emAveTat
IIPOOEYYIOTIKA IO TOV LIIOAOYLOTH HE ToV Kivovvo va pnv Ppebovv ta Pdapn wote va
IIETOYOVHE TO OAKO EAAX1O0TO T1)G OLVAPTINONG AVTHG AAAC VA TOIMKO eAAX10TO.

H elaywotonoinon 1tng oovaptnong avtrg yivetat apketa mo amnhr dwadikaoiaq,
EKPETAANAEDOHEVOL TNV KOPTOTNTA TG ovvdaptnong avtrg [1]. To yapaxktnplotikd avto pag
diver v Ovvatotra oe kabe onpeio efetaloviag 1o MPOONHO NG HAPAY®YOL Kdt
Kwvoopevotl avtifeta oe avtd va katevbovopaote mpog v ooty katebbovor Kavovtag
KaOe popd eva Pripa oo eSaptatat amnd pia IAPAPETPO d.

Evag amo tovg ovvnbéotepovg alyopibpovg edpeong tov eAayiotov TG OLVAPTHONG
kootovg eivat o Gradient Descent. O alyopiBpog avtog {exiva amod éva obVOAo TIH®V W
KAl ENAVANIITIKA KIVELTAL IIPOG TNV €DPEOT] TOL EACY1OTOD THG OLVAPTHONG KOOTOLG | (W).
AvT0 TO TETLYAlVOLHE KivoLpevol oe Kabe onpeto mmpog v avtifetn katevbovon g
HApay®yov pexpt 1o onpeto mov pndeviletat. O alyopidpog akolovbet v katevOvvor
G KAlong mov Snpiovpyel 1) EMPAVEWT TG OLVAPTNONG KOOTOLG pexpt va Ppedet oe
KOWdada.

ZXNPATIKA:



e xabe enavanyn to Bapog avaveamvetat pe pobpo expadnong (learning rate) a.

ow= —aV,J(w)

v dwadkaoia avtr) eyKLHOVEL 0 KIVOLVOG va (PTACOLHE O £va TOMIKO EAAYLOTO OTO
onoio n napaywyog 0a eivat 0 xat va pnv yvepioope v xatevbovon mov mpémetl va
Kwvnovpe.

I[a wmyv amogoyn Tov @awopevov avtov ektedovpe TV Owadikaocia exmaidevong
Sexivovtag amo dtagopetika onpeia kat eCetaloope, av Oa xatainSoope oto 1d10 onpeio
e\ayoto avdavovtag v mbavotnta va armoteAel Kat To OAKO eEAAY10TO TG OLVAPTIONG.

Exovtag mAeov oploet ta PéAtota Papn kabog kat Tig vroloureg MApapétrpouvg
vroloyiCoope 10 dfpolopa mov IMpPoava@Eépape KAt MAIPVOLHE OAV AIOTENEOHd EVaV
npaypatnxko appo. O apidpog avtog divetar oav eiocodog oe pla ovvdptnon (sigmoid
function) kxat to amotéleopa avtg eivatr n mBavotnra mov avalntovpe. Télog, 1)
mbavotnta avtr) otpoyyvlomoteitat oto {0, 1} mote va etvat ) £é§odog Tov akyopibpov pag
OtV pop@1) ov avaldnrovoape eSapyr|s.



sig(t)

— sig(t) = o= 1.0
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0.6
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Ewova 3.2 Sigmoid Function

Ia va epappooovpe v Aoytotikr) TaAtvOpopnon oto IPOPANpPA HAg KAl VA KATAPEPOVLE
va npoPAeyoope v mbavotta n enopevn npepa eivat xopig Adabog 1) oxt apket va
opioovpe ta features mov Bewpovdpe nwg elvat vrievdvva ya v epeavion 1 prn Aaboog v
EMOPEVT] T)HEPL.

O mpotapyKog otoxog yid TNV £QAPHOYT| TG AOYIOTIKIG TAAvOpOpnong etvat o omwotog
OPLOHOG TOV XAPAKTINPOTIK®OV ov Ba xprnotpomnowmbovy. Tooco n edpeon tov KatalAnAov
m\1)0ovg oo Ba xprotponotjoovpe 000 Kat Tt Oa copPolilet To kabe éva amod avtd (éva
Xapaktnplotiko Oa propovoe va cvpPolilet v mepiodo Sraxkommv 1 0x1) (pe dvadikn
i) anotelet éva wtaitepa onpavtiko (nnpa. M napdapetpog 0a prropovoe va eivat to
draotnpa nuepav amo v tekevtaia pépa nov Ppednke opdApa. Eva nmpoPAnpa mov Oa
PIOPOLOE Va MAPOLOLAOTEL OTNV HePUTTOON avtr) eivatl 1 ENewyn petaPfAntov moov 0a
propovoav va dpovv obvOLAOoTIKA yla To Kabe eva amo ta aveSaptnta YapaKInPloTIKd.
AnAadn) ta Aeyopeva OTALPOTA YAPAKTNPLOTIKA (cross features) mov Oa amotedovvtav
aro TO YWOPEVO KAIIOW®V YAPAKTPWOTIKGOV LYopéva o kamowa dvvapn moo Oa
arotehovoe Vv BeAtiotn) emAoyr). Opmg kdatt tétoto Oa kabiotovoe v ekmaidevon apketa
oAvI\ok1) dtadwkaota kat emtong ot mbavot covdvaopotl T@v napapeTpoy etvat exbetikot
oe mAfj0og oe oyxéon pe tov apldpod avtev. Xav arotedeopa 1) dradikaoia eknaidevong Oa
AIIaiTovoe APKETO XPOVo, Xwpig va eipaote PEPalol NmG ol MAPAPETPOL oL emheSaje
elvatl ot BeAtioteg KAt Nmg dev LIIAPXEL KATIOEG AAAEG IIOL VA PNV £XOLHE MPOODLoEL 1)
KArioleg OlaoTavpmpéveg MapapeTpovg (cross-features) moo Oa PeAtiovav aiobnra v
artodoor) tov alyopibpov pag.

[MTapatmpmvtag Alyo MmO IPOCEKTIKA ta Oedopéva Mapdatpovpe H®G 1] ERPAVION TOV
Aabwv Tig emopeveg Npepeg eSAPTATAL KATA KOPLO AOYO AIIo To enoykotnta, OnAadr) amo
ep@avion 1 oxt Aabov Tig IIponyovpeveg 1pePeS. Ag IIPOY®OPI|COVHE O VA IAPAOELYPA Yid
TNV KAADTEPT KATAVON O TG IIPOOLYYL0NG AVTIG.



Ag vroBeoovpe g avalntovpe évav Tpomo va npoPAeyoope, av 0a eppaviotet avplo eva
OPAUAPA He OLYKEKPIHEVA XAPAKTNPLOTIKA PE TV pébodo g AoyloTikr|g TaAtvdpopnong.
I'a myv epappoyr) g pebodov avtrg ypetaletat apyikd va oploovHE TG IAPAPETPOVG HE
T1g onoleg Oa exnatdevoovpe Tov akyopdpo pag péon twv dedopévav mov drabétoope kat
ot ovvexela Oa alohoyrjooope ta Oedopéva pag pe Paon to xoppdtt atodoynong. To
I0COOTO T®V dedopevmv nov Ha agopoovv 1 @daor exmnaidevong Ka 1 gdon aStoAoynong
elvatl aveSaptnto amno tov TpoIo 1mov 0a opioovpe Tig TAPAPETPOLS TG pedddov avtng, av
Kat ot ovveyela Oa opioovpe To BEATIOTO TOCOOTO IOV MPETIEL VA XPNOLOIOU|0OOVHE Yl
ekraidevon).

Qg yapaxtnplotikd Oa ypnowpornoujoovpe Tig m teevtaieg pépeg. Anladr) oav kdbe
napadetypa tov alyopibpov pag Oa xpnopomnoteitat ot Typég Xi i=1... m xat oav Yin tir)
v enopevn nuepa (dvadikég tpeg). ITo ovvontikda Bewpovpe nwg n €6odog pag v
eropevn) Npépa eSaptatal amod Tig m IIPONYOLHEVES N|PEPES.

Muwa mo mpooektikny okéyn pag delyvel nwg kdatt tétoto diver v dvvatotmta otov
alyopiOpo va avtiknegbet v enoywotnta kabwg divoviag ta katalnAa Pdapn oTig Tipeg
Xi pag Oetyvet moteg pepeg etvat avtég rmov enmnpedafovv mo MoAL 1o anotéleopda pag. ITpwy
IIPOXWPI|OOVHE O MEPALTEP® AVAADLON TV 0edopevev pag kat tng pedodov avtrg Ha
aoxoAnboovpe pe éva epotnpa mov mnpoxvret. ITowo etvat 1o katdAnAo m kat av avto
eaptatal amo To IO0CO0TO TOV dedoPEVMV ITOL eMAEYOLHE Yid train Tov alyopifpov pag.

Av eiyape apketd peydho nirjfog dedopévmv ToTe o1 peTpikég pag Oa émperme va etvat
avfovoa ovvdptnon Tov m Kabwg pe Paon v exmaidevon tov akyopibpov pag Oa
propovoe va dwoetl pndeviko Papog oe fjpepeg mmov dev Oa enmpealav to abpolopa pag.
Elwdwotepa évag alyopibpog exnatdeopévog pe m=50 Oa amedide navra kalvtepa amo eva
pe m=X m oto dwaotnua [1, X] agov Ba eiye v dovartomta va pndevioet ta Papn yia tig
npépeg oto draotpa [X, m] kot va dwoet idia Papn ya tg fpepeg [1, X].

Me Atya Aoywa ot dovartotteg evog alyopibpov pe m peyaldrtepo amd kdmolov dAlo Oa
NTav DIIEPOLVONO Oe OXéon pe évav mov Ha xprnotpomnolovoe pikpotepo m. BePata avtr) )
Bempnon Ba toyve Otav to mnbog twv SedopévmV 1TaV APKETA PeEYANO ®OTE VA PIIOPOLY
va Ppedovv ta PéNtiota Pdapn oe oxeon pe To m.

Opwg, onng yiverat avtdnmto ot 6000 pepeg mov anotedovyv ta dedopéva pag, OnAadr
6000 tipég amo {0, 1} Gev elvar kat tooo peydalo mArfog yia va oxvel 11 povotovia oe
OLVAPTNOL HE TO M.

Apa mpoxoIITel To ep@TRA yid To PEATIoTo m. Aokipalovtag dSia@opeTikodg oLVOLATHOVS
petadd m kat mooootd dedopévmv yia exmaidevorn tov alyopibpov PAemovpe meg 1)
W0aViKI) TIL TOL M Kopaivetat petady 25-35 avaloya pe 1o HpOoPAnpa moo éxovpe va
npooeyyiooope. EmAéyoope va kpatrjooope m=30 ywa Oola ta vmompofArnpata oo



npooeyyifoope. Emiong n @aon exmaidevong aocyoAeitat pe to 80% twv dedopévav 00Tt
aouT 1) TP Katd péoo 0po pag Oivel ta PEATIoTa armoteAéopatd.

Apa ywa v Ipoogyylon avtr) naipvoope og kabe otrypiotono tig 30 teAevtaleg pepeg, Tig
noAarmmaotafoope kabe popd pe ta avrtiototyd PApn KAt COYKPIVOLHE TO AIIOTEAEOPA e
TO KAT®W@AL IOV &xel opioel 0 alyopldpog pag. Avaloyd pe TO AIOTEAECHA AIIOPALVETAL
ywa 0 13 1. Aot n Swadikaoia exteheitat oto otadlo aStoAoynong xat vrmoloyifoovpe Tig 4
tipeg tov TP, TN, FP,EN.

Xt ovovexela éyovtag Ppet avtég TG Tipég vIoAoyilovpE TG PETPIKEG TOL ExOvHE
MPOAVAPEPEL KAl OLYKPIVOLPE TOV aAYyOplpo avtov eite pe alAeg MPooeyyloelg eite pe
aM\n emoyr) napapétpev. H ovykexpipévn mpooéyylon pe Aoylotikyy DaAtvdpounor),
m=30, mooooto exkmaidevong= 80% t®v dedopevav amoteAel KATAa péco OPo TNV KAALTEPN
IPOoeYYlon pag oto npoPAnpa g npoPfAeyng Aabmwv Aoylopikod onwg gaivetdat Kat aro
TIG YPAPIKEG IAPAOTUOELG IIOD IAPOVOLALOVTAL O EMOPEVO KEPAAALO.

Eva akopa mAeovéxtnpa tng mPooéyylong avtg elval oG KAmold aAAayr| pag npepag
(mov pmopet va Bewpettal aonpavtr) petadd oV Tplavia fpepwv dev Ba emmpedacet o
arotedeopa, xkabmg 1o Papog g Oa elvar apketd pikpoO elte akopa kat pndév pe
anotedeopa va Bewpettat evotabdrg npooeyyon. Emiong dev xpetaletat va opioovpe epeig
oleg pepeg Bempovvtat mo <onpavitikes™> kabwg 1) edpeon TV PEATIOTOV Papmv elvat KAatt
IOV YIVETAl AMTOKAELOTIKA KATA Tr) d1dapKela g eKaidevong.

Eva yeviko oxoAo pe Baon 1o amotéleopa tov alyopibpov pag etvat n mapat)pnon nwg
gxoope Pdapn 1000 APvVNTIKA 000 KAt OeTikd, KATL IOV ONuAivel NG 1 EPPAVIon evog
OQAUAPATOG Pl OLYKEKPHEVT) NHePA PIIOPEL va OOPPANNEL APVITIKA KAl VA HEWWVEL TV
mOavotTa epPAaviong evog AAAOL TNV €NOPEVT) NHEP.

Me Pdon ta napanave epappooape Ty pédodo Ttng AoyloTiki)g maAtvdpopnong oto
npoPAnpa tmg npoPAeyng Aabwv Aoy1OpIKOD IETLXALVOVTAG APKETA IKAVOIIOU) TIKA
aroteAéopata Ta onoia NPoBalloviatl oe YPAPKEG IIAPAOTACELS OTO KEPAAALO 4.

3.2. Froauputcfralivdépbunon

Muwa d\An pébodog mov Oa pmopovoe va xpnowpomowfet yia to mpoPAnpa mpoPAeyng
Aabwv Aoytopkoo eivat n pédodog tng ypappikng [28] . H pebodog avtr) éxet apketd xowva
pe TV Aoylotikr) TaAvOpopnorn aAld Kdt HepLkEg OLaPOpPES.

Kat omyv nmepilmtoon avt)v XprnolHorolonpe &va VEDPOVIKO OIKTLO, pla Ola@OPETIKT)
oovaptnon evepyormoinong (activation function) xabwg xat a\An oovaptnon oPAApATOg

(error function).

Kat otnv npooeyyton aotr| Oemprioape Nmg ta YApAKTNPLOTIKA PAG Elval Ot TeAevTdaieg



pépes. Ilpoonnaboovpe va Ppoovpe ta avtiotoya PApn xPNOWHOIOI®VIAG TV IAPAKATD
OoLVAPTNOL OPAAPATOg (Mmean square error):

MSE =1 g (v~ Yj)2

Ewdwotepa nnpoonnabodpe va petwoovpe TV amoxAon pag amo Ty IPaypatikr) £€5odo g
ertopevng npépag {0, 1}.

To mpoto otadio etvar 100 pe Vv AoyloTikr] HAAWOPOpNOon Kdat oOtn ovvexela
XPNOWOMOOLPE @G ovvaptnon evepyonoinong tmv ReLu. ®a pmoopovoape va
XP1OHOIIOU|0OVHE KAl KATIOEG TAPANAAYEG AUTIG EVTACOOVTAG HAPAPETPOLG [13].

f(x)={0, x<0x, x>0

y=0

Ewova 3.3 Relu Zovaptnon

Me avtov tov tpomno vmoAoyilovpe v mOavotnta 1) enOpevn Npepa va epgpavioet Aabog.

ITo ovykekpipéva, otV MePINTOON PAg agod £XOLHE KAVEL TV LIOOLON MG 1) ENOPEVT)
pépa mmpoxoITtel anod pa papkofiaviy alvoida, mov kabopiletat MApmg Ao Tig TeAevTaieg
m rjpepeg, Exovpe opioet 30 petaPAntég ( ot tehevtaieg 30 npépeg ) oTig oroieg 0 akyoptdpog
pag Ppioket ta PeATiota Papn yida TV EAA)LOTONOIN0T) TG OLVAPTIONG OPANUATOG KAl OTY)
ovvexela ywa xdbe véo mapadetypa vroloyioope tnv mbavotnta rn endpevn Npepa va
elvat xopig opdApa pe aon v Iapardve oovAapTn o).



H Paown) Owagopd pe v Aoylotikn] nalvOpopnon mov eyovpe 1)0n opioet eivat 1)
ovvapTnon evepyoroinong, Kabwg Kat 1) ovvVAPTNOr OPAAPATOG OV EAAXIOTOIIOIODHE OTIG
dvo mepurtwoelg. H tomoloyia tov vevpmvikod OKTOOL elval idia KAt aivetratr Kat
OXNPLATIKA OTHV HAPAKAT® ELKOVAL:

input
variables
X1 variable
Neights
Wli
XE \X
W neuron j
2]
activation output
X3 ME] z function i Yj
. eg: RelU, sigmoid
. Whj

Eixdva 3.4 Neupwwiké Siktuo

3.3. Aévtpaanépaong

Apywa Ba avagépoope Tt etvat ta devipa anogaorng (decision trees) ,ta mAeovexkTtrjpata
TOUG ONMG KAl TA MEWOVEKTHHATA TOLG KAOMG KAl yla Ioleg xprjoetg eivat wdavikda. Xt
ovveyela Oa deifovpe nwg ta epappooape oto mPOPAnpa pag tng mpoPAeyng Aabwmv
Aoylopiko.

Ta devipa amogaong YpnolponolodVIal otav e€xovpe eva mAnbog amo XapaxTnpPloTKa
(elte mpaypatikovg aplfpovg, eite Aoyikég Tipeg (vat ,0x1), eite akepaiong) kat pe Pdorn
avta npoonabovope va amogaviovpe yla TV T plag dAAng petaPAntrg (oto
napadetypa pag 0-1).

EmAéyoope éva amo ta yapdktnplotkd Iov ennpedfoov v mpoPAeyn pag pe pua
ovykekppévr pébodo mov Oa enyrjoovpe ot ovvexela xat 1o Pafovpe OtV KOPLPT) TOL



devipov. 2t ovvexela epappoloviag avadpopika Ty idwa pébodo emAéyovpe
IOPAPETPODS YA VA EMKOW®Vel pe v pila. Zoveyioviag avadpopikd dotv v
dadkaoia eyoope kataoxkevdaoet eva devipo amogaong. Kdabe evOidapecog xoppPog pag
mnyaivet éva eminedo mo yapnAd avaloyd pe TV T TOL avIioTOl(00 XAIPAKTINPLOTIKO
nov egetaletal v OLYKeKPEvT xpovikr otypn). Etot eCetalovtag xabe gopa ola Ttig
MAPAPETPODG PE TNV OelPd IOV &xouv oplotel Katalrjyovpe oe éva kopPo-@OANo (leaf
node). O xopPog avtog eivatr vmevbovog yla va amo@aoioel, pe Paocn 1 Oradikaoia
eKTIaidevONG, av 1) enopevn) pepa etvat yopig Aadog 1) oxt.

O X0POoPOg TOV XAPAKTINPLOTIKOV HIIOPEL 08 PEPLKEG IEPUITMOELS VA OTAPATIOEL XOPIG Va
ta eSetaocovpe OAa ta, av o alyoppog amogaviel Ing £vVag OLYKEKPEVOG OLVOLAOPOG
auTeV Elval KAvog va pag Owoel To TEAKO AIOTEAeOpa aveSapTntd Ao Tig TG TV
LIIOAOII®YV.

Gini impurity:

Kdabfe @opa mov em\eyovpe eva xapaktnploTKo yid va HIIEL OtV avatepr) dtabeon) Oeorn)
vroloyifoope 1o «gini impurity» Tov kdabe kOpPov-POLANO.

Qg mBavotnteg IOV PAIVOVTIAL KAl OTOV HAPAKAT® TOIO opifovpe TO MNAIKO T®V O®OTA
TaStvopnpevev mpog 1o oLVOAKO IAr|0og rTov avatednkav oto ovykekpipévo GOANO. ZTnV
nepimtoon pag 1o J (ormov eivat 1o nArfog tov mbavev e§00mV) elvatl Ipopavmg ioo pe
dvo.

J J J J J J
1) = glp,-k;pk = ;pi(l —p)= gl(pi—pf) = ;pi— ;pf =1- ;pf

21 ovveyela vmoloyiloope to Pefapopévo peoo (weighted average) petadd tov «gini
impurity» kdfe OA\oL yia va Ppovpe To OLVOAKO. ZVOYKPIVOVTAG TG TIEG AVTEG Y TG
dlagpopeg emMAOYEG IIOL KAVAHE YA AVOTEPO POANO KPATAE LTV HE TNV PEYANDTEPT) TIHN
Kat ovveyifope avadpoptkd yia va Bpovpe Kat Tig DIIOAOUIES.

‘Exovtag xataoxkevdoel, m\éov, 10 OLVIPO AIO@PAONG AKOAOLOOLPE TNV OLlpd IIOL Exel
optotet e€etalovtag Sexmprotda Kabe eva arrd ta m YAPAKTNPLOTIKA (TIOL EXOVE MG 10000
ywa va Bpoope, av n enopevn) npepa 0a epgpavioet Aabog 1y 0xt). AkolovBwvtag v nopeia
ToL O¢VTPOL KATAANYOLHE O¢ éva KOpPo-@OANO To omoto pag deixvel kat v anogaon {0,
1}.

H moAom\oxotnta Kataokeon)g evog PEATIOTOD OEVTPOL AIOPAOTG elval APKETA PEYAAD)

(NP-complete mpopAnpa). O Aoyog oo oopPatvel avto eivat nwg npénet va egetdafoope
toug n! oovOvaopovg oe Kdabe ermimedo.

AnAadn Behovpe to abpowopa O (1! +2!... +n!)



K= ix 4 B (=1)'T[n+2][-n—1,-1]

e e e

M =

k

0

H python xpnowpomnotet texvikég PeATioTonoinong Kat mpooeyylotikovg akyopibpoovg mote
va pnv emAvoet éva NP-complete mpopAnpa, 610t 0a rjtav xatt moo Ba kabvotepovoe
Wiaitepa v extedeon Tov alyopifpov pag, xopig va doxipdlet 0Aovg TOLG dLVATOLS
ovvOvaopovg yta kdabe emimedo.

‘Exovtag xataokevaoet Opmg 1o OEVIPO AIIOPAOTG 1] CLVEXELA elVal APKETA AITAL) Kabwmg pa
diaoyton tov Ba éxet moAvmoxkotnta 6oo 1o Lyog Tov dnAadn O (m). Etot yia kabe veo
napadetypa 1 exteAeorn tov akyopibpoo pag Ba etvat apketa yprjyopn.

Eva Paowo pelovéktnpa tov Oevipmv amogaong eivatr mog pia alAayr oe éva
XAPAKINPIOTIKO propel va pag Owoet Telelwg Ola@opeTikd LIOOEVIPO Kal TEAKA
dagpopetiko amotéleopa. Katt tétoro kabiotd ta devrpa anogaong apketa aotadr).

Eva m\eovéxtnpa tovg etval Img PIIopovy va OLaxelploTody PEYANO OYKO OedOpPEVOV KAt
N®G OEYOVTAL YAPAKTPIOTIKA IOV Oev elvat amoKAeloTIKA dvadikd (kAtt To oroto dev pag
agopa oto IPOPANpa pag agov Oleg ot Tipég pag etvat armoxAetotikda {0, 1}. Evag emum\eov
TPOMOG BEATIOTONOINO0NG TOV dEVIP®V AmOPAOong elval 1 avTkatdaotaon kabe koppPoo pe
pa aAn texvikn anogaong (random forest) mote va amodidel kalvtepa. Katt tétoto opwg
Oa xabiotovoe tov akyopidpo pag pe avdnpevy) MOALIIAOKOTITA KAt IO APYO.

EmuAéov, Ba pmopovoe va yivel kat avOpomv napépPaoct) otnv KATAOKEDLL] TOL OEVIPOL
WOTE VA £XEL TIPOOPLOTEL PLA OLYKEKPLPEVT] OELPU TOV XAPAKTPLOTIKA, EXOVTAG KATAVOL|OEL
ta dedopeva pag, yla va BANOvHE TO M0 ONPAVTIKO Ao avtd oav KopPo pida 1y akopa Kat
va opioovpe MV axkpiPry oelpd TOV XAPAKINPLOTIKA ®OTE vda pnVv mpemet va Ppet o
al\yopiOpog v oepa nov Oa proovv oto devrpo kabotwvtag TV eknaidenorn apKeTd o
Ypryopn.

Exovtag kataokendaoet 1o 0&vipo amo@aocng 1o aSloAoyovpe pe PAOI TG HETPIKEG IOV
EXOLpE IpOAvVAPEPEL KAt OLYKPivoupe TNV pebodo avtr) pe Tig vbrIoAoUIEG.

ITwo ovykekpipeva oto tapddetypa pag oty pifa tov dévipov Ba Pplokotav n npépda moo
Oewpr)Onke mo onpavtikyy amod tov alyopldpo pag xat Oa eSetalape Svo vmodevipa
avaloya pe v T g Npépag avTrg oto ottypotoro mov avadntoope {0, 1}. Ztn
ovveyela avadpopikd o alyoptdpog Oa ovvéxile oe éva amo ta dvo avTtd LIIOdevTPA TNV
t0wa dradikaoia pexpt va kataAnfoope oe éva GOUANO TOL devipov. Zto QLANO avto Oa
ywotav 1 Telkn mpoPAeyn yia v enopevn) pépa pe Pdon v Owadikaoia Imov
IPOAVAPEPAE KAt avtr) Oa fjtav r) eKTipnon pag yia TV enN0pev) fpepd.

3.4. NaiveBayes T & Lt v o untfg



Mwa aMn pédodog 1oL XPNOWPOIOU|OApE He AVTIOTOXO TPOMIO HE TI§ IAPAIIAV®
npooeyyioetg (dnAadr| pe v vrodeon nwg To mPOPANpa pag akoAovdel pla papkoBiavr)
alvoida pe pvrjpn tadng m) eivat pe v xpnon tov Naive Bayes Classifier[16], [27] [31].

H pebodog avtr) xpnowpomou)dnke yla TV KATnyoplomoinon otV MHeplntoorn Tng
npoPAeyng Aabmv Aoylopikod. Me v pédodo avtr) mpoPAémoovpe, av ) enopevn npepa da
neptéxel opdApa 1) oxt. I'na v pebodo avtr) yiveratl pra Paowkr) vnobeor). H aveSaptnoia
PETady TV mapapeTrp®v, Oedopévov neg yvapiloope v xkAdon. Ankadn n mbavotnta
pla Dapapetpog va xel pia OLYKEKPLEVT] Tir) OeOOHEVOD TG KAAOTG IOV EVIAOOETAL TO
instance oto omroto avrjket dev ennpeddetal Ao Tig DIIOAOUIEG TIPEG TOV XAPAKTIPLOTIKGOV
yia to 1010 mapddetypa.

2e pabnpatikr) popen:
P (x| C)=P(x| C,y) oo x, y XOpAKTPLOTIKI TOL IPOPAaTOG [,
Ewdwotepa oto mpoPAnpa pag, Oewpoviag nog exoope paxkpoPiavi) akvoida pe pvipn

taéng m, yvepilovtag v Tr) g nuépeg m+1l Ba pmopovoape va vroloyicovpe Tig
mOavotnteg yia kabe napapetpo va natpvet kabe pa amo g tpeg {0, 1}.

Exovtag wg dedopévo 1o mAnfog tov napapétpmy vroloyifovpe v mbavotta

P (x),....x5)
_ p(CpGICYH
o =2

Ormov x Bempovpie 10 SavLopa TOV IAPAPETPMOV.

X=(Xp,.....Xn)

H vnobeon mov eyoope kavel nwg xabe nuepa etvatr ave§aptnty amo TV IPOINYOLHEVT)
Npépa Kat Nmg n kabe pa amo Tig n pepeg PIopet va mpoodloplotel MANP®G AIIO TV TEAIKI)
kataotaon Ck gatvetat Tapakato:



p(xi|xi+19 e Xps Ck :p(xi|ck)

H vnoBeon nwg 1 xatavour) avty propet va akolovbel v napamnave dotta etvat ev
pépet AavOaopévr). Eav toyve n ovmobeon avtr), tote Oa propovoape va mpoodiopioovpe
v mbavotta kabe npépag yvmpifovrag povo pia npépa oto peAlov. Kat tétoo Oev
toyovet, 00Tt Oa elyape Katanatroet Ty W00TNTA g papkofiavig alooidag talng m mov
akolovBboov ta dedopéva pag, dnAadn nwg xkabe npépa npoodopiletatl MANP®G arrod TIg m
televtaieg.

Exovtag xavet v ovnobeon nog o Naive Bayes taivopnt)g etvat davikog yia v
npoPAeyn pag npoonabodpe va vmoloyioovpe TV mMOAvOTTa 1) €MOPEVI] NPEEPA VA
evtdooetat oe kabe pa amo tig khaoeig mov Owabétoope {0, 1} kat amogaivopaote nwg 1 Oa
elvat aot) oty omnoia peylotonoteitat 1) mOavotnta va avrketl oe avTyv.

y =argmaxy 5 P (Cp) _qp(xiwk)

Ta amotehéopata Kat avtrg g IPOOLYYLONG Paivoviatl 0To Kepalato 4.

3.5. Poisson TpoO0érYy YL Oon

H mpotn) pooéyylon mov £ywve agpopovoe TNV XpHon piag mOavoTikrg KATAVOHL|§ yid TV
npoPAeyn OQAAPATOV AOYIOHIKOL. Oewprjodpe MN®G 1) KATAVOPI] TOV OPAAPATOV
axkolovbOet v Poisson xatavop).

Katavopr) Poisson:

P(X=x)=ke



Onov A n mapdpeTpog TG KATAVORL|S.

I'a va npooeyyobet pia katavopr amno Poisson Distribution xat va pmopet va Oewpndet
opbn) n anogaon avtr) Oa npemnet va mnpot kdamoteg mpodrobéoet.

Apywa pa Paoikr) npobmobeon eivatl va propel va mpooeyylotel 11 KATAVORI Hag aro
KATAvVOpn pe povo pia napdapetpo (A otnv nepimtwon tg Poisson). Av kavoope aoty v
oro0eor), TOTE TO EMOHPEVO EPOTNLA TTOL IIPOKDLITTEL ELVAL TIO10 €lvat To KATAANAo A ya va
Xpnoponou|oovpe Kat nwg Oa to emieSoope avto.

‘Evag tpomnog va emAéSoope 10 0aviko A Oa ftav va Bemprjoovpe og A to péoo nAndog tov
Aaf®v mmov ep@aviotnkav avda pepd péxpt mv npépa mov eSetalovpe.

‘Evag a\\og tpomnog Oa frtav va naipvape wg A tov PePapopévo pECO TOV TEAELTAI®V
pnvev 1) efdopadav. ‘Opmg ekel To ep@TPA IOV IPOKLITTEL eival pe motd tpodmo Oa
Pplokape ta wwavika Papn xat 1) dwadikaoia eknaidevong Oa rftav apketda mo dOVOKOAN Kat
Oa eporale apxketd pe v dadikaoia exnaidevong tng Aoyotikng naltvOpopnong kabmg
Oa avalntovoape Papn moov Oa ehayiotorotovoayv TV oLVAPTON CPANPATOG.

Axopa kat av elyape Bpet pe KAamnoto TpoIo aro avtovg 0L IPOAVAPEPAHE VA OAVIKO A
1] akopa opbotepa pia oovaptnon A (t) péow g ovvdptnong g Poisson ot ovovexela
MPOKVIITEL €VA AKOpA ep@Tnpa. Mmopobpe eite va OTPOYYDAOIOU|OOVHE HEO® €VOG
Kato@Atov v mbavotnta oo Ppnkape oto {0, 1} eite va ekteAecovpe éva meipapd toxng
pe mbavomta emttoyiag v mbavotnta nov opioape mponyovpeves. Av akolovdrjoovpe
MV Napanave TeXViki) kat feopriocoope éva otabepo kato@At to 50% tote Oa eppaviotet
10 napakdt® npoPAnua: Av 1n mbavomta ep@daviong Adbovg pe OLYKEKPIPEVA
Xapaxtnplotikda Kopatvetat oto owdotnpa [10%, 40%] avaloya pe didgopa xpimpla o
alyopiOpog pag Oa amopawvotav navta pndév (dnAadn) pn epgavion Adaboog).

Av amo v alrn dwoovpe v dvvatotnta otov alyopldpo va Ppet avtog KaT®@AL, TOTE 1)
IIPOCEYYLOl HAG YIVETAL Pl MIPOOLYYLON e AOYOTIKIG HaAtvOpopnong éxoviag opioet
dagpopetikég mapapétpoog. H povr) dwagopda Ba amotelel i) ovvaptnon evepyomoinong
kabwg Oev Ba etvat ) orypoetdng.

Ornote yla va pnv npooopoiwoOvE TV AOYLOTIKI] IaAvOpOpPNor) Kat va avadeiSovpe tv
dagopa twv dvo mpooeyyloewv Oa vAomoujcovpe amloikd v Poisson Bempwvtag wg A to
HEOO OpO T®V OQPAAPATOV PEXPL TOPA. XTNV ovvexela péowm tng xatavopr|g Poisson
vrioAoyifoope v mOavotta Kat eKTeAovE Meipapa TOXNG pe TV Haparrdave mbavotnta
ermroyiag.

‘Exovtag opioet to A vrdpxovv axkopd KAIoleg emumAéov mpodriobéoelg mov mpénet va
wavorowfovv. Apxikda 1 aveSaptnoia yeyovotev. AnAadr) éxovtag opioet to PEATIoTo A
HpEneL va eSAKPIPOOODHE KOG 1) ELPAVION 1) OX1 EVOG OPANpATOS pa pépa dev enmpedadet
TO amotéNeopd TG enopevng. Avtd amotelel TNV WOOTTA TG MNP PVIIENG KAt etvat



arapaitnto ywa va arodetybet g n ipoogyyion g Poisson Oa exetl Oepita anotedéoparta
kat Oa pmopet va yapaxktnpiotei og pia aStoAoyn mpooeyyon.

Kdtt tétoo opwg otnv nepimtwon pag dev 1oyvet, agov, Onmg e{nyroape Kat Iapardve, 1
BeAtiotn Avon nov Ppédnke ntav Bactopévn oty vrrodeon nwg 1) epPavion 1 Oxt Aabwv Tig
EMOPEVEG JPEPEG ECAPTATAL AIIO TIG M IIPONYODHEVEG IHEPEG KA ATIO TO AIIOTEAEOHA AVTWV.
Zav ovveneta avtov pwa amapaitnt) mnpovnobeon yia v Poisson mpooéyyilon dev
KAAOITTETAL, PE AImoTéNeopd va DIAPXEL 1) vIovold nwg Oev arotedel v PeAtion)

IIPOOCEYY101) OTO IPOPANpA pag.

Emiong eva axkopa npoPAnpa mov vmodpyxet eivat nag 1 «Poisson Regression» eivat pia
pebodog oo epappodletat otav avadnroope Betikovg akepatog aplbpovg. Ztnv meplntmon
pag opwg avaldnroope {0, 1} apa onowadnnote tipny >= 1 v Oewpovpe 1.

Ta napandve pag odnyody 010 CLPIEPAOHA MG 0pifovTag To A OmG mpoavagepape dev
Ba éxoope WOwaitepa KaAa anoteAéopata OTIG PETPLKEG HAG, KATL IOV PAiveTal KAt otnv
ODVEXEL PE TIG YPAPIKEG IAPAOTACELG.

ANMot tpomot va epappolape v Poisson Oa ntav agoo, eiyape peletrjoet ta dedopéva,
va dnuovpyovoape owoyéveleg Poisson avaloya pe v npépa moov avalntoope v
gppavion 1 pn evog opdApatog. Kdatt tétoo Oa eiye xaldtepa amotehéopatda, O10TL
napatnpovag ta dedopeva kartavooovpe nwg ot Kuplaxeg etvat apketd mo ovxva npépeg
oo Oev epgavifovtal OPAApATAa HAG KAl Ol IPOoypappatiotég dev epydlovtat 1)
gpydlovtat Awyotepo v fpepa avthy. evikotepa 1 pebodog avtr) Oa pmopovoe va
EPAPPOOTEL PE APKETOVG TPOIIOVG AN EMAEYODE TNV AMAOTKY] IIPOOLYY10T) TTOL Bempettat
K1 I IO arAr] OtV DAOIION o1 ya va v aStoAoyrjoooje pe PAor) Tig PeTpKéc.

H vMomnoinon avtr powadet apketa pe Bernoulli katavopr)g kabwg xabe pépa extehodpe éva
nelpapa toOXNG pe pla ovykekpipévy) mbavotnta Kat pe PAon To AroTeAeopd avtov
ano@aivopaote yia to anotéeopa {0, 1}.

2y nepimtwon tg Poisson dev éxet vonua va vroloyicoope v petpiki) g ROC 10Tt
10 A Oev alAadet Wiattepa kdabe nuepa pe amnotedeopa 1 mbavotta pe myv pebodo avtiv
va pnv tpomoroteitat o peyalo Badpod , @ote va €xel vonua va oploovpe Eva KaTt®@AL yia
va xavoope v otpoyyvlonoinorn. Kabe nuépa extelodpe éva meipapa toxng pe antiv
v mbavotnta KAt ano@aivopaocte yia v opoPAeyn pag. Av opifape eva KATOPAL TOTE
ol mIeplocoTepeg Npepeg Oa etyav v 1dwa npoPAeyn, apov wg A opioape to péoo mArdog
m NpEP®V pe amotéheopd 1) alAayt) prag nuépag va arlddet eAdxiota To A pag, apa Kat
v mbavotnta oo opifet avtr n KATAVORT.



3.6. Facebook Algorithm (Prophet)

H Facebook dnpiovpynoe éva povtédo ypappévo oe Python xat R to omoio ovopdotnke
prophet wote va mpoPAéret peANOVTIKEG TIPEG XPOVOOELPOV He AAYOPIOHODG PNYAVIKIG
pdbnong. Ot mapdpetpot mov XP1OLHOIO0DVTAL ELVAL IIPOCAPHOOHEVOL MOTE VA HIIOPODV
va tatpraoov oe kabe dovatr) xpovooeipd mov Ba 0obel wg eloodog. H pabnpatikr) oxéon
oo neprypdaget v £50do tov akyopiBpov pag aivetat IAPAKAT®:

y(t)=g(t)+s(t)+h(t)+e(t)

Kdabfe évag amd tovg opodg avtovg éxetl apKeTeg MAPAPETPODG Ol OIOleg PIIOPOLV eite va
dobovv amo mv xproty oav otabepég eite va 600obV ovykekppeva Opld IOL MPEIEL VA
Kwvoovtat eite va 6obet mAnpng ehevbepia otov alyopidpo va Ppet T1g kataAAnleg Tipég
aUTEV. XTIV EKTENECH) IOV KAVAPE OTA OO pag Oedopeva agrioape eAevbepeg ONeg Tig
Hapaperpovg divovtag v dvvatotnta otov akyopldpo va Ppet 0Aeg Tig Tapapétpouvg mov
Bewpel g Tatpraloov ota dedopéva avtd.

g (t): meprypdgel pla oovdaptnon n omota povielomotel pn meplodikeg allayég Tng
XPOVOOoeLPds.

s(t): avanapilotda neplodikeg alayég (eBoopadiata, etnoia)
h (t): avanapiotd myv enidpaon 1@V O1AKON®V OTO AMIOTEAEOHA THG OLVAPTNONG
€ (t): 0pog opalpatog mov neptypdpet AAAAYEG IOV ESAPTOVTAL ATIO TO POVTENO

Kdbe evag amd tovg téooepig mapamnavae 0povg eitvat vmedfovog yia va povieAomour)oet Kat
VA IIPOCOHROLMOEL Pa SLAPOPETIKT] IAPAPETPO IOV COPPANAEL OTO ATIOTEAEOPA PAG KAl TV
npofAeyn yua v emopevr npépa tng xpovooelpds. Ia meprodikeg alayeg (s (1))
xpnowonolovvtat oglpég Fourier xat 11 edpeon 1@V KATAANANA®V OOVTIEAECTOV AQI|VETAL
otov alyopiopo.

Amo v dalrn ovvaptioelg onwg n g(t) mpooopowwvoviatr pe pOVTENA AOYIOTIKIG
aAvOpOHN oG pe pikpég alayeg kabmg Kat pe TV eloaymyt) emmIAéoV IAPAapETP@V IOV
etvan elte otabepég eite cLVAPTIOELG PE OPLOPA TOV XPOVO.

H h (t) etvat vrrevBovn ya va propéoet va avtiAn@Oet moteg repiodot amote\ovv npépeg
dlaxonmv yia v yopd oo eSeTtalovpe KAl va ennpedoet avriototya to abpowopa. I'a mv
mo opBO1) xprion avtg g oovaptnong o alyopidpog divet v dvvatotta otov Xprotn
va el0dyet TPy eKTeAEoeL TOV aAyOpOpo Tig Npépeg S1aKOnmV OtV X®PA 0oL eSeTAlOvE.



O opog ¢ (t) amotelel pa oovaptnon 1 onoia emnEedadet T AMOTEAEOPA PG AVANOYd HE TA
dedopeva. Edwotepa, mpoomnabet va aviinget potifa 13 otdnmote allo ennpedlel 1o
anoté\eopa HpaAg Kat Oev PIOPel va emnpedoel KAMOWd damod TG IIPONYODHEVEG TPELS
OLVAPTI)OELG.

Ot ovvaptroelg avtég yapaktnpilovtat ano eva peydlo MAN0og DApaApeETp®V Ol OMOieg
propooyV ette va etoaxfoovv arod Tov xprion eite va dobet 1) ehevbepia otov alyopiBpo va tig
vrmoloyioet yla ekayiotomnoinon tov Adbovg tov mpoPAéwenv. H Facebook éxet opioet
KATIOlEG KATAVONEG TIg oroieg akoAovbodv ot mapdpeTpotl avtol, KATL IToL PIopel va pnv
woxvel oe kdbe ypovooelpd mov mpoonabodpe va epappocoviE MAVO OTov alyopldpo
avtov.

Kata m dwapkea g epappoyrg tov akyopibpoo avtov ota 6edopéva pag 1) eKTipnor) tov
HAPAPETPOV APEOnKe ATOKAEI0TIKA O0ToV alyopldpo kabwg Oev mpoxkabopioape Kapid aro
TI§ APApETPOLg ovTe dwodape emuAeov Oedopéva (rmy mowa rmepiodo Bewpeitat mepiodog
daxonnv). O oxorog tov akyopidpov etvat va avtinget avtd ta dedopéva kat va eayet
TI§ PéATIOTEG MaPapéTpovg yia va KAavel Tig mpoPAéypetg. Xt ovvexeia vmoloyifoope Kat
Yld TNV IPOOEYY10n aLTH TG HETPIKEG KA TIG OUYKPIVOLHE He TIg OlKeg 1O IIPOOoeYYIOELS.

Tov alyopiOpo avtov tov eKpeTaAAeDTKAME KAl TOV XPIOWHOHOU|Oape OTa OKd pag
dedopeva ywpig va éxovpe el0dyetl TIOTA PV TV eKTeEAeOn Tov alyopibpov Sivovtag
m\r)pn) eAevOepia otov alyopdpo ya v evpeot) TOV PEATIOTOV IAPAPETPDV.

Téhog, oty Owid pag mpoofyylon 1) XPOVOOelpd dIOTEAel Pla LIIOHEPINT®ON TNgG
YEVIKOTEPNG XPL|ONG IOV pIIopet va yivel otov alyopifpo avtwv kabmg o oKoIog pag eivat

1] Svad1K1) TASIVOUN O TOV HHEPMOV MG NHEPES P& OPANPA 1) OXL.



KEDAAAIO 4 Yopnepaopata,  agioAoynon — Kat
peAovTIKI) epyaoia

270 KeQAAAo avuTod YIVETAL avagopd otV Inyt) arno v onoia nponAbav ta dedopeva g
dum\epatikrg epyaotag, napovordfovtat 1000 Ta amoteAéopata kdbe mpooeyylong mov
XPNOWHOIOU|OApE, YIVETAal OOYKPLON T®V AMOTEAEOPAT®OV dLT®V PE PACH TIG PETPLKEG
aloloyng mov éyovpe opioel, IAPOLOLALOVTAL YPAPIKA TA AIOTEAEopATd, eSryovpe yia
IIOl0VG AOYOLG KAIOoleg Ipooeyyloelg amedwoav kKalvtepa, Pydfoope ta aviiotoiya
ovpnepaopata .Emiong, eSryyoope nepAnmtikd v dtadikaoia rmov akolovbroape amo tmv
apxn g eKmovnong TG OWADPATIKIG epydaoiag KAt Ty yevikotepn Oiaiodnon mov
avartddape yope amno to npoPAnpa avto. Télog, divetat o KwdKaAg oL xprjotporouw|onKe
yla mVv emitendrn) Tov Iapandave oKomov ypappevog oe Python 3.

4.1. Tadebdouéva uag

Ta dedopéva nmavem ota omoia exnatdedoape Tig OLAPOPEG MPOOEYYIoElg HAG ATIOTEAODY
npaypatkda dedopeva etarpiag. ITo ovykekpipéva g etapiag pe v enovopia « NOKIA
Solutions and Networks Hellas». Ta dedopéva agopobdv éva oLYKEKPIPEVO TIPOTOV KAt Tig
dragpopeg exdooetg tov. H xabe éxdoor Oev vmrpxe amo TV Ip®TL NHEPA TIOL £XOLHE TO
10TOPIKO T®V OedopEvmV, yid avto Kat eGetalovtag Mo MIPOoQpateg eKOOOELS, €XOVV OaV
OLVEIEWD Yld APKETA PEYANO XPOVIKO OlIOTNHA VA HNV elYape OPAApata peExpl va
EPPAVIOTEL TO IPMTO.

Emiong o xwdikag tng xabe éxdoong Ppioketat oe apxeta apyeia, elvat ypappevog Kata
KOpro Aoyo oe Python, Java, pe anoté\eopa va etvat apketd SOOKOAO va Ppodpe PETPIK®DV
K®dKa Ta omoia ot ovveyela Oa prnopovoape va ta Bemprioovpe ®g XAPAKTNPLOTIKA OTIg

Ipooeyyloeig pag.

EmuAéov, yia v dnapln teov petpwkov avtov Oa émpeme va eiyape mpoofaorn otov
kodika tng kabe exkdoong kdabe rjpepa yla va propovpe va PPOOHE TIG HETPIKEG KAl Y1d TIG
6000 npepeg twv dedopévav pag. Kdatt tetoto dev ftav epikto Omote 1) 108d Yl eL0AYDVT)
TOV PETPIKOV KOdKa arnoppipbnke.

Kdbfe opdApa oo Srabétoope éxet Ta NAPAKAT® YAPAKTPIOTIKA:

Hpepopnvia oo Ppednke

'Exdoon mov agopd.



To ovopa g epappoyng otV CLYKEKPLPEVT) €KO00T), OVOPA TOL IPOYPAPHATION 1) TG
Opadag mov To AVAKAALYE

«Priority» , dnAadn moco onupavtko Oewpeitatr (Blocker, Major, Minor ot 3 Paowkég
KT yopleg oL YPIOLHOIIOU)OaIE).
Emiong dwabetovv ta o@alpata KAmola €mIAeoV XAPAKTINPLOTIKA AANd avTég Ol MEVTE

IIAPUPETPOL ELVAL AVTEG IOV E0TIACAE Y1 TOVG ANYOPiOpODG TTOL EPAPHOCA}IE.

4.2, Aroteléocopuacta-frpadLkégrapaoTdoe L g

Specific priority
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Specific Priority
accuracy | fl score | precision |[recall | roc

decision trees 0,94 0,67 0,91 0,9 0,76

logistic 0,91 0,95 0,93 098 (0,77

poisson 0,66 0,31 0,25 0,4 X

artificial N.N. 0,96 0,87 0,89 0,84 0,91

naive bayes 0,81 0,85 0,9 0,83 0,72

prophet facebook 0,97 0,91 0,89 0,93 10,95




Diagramm legend

decision trees

prophet facebook
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Specific Version

accuracy | flscore |precision |[recall |roc
decision trees 0,74 0,67 0,7 0,65 0,73
logistic 0,84 0,81 0,8 0,81 0,83
poisson 041 0,33 0,22 0,67 X
artificial N.N. 0,87 0,89 0,92 085 (0,72
naive bayes 0,83 0,85 0,83 0,77 10,67
prophet facebook 0,95 0,96 0,93 091 109

Diagramm legend

decision trees

prophet facebook
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Specific Version-Priorit

accuracy |flscore |precision |[recall |roc

decision trees 0,88 0,83 0,83 0,9 0,73
logistic 0,92 0,89 0,91 0,95 (0,82
poisson 0,7 0,64 0,62 0,76 X
artificial N.N. 0,89 0,85 0,83 0,9 0,76
naive bayes 0,79 0,72 0,71 0,82 10,65
prophet facebook 0,95 0,93 0,91 0,95 10,91

Diagramm legend

decision trees

prophet facebook




4.3. oumepGopuata

210 vmoke@alalo avto Oa efrnyrjoovpe Tovg AOYOLG yla Tovg omoiovg kdbe pa amod Tig
MPOoeYYloelg pag aredmoe IKAVOIOUTIKA 1) 0L, Kabwg Kat Tovg AOyovg mov ovvePr avto.

4.3.1 Poisson
Oa avagepboovpe apyikda oty mpootyyion g Poisson.

Eivat epgpaveg 1000 pe Paon ta amoteheopatda, 00o xat pe v Owaiodnon pag nwg n «
Poisson Distribution» dev eivat katd nAn ywa mv emilvorn tov npoPArpatog avtov. O
Baowotepog AOyog eivat meg Ta dedopéva pag dev mpogpyovTal arro HelPApatd TOXNG Hag
katavopng Poisson kat wg ovveneia avtod dev priopovpe va Td IPOooeyyloOLHE PE VTV
TNV KATAvopy).

Emiong, eva axopa Paocko mpoPAnpa amoteletl 1o yeyovog nwg n Poisson amd ola ta
dedopeva pag exnadedetat Ppiokovtag povo pla MAPAaPETPO KAl IO OVYKEKPIHEVA TV
péon tpn v bugs kot mpoPAémet pe Pdon avto. Evag aitepa onpavtikog Aoyog
arotoyilag eivat nmg 1 ovykekplpév €kdoor) mmov eSetdalovpe pHopetl va €xet KaAdYel va
peyalo mooooto twv Aabov g xat va pnv epgavifovrat mhéov, ala map’ OAa avtda
AOY® TOL TPOIIOL IOV OPIOTNKE TO A VA AOPAIvVOpaote Nwg Oa vapfoov pepeg pe Aadn.

Telog, yia v Poisson katavopr) kabe mpoPAeyn yiverat pe tov 1010 tpomo aveSaptnta
aro v npepd. AnAadtn) akopd KAt av 1) enopevn nueépa sivat ZapParokvplako to A etvat
KOLVO M€ TV HePIT®Oorn IOV elval 1] eENOPeVT PEPA elval MY Ae0TEPA KATL TO OO0 arotelet
pia AavBaopévn vrobeor), kabwg ot kabnpeptvég, AOym @vong ToL IPOPANIATOG, £XOVV IO
av{npevn mbavotnta va etvat npépeg pe Aabn.

Avtol etvat ot Paowoi Aoyolr mov 1 Poisson Regression dev amodider 1dwaitepa
KAVOIIOUTIKA aroteAéopata oto npoPAnpa g npoPAeyng Aabov Aoylopukoo.

Axopa xat av dev yprnowponotovoape v Poisson Distribution, aA\d kdamoia dAAn yvwotr)
katavopn mbavomtov 1 anodoorn Ba frav wiaitepa xapnAr), kabwg n vrobeon neg Ta
dedopeva pag akolovbobdv v katavopr] aotr] Oa ntav AavOaopevn kat 1 edpeon TOV
HAPAPETPOV THG Katavoprng avtrg Oa ywotav xeopig va éyoope ta embopnta
aroteAéopartd.

H mpooeyyton oo Oa propovoe va yivet pe Baon mOavotikég KaTavopEg Kat va arodamoet
atofnta xalvtepa amnoteAdéopata Oa frav va opifape tov otabpiopévo peco petadd



KATAvVOp®V pe Td KatdAnAa Bdpn. Me avtov tov tpono kdbe katavopur) Oa propovoe va
ovpPdaMet oto abpotopa mov avadnrovpe (dnAadin v mBavotnta 1) enopevn NpéPa va
eppavioet Adbog) oto Pabdpo mov opifoov ta dedopéva pag kat va alnroeSovdetepmbodv
mOaveg Kamola anod Ta ditia mov Oev enétpenav oe Kabe pia amno avteg va Opa exoplotda
Kat va em\deL T0 IPOPANPA He IKAVOIIOUTIKA AIIOTEAECPATd.

4.3.2 Naive Bayes talivopntng

Avt) 1 npooéyylon Paoiletat oty aveSaptnoia petadd Tov Iapapetpov. Avtog eivat o
Paoikog AOyog 1oL dev KATAPEPVEL VA AVIAY®VIOTEL TIG DIIOAOUIEG IIPOOEYYIOELG KAl vad
arodwoet ta PéAtiota anotedeopata. H yevikotepn 1dea miowm ano avt)v v pédodo eivat
®G 1] TN g Kabe mapapétpoo dev enmpedletatl arnd Tig THEG TOV DIIOAOI®V KAl TIMG O
oLVOLAOPOG avTOg propel va pag dwoetl TV ovvAPTNOon €§O00L HEO® TOL TASIVOPNTI)
avtoo.

Avalvovtag to npoPAnupa tng mpoPAeyng Aabmv AOylOpIKOL PE TV IIPOOLYYLoN TOV
XPOVOOEP®V KAl OVYKeEKPIpEva pe Mapxofiavy) alvotda pvipng tadng m eivat epeaveg
neg 1 xdbe nuépa mpoodiopiletatl amod Tig mponyovpeveg m nuepeg. Katt tétoto éxel oav
anoteAeopa 1 T kabe plag amo Tig m avtég nuepeg va pnv etvat aveSdaptntn amo Tig
mpornyovpeveg npepeg. Aedopévon mwg Kabe pia amo avtég Tig pépeg xProLponoteital g
MAPAPETPOG YiveTal aviAnITo Nwg 1 vrobeon yla aveSaptnola tov Mapapétpmv eivat
AavBaopévn KAt neg 1 IPooLyylor ToL IPOPAPATOg ALTOD pe PAon TNV TeXVIKY avtr dev
Oa anodwoet TOOO IKAVOIIOUTIKA AIIOTEAEOPAT.

Ze ovykplon pe Vv «Poisson Regression» 1 vmobeon mov xavape otov Naive Bayes
taSvopntr) éxet aodnta pikpotepo mepbwptro Aabovg oe oxéon pe v voobeon Nwg Ta
dedopeva pag akohovboovv pia oLYKeKPIPEVT) TIOAVOTIKI] KATAVOHL).

Telog avapévoope kalvtepa anoteAéoparta oe oLYKpLon pe «Poisson Regression» aA\d oyt
IKAVOIIOU) TIKA 91aitepd yid TOLG IAPATIAV® AOYOLG,.

4.3.3 Aé¢vrpa anopaorng

H péBodog avtr) 6tvet v dovatotnta va Stax®@pioovpe TOV X®PO PAG 08 APKETA KOPHPATIA
KAl Va XPOPATIOOLHE To Kabe éva aro avtd wote va yvopi{ovpe I®MG 0TO0 KOPHATL aLTO 1)
npoPAeyn pag Ba etvat 0 evo oe ala xoppatia Oa etvar 1. Katt tétowo gatvetat va
arodidet Wiaitepa wavonomTikd oto IPOPAnpa pag, apov yua xabe évav amod toog 2™
mbavovg ovvOvaopovg Ba xataArnyoope PéATiota otov ywpo mov opifoov ta dévipa
ano@aong Kat 0a ano@aivopdaote yua TV EDOPEVI) NPEPL.



Zxnpatikd oe 600 Slaotdoelg:

Eikdva 4.1 Decision Trees

Eva pelovéktnpa tov 8évipev amogaong eivatl n avaykn peyalov mirjfoog dedopevav
IOV XPELAfOVTAl y1d VA EKIIAOEDTOLY KAl VA Olax®Pioovy KATANANAA TOV XDPO.

v nepimtwon pag ta 6000 opdpata totopikd mov Owabétovpe dev elvail evag T000
Kavornoutkog appog Aabwv wote va propéoet 1o Oevipo ano@aong va eknatdevtet
BeAtiota.

Emiong, Aoym tov meplopiopevov oykoo dedopévmv moov drabétoope xat g pr PeAtiotng
eKIIaidevONG, pa alkayr) plag amo Tig m NHEPES PIOPEL va ennpedoet TeAel®g ToV XmPO
kivnong pag, eve oty npaypatikotta aoty 1 alayn dev Oa énpene va ennpedoet 10
AIIoTéNEOHA pag, av 1) eKaidevorn) yvotav BeAtiota.

Telog, eva akopa PEOVEKTNPA IOV PIOPEL va IPoKOWet etvat 1 Aavlaopevn avakaloyn)
oxéoe@Vv PeTalyd TV m NpEP®V IOV PIIoPovv va kabopioovv To TeAko amotéleopa. [a
napadetypa AOy® Tov pikpoL evpovg dataset mov Owabétoope yia v taivopnon tng
EMOPEVIG NPEPAG MO NUEPA PE OPAANPA 1) OX1 PHOPEL VA eKIIAdeVTEL TO OEVTIPO ATIOPAOTG
nog o ovvdvaopog 0, 1, 0 tov TPV Ipetov npepov Otvel navta amotedeopa 1. Katt
Te€TO10 etvat AavOlaopevo alld 1) peavion avtod tov pattern apxeta ovxva 0a opilet tov
X®PO PE TETOL0 TPOIIO MOTE VA eyKLHOVEL 0 KivOovog va yivovtat Addn ot dtadikaoia g

aStoAoynong.

434 Aoywtikny nalvdpopnon - Nevopwviko Aiktoo pe Relu oovaptnon
EVEPYOMOiNONG

Apykd, xat ot dvo pébodot amotehovvtal Ao VELP®VIKA diktoa X®pig Kpo@o erminedo
(hidden layer). Xto Paocwko tovg emimedo vmoloyioov TO YWVOpEVO OVO MVAK®V



(mapdapetpor X PBapn + B) xat ot ovveyela péom plag oovdaptnong evepyoroinong
rpoodiopiletat 1) mBavotnta n endpevn nNpépa va epgavioet Aadog.

H Moywr) va mpoodiopioope ta xkatdAnla Pdpn oe kabe pia amo Tig Ipornyovpeveg m
NEEPEG KAl OTn ovvexela va amo@aivopacte yud v mbavotnta nov avalntovpe xet
apketd kaleég mbavotnteg emroyiag. Av n vrofeon pag nwg n kabe pepa mpoodiopiletat
amo Tig IIPonyoLHeveg m npepeg eivat opbr, tote avtr) 1 pedodog Ba amedide ta PéAtiota,
OII®G Kt yivetat ev TENeL.

Mua Paowny dragopa petalv tov 600 avT®V pedodMV elval To MAEOVEKT A TNG AOYIOTIKIG
naAwvOpounong va propet va Stabetetl pun ypappikr) covaptnor) evepyormoinong. Méom tng
Relu ovvaptong evepyomoinong, Oev Oivetat n dovatdtnra OTO0 HPOVIEAO pag va
IIPOOOPOIWVEL HI YPAPHIKEG aAAayég KAt elval vHOXpe@pévo va Oewpel mog péow
YPAPHKOD OLVOLAOPOL T®V HAPAPETPOV PIIOPOVHE VA HAPOLHE BEATIOTA AMIOTEAEOPATAL.
H omnobeon avtr) pmopet va pag odnynoet oto @awopevo tov Underfitting, xabwg
npooratovoes va mpooeyyiloovpe évav OyKo Oe0OHEV®V He MO amAOTKO TPOIO Al dLTOV
IOV IPAYHATIKA arIatteitdat.

‘Eva npopAnpa mov Oa pmopovoe va vndapdet etvat av ta dedopéva pag ftav dopnpéva pe
TETO0 TPOIIO WOTE PId NHEPA VA PITOPEL va IIPoodtlopioet AN p®g TV IPOPAeyn pag. Xtnv
eplrt®on avt 1o Papog tng Oa enperme va eivat Wiaitepa avdnpevo (Oavikda Arepo) Kat
ta vooloura Papn apketda pikpd. Katt tetoto opwg Oa propovoe va pnyv oopPaivel Aoyw
TOv HKPoOL OykovL Oedopévav mov dabétoope. Avtd Oev amoteel mpoPAnpa otnv
Hepintmon pag, 10Tt OAeg ot m pEPeg COPPANNOLY OTO ATIOTEAEOPA pAG KAl TA PAPL TOV
AyOTEPOV ONPAVIIK®V elval apkeTd pikpotepa onwg Oa érperne.

H Gaiobnon pag etvat g 1) Aoytotikn nakwvdpopnon 0a anédide BeAtiota oe OOYKPLON pe
T1G DIIOAOUIEG TEXVIKEG TTOV EPAPPOOTNKAV OTO IIPOPANpa avto.

4.3.5 Facebook-Prophet

H nepimtoon avtr) amotelet pua Oiaitepr) mepintoorn) Iov epappoodpe ota dedopeva pag,
pag xat dev vAomou)dnke amod v apyn ankag xpnotpomnow)dnke o 1160 vVIAPY®V KOOWKAG
ota dedopéva pag. To yeyovog nwg dev opioape eCapyrig apketa dedopeva, 1 eENNewyn
peyaloo mAnbovg dedopeveov mov amatteitat yiwa TV €0PecI T®V HMAPAPETIP®V TOL
alyopibpov avtov, kabng Kat To yeyovog Mmg 1] XPOVOOELPU HAG ATIOTEAEITO ATTOKAEIOTIKA
aro {0, 1} rav kamnowa amnd ta DPOoPANPaTa IOV ENNPEACAV APVITIKA TNV arodoor) Tng
IIPOCEYYLONG AVTIG.

[Tap’ OAa avtd, Ta AmOTEAEOPATa (TAV APKETA IKAVOIIOUTIKA Kabwg 1) Svvatdtnta moo
divetat to anotéheopa va abpoiletatl amod T1€00eplg COVAPTHOELS KAl OX1 ATTOKAEIOTIKA ATIO
pa, xat 1 opbr) mpooappoyr) TOV IAPAPETP®V 08 OLYKEKPLPEVEG Katavopég (dnAadr exet
IIPOOPLOTEL Yld APKETEG MAPAPETPOLS TO €100¢ TG KAtavopng mov axkolovbel kat to
npOoPANpa amlomoteitat oty e0Peo TOV MAPAPETPOV TOV KATAVOH®V avt®v) Oivel
IKAVOIIOU|TIKA AIIOTEAEOPATAL.



44, EximtAéov Sedouéva

H epwtnon nov mnpoxorrtet etvat rmowa enumhéov dedopeva 0a Belape va etyape ot dwabeorn)
pag oote va netoyaivape kalvtepo anotéleopa. H alrfewa eivat mog vndapyoovv apketoi
TPOIOL MOTE Va PEATIOTONIOODOAE TNV AIIOd00T) pag akopa Kat av dev etyape ot diabeon
HLOG TG PETPLKEG TOD KMOIKA OVTE TOV KOOWKA Thg KAbe epappoyng. Mia apKetd onpavTik)
napapetpog mov Oa Oedape va exoope oty dwabeon pag etvat pa atoAoynor tov xabe
MPOYPAPHATIOT IOV epydletatl nave oto IpOPAnpa pag xat npoornadel va avakaldyet
Aafn Aoyopikod kat av avtog epyaletat 1 oxt. AnAadn €xoope opioet yia xdbe
npoypappatiotel g arnodoon to péoo nmindog Aabwv oo Pprke xabe pépa dnhadr) evav
apdpo Xi. Ztn ovveyela yvopifovtag kdbe pépa motot mpoypappatioteg epyaloviat mave
oe 1olovg KmOKeg Oa propovoape va LIIOAOYIOOLHE TO Zxi TV HIPOYPAPRATIOT®OV IOV
epyalovtat mave ota Aabn mov avalnrovpe epeig. H pébodog avtr) Ba pmopovoes va
AapPavet ooy g, av Pplokopacte oe 1mePlodo dlakommv 1) akopd Kalvtepd, av
KAIIO10G IIPOYPAPpPAtiotr)g Wtaitepa armodotikog Pplokotav oe adewa 0a to yvepifape Kat
o alyoppog pag Ba pmopovoe va alloAoyrjoel TtV AIovoid avTtrv £Xovidag opioet To
avtiotolyo PAPOg OTO XAPAKTNPLOTIKO ALTO.

Emiong xatt akopa oo Oa ermpéadle tnv anodoor) tov alyopibpov etvat o Tpomnog emAvong
TOV opalpatev. Anhadn wavikda Oa Oéhape kdbe popd mov kamoto opaipa epgavietat
va emAveTal DANP®G KAl vVd PNV LDIAPYel KIvOOVOG yla HETEMELTA EUPAVION ALTOD I)
rnapopotov L. Av yla napadetypa éva Aabog em\vdnke amd évav oxt TO00 KAVO
IPOYPAPHATIOT) TOTE elval apketd mbavo va emavep@aviotel Tig eNOpeVES NHEPEG Eva
Aabog pe mapopola xapaxtnpeotikd. Onote éva akopa xapaxktnplotiko noo Oa Oékape va
vriapyet etvat mooo opda emAvinke éva opalpa . Anladn Wavikd Oa BENape va voapyet
évag appog mov Ba pag ederyve v mbavotnra enavep@aviong Aabovg pe aotd Ta
XAPAKTINPLOTIKA PE BAOoT TOV IPOYPAPHATIoT:) 1) TV opdda mmov Bemprifnke vevbovn yia
Vv emiloon Tov HPOPANHATOG ALTOL AvVAAOyd HE TA AVTIOTO(A MEPLOTATIKA OTO
napeN0ov. EmuAéov, akopa mo wWaviko Ba nrav avti o apipog avtog va etvat évag
npaypatikog oto dwaotpa [0, 1] va eiyape pia oovaptnon £ (t) pe odvoro tipwv to [0, 1]
nov Oa pag £detyve moteg 1) MOAvVOTNTEG EMAVEPPAVIONG avtioToryov Aaboog yia kdabe pépa
PETA TNV €miALON TOL AVAAOYd PE TOV HPOYPARUATIOT 1) TNV opada mov avélaPe va
dlopbmoet to mpOPAnpa avto.

Me Baon 1o napandave, ot mo Kaveg opadeg Oa etyav ovovaptnon f (t) moo Ba Pproxkdtav
mo kovtd oto 0 xat Ba frav @divovoa ocvvaptnon tov t kabwg Tig mpwteg pépeg Oa nrav
mo mBavo va Ppebet enaveppdavion avriotoryoo Aabovg. Av Bemprijoovpe TV IIPOCEYY10L)
IOV KAVAE KAl IPOIYOLHEV®S He Tig m 1jpepeg Oa emperme 1) ovvdaptnorn va opiletat yia
daxptreg Tipég oto dwaotnupa [0, m] xat Ba pmopovoape va Tig oopmnep\aBoope oav
Xapaxtnplotikd oe kdabe pédodo mmov Ba xpnotponolovoape.

Avtd ot dvo mapdpeTpot, KATd TV Aoy pov, 0a covéPalav otV peYlOTOION O TOV
peTpKV Kabwg oe oovOLAOPO PE TG M IIPOIYOOHEVES NHEPES, TNV KATANANALN pedodo
Aoylotikr|g malwvdpopnong, To KAtdAMnlo 1ooootd dedopévav  yia  Swadwkaoia



eKTIaidevong- aStoAoynong Katr miavmg KAIOEG PETPIKEG KMOIKA Og OLVAPTION HE TOV
Xpovo Oa pmopovOape va METOYOLHE AKOPA IO ECAIPETIKA AIOTEAEOPATA YA TO
npoPAnpa g npoPAeyng Aabmwv Aoylopikov ota vndpyovia dedopéva nov dwabétoope
aro ) NOKIA.

4.5. HédtalobOnon niow anb6to mpbBfAnua
TNemwpPpbBALEYNSAaB6Y Aoy iLoputL KOO

Apywa to mpoPAnpa g mpoPAeyng Aabov AOylopikod xwpig TV yvmOor Tov KOdKa
@atvetat aAoto &k Ipotng oyews. Ilog elval dvvatov évag alyopdpog va Katavor|oet
KAmola potifa mov agopobdy v amnodoor) epyalOpeveOv Ipoypappatiot®v; Avo Baoikd
EPWTNATA Yl TNV IPOOCEYYLOI TOL HPOPAHATOG ALTOD Elval APYKA MHOlEG IAPIHETPOL
ernpedafoov Vv arodoorn T®V MPOYPAPPATIOT®V KAl Otr) ovvexela pe mowa pebodo Oa
EAAY10TOIOU|OOVHE TNV OLVAPTNON OPAApatog mov £xovpe opioet. [Tolog etvat o WOavikog
TPOIIOG Yl Va OPlOOLHE TA XAPAKTNPELOTIKA 1ov Oa ocoprepildfoope oto mpoPAnpa pag;
‘Exovtag xatavonjoet to mpoPAnpa xat Aapfavoviag vrmoyy pag Ttig 101 0IIdpxXovoeg
IIPOOEYYLOEL TIOL €YOLV Yivel avTIAApPavOopaote M®G 1) ENOXKOTNTA eival 10mg 1) Mo
Paowr) napdapetpog yia to mpoPAnpa pag. Akopa kat av 0gv exovope opioel ta PéAtiota
XAPAKTNPLOTIKA TOTE Tpenet 1 pebodog pag va Katavoroet I®G KAIOEG AIl0 duTEG Tig
HApapeTpong dev Exovv emippor) otV IpoPAeyn pag xat va opioet pndevikd Papog oe
avtég av eiyape 1o kataMnlo mArbog dedopévmv Kat TV DIIOAOYIOTIKI] 10X MOTE Va
Ppovpe ta PéAtiota Pdpn.

Av elyape 10 KataMnAo oyko 0edopevmv TOTe 1 oovaptnon TG Kabe perpwkng pag Oa
énpene va etvat avfovoa xabag rpoobetovpe emumeov napapétpoos. Apa 1 avadrtnon
napapétpav (features) Ba ywotav mo amAn dadikaocia kabwg akopa kat AavOaopeveg
napdapetpot 0ev Oa petovav v anodoorn oto mpoPAnpa pag.

ITpwv xataAnm oty edPeOH TOV MAPAPETPOV IOL YPNOpoIoinod oe coVOLACHO PE T
p€Bodo AoyloTikr|g TAAVOPOUNONG MOTE VA METOX® TA PEATIOTA AITOTEAEOPATA O OXEOT) e
Tig aMeg mpooeyyioelg mpoorndbnoa va katavonow ta Odedopéva. H  ypaguxr)
avarapdotac) avt®V elval eva Ip®To oTddlo yid TV KATAvOnol avtmV. X1 OuVEXELd 1)
epappoy) tg daiobnong etvat emiong anapaitnty). Anladn av napatnprjcovpe NG yid
Karoteg pépeg dev eppaviCovtat Aadn tote prropoovpe va vrobécovpe g BPLOKOPATTE O
kdamola mepiodo vmoAettovpylag (my Olaxomég). Amo v Al HmAeLPd av elydpe
ovvexOpeveg nuepeg pe Adbr, 1ote vrdpyet peyaln mbavotnta va ovvexlotel To potifo
auTO KAl TV eNOPEVT NePA AOY® ALSHIEVIG EPYATIKOTITAG TOV EPYATOPEVAV.

Zovowilovtag, £xovtag PeAETH|Oel APKETEG TIPOoeYYioelg 0to IPOPANpa avto Oa é0sta wg
arapaitnt) npodnobeon va éyoope petpkég kodka kdabe fpepa amod v evapdn g
peAétng tov dataset mov Swabétoope wote va Ppoovpe ta katdAnAa Papn kat yia aotd.
Emiong enedr) Oempovpe nwg eival apketd mbavo oevaplo 1 e10aymyl] TAPApETP®V IO
dev taprafovv, Oa emperne va €xovpe apxeta dedopéva yla v e0PEOH) TOV PEATIOT®OV
Bapav yia kabe eva anod avtd. Enurhéov, n vrmoAoyiotiki) oxdg etvat anapattntr 6t0Tt to



otadio exnaidevong Oa empere va yivel apketeg popeg wote va pewwbel 1) mbavotnta va
OTAPATNOOVHE O€ KAIOO TOMKO EAAYLOTO, AVTL Yld TNV €DPEOT] TOV OAKOD EAAYLOTOL OTHV
OLVAPTNOL OPAAPATOG. 2 KATIOlEG IIPooeyYioelg (Aévipa arno@aong) 1 o®OTr) KATAOKELT)
tov dktvov eivat NP mpopAnpa xat av dev vndapxet 1] KATAANAN DIIOAOY10TIKY] 10X DG TOTE
n @don exnaidevong Oa drapkeoel APKETA PeEYANO XPOVIKO daotnpa, HapoTt yivetat pe
IIPOOEYYIOTIKODG TPOIODG MOTE VA PNV XPelaoTodpe ekbeTikd ypovo yua 1 Sradikaoia
eKTIaidevong.

Ta amotedéopatra pag eivar SaQopeTikd avaloyd KAt TOOO He TV  YA®Ood
MPOYPAPPATIOpod 000 kat pe Tig PiPAtodnkeg g OLYKEKPWEVNG YA®OOAG TIOL
Xpnowpomoujoape a@od kdbe pwa IIPOCEYYLOn EMTLYXAVEL TV eAdYlOTOIOINOoN Trg
OLVAPTNONG OPUAPATOG PE DAPOPETIKO TPOTIO.

H opb1) em\oyr) oAev teov napandave pag odnyet oty Bedtiotn anodoor) yia to npoPAnpa
aoto.

4.6. MeAdAdovrTtikfiepyaolia

ITpwv oldoxAnpwoovpe tnv napovoiaon pag, Oa deka va opiom pa peAovtikn) epyaocia
yia orotovdrnote 10ele va acyoAnbet pe 1o npoPAnpa tng npoPAeyng Aabmv Aoylopikoo
1] YEVIKOTEPA PE TNV IPOPAEYT) TIHDV XPOVOOELP®V IOV AIoTeAOLVTAL amo binary values.

Apywa 0a pmopovoav va yivoov dleg mpooeyyioeilg yia dvadikr) tadivopnon eite pe
mbavotikég katavopég (Gaussian, Weibull) eite alyopiBpoog pnyavikrg pabnong onwmg
SVM eite alAeg mpooeyyioetg [26] .Kdatt t€tolo opwg Oev Bewpa nwg Oa amnedide drattepa
kabwg ot mpooeyyloelg mov emAESape aroTeAoLY TIG MO0 LOXVPEG YA TO OLYKEKPIHEVO

poPAnpa.

Avtifeta, Oa pmopovoape va oploovpe KAMOleg KATAVOREG KAl VA IAPVOLPE TOV
otabpiopévo péoco avtev npoonadmvtag va eSaletyoope Ta pelovekTrpata kade piag amo
TG KAtavopég avteg péom tng pebodov avtrg. Ia xabe xatavopr) o akyopBpog pag 0a
grpene mepda amo vd npoodtopioet Tig PEATIOTEG TAPAPETPODG TG KATAVOUI|G avLTIG vVa Ppet
Kat 1o KataAnAo Papog pe 1o omoto Oa moMamlaowaotet To anotédeopa tng (dnAadr)
11000 Oa oLVELOEPEPEL TO ATIOTENEOPA ALTIG 0TV TeAKT] IPOPAeWT) paAg).

Kdat moo Oa amotelovoe axkopa mo evdiagépov mpoPAnpa xat Oa pmopovoes va
ovvOvaotet pe 10 OO pag Oa nrav va mpoonabroovpe va To IMPooeyyloovpe Xopig va
petatpeyoovpe Ta dedopeva pag oe dvadikeg tipeg. Anhad) avti va avalntoope kdabe pépa
av Oa eppaviotet Aabog pe ovykekppeva xapaktplotkd Oa propovoape va eSetdlovpe
ta Aabn abporotikd. AnAadn) Oa eiyape xpovooelpd akepaimv appmv kat pe Baorn antovg
va npooradioovpe va mpoPAEYPov e TOV ENOPEVO.

Ewdwotepa Oa eiyape éva Deep Nevpwviko Aiktoo xatdAnAng toroloyiag to oroio 0a
érnatpve oav eloodo axepaiovg apiBpovg mov Oa ocvpPolfav to oLVOAKO mA100g
OQAApPAT®OV MOL ep@aviotnkav kabe npépa KAt KAMowa aKOpd XAPAKTINPloTikda nov Oa



elyape opioet (0mwg avta mov npoavagepape) kat Oa npoonabovoape va mmpoPAeéyoope
Tov enopevo apdpo. Ipogpavag omyv mepimtworn avtv dev Oa vmoloyilape avtég Tig
petpkég ala Oa émpeme va HeTPApe TNV Arootaon tg HpoPAeyng pag amod tnv
MPAYHATIKI] TUL) TG OLVAPTHONG.

Aot 1 mpooéyylon powalet apketd aveSaptnto mPOPAnpa amo To OO pag, pag Kat
Xpnowporotovvtat aAAov eldovg VeELP@VIKA AANEG PETPIKEG akOpa Kat aAa Oedopéva.
Opwmg vniapyet évag TPorog va ta oLVOLACOVHPE Yl VA IETOXOVHE TO BENTIOTO OLVOAIKO
arnoté\eopa. Av eiye dnpiovpyndet éva vevpwviko, To omoio Oa pmopovoe va Ppet to
oLVOAKO TAN0og TV Aabwv v enodpevn npépa, tote Oa pmopovoape va vroloyifovpe
deopevpéveg mbavomteg oto mpoPAnpa pag. AnAadrn, avti va ovmoloyilape v
mbavotnTa eppaviong evog Adoug pe ovyKekplpéva Yapaktnplotikd, Oa vrmoloyilape tnv
mbBavotnta avtr] 6edopévo wg o oLVOAKO TAN0og Aabav v emopevn fpepa Oa eivat N.
To vonpa avtr)g g mpooeyylong etvat nwg ) BéAtiotn pedodog pag (logistic regression) Oa
elye pla akopa MAapdpeTpo, APKETA 1OXVPI ®OTE pe TO KATAAnAo Bdpog va armodidet
akopa kalvtepa. AnAadn 1 €§000g Tov IPOTOL VeELP®VIKOL TToL Ba fTav to mArdog Tov
Aabwv v enopevn nupepa Oa nrav pla Dapdpetpog, Onmg OAA Td LIOAOUIA, OTOV
alyoptdpo pag.

Telog, axopa xat oty PeAtiot) mpootyyon g AOYIOTIKNG MAAVOPOHNONG ™G
peMovTikn) epyaocta  Oa propovoape va oploovpe TV E0ay®yl] OlaoTavPOPEVOV
napapétpav ( cross features) otV oovdptnon TOL VELPHOVIKOD SIKTLOL IOV PEO® TG
dradwkaoiag exnaidevong Oa emaipvav to avtiotolyo PAPog woTe va eKPETAANEDTOVE
KAIIO100G OLVOLACHODG IOV PIIOPOVLV VA AIOd®OOLY KAALTEPA YV®OPIJOVTAG MM KATIO
potifa ovykekpipévav npepmv Oa propovoav va kabopioovyv to amnotéeopd.

4.7. Evaldlaxktik@Gdedoutva

Ot alyoptBpot mov yprowponouwdnkav kad” oAn ) diapkela g SUINDPATIKIG Epyaoiag
kabwg xat 1 Aoy mioe arnd avtovg Ba prmopovoav va epappootody oe aAl\a dedopeva
elte mapopoiov PoPAfjpatog eite Kat TeAelmwg d1aPopeTKOL MEPLEXOPEVOD.

v npotn mnepimtoon Oa emperne va €xovpe nuépeg pe Aadn 1 xopig Addn xat va
exrtatdevoovpe Tov alyopldpo pag pe Paocn avtda mpoodiopifovtag To KATANNAO m, woTe
va KAVoLpe Tig IPoPAEYelg pHag yia Tig enopeveg rpepes. Katt tétoto mepieyet v vrobeon
G KAt ta véa dedopéva pag Oa pmopovv va Bempnbodv Mapkofravyy alvoida talng m
Kat neg kabe pa amo Ttig veeg npépeg Oa mpoxovIrtel amno tig m televtaieg npepes. Aot
elval pua apketda toyvpr voobeorn mov Oa Bedape kat doxipdaocovpe Kat oe aANd dedopeva
ywa va amnogaviovpe tnv eykopotmta e Oa Oéhape va propéoovpe va éxoope Kat
avtiototya dedopéva dAANG epapoy)g ®OTe VA KATAVOIOOVHE MG 01 aAyopdpot pag, Kat
OLYKEKPIHEVA O TPOIOG EMAOYTG TOV IAPApETp®Y, dev Taiptadav ota dedopéva pag ara
£XOLV YEVIKI| EQAPHOYT] KAl 10)D.



Téhog, o1 mapanave alyopidpolr Oa pmopodoav va ePAPPOOTOLV O OIOLAdNIOTE
dedopeva pe Ovadikeg etkéteg 1oL Oéhovpe va yvwpiloope oe mowa amd TG OvO
Katnyopieg evtaocoetatl 1 enopevn npepa {0, 1}. Zmv mepimtowon avtr Oev Oa vmrpyxav
IKAVOIIOUTIKA arnoTteAéopata, Ol0Tt 1) vobeon tng papxofiavig alvoidag talng m dev
elvat ePkTo va oydet oe kabe mAnfog Sedopévav Kat propet va xpetalotav Tpomnomnoinon
TOV DAPAPETP®V IOV £XOLE oploet oTig pefodovg oL XPIOIOIOUOA}IE.

4.8. Kéd . kasEdapuorfg

210 Ke@aAato avto Oa avagpepbovpie otov KOdIKa ITOL €yovpe ONIIOLPYIOEL Yid VA
eKTeNEoEL Ta APAIdve. Asxetat oav el0odo éva apyeio oe pop@r) Json to oroto
eprypaget 1o dataset moo drabétoope, SnAadr) To 10TopPKO epPaviong T®v bugs. Aoto,
etvar éva dictionary Kat To avolyoope xpnotpoIol®VIdag Pia COVAPTHON open. X1
ovveyela dnpovpyoovpe Tovg nivaxeg X, Y omov X 1) eloodog pag xat Y 1) £€5odog pag yia
kabe instance. Emriong to mAr|0og tov npepmv mov Béhovpe va npoPAenovpe agprvetat
avolyTo yld TPOIOIIoNon av Kat etvat optopévo oto 30, pikpeg maparlayeg avtov Oa
propovoav va aAAagoov 1o amnotédeopa. Xpnotpomnotovvtat Kat apketeg BiAtodnkeg yia
oLVAPTIOELg OIWG 1) train_test_split ) onota ywpilet ta dedopéva pag oe train xat test data.

Ao oMo To dataset, 0 a\yoplBpog pag anopovmvet Ta XApAKTINPLOTIKA TV bugs oo
Béloope xat tadivopet Tig Npépeg wg bug free 1y Ox1 avaloya pe v epgpavion 1 Oxt bug myv
NPEPA EKELVT. 2T OLVEXELA EKITALdeVETAL , KAVEL TG IPOPALYelg pag, aStoloyeitat pe Paon
TIG PETPIKEG Kt TENOG ePPavifel KAt Ta ArOTEAEOPATA TOOO ALTA IOV MPoEPAeye 00O Kat
A OPAYHATIKA .

Ot xwdkeg eivat avePaopévor oto github xat Atvk oe avtd napatifetat mapaxkdto:

https://qgithub.com/odydro4/Software-Bug-Prediction



https://github.com/odydro4/Software-Bug-Prediction
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