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«Me atopikn pou eubivn kai yvwpilovtac Tic kupwaeic Y, mou mpoBAémovral amd ¢
orardéeic tng map. 6 rou GpBpou 22 tou N. 1599/1986, dnAwvw Or11:

1. Aev mapabérw kouudria LBiBAiwv n apbpwv n epyaciwv GAAwv autoAeéei xwpic va
Ta TMEPIKAEIW O& E1I0AYWYIKA Kal XWPIS va ava@épw To ouyypagéa, Tn XpovoAoyia, 1n
oedida. H autoAeéei mapdBson xwpic eioaywyikG Xwpic avagopd artnv mnyn, Eivai
AoyokAomn. lMépav 1ng autoAeéei mapdBsong, AoyokAorri Bewpeital kai n mapdepacn
géagiwv amd épya dAwyv, auutrepiIAauBavouévwy Kar EPYwv CGUMQOITNTWY LOU, KABwW¢
Kar n mapdBeon aroixeiwv mou dAAor ouvéAeéav n ereepydabnkav, xwpic avapopd atnv
mnyn. Avagépw TAvioTe Ue TANPOTNTA TNV TTHYN KATW At ToV mivaka 1 oxé310, OTTwS
ora mapabéuara.

2. Aéxouar 611 n autoAeéei mapa@eon xwpic gIl0aywyikd, akoua Ki av ouvodeUETal
ammoé avagopd oTnv mnyn o€ KAamolo GAAo onueio Tou kelpévou 1 oto TEAOS Tou, Eival
avriypa@n. H avagopd arnv mnyn aro 1éAo¢ m.x. Hiag mapaypd@ou 1 uiac oeAidag, oev
OIKaIoAoyei ouppagn edagiwv Epyou GAAOU ouyypagéa, E0TwW Kal TTAPAPPACLIEVWY, Kal
mapouciact) Tous wg OIKN Jou epyaadia.

3. Aéxopual Om1 UTTGpXEl €TTIONS TTEPIOPIOUOS OTO UEYEBOS Kal OTn ouxvotnta Twv
TapabeudTwyV ToU UTTopw va eviaéw oTnv epyaacia pou eviog eloaywyikwy. Kabes ueydAo
mapdBeua (m.x. o mivaka n mAaioilo, KAT), mpoUmobérel €10IKEC pubuioels, kai otav
OnuoaisueTal TPOUTTOBETEI THV GOEIa TOU CUyypagéa N Tou ekOOTH. To idIo Kal oI TTiVaKES
Kar Ta oxédia

4. Aéxopuai OAES TIC GUVETTEIES OE TTEPITITWAN AOYOKAOTINS I avTiypaprg.

Huepounvia: ~ 02/11/2023

O —H AnA.
Napevrlakng ewpyiog

(1) «Ormoiog v yvwoel Tou dnAwvel weudn yeyovora f apveital i ammokpUTTTel 1a aAnbiva ue
éyypapn umevbuvn onAwaon tou dpbBpou 8 map. 4 N. 1599/1986 riuwpeitar ue @UAGkion
TOUAGXIOTOV TPIWV unvawy. EGv o urraitio¢ autwv Twv Tpaéewv OKOTTEUE va TTPOCTTOPITEl OTOV
€auToV TOU 1) 0¢ GAAov TTepiouaiakd dpeAog BAGmTovrag Tpitov 1 okomeue va LAGyer dAAov,
TiuwpeiTar ue KGBeipén uéxpr 10 ETWv.»
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ITIEPIAHWH

H ovuykekpuevn epyaocia €xel wg OKOIO TV HPEALTH) 0TI aviXVeuon aKpaiwv
TV og ouvoda 6edonevav. Katd xuplo Adyo Ba SoBel Baputnta otnv avixveuon
AUTOV TOV TUHOV TAVE O OTatlka Ogdopeva oddd Ba mpotaBolv kauv xkaroleg
evlelkTikeg Avoelg ota Xpovikad petaBaddopeva Gedopeéva (xpovooeipeg). H
pooeyylon Ba yiver pe adyopiBpoug pn emiBAemopevng pdBnong (unsupervised
learning) kaBog eivalr mo peadiotikn) oe mpoBAnpata Ttétolag @uong. Ba
avaAuooupe TLE AaKpaleg TLHUES, TOV OPLOPO KAl ta £181n tev pedddwv evtomiopou
toug. Emiong Oa piAnooupe yua tnv evpeon KataAAndev aldyopibueov 1mou
Baoidovtar otig ouykekpipeveg peBoboug oAAd KAl TA XOPAKTIPLOTIKA TGV
0eGopevev, TOV aKPAlOV TIPOV Kal KAatd mooo 0Ad autd ouvoscovtal petail toug.
Me Bdon ta mapamndve, Oa Snuioupyricoune pia ouvaptnon avaiuvong dedopévev
Kal armo@aong BEATIOToU POVTEAOU avaloyd e Ta XOPAKTPLOTIKA TRV dedopevev
addd kar TV arpaiov Tipov. To tediko mpoypappa Oa xavelr OAa, yia 6oa Ba
HuAnooupe mopakate, Baolopévo oe pua ouvdptnon mou Ba amogaocider  1movou
adyoprBpor Ba  xpnowpomownBouv  avadloya pe  KADOLd  XOPAKTHPLOTIKA TGV
oebopevov (dataset) xar ta amotedéopata mou mpoxumtouv. To mpoypappa Ba
UIIoPoUce VA XAPAKTIPLOTEL 0av eva XapnAou emuredou enmelpo ovotnua (expert
system). Ov ouvaptrogig mou Oa XPNOLHOIOL0OUE Y10 TO S10X®PLOMO0 TO®V GUVOARDYV
Oebopévov oe Oudgopeg umoopddeg avddloya pe Tad XOPAKTNPELOTIKA Toug. Tnv
emAoyn] TV KATAAANAGV poviedwv/adyopifpev pnxavikng pddnong (Machine
learning) aAAd xar BaBuag pabnong (Deep Learning) avdaloya pe tnv vmoopdda.
Tn onpaocia xatv toug Adyoug Yuia Toug omoloug yivetatr autog o Sraxepropoe Ba
avaAuBouv 0TIE TAPAKAT® eVOTITEG.
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KE®PAAAIO 1 Evocaywyn

ES® xar moAAd Xpovia i avixveuon akpaiov TIHOV 1) AVOHAALQV £ival eva
[1]mpoBAnpa 1mou amacXoAel TOUG EIMOTIHOVES TGOV UMOAOYLOT®V KAl TNG
otatiotiking. Me tnv mdpodo tou Xpovou, tnv e£eAiln tng texvoloyiag, tng auinong
TV 0edopévev aAAd KAl Tng Onpavtikotntag otnyv avaluon Ttoug, To mpoBAnpa
auTo APXL0e VA AIIOKTA peyaAutepn Baputnta. ApxXlioav va IpokKUmtouv OAo Kau
veéeg TeXVikeg Kal pebobol otnv avixveuon avopadiov o peyada Sedopeva. To mwg
IIPOKUIITOUV aUTEG GAAG KAl To TG Xelpldovtal HeTd TOV €VTOIIoORO Toug,
efaptdtal avaloya pe Tov Touea Kal to £idog tng akpaiag tipung. To tu umodnAwvetl
n kabe pla amd auteg  £XelL ®¢ AmoTEAeopd OLa@QOPELTIKI) MANPo@opia Kau
avtipetomon. Eite Bewpouvtar wg AdBog umoloylopog 1) amdda 0o6puBog. Ao tnv
avAAuon TEV OUYKEKPUUEVOV TGOV — pmopel va odnynBoupe oe  mAnpogopieg
peyaAng onuaciag, KAVOvVTag ONavTLIKO TOV £VTOILOPO MPLV amod THV avAaAuon Kau
eImAOYn PovteAou ekpabnong.

Ov Tipgg autég PImopouv va IpogpxXovrtar £ite amd av Bpwmivo mapdyovta
(AdBog, amdtn), eite amd oO@EAApA  AOONTHPEV-UNXAVEOV 1] AOY® (PUOLKQV
armokAioewv otoug [2] mAnBuopoug Gedopevev. Omodte 1 evpeon Ttoug pmopei va
aroBel MMOAU ONUAVTIKI Yld TV QOOQUYH O@AAPAT®V 0 OUOTIUATO, AIIQTeS,
aopalela oe replBdddovta Kabng pia akpaia tiprn pmopel va vmodnAwver BAABN oe
pia pnxoavi, KakoBoudo ewoBoAéa oe éva ovotnpa. ApKeTd OnpAvTIKY eival n
avVayveplol) Toug eIIiong otnv ao@AdAela Yo HIOTETLKES KAPTeg OMOU pia arpaia
aAdayr) 0To PoTiBO TOV ayop®V UIIopel va UIIodelKvUEeL [1d KAEPIEVT) KAPTa.

E®APMOTI'EX THE EYPEXHZ ANQMAAIQN XE
ITPOBAHMATA THX KAOGHMEPINOTHTAX
1. “Amndtn oe mMOTETIKESG KAPTEG (amoommaopa ard [1] oedibeg 3-4)

2. lOTPLKEG XPAOELC TL.X. tapakolouBnon yla tuxdv akpaieg TIHEG o€ kapdloypadnua n
APUAKEVUTIKEG UE OKOTIO TNV €UPECH VEWV SOUWV poplwy.

3. Eodarpévn opadomnoinon 6eSopévwy ou pmopet va emidpdacsl opvnTIKA oty enidoon Tou
HOVTEAOU EKpABNnoNg.

4. Evtomopog arpoBAentov kKataypagav oe Baoelg dedopevev (amatn, opadpata).

5. Avixveuon og Oopugoplkég elkOveg yia Tadlvopnon Kalr euUpeon  VERV
XAPAKTPLOTIKOV TRV ELKOVRV.

6. 'Efunvec molelg, peon awobBntrpev omoladnmote axpaic Tiul] oe pUIAVON aepd,
Beppokpaoia, nXoPUIIAVOI), KUKAOPOPLOKI] GUH@OPINOT HIIopel va dwoel Xpnotueg
A1 POPOPLES KAL VA AIIOTPEWEL avemBuunteg KATAOTACELS.

7. Euvpeon £1080A1ng o€ UTOAOYLOTIKO oUOTHIA XOPLg Abera.

8. BAdBn oe pnxavika cuotnpata Kat Kvntrpeg.
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9. Avixveuon o2 MAPAYWYLKES YPAUHIES YA eAATTOUATIKA IIPOTOVTA.
10. Avixveuon taong og XpovooeiLpeg Im.X. XPNHIATLOTHPL0.

11. 'EAeyxo aitnoeov oe Oavela yua evtomiopod mapamldvnong 1 medatov mou Ba
rapouoldoouv mpoBAnpata otnv e§0@Anon toug peAdoviikd”

ATAOOPA AKPAIAX TIMHX (OUTLIER) ME ®OPYBO (NOISE)

Exovtag avagépetl toug Adyoug mou mpoKUmtel auto mpoBAnua, tnv onpacia
emtAuong tou og Kabnuepiva {nerpata Kat v adia tng mAnpogopiag IIoU HIopel
va OpoKUWel amo autd, Kado Oa ntav va 600l evag opropog yua to L ekppadetal
®g avopadia ota Sedopeva (outlier) aAda Kal va Siteukrpivicoupe tnv Sragopd
avopadiwv kav BopuBou (noise vs outlier). Av Ba pmopouocape va to Statunoooupe
[3]600 mo amAd yivetar pila aveopalia sivar éva §aipeTiKa amopaKpUOUEVO
onueio 6edouEvwY 0 OXE0N ULE TO ITLO KOVTIVO ONUELO Ocbousvov Kat Tig
UITOAOLITES YELTOVIKES TIUES O EVA YPAPNUA 1) £VA GUVOLO OTOLXELGDV TO
orntoio eriedepyalopaote. 'Eva onueio 1) £va oUvolo onpeiov apketd Xapnio n
UWNAOG OUYKPLTIKA He Ta UIdAolma yertovika Oedopeva mou {exwpidel amo autd.
Zav 06pubo amo tnv aAAn opilovue ta Aavlaousva oroixeia n tTic Aabog
TIuES xapaktnpiotikev. H akpaia tipr exel peyadutepo eUpog oav £vvold £KTOg
amo ta [4]opdApata ota Sebopéva, meprexel acupBiBaota 6edopeva mou
MIPOKUIITOUV PECW TG S1aKUPAVONg TOU GUVOAOU, Td OIoid OPKE PITopel va
MIEPLEXOUV XP1 O TANPO@OPLa OXETIKA 1€ TO detypa.

2tV mapakdte ekova mapdderypa akpaiag tupng otnyv @uorn.

(mapaderypa avopadiag otnyv @uon, elkova amo [3])
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KE®AAAIO 2 BiArvoypag@ikn Emokonnon

H avixveuon avopodiov mou Adye Ttng teXvoAoyikig avamtuing, tnv avnon
tv O0ebopévov aAAd  Kal tng ouldoyng toug wmote va avtAnBouv  Xpnoipa
OUPIEPAOIATA KOl ITANPOQOPLEG, €XElL AIIOTEAE0LL £va Onuavrtikoe medlo Tng
SIMOTNUOVIKNG €peuvag Bpiokovtag e@appoyeg oe 1moddoug topeig. Ymdapxouv
moAA£g £peuveg KAl eMLOTNHOVIKA pBpa oXeTikA pe 51agopoug TOUelg TOV aKpaimy
TIUOV Kal dta@opetikeg mmpooeyyloelg. Me tnv auinon tou 0ykKou tev OeGopevev
Kat TNV mapodo tou Xpovou apxioav va mIpoBAalouv veeg IpokAnoelg aAAd Kal veeg
IIPOCEYYLOELS WOTE VA AVTLIETOITLOTEL TO OUYKEKPLIEVO TIpOoBAnpa.

H mpotn emotnun mou aoxoAnfnke pe autd TO AVTIKELPEVO NTAV 1)
OTATLOTIKI. XPNOLPIomIouw)0nKav OTATIOTIKA POVTEAQ IIOU  AVEAUAV TA OTATLOTIKA
XOPAKTIPLOTIKA TV 0efopéveov KAl TRV KATAVOU®V ®0te va mpoBouv oe
ovpmepaopata. 'Emevta peow  tng  pnxoavikng  pabnong  Xpnoupomolmvtag
adyopiBpoug yia tnv exmaibeuon TV HOVTEADV aVIXVEUONE AKPALOV TUU®V KAl
tedog Baon tng pebodou Baburdag pabnong omou veupovika Siktua ekmaidevovav
0TIV AViXVeUOon avOUIOAL®V.

Ytnv mapovoa epyacia Ba xpnoivpomounBouv Kal ol Tpelg Impooeyyloeig mou
ava@epbnkav otnv mponyouvevy mapaypago. Oa mpoomabrjcovpe dpwe va dwooupe
Baputnta o¢ mpog TV avaduon TV ouvOA®V dedonevav, tov pebddnv avixveuong
AQVOUOALOV KAl TRV oAyoplOpeov pe amotedeopa tTnv emidoyr Ttou BEATiotou
povtédou avixveuong avaloya pe td XOPAKTHPLOTLIKA THE OUYKEKPLUEVNS opddag
ouvoAnV 6edopevav. Emevta va Ba atodoyoupe ta povieda avixveuong wg Ipog tnv
emidoorn toug ota Sedopeva.

H peAétn xar n vdomoinon tou mIpoypappatog £yve Katd Kuplto Adyo Bdon
SIMOTNHIOVIKOV dpBpwv tov Tedeutaiov etov. Ilapatnpnbnke otv eve umnpxav
moAAég épeuveg mave o efeAlypéva povieda aAyoplbpeov kar ouvOuaopou
adyopiBuwv. Aev ummpxav apkretég £peuveg mou va Sivouv Baputnta otnv avaiuon
TV  XOPOKTNPLOTIKOV TV Ocdonevov pe okKomd tnv emdoyl the BeAtiotng
pebodou kar aAyopiBpou Bdon autwv. H ulomoinon tou mpoypdppatog yivetau
peow tng yAwooag python, tov adyopiBpwv (extog evog Babudag nabnong) addd xau
TOV 0UVOA®V dedopevav peowm tng BiBAwoOnkng PYOD. Aettepn mapatnpnon eivat
O6uokodo va BpeBouv ‘labeled’ Gedopeva yia avixveuon avopaAlOvV GOTe Vo Yivel
adtodoynon tng emidoong twv poveednv. Ta ovvola mou Ba Xprovporoucoupe eival
arrd mpaypatikd 6edopeva adAd pe mpoobnkI teXvNTOV aVEOUAALGV.

'OAa 600 ava@epBbnrav mMApAIave AVTUIPOORIIEUOUV IOVO £Va PIKPO HEPOC
TV £PEUVAV IIOU £X0UV yivel mave oto avtikeipevo. H ouvexnge avamtudn nebodov,
TEXVIKOV KAl TEXVOAOYLOV O£ auTtov TOV Topéa Oeixvel Thv ONUAVTIKOTITA THC
¢peuvag aAAd Kadl TV avAaykn yia TV emiAuon avtiotolXev IpoBAnpdatey .
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KEDAAAIO 3 EIAH ANQMAAIQN KAI
MEG®OAOI ENTOIIIXMOY XE XTATIKA
AEAOMENA

(Yroxepddawo 3.1 EINH ANQMAAIQON SE STATIKA
AEAOMENA)

O¢lovrag va avadvooupe pla avopodn T Ba pmopovcape  va  Ttnv
KATIYOPLOIIOW)OOULE O€ TEO0EPLS O10(POPLTIKOUG TUIIOUG.

KafoAuwkn aveopaldia (global outlier)

Eival onpeta mou Stagépouv apketd g 0X€on 11 TO  UIIOAOUIO OUVOAO TV [5]
Oebopévev. Ov Adyol IIOU MPOKUIITOUV a@opouv oe AdBn oe petpnoelg otnv
OUYKREVTPRON Oedopevev 1) aouvnBioteg Tieg oTolxXelwv og 0XEon HEe TO OUVOAO.
Autd pmopel va odnynoeu og eopadpevn opadomoinon Sedopévev mou pmopel va
[6] embpaocer apvnTika otnv emidoon Tou povtedou ekpdOnong. Ta tnv
AVTIPETOMILON Toug ONAadn] Tov £VTomiopo Kal TNV emedepyaoia Toug PIIopouVv va
XpnoivporrotnBouv povieda pnxXavikng padnong, otatioTika povieda 1) amld pe tnv
€UPEOT NEOR OIITIKOIIOLNONG TV Se50PEVHV.

KafoAuwkn aveopalia (global outlier) oe otatika 6edopeva.

=
.. o, ® o4
e ® ©°
.o 2"
-..-‘

(mapaSerypa kaboAikng aveopadiag ota otatikda dedopgva, etkova amo [5])
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Tomxkn avopaldia (local anomaly)

Eivavr onpeia mou dev  Sra@épouv apketd oe 0Xeo1n pe To UIIOAOUIO OUVOAO TGOV
Oebopevov addd av mapatnpnbouv e Ta YeUtoviKAa onpela tote HUIIopouv va
BewpnBolv wg akpaieg tipeg. IMa tnv avtipetomon toug 6nAadn Tov eviomopo
Kalr tnv enefepyacia Ttoug HUIIOPoUvV va Xpnotporounfouv povteédd PnxXavikng
nabnong (mmou Baoidovtar otov X@PLKO evtormopo, 6nladn peow tng amootaong
distance-based, clustering (cuotadomoinon), density-based (murvotntag ).

Tomxkn avepaldia (local anomaly) oe otatika 6ebopeva.

o Normal
o Anomaly

- T

(mapdaderypa TomxKy avepaiiag ota otatikda Sedopeva, etkova ard [9])

Contextual-conditional outliers

Eival onpeta mou Stagepouv amd v avapevopev CUHRIIEPLpopd oe pia umoopndda,
onAadr ta onueia autd pmopel va punv Oewpnbouv arpaia av mapatnpnbouv oe
olagopetika mAaiola. Eav eotidooune tnv oud)tnon pag j10vo og XPovooeipeg ToOTe
to mAaiow autd pmopel va Bswpndel o xpdvog kKal ov contextual-conditional
outliers Bpiokovtar ouxva oe autég. [a tov evtomopd toug XPNolLpomolouvTal
el0lka povteda pnxavikng padnong yua tig ouykekpupueveg tipeg, clustering
(ouotabomoinon)  yua, emiong n yvwon OAVE OTO AVTIKELPEVO TOU GUVOAOU
dedopevev eival avaykaia yla Tnv eupecn avayveplon TETOWU eidoug arpaimv
TUIGV.
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(Contextual-conditional outliers) oe ovatika 6ebopeva.

<o Normal
o Anomaly

-
<

o

(mapabevypa contextual outlier oe otatika SeGopgva, ewkova amd [9])

Avopalieg ouotadwv (Collective Outliers)
Opddeg 6ebongveov mou OUAAOYLKG O10@£poUvV amd TO UMOAOUIO OUVOAO GAAX ATORUKA

pmopel va unv Bswpouvtav aveopodieg. a tnv evpeon TETOLOV AVOUAALOV HPIIOPOUV vV
xpnotpomonBouv texvikee clustering (cuotabomoinon), texvikeg sub-spaced xauv density
based. O evtomopog toug eival mo GUOKOAO A0 AUTOV TOV HEHOVOUEVOV AKPALOV TIHOV
Kal 1) YVOOT) TAVE 0TO avTLKelpevo tou ouvolou 6edopevav (dataset) mou efetddetal eival

IIOAU ONIAVTUKY] Y10 TOV AIIOTEAEOUATIKO XELPLOUO TOUG.

Avopaldieg ouotadnv (Collective Outliers) og otatika 6ebopeva.

== Norrmal
(=] Anomaly

(mapaderypa avopadiag ouotadev oe otatika dedopeva, elkova amo [9])
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Ag dwooupe ¢£va mapadetypa tng Kabnpepivotntag yia kKabe €va tomo
avopodiag ©ote va ummdpxel KaAutepn Katavonon emi tou B¢patog. 'Evag avBpwmog
mou ouvnOwg Kavel ayopeg 61abikTuakd pe tnv Kapta tou amo 100 pe 200 supn, pia
pépa xavel ayopeg 10000 eupw, emmeldn auto Gev exel Savaoupbel 0To 10TOPLKO TV
ouvaddayev Ttou pmopel va Beswpnbei oav kaBoAikn avepadia (global outlier).
Eotw 6t1 xrovider otnv EAAGSa, autd amd povo tou Sev Ba pmopouoe va BewpnOet
oav avepodia amd tnv otiypn mou Xwovider kabe xpovo otnv EAAGSa, av opwg o
pnvag mou xwovide ftav o Auyouotog tote autd Ba pmopovos va OewpnBel amod ta
oupgpalopeva oav akpaia tupn (Contextual-conditional outlier). Av £vag @ovtntrg
Aeimel ard to padnpua tng oxoAng pua pepa 6ev Ba prropovoape va to Bewpricoupe
avopodia prag Kar auto Sev eival £va e§alpeTtikd aouvi0loto @aivouevo, av opeg
ol pool @ovtnteg Aelmmouv am6 to padnpa tnv ova peépa autd Ba NTav pia
avopodia ovotdbev ( Collective Outliers).

(Yomoxkepalaro 3.2 IIPOXEITIXEIY. MEGOAQN
ANIXNEYXHY ANQMAAIQN)

IMa v evipeon avepaAilmv UIIAPX0UV TPELLE IIPO0LYYLoeLe 000V A@OPA TNV UIXAVLIKI)
pabnon (Machine learning) aAAd kav v Babuvd pabnon (Deep Learning). [1]

IIpooeyyron pe emiffAeywn (supervised learning): O evtomonog tov axkpaiov
TIUOV yivetal pe  mponyoupevi) yvwor amd ta oebopéva. To povtedo exelr oto
oUvodo ekmaideuong kKatr kKavovika Oedopéva oddd kar aocuvenn OeSopéva
yvepidovtag oe mola opdba avrkelr to kabe 6edopevo xal ota Katvoupla dedopéva
mou Ba emefepyaotel Oa Kavelr mpoBAfweirg Bdon tov  mAnpo@opiov amd To
IIPONYOUEVO GUVOAO.

IIpoogyyion pe pn emiflewn (unsupervised learning): O eviomopog tev
AKPAIOV TIUHOV YiveTal X®Opig mponyoupevn yvoorn amd ta dedopéva, epappoloval
adyoprBpor oe Sebopéva xopig "etiketa" (non labelled). To povtédo Sev éxer
AN po@oOPila aIld To oUVOAO eKIIaibeuong ®ote va dtaxwpioel mola debopéva eival
avopodieg Kar mola OXL KOl O €VTOIILOHROC EmUTUYXAVETAL P00 aAyoplBuwv mou
Bplokouv potiBa peoa ota Sedopéva wote va Kavouv mpoBAewelrg. Xto TeAKO
npoypappa Ba xpnovporownOei Kupldg¢ auTi) 1 IIPOOEYYLon HE TETOLoU eidoug
povteda kabmg elval mo Kovta otd peadloTikd mlaiola, dnAadn ota meplocotepa
Oebopéva Oev umdapxer yvoon ef apxnge (labelled 8ebopéva) €tor yia va ta
avadUooupe KAl VA YIVEL O EVTOIMOPOS TOV OKPAl®V TIHOV Oev UITopouv va
xpnotpomotnBouv povteda supervised 1] semi-supervised.
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IIpooeyyron pe nuir-eniflewn (semi-supervised learning): Xe autnv tnv
replmtwon to povtedo Ba £xel oto ouvodo ekmaibeuong Povo Kavovika 6ebopgva 1
oe elaxioteg mepurtwoelg povo aouvenn oeGopéva. To povtedo ekmaidevetal oe
Kavovika Oedopeva Kalr peowm autwv pabaivelr va Kavelr tov SlaX®plopd oote va
avixveuel Tig aKpaieg Tipeg.

Amd Tig tpelg mpooeyyioelg mou ava@epOnkav Ba acxoAnBoupe otnv mapovoa
epyaoia pe TNV TNV IpeTH Kupieg, OnAabll mpoofyylon pe un  emiBAewn
(unsupervised learning). Autn pe Thv 0gPA TG UIOPEL VA XOPLOTeEL o2 Srapopeg
vmoopdbeg 1 peBodoug  wg MPOg TNV AVIXVEUON AKpAl®v Tipewv mou Ba
xpnovpomnotnfouv amd to TeALKO mpoypappd. Xe KaBe pia umoopdda prmopouv va
KatnyoprormownBouv ot Svapopot aAyopibpor mou Ba avagepbouv mAPARAT® 0TV
epyaoia. H xaOe pebodog £xe1 Sra@opeTiky mpooeyylon g Ipog TV aviXveuon Tov
QKPOIOV TUIOV KAl I} €IMLAOYI] TG €Xel va KAVEL HPE TA XAPUKTIPLOTIKA TOV
Oebopévev. Ta 6edopeva ta omoia Ba avadvooupe eivar Katd KUPLo AOYO OTATIKA
mapoda autda Oa ylvouv xar avagopég oe Gedopeva pn otatikd, 6nAadn) Xpovikd
petaBaAAdopeva.

( Yooxkepadaro 3.3 MEOOAOI EYPEXHY ANQMAAIQN)

M£006og pe PBaon to BaBog (depth-based) : H avixveuon yua tig avopadieg
yivetair[7] [8] ota opra tou Xwpou debopévav, Serivael amod to "Babutepo" onpueio,
0V TO KEVTPO TOU XKOPoU SeSopévmv mou eival ta meploootepa Kavovika dedopgva
Kat avadntael agpaieg Tipég mpog ta £Em ota 0pla Tou Xwpou. Aev xpevdaletal va
Sépoupe 0 TOWM KATAVOUI] QVIJKEL TO OUVOAO TV Ogbopévev Kair oute va
XPNOIOIO00ULE XOPLKES AIIO0TACELE Netaly tov 6edopevev yia va Bpoupe Tig
arpaieg TUIEG.

M£00o6oc pe Baon wnv amootaon (distance-based): H avixveuon ywa tig
avopodieg yivetal Bdon tng amdéotaong TV YELTOVIKGV ONUelwv og 0Xeon He To
onpelo mou efetadoupe yua evbexopevn arpaia TN, IO 0KOTA £vog aplBpou
YELTOVIKQOV onueiov mou ouvifeg to avagépetal ©g K-yertovev. Eivalr 6uokolo oe
autnv t pebodo va Bpoupe tov Bedtioto apiBpo "k" wote va €xer peyodutepn
armotedeopatikotnta o distance-based alAyopiBpog mou Ba Xpnoipomoircoupe.
Avutd ouviBeg xpewadetar apreteg OGokunee. Eav to ouvolo Gedopevev éxet
O10POPLETIKES ITUKVOTITES OTOV XWPO TV 0edonevav tote TéTo1ou eidoug adyopifpot
OUOKOA£UOVTAL VA £VTOIioOUV Tig Tomikeg akpaieg tupeg (local anomaly).

Me£0oboeg pe Paon wnv nukvotnta (density-based approaches): H
avixveuon yua tig avepodieg yivetar Baon tng mukvotntag oe KAIoleg XOPLKEG
neploxeg twv oedopevev. Ov arpaleg Tuege BplokKovtal KUpiwg 0TS IIEPLOXEC HE
HUKPHN IDUKVOTNTA KAl eKel elval mmou yivetal 1 avadijtnon TETOLV TV aIIo Toug
Ovapopoug adyopiBuoug. Xe avtiBeon pe distance-based texvikég umopouv va
eVTOmiooUV TIg avouaAieg mou Bpilokovtal oto Xopo Oedopévev Sra@opeTtirev
IIUKVOTHTO®V, Katd KUpLo Aoyo tomikee akpaieg tipeg (local anomaly). Ymapxeu
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OUOKOALA 0TV £Upeor TOU BEATILOTOU KATOPALOU Yid TO IIAVR KAl KATO OPL0 OOTE
va emutuxoupe TNV peylotn amodoon tev odyopiBpwv 1mou akolouBouv tnv
OUYKEKPLIEVI] IPOCEYYLOT).

M£006og pe Baon tnv ocuvotabomoinon (cluster-based Approaches): H
IIPOOEYYLo1) autr opadomolel ouvola Gedopevav mou cuoxetidovtatl 1) €ival opola pe
KAmolov tpomo oe Sud@opeg cuotddeg Kal 6oeg 6edopeva 8ev aviKOUV Og KAIIOLA
ouotada Bewpouvtal akpaieg Tipeg. Av Kamolo 6e6opévo Bploketal pakpld XwpuKa
amd Kamola ovotada Tote Oerpeltar arkpaia TN, av - pia ouotada IIou €xXel
onuoupynBetl éxer mkpd apBpd Gedopevev 1 n ocuotdba twv Gedopevav eival
Swaomaptn 11 adAwwg "apal)"  X@PLKA TOTE 1] OUYKEKPLPEVH opdda prmopel va
BewpnOel oav ocupmdeypa akpaiov tipev. H ouykekpipevn mpoogyylon eivar eva
XAPAKTNPELOTIKO £ido¢ mpooeyylong pe pun emiBAewn (unsupervised learning), Gev
xpevadovtal Sedopeva pe "etketeg" (labeled data) yvoon tov Sebopévev oto
oUVOAOo eKmaideuong yia va umopel va Aeittoupynoel o aAyopiBpog kair  va
onuoupynoer tig ouvotdadeg SnAabn uvmoopddeg Ttou ouvodlou Gedopevev Kat va
ouykpivel ta vmodoura SeSopéva pe tig opddeg mote va draxwploet av autd eival
akpaieg tipeg. Tetowo eiboug pebBobor eival KootoBOpeg UIOAOYLOTIKA KAl XPOVLIKA
Kal yia va exer peyadutepn akpiBeiva o adyopiBpog mpemelr va emdexBel n
KatdAAnAn pebodog ouotadoroinong, yia va yiver autd mperel va avaluooupe ta
Oebopéva emeldn Oev eival e@rTo va yvepiloupe tnv KatdAAnAn pebodo e§ apxng
X0PLE va ¢xoupe mAnpo@opieg amd to oUvoAo Tov dedopevev mou enelepyadopaocte.

Yratiotikee peBodou (statistical): O Svaxwpropdg avapeoa og aveopadia xau
Kavoviky tiun ota 6ebopéva emtuyxavetar Baon evog otatiotikou povtédou. Eav
pua eyypagry akodlouBei to poviedo Oewpeitalr Kavoviki aAAl®g arpaia Tuyn.
Iivetalr xprnon KAmolwv yveoToOV OTATLOTIKOV HOVTEADV ®OTE Va KAtatdioupe ta
Oebopéva pag oe KAIOLo KATAVOUI] KAl €IEUTa VO KAVOUE TOV OLaX®PLOPRO Yuid TOo
molta akodouBouv kai mova OXt tnv Katavourn. H Suokolia otnv egappoyn tng
pebodou eivar O0tL ameubuvetar oe oUvola OeGopgvev pe €va £ig¢ eAdxiota
XaparTNEotikd. Otav  éva ouvodo OuaBéter mOAAG  XOPUKTNPLOTIKA  eival
efarpetikd OUOKOAO va Bpoupe TL Katavour akolouBel Kali va HIIOPOUHE va
KAVOUpe Tov €AeyX0 yia Tov Staxwpropo. '0co mio moAAd XapaKTNPLOTIKA UIIAPXOUV
oe &va oUVOAo TO0o peyaAutepeg mBOavoTnTeg UIAPXOUV KAIOL XAPUKTPLOTIKA Va
eivar ovoxetwopeva (correlated) eite Betikd 6nAadn otav auvfdvetal n Tuun evog
XAPOAKTNPLOTIKOU augAveTal KAl auTh Tou ouoXeti{Opevou eite apvitikd SnAadn
otav aufavetar evog XAPOKTIPLOTIKOU va JPikpaiver 1n  tiupry tou  AdAAou
ouoxeti{opevou Kal to avrtiotpogo. Omovodnmote xair amd ta 6o  cupbBaivel
kaBrota mmpoBAnpatikin tnv avaluon AOYyo Tou @aivopevou tng aAAnlooucxetiong
(intercorrelation). Telog to va Bpebei olivolo Gedopevev mou va akoloubei
KAVOVIKY KATAVOL) eival ealpeTiKd OIavio oe Ipaypatikd dedopéva.

Mes0ob6or pe Baon tnv ypagukn avamapaotvaon (Graph-Based): Méow
autng tng [10]avamapdotaong PeTATPEIovTIag ta onpeia oe KopBoug tou ypa@ou
pmopel va BpeBouv ocuoxetioelg petadly tewv d6edopevev Kal KATIOL avapevopeva
potiBa. 'Emevta Ba pmopel va yiver o SlaXmplopog avapeoa oe KAVOVIKA onpeia 1
potiBa p£oa oTov ypA@o KAl 0f 1N KAVOVIKA 1) avapevopevd. YHOApXouv OuU0
YVROTEC TEXVIKES V1A AVIXVEUOH AVOUOALQV [e YPaEUKL) avarapdotaon. H mpaotn
elvalr va yiver 1 eupeon TV AVOUOALOV — WAXVOVTAE Y0 OUYKEKPLREVA
aouvnOiota unmoypagnpata oto ypdgo. H Sevtepn eivar 1 ouddoyn Ovagpopwv
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UIIOYPAP®V KAl 1) CUYKPLOT petaly Toug yia Ty eupeon pn ouvnOiopeveov potibov.
'Evag xapaktnplotikog adyopiOpog pe Bdon tnv ypa@ik avamrapdotaon Kat apKeTd
dnpo@dng eivar to (isolation forest) to omoio Ba XpnowpomownBel oto mpPoypappa
pag xat Ba avaduBel mapakdte otnv epyacia.

Me£0o6o1 pe Baon tnv povredomoinon (Learning-based Models): MaBaiveu
toug [17] adyopiBpoug va avixvevouv Tig akpaieg Tipeg —amd €va oUvolo
ekmaibeuong OMOU €ival YV®OTeg Ol KAVOVIKEG TLUEg KAl HEO® authng Tng
mAnpogopiag exmadevel tov adyoplBpo va Sraxwpidel Tig KAVOVIKEG AIo TG
arpaieg TLPEG KAl va tig avixvevel. Tetolou eidoug pebodor eival kadég oe peyada
Oebopeva aAAd Aoyo tev IToAAGOV mpdemv Katl tng BeATiotomoinong tov mapapeTtpwy
TOUG Yld Va £ival armoteAeopatikeg pmopel va amoBouv xpovoBopeg Kat KootoBopeg
UIIOAOYLOTIKA.
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KED®AAAIO 4 XPONIKA METABAAAOMENA
AEAOMENA

Exovtag piAnjost yua tig akpaieg Tipeg Kat tig pefodoug avtipetaIiong toug ota
otatika Oedopeva Oa ImapoucldooupEe AVTIOTOLXO OTa XPOVIKA petaBaAloupeva.
Egooov avtipetomidoupe  {eXxoplotd oUvoAd elval IIpo@aveg MKOE UIAPXOUV
Srapopeg petadu toug (I.X. Pmaivelr o Xpovog oav Iapiyovtag) ormdte akoua Kol av
ava@epopaote oe 161eg opodoyieg 1] ovopaoieg n IPooeyyLon Kal 1) avTlpetonion Ba
IIPEIIEL VA O1a@Epel MOTE va £XoUle KaAUTEPn KATavOonorn Kal aIoteAeopaTikOTnTd.
Eivar onpavtikd va efetvacoupe Ttoug oplopoug OXlL OAV EMEKTACN IO TNV
MPOUTIAPX0U0a YV®OOI] TOV OTATIK®OV Oedopevev, O&nladn OGiaxwpiopd petalu
opolotnTag onpeiev addda oav Ty yevikrn OSopn 61aboXikeov 6eSopevav otov Xpovo
1€ AIIoTEALoA VA PIIAVEL Kal 0 XpOvog oav mapdyovtag othv e§l0won.

Eva mapddetypa yia va xatavorjooupe tnv onpacia 060ov avagepape otnv [23]
IIPONYOUNEVT] IMAPAYPAPO @ailveTal otnv Iaparate eikova. [lapouovader g pua
OUAAOYUKA arpaia TUpr] PIopel va €Xel evieAag O10gopeTIKI] CUUIIEQLPOPA KAl Va
HNV IIPOKUIITEL eMAPKI)G KAl OUCLAOTIKI] TANPO@OPia PE TOV TIPOUIIAPX®Y OpPLoHO.
Omnorte xpevadetar va avaduBel kal va katnyoplomoun0el n cuAAoylka arpaia T
®g P0G TNV MEPLOGLKOTNTA, TNV TAOT KAl TO OX11d.

B Okt [ Coetevusl Shapekt Seasoal Trend

NYC Taxd Server CPU Usage
30000 1010 ¢l

. |
| hl, ‘“ |

I '™

(e16n avepaAiwv oe Xpovooelpeg, etkova aro [23])

Number of Passengers
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(YIIOKED®AAAIO 4.1 OPIXMOI TYIIQN KAI EIAH

AKPAION TIMQN IE XPONIKA METABAAAOMENA
AEAOMENA)

16

Mrmopel ta ei6n TV akpal®V TIPOV Va €X0UV TNV 1610 0Vopdola 0Ta OTATIKA
Katr Xpovika petaBaddopeva Sedopeva opwg Adyw TOU XPOVOU IOU eival &vag
mapayovtag mou adddader v oxeon tev 6edopevev petall Ttoug KAvovtag Td
oTorXela aKoAOUOLaKA IPEIIel Va IAPOUCLACOULE [Ld S1a@OPETIKY) IIPOCEYYLON OTOV
0PLOO TOV CUYKEKPLUEVOV TLUGV.

Apxikd, Oa pmopouoape va Xwpiooupe oe &Uo apXlkeég opdbeg arpaiwv
Tuev,[23] o akpaieg Tipeg Sexwplotwv onpeiov  “point 7 kal o axpaia potiBa
Tpov - “pattern 7. Ov akpaieg Tipeg {EX®PLOTOV onueiov Xopidovtal £mevta os
“global outlier” xaiv oe “contextual outlier”. H SeiUtepn opdda twv potiBov Ba
efetaotel ¢ MPog TO OXIIA, THV emoXLKOTNTA KAt TNV Tdorn. Me autdv tov tpodmo
oe avtifeon pe TNV mPoUmAPXouca  OPOAOYLA KATAPEPVOUV Va avaAUCOUME T
aveuoAieg 0g Hud XPOVOOELpA ®¢ IIPO¢ TNV OUUIIEPLPOPA TRV AKOAOUBLARWV
O0ebopévev Kata@epvovtag va MEPLypayoule T TUHEC aUTEC IO OUOLAOTIKA
QITOOIIOVTAE IIEPLO0OTEPT) IIAIPOPOPLA.

General Outliers Time Series Outliers

Point Pattern
/"’A\ — fa‘;_
Glabal Contextual Collective Global Contextual Shapelet Seasonal Trend

(aprotepd SLaxmplopog eldmv akpaiag tupng Baon vnapxouoag peBododoyiag ,
dedua Sraxwplopog e18mv akpaiag tiung Baon tng cupmnepupopdg, etkova arod [23]))

(a6 aprotepd mpog ta 6eia mapdderypa kaBoAukng akpatlag Tiung ,contextual
Kat avepadiag ouotddav, eukova amo [23])

Global (kafoAikn avepadia): Eivar to povo eibog axkpaiag tiung mou Ba
propouoe va exel akplBmg tov 1610 0plopo Kal ota Xpovikd petaBaddopeva kal ota
otatika 6ebopéva yrati Sev enmpeadetal 1 onpaocia tou amod to Xpovo. Oneg Kat ota
OTATIKA elval £va 0TolxXelo mou Sra@épel apKeTd o 0Xe0n J1e T UIIOAouma onpeia
0T0 OUVOAO, omote 0 omolodnmote onpeio kKar av Bplorodtav Xpovikd Ba To
Bewpovoape axkpaia Tipn. H avixvevon tétowoug eiboug Tip®V  eivar IIOAU
ONHAVTIKI] 0Ta OUYKeKpLpéva Oedopéva G10TL pmopouv va emnpedoouVv  IIOAU
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QPVI)TLKA TNV amo0001 TOU HovTeAou Kal va mpoBoupe og eo@aApéva oupmnepdopata
ravovtag AaBog mpoBAewerg amd AdBog mAnpogopieg.

(KaBoAwxkr) avopadia (global outlier) oe xpovikd petaBaAAlopeva SeGopéva(time
series, elKOVaA Ao [6])

Contextual : Ov ouykekpiugveg akpaieg Tupeg eival GUOKOAOTEPO VA AVIXVEUTOUV
ouykRpLTIKA pe tig global kaBog pmopel va pnv @aivovtar eviedwg Sta@opetireg
OXEeTIKA pe TO UMmOAOUIO OUVOAO OAAA O£ OUYKERpLueva XPovika medbia va
dlapepouv.

( (Contextual anomaly) oe xpovikd petaBadAopeva 6edopeva (timeseries) ,
eukova aro [6])
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Pattern outliers (collective outliers) : Eivalr pila opoloyia mou vmnpxe Kau
ota otatika 6edopeva (collective outliers) adAd Svageper n onpacia tng otig
xXpovooelpeg. 'Exel va ravelr pe pua ocuddoyn SeSopevev mou {eXxmplotd to Kabe
onpeio pmopel va pnv ntav akpaia tipr aAAd cuAdoyikda va Sta@epouv AdOYo Tev
XPOVIKQV e{aptroewv petady tov umodouneyv onpeiov. H ouykexkpipevn opdda Oa
mnpemel va avaduBel yiati prmopel va ¢va ouvolo onpeiev va Bewpeital avopadia g
P0G TO OXNHA, TNV EIOXLKOTITA KAl TNV TAOT).

Shapelet (Baon tou oxnuatog): Q¢ mpog to oXNpa oL CUAAOYLKA aKpaieg TLUEg,
Bewpouvtal opadeg akoAoubLaKGOV 0ToLXelmv mou akoAdouBouv £va potiBo to omoio
Sra@épel oXeTiKA pe UmOAouIa 0Tto oUVOAo GeSopévav Xpovika Kar 6ev elvar to
ouvnBwopévo 1 to mmpobAemonevo mou Ba mepipevape. H avixveuorn toug mpoxumtel
OUYKpivovTag urmoouvola Sedongvav petall Toug wote va Bpoupe moco Sta@opeTira
eivar amd to ouvnbiopévo. H ovykplon autn) yivetar peowm piag ouvaptnong Kau
evog opilou mou Geixvelr moéoo acuvrBioTo eival To UITOOUVOAO Kal S1a@epel o8 oX£on
e to mpoBAemdpevo.

Seasonal (Baon tng emoxikotTntacg): Ilpokevtar yia umooUvola Tipwv mou dev
Olapepouv wg mpog to oxnua aAAd Bdong tng emox1KOTNTAG MOU £Xel I) CUVOALKI)
XPOVOOoeLpa Katl aviXveuovtal povo Bdon autol tou Kprtnpiou.

Trend (Baon tne vaong): H ouykexkpipevn opdda axpaiov TIHGOV drroteAeital
armd UIIOOUVOAQ O0TOLXEIOV Mou Bplokovtal ota onpeid Kapmng Tng XPovooelpdg,
ondadr) oe onueia mou aAdader amotopa n TAON TNE Xpovooeipdg. Me éva
mapaderypa yia va yivel mo Katavontd, £0te 0Tl 0 P£oog 0p0¢ TRV oneiov og pa
XPOVOOELPA HEXPL THV OUYKEKPUUEVI) XPOVIKY meplodo eival 2, émevta amd To
UIIOOUVOAO MOU ava@epoupe UIIApXel aAAdayr) oTnv Xpovooelpd Kal armmd ekel Kal
petda addddel o peoog O6pog TV onueiwv ondabn eite yivetar peyadutepog eite
pukpOTEPO avadoya pe tnv taorn, 6ndabn n xpovooelpd exev eite Oetiki eite
QPVI)TLKI] TAOT) aIrd ekeivo to onpueio.

H mapardate @etoypapia Ba pag Bonbnoer va xkatavorjocoupe KoAutepa Tig
IIAPATIAVER £VVOLEQ

: ‘ | -3 [ :
[ b | | ' [ | =
= L= U W : -id U |.H,J h U ' J L T J “"‘
(a) Shapelet Outliers (b) Seasonal Outlier (c) Trend Outlier

(e16n pattern outliers, eikova amo [23])
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(YIIOKED®AAAIO 4.2 KATHI'OPIEZ AATOPIOMQN
ANIXNEYXHYX AKPAIQN TIMQN XE XPONIKA
METABAAAOMENA AEAOMENA)

Qg TIPOg TNV AVIXVEUOT TOV AKPALOV TGOV KAl TNV KATAVONON CUUIIEPLPOPAS TGV
aK0AOUBDLOK®OV 0TOLXEL®V 0TLE XPOovooelpeg, OL0TL Omwg £xel avagepBel oe mponyoupeveg
evotnTeg Ol akpaieg TIPEG £KTOG Ao To Va Suoxepaivouv tnv emiboon Tou povteéAou pmopet
va Slvouv Kol OnNpavtikeég mAnpo@opieg K¢ IIPog TNV CUUIIEPLPOPA TV debopévev. Oa
HIIopoucape va Xoplooupe thv Aertoupyla tov aAyopifpnv oe tpelg xatnyopiee. H mpaotn
Bdon tng GLa@opde TRV avapevouevav TUI®V Ao Ti¢ IPAYHATIKES MOU IPOKUIITOUV Ao
tnv [23]ouvoAiky oupmeplpopd TV 0TolXelwv Tng Xpovooeipag. H Seutepn Bdon tng
mAeroyneiag, moco dnAadn Srapepouv o Tiugg mou eAgyxovtal Baon tng mAstowneiag tov
Oebopevav xal tédog Baon tng Sta@opdg ToV UITOCUVOA®V.

Ano@aon pfaon Svagpopdg nmpog tnv avapevouevn tupn: Ov adyopiBpol autrg
tng opdbag Sraxwpidouv Tig avopadeg amd TI¢ KAVOVIKEG IIAQATNPNO0ELS avadloya
amd To 1mOo0 Olagepouv Ta OeGopéva TOU OUVOAOU amd  TLS AVTLOTOLXEG
mpoPBAemopeveg Teg TIE OUYKEKPLUEVES XPovikee mepiodoug. Ov mpoBAemoneveg
TUHEC IIPOKUITOUV dIld Hadnpatika poveeAdd, eite €00 avamapdotaong Tev
Oebopévav. Evag adyopiBpog mou Baoiletar oe avtn v pébodo (avarrapdotaong)
kar Oa xpnovpomownOel amd to mpdypappa pag eivar o LSTM-autoencoder xau 1
Aevtoupyla tou Ba avaduBel mapardte otnyv epyacia.

Ano@aon faon tng mAdevowneiag: H ocuykekpipevn pebodog Bewpel mwog ta
0TOoLXela PIIopouV va avamapaotabouv X®pLKd aote va Snuioupyeital KATL oav pia
ouotaba mou Ba mepieéxetal n mAswown@ia tou ouvodou SeSopévou Kal amo auti)
tnv opnada Ba PImopouv pe KAMOW0 O0Pl0 va XKPLOTOUV He Ta avepada Sedopeva
onAadr ta otovxeia mou Ba CUYREVTPOVOVTAL HEPd amo Ta Opla TNg mAstowneiag
TV oedongvav dnAadn Tov xavovikwv. AUo XapaKTnplotikol aAyopiBpol autrg the
opadag mou £Xouv mapOpola ASTToupyla [e auThV mou mepitypawape poAe (etdika
o npotog) eivar 0 OCSVM xkai o IFOREST xav Oa xpnovpomoinBouv kar autol 0to
npoypappa pag Kat Oa avaduBolv mapardte oty epyaoia.

Ano@aon Baon tne Sva@opdg t@v umoouvodmv: Auth 1 pebodog xwpidel tnv
XPOVOOELPA 08 UMOCUVOAX KAl TA OUYKPivel petady tou mpoornabwvtag va Bpel ta
o Ola@OoPETIKA 08 0Xe01 He Ta umoAoura umooUuvolda. Bplokelr xupilwg pattern
outliers 0me¢ TOUE ava@epaie IPoNyoupeveg otnyv evotnta. H ocuykplon pmopetl va
yiver pe aldyopiBpoug ouotabomoinong xkar epei¢ oto mpoypappd pag Oa
xpnopomowoovpe évav tetoto to cblof aAld xalr pe toug aldyopiBupoug Tng
IAPAIIAVEe opddag mou avagépape iforest, ocsvm.
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KEDAAAIO 5 ANAAYXZH AATOPIOMOQN I'TA
EYPEXH ANQMAAIQN

Ytnv mapovoa epyaocia Ba  xpnoiwpomoinBouv  aAyopiBpolr yia v evpeon
avOPOALRV o otatikd 6eGopéva, 11 vdomoinon Kat n avaduon toug Oa ylvel peon
tng BuBALoOnkng PyOD, pia amod tig mo eferdikeupéveg BuBALoOnkeg python yua
avixveuorn aveUaAl®v og oTatikd Oebopéva moAAov Yapaxrtnplotikev. Olov ou
adyopiBpol mou Ba vdomownBouv Ba etval pe pn emiBAewn (unsupervised) Org Kav
0o aAyopiBpog Babuag pabnong (deep learning) LSTM autoencoder mou 6Ba
xXpnoipomotnfel yia avixveuon avopoAiov og Xpovikda petaBadlopeva Sedoneva.

(Ymoke@pdAairo 5.1 Local Outlier Factor (LOF))

Local Outlier Factor (LOF)

Ytoug Ieploootepoug  aAyopibpoug avixveuong avepadiwv [11] ou
avopadieg Sraxwpidovtar Suadikd, dndadn eivar avopadn tuun 1 oXL Kav OXL oe
mooootd, OnAabny mdéco moAu Oewpeitar axpaita pwa Tprn. O cuykekpipévog
adyoprBpog Sev kavel autod to Sraxeplopd povo aAAd 6ivelr kar evav Babupod yua to
oo Bewpeitalr eva onpelo akpaia Tupr, auvtog o Babpog eivar o Local Outlier
Factor (LOF) tou onuetou kauv Seixver Kxatd mooo £ival amopakKpuopevo amo T
vmololuma kovtva otorxeia. ['ia va xkatavonooupe mwg umoloyiletar o Local
Outlier Factor eivair onpavtiko va enynocoupe kamowoug optopoug. xav (k-
distance) opidoupe TNV amdéoTaon TOU onpeiou 1mou edeyxoupe pe to K mo
Kovtvo, 6ndadn av to (k-distance) k=n 6a Bpilokape tnv amdéotaon tou n mo
KovTiwvou onpeiou amd to otoixeio mou efetaloupe xar to (k-distance) xau
IIPOKUIITEL AIIO TOV 100 OPO TV AIIOOTACERV TOV onpeiov. Oa eival pla artiva
YUPO amod TO ONHELo KAl IPOMPAVAE HIKPOTEPI AIIO TNV AIO0TACI] TOU N Onueiou.
Enevta n k-distance neighborhood opidetar amd Ta onpeia mou éxouv
PuKpOTEPn 1 101 amootaon amod Tto onpeio efftaong oe oxéon pe tnv amdéotaon k-
distance xai to reachability distance mou petpdelr tnv mpooBacipotnta TV
onpeiev oav amootaocn Oev Ba €8ive tnv mpaypatikn amootaon adda Ba tnv
efopdAuve oav v k-distance tov onueiov tng yelrtovidg Kal Omolo onpeio eixe
peyadvtepn ambdotaon amd autn tote to reachability distance 6a £6iwve tnv
IIPAYHATUKI TOU aIIOoTaon ammo to onpeio oneg Ba gavel KaAutepa 0tnv DAPAKATR
£LKOVA.
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(mapaderypa vmmodoylopou tng reach distance, eukova amo [11])

Eival evkolo va xkataddaBoupe 6t1 600 peyaAutepo eival to kK tooo mmeploootepa
otovxeia Oa £xouv to 1610 reachability distance, dpa to va Bpoupe to BeAtioto k
gival apreteg popeg SUOKOAO Kal Xpeladetal apreteg Sokipeg. Xe ouvouaouo pe v
UWNAn mOAUIAOKOTNTA TOU aAyopibpou mou eivar O(n?) tov KdAvel apretd
KootoBopo otnv e@appoyn tou. Xe aldyopibpoug ouctabomoinong pe Bdon tnv
ITUKVOTI)TA UIIAPXOUV OU0 mapdpeTpol Imou SeiXvouv Tnv MUKVOTNTA [l IEPLoXNS
onpeiov. O MinPts mou eivalr o eAdaxiotog apiBpdg YelToviK@V OTOLXEIOV IIOU
xpevadetal yia va Beopnbouv ouv yertovieg kat to volume mou eival yia to moco
X®OPO va KoAumter n Kabe yevtovid. MEeow autev HPIIopoUpe va UIIOAOYLOOUHE TO
0p10 Yo TNV IUKVOTHTA, 6nAadrn moco Kovtd IIPEmel va eival ta onpeila og eva
OUYKEKPLIEVO XWOPO 0oTe va Beppouvtal ‘yertovid. XTov OUYKEKPLIEVO aAyoplOio
Oev pIopoUpe va £€XOUHE €va OUYKEKPLHUEVO OPlo ITUKVOTNTAG Yia OAeg ‘yeltovieg
omote pe o MinPts Sivoupe evav apibpo yua to moéca onpeia xpevadovtal yia va
BewpnOel pia 'yertovid kai to katdAAndo volume Bpioketal Xpnolpomnoimvag to
reachability distance towv MinPts ka0e neproxng wote va Bpoupe moco mukvr)
eivar. Eav auto eivalr peyddo tote n meproxn) 6ev eivair OO0 MUKVI) Kau e€Kel
mBavov Ba vmapyxouv akpaieg tipee. To (local reachability density) eival to
avtiotpo@o KAaopa tou abpoiopatog twv reachability distance twv MinPts
mpo¢ tov apdpd twv MinPts, SnAabn to avtiotpogo Tou pecou Opou TV
reachability distance towv MinPts.

1.
Y, reach-distyg,p,(p; 0)

oe N (p)
Ird (j‘)}=1/ Minlts
MinPts T
s ‘Nﬂiantpﬂ

( tumog local reachability distance, eukova amo [11] )

'Exovtag xkatavorost 6Aoug Toug IIponyouevoug 0poUg UIIOPOULE VA UIIOAOYLooUE
to LOF yua to onueio mou eetadoupe. To omolo eival o peoog 6pog tou Adyou tou
Ird (mmou efnynoape mponyoupévwg) tou onpeiou mou eetdloupe pe to lrd Tov
vmodounwv MinPts tng 'yevtoviag'. Xuykpivoupe 6ndadrn to to lrd tou onpueiou
ou eetadoupe pe ta yertovika lrd tov onpeiov. Ooco mo moAu Svagepet to lrd tou
onpelou e ta yertovika tooo peyadutepo to LOF tou onueiou Ba eivar xal 1o
mo mBavo to onpeilo autd va etvarl akpaia Ty Ov guowodoyikég tipeg LOF og éva
onpelo mpemel va eival Kovtd oTnv povada.

2.
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(tedikog tumog local outlier factor, evkova amo [11])

LOF.-h':’nP!s[p} -

Ao to évopa tou Kat povo aAAd Kau amod tov Tporo Aettoupyilag 6nAadn o eAevyog
yivetar povo pe yertovikd 1 aAAiwg tomkd (local) otovxela xatadaBatvoupe otl
autog o0 aAyopiBpog eival 10Xupog 0TV AviXveuon TOmK®V akpaiev tipev (local
anomaly).

(Ymokegpdadairo 5.2 Cluster-Based Local Outlier Factor
(CBLOF))

Cluster-Based Local Outlier Factor (CBLOF)

O ouykerpipévog adyoplOpog mpoomabel va avixveuoel Tig arpaleg TLHES NE0K
wg[12] ouotadomoinong. Onwg eixe avapepbel mapamave autn n pedodog yia va
Bpel akpaieg Tipeg opadomolel ouvola Sebougvav mou cuoxetidoval 1) eival opova
He KAmolov tpomo oe dtapopeg ouotadeg. ‘Oca Sedopeva Sev avrkouv oe KAIowa
ouotada 1) Snuioupyouv pia ouotada pe eAdXiota otolXela pe XapnAr) mukvotnta
HaKpla ammd To KevTpo Ttng ouotadag Bewpouvtar akpaieg tipeg. O CBLOF
XPNOIOIIOLEL TO AIIOTEALONA TETOLRV AAYopiOueV yia Tnv eUpeorn avEOUAALV, O 10
onuo@lAng eivar o k-means (ouvnBwe n moAumAokotnta tou adyopibpou CBLOF
vmodoyietal kovtd oe O(n?) xat e§aptatatl amd tov adyopiBpo cuotabomoinong). O
adyopiBpog xepidel Tig ouotddeg oe peydAeg Kar HUKPEC KAl €IIe1Ta UITOAOYidel To
score tou CBLOF yua x&Oe onpeio mou mpoxrvmtel amd to péyebog tng ocuotddag
otnv omoia Bpioketal eIl TNV amooTaon Tou oNpeiou armo TNV mo KOVTLVI] Peyadn
ouotada Kal e6® mPoKUMITEL £va 0plo mou av emepaotel Oa OewpnBel n eetadopevn
T O aVORaAia.
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(mapaderypa vmodoyropou CBLOF, ewkova amo [12])

Telog umapxer GAAn pia mpooeyylon mmou 6ev AapBaver vmmowv to peyebog tng
ouotadag otav umodoyiler to score tou CBLOF (unweighted-CBLOF) yati oe
KAIIoleg IIEPLUIITOOELS OIMKE O0TO IIAPAdELypla MOPAKAT® emnpeddel opviTikd Tta
arotedeopata o pkpeg ouvotadeg. Eotw otL exoupe 6Uo ouotadeg mpog eSetaon n
pla elval apKetd Mo HaKPLd OUYKPUTLKA pe Tnv dAAn amdda emewdn n Sevtepn
Bploketal Kovtd oe peydAn ovotada moAdamAaoiadetal pe 1o peyebog g Kal £tol
to score tou CBLOF &ivel un emBupntd amoteAéopata.

-3..'0 - -d ®

(aprotepd mapaderypa CBLOF kau edid unweighted CBLOF | exkova aro
[12))

(Yomokepdadaro 5.3 K-NEAREST-NEIGHBORS)

K -NEAREST-NEIGHBORS

Eivar évag xapartnpliotikog alyopifpog avixveuong KaBoAkov aveopadiov(13]
(global anomaly). Aetvtoupyel Swadéyovrtag éva K apibpd xoviivotepwv yertovev
evog onueiou kai efetadel Xoplka Baon tng amdotaong, pe Tov PEso 0p0 TV
AII00TACE®WV TOU onuelou mpog OAoug TOUg yeltoveg tou. Autog o peoog 6pog
uvmoloyidetal yia kaBe onpeio tou ouvolou Gedopévou kKar ov peyadutepol pEcoL
OpPOLl AIOOTACEWV ONeleV IoU {emepvouv KAIOL0 0p1o mou opidoupe Benpouvtal wg
akpaia onpeia. H amoéotaon pmopel va umoloylotel pe Siagopoug TpodImoug, 1 IIo
yvootn eilvalr n eukAeibeira amoéotaon odAd upmopel va  Xprnovporounfei kau
mahalanobis distance mou eivair woxuprn oe 6eGopéva moAAwv S1a0TACE®V 1) KAl
manhattan distance oe ouykekpluéveg mepurtwoelg. Exer oXeTikda PIKpOTepn
moAumlokotnta pe  GAAoug adyopiBpoug avixveuong aveopaduwv, Oonldadn
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peyadvtepn taxutnta. H GuokoAia eivar va Bpebel katdAAndo apiBpod K wote va
eival amotedeopnatikog, 600 peyadutepo to K tooo mo apydg yivetal o adyopiBpog
a@ou UIoAoyidel meplLoodtepeg AmooTAoelg Yeltovikav onpeiov. TTdAL éneog xav oe
KAroloug mmponyoupevoug adyopiBpoug eival dtiokodo va Bpoupe to Bedtioto K kau
B¢Aer kamoleg Gokipeg wote va amogaociooupe. Av to K exelr peyddeg tipeg tote
vmapxel peyoAutepn akpiBela otov S1aXwplopd Kavovikng Kal akpatiag tuung aAAd
elvalr mo xpovoBopo, av to K éxer pmikpn tun éxer xapnAotepn arpibeia Kau
pmopel va dwoel AdBog armotedeopata. Emiong Sev xpevaletar va yvepidet tnv
KATAVOLI] Yo va Kavel IpoBALyelg Kal va evToImioel akpaieg Tieg, 0 S1axX®wpiopog
yivetal povo Xoplkd BAon tev amootdoeav.

Y-axis

A
Category A @
Category B @&
K=5
Outliers
® o P &
. .
® O =4 ® b4
e o ® o e
L=
e © e o ©¢
& e @
e © - -
& * .. .. New Data Point
-
& g @
e o *

X-axis

(mapdaderypa Aevtoupyiag knn, eukova amo [20]))

(Ymokrepdadaiwo 5.4 Isolation Forest)

Isolation Forest

Eivar évag adyopiBpog mou yia va emitUuxer Ty aviXveuon avouoAiov
Baoiletar [14]oe pebodo model-based aAAd xkarv graph-based. H xupia Svagopd pe
Toug umoAouroug adyopiBpoug tetolou eiboug eival 0Tl eve or aAdotl pabaivouv meg
elval ) Kavovikr Tupr Kat Baon autrng Staxepidouv Tig arpaleg Tieg, KATL TO OI0L0
Oev elval 1 BEATLOTY) TAKTIKY a@ou e£eidikevovTal 0To va @TIASouv eva mpo@id yia
TIC KAVOVIKEC TUHEC, AAAd OX1 0TO VA aviXveUuouVv TI¢ akpdieg, KATL IIOU ToUg KAVEL
Ayotepo amotedeopatikoug. Tédog, ameuBuvovtar oe ouvola Gedopevav pe Alyeg
dlaotaoelg Kal pikpo mAnbog Aoyw tng peydAng moAuImAokotnTag Toug Imou eV toug
KAVEL £QUPPO0LI0UG IPAKTIKA 0g dAAa mo ouvBeta ouvola Sedopevov. To Isolation
Forest AUver autd ta mpoBAnpata puag kai eivatl evag aAyoplOpog mou armopovevel
TG aKpaieg TUIeg Kal elval 1Kavog va xevpidetar peyada ouvoda Oedopevev pe
MOAAN XAPAKTNPLOTIKA £X0ovTag XapnAr moAumlokotnta (mepimou O(n)) oUyKpLtika
pe aAdloug model-based aAyopiBpoug. O Adyog tng XOpnAng IOAUIIAOKOTHTOC
opetdetal oto 0Tl Sev Xpnovporolel pebodoug density-based 1 distance-based mou
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pmopel va  elvalr kootoBopeg yla va emrtuXel Tty  avixveuorn. Autd mou
ekpetaAAevetal Kal XpnoLpoIIolel 0TnV aviXveuo! TV aVOUOALOV eival U0 Kupia
XOPAKTNPLOTIKA TETOL®V TLUMV, €1val oAU Alyd OUYKPUTIKA HE TLE KAVOVIKES TIIES
og €va OUVOAO Kal Swa@epouv apkKetd amd TLg UMOAOUIES TLUES TOU GUVOAOU.
Aflomolmvtag autd Ta XAPAKTNPLOTIKA 0 aAyopldpog ammopovevel ta otolXela tou
OuVOAOU avamaplotovtag ta oe  Oevlpikn Sour. Bdaon 6dowv  avagepape
IIPONYOUHEVRE Ol akpaieg tipeg Ba eival mo eukolo va amopovabouv, 6ndadn Sev
Ba xpevadovtar apretol Swaxwpiopol ota Oedopéva omdte ov akpaieg tTipeg Ba
Bplokovtal kovtd otnv pia xkabe devrpou. Or kavovikeg Ttupeg mou Oa €Xouv oAU
peyadutepo pnkog Gradpopng oto 6£vTpo. LTV MAPAKAT® £LKOVA QALVETAL IT000
€UKO0AO e£lval va armopovedel pia Kavovikn tiprn (aplotepd) Kal yla pia akpaia Tuar
(6e€14) KoL mooo eivar To pnkog g S1adpourg Tou 8evTpou Amouoveong yia Kabe
onpeio avtiototxa. To 6évipo mou kataokeuadetal yia va amopovebel n akpaia
TLUn Katd peco opo (érmevta amod mapayayn 1000 evopwv) exel prkog dvadpourng 4
eVe 1N Kavovikn 12 xai avtidapBavopaote 0t to prkog Svabpourng tou 6&vipou
wooutal pe tov aplfpd tev Sraxwplopev mou Xperalovtal oote va amopoveodet
AT P®OS VA ONUIELO Ao TO UHIOAOLIO OUVOAO OTOV X®OPO.

s i

Xy
. X o
(a) Isolating o, (b)) Isolating ar
e K
-.\-"‘-\-_H_\_H-\- .-.rrr
=
k=
o
=1
=
B o
iy o - e s T _.'1"(_1
P—
T T T T T T T
1 5 10 SO 100 SO0 1000
N O e (o Soaber)
(tpomog Aevtoupyiag isolation forest, etkova amo [14] )
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'Exovtag efnynoetl tv kavel to iforest Ba efnyrjoovpe mmog emtuyxavetal auto
péow TV isolation trees. EmAéyovtag pia umoopdSa tou ouvodou Sebopévov
apxidoupe Kal ta Xwpidoupe Sradeyovtag aubaipeta XapaKTnPloTIKA TOU GUVOAOU
O0eopévou pe pia CUYKEKPLUEVT) TLUIN oav 0plo yia tov Sraxeplopd. Kabe xopbog
propel va exel pexpl 6o ‘mardid’ SnAadn Suadiko Sevrpo. O Sraxwpiopog kabe
KOpBou emavodapBavetar pexpl To UNKog Tou devTpou va @Tdcel £va 0plo IIoU
g¢xoupe B¢oel, peivel POVO pia eyypa@r) amo Tnv UIIoopdda 1) OAeg ol eyYypa@Qeg oTnv
vmoopdba exouv Tig 10lteg Tipeg. Emerta yua kdBe eyypagn petpape 1moécou
Sraxwplopol eywvav yua va amopoveBel amod tnv vmoopdda tng 11 aAAL)¢ To  PnKog
tou 1isolation tree. Meta taivopoupe kAOe eyypagn avdloyda To HUNKOE TOU
isolation tree to omoio Ba eivar to okop Tou aAyopiBpou (h(x)) yia to mOGO
Bewpeitar avopadia, ov akpaieg Tipeg Ba £xouv ta xapnlotepa punkn. Exoupe to
peoo pnkog OAwv twv Sévipev mou oupBodidetar wg E(h(x)) opwg yua va
UIIOAOYL0TEL TO P00 UNKOE MPEIel va Kavovikomolnooupe ta h(x)) oote va eival
L0 OUYKPLOLPa Ylatli KAmola £0T® KAl av eivalr Alya pmopel va eXouv peyddeg
TLHEG.

Aaveidetar pia pebobo Kavovikomoinong amoé ta Suadika devipa

L c(n)=2H(n—1)— (2(n — 1)/n),
Kal TO 0KOP Yd TNV AVOPAALN IPOKUIITEL AII0 TOV IAPAKATE TUIIO.

2.

E(h{z})

s(z,n) =2" "

Bdon tou timou, av to S teivel to 1 tote olyoupa eival aveopadia, av eival
pukpoOTepPo tou 0,5 tote Bewpeital KAVOVIKI] TLHI), oV Ol TUIEG arIo to Oeilypa eivau
oAeg Kovtd oto 0,5 tote pmopel va BewpnOel oTL To Seiypa Sev exel KAmola akpaia

.

26

Institutional Repository - Library & Information Centre - University of Thessaly
04/09/2026 15:20:53 EEST - 216.73.216.250



(Yomokepdadaro 5.5 ONE-CLASS SUPPORT VECTOR
MACHINES (OCSVM))

Baoidetar otnv peBobo SVM xaiv pmopei va exelr 6Uo Orapopetireg
[15]Aettoupyieg eite regression eite Katnyoplromoinon ue emiBAewn (supervised
classification) adyopiBpou. Avaxwpidet Oivagopetikd OeGopeva petafy  toug
Bplokovtag eva 6p1o 1] ‘ypapprn ®OTEe va PeYLOTOIOoLeElL TNV amootact) petaily tov 6Uo
opabeV X®PLKA KAl va eival 000 To SUVaTOV M0 HAaKPLd YIVETAL A0 TO KOVTLVOTEPO
onpeto xaBe opddag. Xe mepimtwoon mou ta dedopéva 6ev pmopouv va Slaxwplotouy
ypappika to SVM éxeur Bper evav tpomo Kernel method wote va avarapiota ta
Oebopéva oe meplLoodtepeg Sraotdoelg Kavovtag Imo eUKoAo va Staxwmpiotouv Me
autov tov £durvo tpomo Kavel to SVM  1oxupd otov S1axmplopod SUOKoAGV potiBov
oebopevov. O adyopBpog mou Oa aocxoAnboupe 6nAadn o ONE-CLASS
SUPPORT VECTOR MACHINES (OCSVM) mou eivatr pia mapaddayr Ttou
SVM mou Xpnoivpormoleitalr opwg yia Stagopetikd okommd. Avti va draxwpidelr ta
Oebopéva Sragopetik®v onddwv petaly TOug, 0 OKOIOE TOU £lval vd avixveuel
axpaieg tvpeg. Eivar adyopiBpog unsupervised learning xkauv xpnovpomnoet kernel-
based classifier omog oto SVM  yua va {exwpiloer Tig 6Uo opadeg pe éva opuo.
Ztnv avixveuon axpail®v TUpev 11 pla opada eival ol KavoViKeg Tipeg Kal 00a
onpela Sev tarprddouv otnv opdba Bewpouvrtar arpaieg Tipeg. Yidpxouv Suo
pooeyyioelg otnv oproBetnon petaly tev onueiov. H mpotn cav opro £xev
OPALPLKO OXIHaA Kol meptkAeiel tnv mAetownela tov 6e6opévev ‘Kavovikd Kol 0Tl
Bploketal efwtepika eival akpaia tuprn. 'Exelr pia mapapetpo mou kabopidel to
peyeBog tou KUKAoU mou mmepikAeiel ta deGopéva, 600 Mo peydAo tooo mepLocoTepeg
axpaieg Tipég Ba opadomoinBouv padi pe ta kavovika dedopeva. H Seutepn to 6plo
to O¢ter ypapmikd oav pra eubela petall TOV OnUelOV KAl TNg apXne Tov
OUVTETAYPEVROV TIOU OlaXwpidel €va HEpo¢ TRV OVOUOALOV 18 Td UIOAOUIA
Oebopéva. H moAumlorotnta tou adyopibpou dev eivar yvwortr) pe axpibeia kabog
UIIAPXOUV O1A(Oopol mapAPeTpol avAaloyd J1e TV IEPLIITOOT) OIIKOE Ol S100TACELE TOV
Oebopévev 1 1 pébodog mou Oa XPNOLPOIOUICOUNE, YEVIKA eival evag apyog
adyopiBpog.
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(Ymoxkegpalaro 5.6 Empirical Cumulative Distribution
Functions (ECOD)

Empirical Cumulative Distribution Functions (ECOD)

O aAyopiBpog mou Oa avaducoupe Empirical Cumulative Distribution
Functions [16] (ECOD) OnuwupynObnke AapBavovtag vmowly KAmola
XAPAKTNPLOTIKA, SUoKoAleg Kal abuvapieg dAAwv aAyopiBuwv. Ov meprocdtepol
adyoprBpuor xpevadovtar va BpeBouv ol xatadAnAeg Tipeg yiua tig petabBAnteg toug
Kat 1) emiboon Toug Kpivetal apkeTtd amd autd, KATL mou ev eival eUKoAo Kal B¢Aer
apreteg OOKLHEC omote KAl XpOvo otnv ekteAdeon toug. AAyopiBpor  eupeong
avOUOALOV BAOn TOV XAPAKTNPLOTIKG®V TOUC KOl TRV TPOIKOV AELTOUpYylag Ttoug
avipetonidouv  OUOKOAleg oOe OUYKeKpLuéva ouvoda Oedopeveov  Omeg  yia
mapdbevypa  autol mou akolouBouv peBodoug mukvotntag (density -based). Ou
OUYKERPLUEVOL aAyoprOpol 11 Kar adyopiBpol mou umodoyi{ouv amootaoelg Otav
peyadover o apiBpog twv Sraotdoswv (curse of dimensionality) Kai cuvenmng tnv
avénon tev Sebopévev ylvovtalr mio KootoBopol XPOVIKA KAl UIIOAOYLOTIKG Kdau
xXavouv tnv akpiBeia toug. O ECOD ekpetaddeuopevog ta XOPAKTIPLOTIKA TGOV
AKPAIOV TIPOV ota ouvola Oedopévev, GnAadn OtL eivar omavia @awvopeva Kat
autda Ba BpeBouv KuUplwg ota GKpa TV Katavouev. Omeg yia mapddeiypa tnv
KAVOVIKY Katavopr] Onladn otig Tpelg TUMUKES amokAioslg Kaiu peta Oa
IIePLIEVOULLE VA BPLOKOVTAL T OIIAVLA GALVOREVA KAl 0L AVOHAALeg.

0.3 04

0.2

34.1% 34.1%

0.1

0.0

(mapddetypa KavovikIg KATavoung, etkova amo [17])
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H mpooeyylon amd tov adyopiBpo dev yivetal emevta armd umobeon OtL T
ouvolo Oebopévev akodouBel xkavovikn xkatavopr. Otav umdpxouv moAdd
XOPAKTNPLOTIKA oTa 6edopeva Kat Kavouv 6UokoAo tov umodoyiopo tou ECOD yua
va To avtipeterioel ummodoyidel yia kafe didotaon {eXxwplota Kal OX1 yia To 0UVOAO
O0ebopevov ouvoAlka Xai emevta yiua va Bper éva ouvoAliko outlier score
moAAamAaolader to KaBe okop amd kabe Sidotaon Bewpovtag 0tL o Sraotdoeilg dev
eival efaptnuéveg petady toug (KAt mou dev oxuel Iavta ota cUVoAad SeSopevav).
Telog, yva va umoloyioer tnv mBavotnta Katd moOco pia Tipn eivat akpaia,
vmodoyidel yiua kaBe Siaotaon tou ouvolou Sedopevev Tig Mo aplotepeg Kal oedieg
TUHEG TUHIEG OTNV ‘0UPA’ TNG KATAVOUNS KAl PE0® AUTOV UITOPEL VA O1amloTRoel ma
T Bewpeitar akpaia. Emerta yia kabe otoixelo tou ouvolou yia kKaBe diaotaon
ouvaBpoidel tig mBavoTnTES TOV APLOTEPROV KAl 6210V TLHOV Yia va IPoKUWeL £va
okop ywa autnv to otorxeio. ‘Oco peyaAvutepo eivar to 0Kop TOOO peyaAuTepn 1
mBavotnta va eivar akpaia tipn. Me évav £€umvo tpomo o adyopiBpog yia kdbe
o1aotaon Gradeyel eite tnv aplotepr] eite tnv 6eid akpaia mBavotnta avddoya pe
TNV KUPTOTITA TNE KATAVOUNG TV O6edopevav kal Gev Stadeyer aubaipeta, pe
aIroteAeopa va eival o armoteAeopaTtiKog KAl Mo YpIyopog armd to va Sradéyoupe
Kat ta 600 yra kaOe didotaon.

v Mol it ¥ hormal it & Mermal it v Nomd ' ¥ Mormal
¥ Ouller e, i Oufler Lel i Cullr i # Qutler L, i Ouller L,

(a) Ground fruth (b) Lefttail (c) Right tal (d) Avgoftwotals  (¢) Skewness corected

(mapdderypa vmmoAoyiopou KaOe Gudotaong avdloya pe tnv aplotepn) 1) 6edia
KupTtdTHTA TN Katavoung tev dedopévev amd tov ECOD, sikova amo [16])

KAeivovtag ouvpmepaivoupe 6TL 0 mapamdve adyoplbpog av Kat amdog Kau
eukolog otnv ektedeon. Eivar apketd armotedeopatikog KAl - YPHYOpPOg
(moAumlokotnta (O(nd) 6mmou n ap1Bpog otorxeiwv Kar d apiBpog draotacewv) apou
Oev xpevadetar BeAdtiotomoinon oTLg IMOPAPETPOUG TOU KAl Yid TNV €UPECH TGOV
avopaAiev 6ev xperalovtal KootoBopol ummoAoylopol 0neg ava@epbnrav otnv apXn
e mapaypagou. Bdon 0Awv 000V avagepbnkav mpoxumtel OTL eival pua Kadn
emAoyn yua ouvBeta Katl peydAa ouvola Sedopevav e moAAeg S1a0tdoelg.
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(Yrmokedahato 5.7 Histogram-based Outlier Score (HBQOS))

Histogram-based Outlier Score (HBOS)

Eivar évag aAyopiBpog mou akodouBel otatiotiky peBodo yia tnv
avixveuon axpaiov[18] tipov. Eivalr ypnyopog Kai pe XapnAr mOAUITIAOKOTHTA
apa Kol katadAndog ywa peydda ouvoda SeGopévov. Xerpidetalr povodiaotata ta
Oebopéva (xoplg va Bewpel 0TL cuoxetidovtar petaly Toug, KATL mOU 02 KAIoud
ouvoAa debopevav Oev 1oXUeL 1 arrotédeopa va Xavetar minpogopia). 'a kabe eva
XOPAKTNPLOTIKO @Tuaxver eva ‘KadaBv (otoypappa) Sexwprotd. Mrmopel va
XepLotel Kal Katnyoplkd dedopeva  yia KaBe XopakTnploTIKO PETPOVTAS 1000
ouxva epgavidetal 1 Kabe pa ammd Tig opdadeg Tou XapPAKTNPLOTIKOU, OnAadn tnv
ouxvotnta tng. Otav ta XaparTnplotika tev dedopusveov eivar aplBuntikd tote
vndpxouv 6uUo tpomol otnv Aervtoupyia tou HBOS eite to ‘RKaAdOV va eival
OUYKeRpLpEvVou peyeBoug eite petaBAntou. O mpwtog tpomog £xel evav aplbpo
‘KadaBwwv’ ioou peyeboug (m.X. eupog apbuanv 0-15,16-30 K.0.K.) Kal 11 ouxvotnta
TV aplBpmv mou mnyaivel oe kaBe ‘Kaddbv pag Siver to teAiko peyeBog tou kadou.
O Sevtepog Tpomog Ttaivopel ta otorxeia og auvouoa oelpd Kav draipel tov aplbuo
TOV 0TOLXELOV IIpog ToV apldnod tov ‘Kadabuwv’ mou B&doupe va ¢xoupe, £tol Kabe
’KaddBbv Ba exer 100mmooo apiBpod otovxeiov. Me autdv tov tpodmo ta ‘KaAabia' 1mou
£xouv peyadutepo eUpog¢ Tpuev Ba pmopouv va BeepnBouv wg onpela Xapning
murvotntag. Eav umapxouv apretég 10veg Tipée mou aplbuog Ttoug eival
peyadutepog amd tov aplfpd tov 'Kadabiwv' tote 0to ouyKeKpipevo ‘Kaddabi mou
Ba exxopnbouv ta otovxeia Ba emtpénetatl va tomobetnbouv mmeprocoTEpa oTOLXELA
®ote va avturpooerneutiko. Ov 6Uo pebobor umdapxouv yia va XeploTouv
Olapopetikeg Katavopeg ota d6ebopéva av ILX. UIapXouv peyddeg Sivagopeg otig
TLUEG TOV OTOLXEIOV TOTE 0 6eUTeEPOg TPOIOG eival Imo armotedeopatikog. Emeldn oe
oUvoAa Gedopevev or  arpaieg Tipeg ouvOwg Sta@épouv mMOAU amod TIE KAVOVIKEC
OUVI0TATAL VA XPNOLHomoleital 0 8eUTepog TPOIOog. Le IEPUITOON IIOU 1) KATAVOLL)
Oev elval yvwot] kau eivar 6uokoAo va Bpebel évag apiBuog yua ta 'kadabva’ pua
KaAn Avon eival va Xpnoiupomotoupe ¢ aplfpd ‘kadabiwwv’ tnv pida tou apiBpou
Tou ouvolou Oebopevev. 'Emevta yua omovovonmote amd TOUg TEOIOUE IIOU
XPNOLIOIOLOUHE  @TLAXVOULE &va 10Ttoypappa yia Kabe XopaKTnploTtuko Tou
ouvodou 6edopevav mou Seixvel yua kabe ‘KaAddr’ tov apiBpo tev Sedopevev 1mou
umapxouv(Uwog), KAavovikomoloUpe to KaBe ‘kaddbl oote oto 10TOYpAppA IIOU
avnkel n kabe Sraotaon va exel tnv i6ua Baputnta otov umodoylopo kar to HBOS
KGOe otorxeiou ummodoyidetal arrd tov MOAAAIAACLAORO TOU AVTLOTPOMPOU KAACIATOS
TOU KAVOVLIKOIIOUIEVOU UPOoUC TRV LOTOYPAUIIIATOV 0TO OO0 avhkel petady toug.
Télog 600 peyaAutepo eival To oKop evog onpeilou tooo mo mbavo eival autd va
elval agpaia tur).
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(YmokegpdAdairo 5.8 Angle-based Outlier Detection (ABOD))

O ABOD yuw va evtomioer Tig akpaieg tipeg urmodoyider yla kdBe onpeto
1m00o[19] peyddo eivai to @aopa tng yoviag Tou KAl TO OUYKPLvEl Pe TV GAAGV
onpelev, 600 PKPOTEPO £Lval CUYKPLTIKA [e Ta UIOAOLUIA TOOO0 IIo mbavov eival
va eivar akpaia tiur. H ouykekpipévn peBobog 6ev emmpeddetatl toOoo mOAU arod
Tig moAA£g OlaoTAcelg OTOV XWPOo Omwg I.X. ol pebobor mou Baoilovtar otnv
amooTaon KAl £Tol TNV Kabiotd €vav amotedeopatiko adyopiBpo yiva tnv euvpeon
avopodiev  oe  Oebopéva  moAdov  Sraotdoswv. Aoyo ouwg  Ttng  peyding
molumdokotntag mou exXelt o aAyopiBpog O(dn3) omou d  apiBpodg TV
XOPOKTPLOTIKOV TOU OUVOAOU Oebopévv Kar n o aplBpog TV OoToLXeinv,
onuoupynOnkav mapaddayeg tou alyopibpou yiua va peiwoel Tov Xpovo eKTEAeong
OOTE va elval AeLToUpYLKO¢ Kat yia peydda ouvola 8e6opévev MoAAOV 5100TaoemV.
Amo autég n pila mapaAAayn) HOU eOUTUYXAVEL TV HUUKPOTEPI ITOAUIIAOKOTITA
oxedov ypappikn O(n log n(d + log n)) émou d apiBpog Twv XapaKTNPLOTIKGOV TOU
ouvoAou Gedopevev Kalt n o aplBpog Tov oTorXeiwy.

1.5¢

] | Ll lri Hﬂ

0.5 |
® [ ] L I\ I} 1
e o @ 0 ] [ B
]
L] 0.5
i . LR

® L ™ ! Outlier

15} Border point
Inner point

(ummodoywonog tng Staxupavong g yoviag yra kabe onpeto, etkova amo [19])

v elkOva mopdrndve @aivetal me¢ Asttoupyel o aAyopiOpogAmo pua
vmoopdba otorxeiwv armd to ouvolo efetaloupe tnv yovia kabe otoixeiou Kal v
ouykpivoupe pe tig aAdeg. Ta otovxeia pe peyadn GSuwaxkvpavon Beswpouvtal
KAVOVIKEG TIPEG VR 00A €X0UV MUKPT akpaieg. OmTiKdA yivetdal o Katavontd 0o
auto. Eival Adoyikd ta otoirxela mou Bplokovtal og meploxeg pe UWnAL IIUKVOTHTA
IIEPLTPLYUPLOPEVA arod dAAa otoixela oav ouotdadeg va exouv peydAn Swakvpavor).
O yovieg 6nAadn petady toug etval oe moAAd onueia apa Ba ¢xouv peyddn Svapopd
petaly toug agou Ba £xouv onueta mpog moAAeg Kateubuvoelg eve oL akpaieg tiueg
IIOU £ival amopaKpuopeveg armd Tig umoloureg Tipeg to avtibeto. Autd mou
meplypawape eivar 1 mapaddayr) Ttou aldyopibpou mou exer XapunAotepn
oAUIAOKOTHTA AII6 TNV apXUKI mou ntav KuBiki. Ymoloyider yia kaBe onpeio to
@Aopa TNG YOViag amod To oUVNPLTovo Tng emnpeddOPeEVo amd TNV armootaon KAt
mou nNtav e{alpetikd KootoBopo kKair &ev 1ntav TOo0 damoteAeopaTikO 000
avéavovrouoav ol Olaotdoelrg Tou ouvolou OeGopevev. H  mapoddayn tou
adyopiBpou xkaiv eivar mo ypryopn kair Oev xpevddetar Bedtiotomoinon otig
IIAPAPETPOUg a@oU 8ev Xperadetal KATIold OTOV UITOAOYLOPO KATL IOU €Lval oAU
XPNOo e101KA o2 mepurtooelg e 1ebodo xwpig emiBAewn mou eivalr SUokolo va
BpeBouv o1 BéATioTeg TApARETPOL.
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(Yomoxkepalaro 5.9 LONG SHORT-TERM MEMORY
AUTO ENCODER)

LONG SHORT-TERM MEMORY AUTOENCODER

To Long Short-Term Memory (LSTM) eivar mo efedirypévo povtelo mou
Baoiotnke [24] oto Recurrent Neural Networks (RNN). AnproupynOnke oote va
S1o0pBnoer to mpoBAnpa vanishing/exploding gradient mou mpoxurtel tnv dtdprela
TG exkmaideuong Ttou veupwvikou OGuktuou. Kupuotepa opmg Katr £u6ikd yia Tto
mapdberypa  pag  yuwa TV amoBnkeuon KAl avAKTNOn  IANPOQOPLOV  TOOO
naxporpdBeopa 600 kal BpaxvmpodBeopa. Xe avtibeon pe to RNN mou eixe thv
Kavotnta amobnkeuong pvipng povo yiwa cuvtopo Xpoviko oivaotnua. To LSTM
gival moAU ITL0 AMOTEAEOUATIKO OTNV AVAAUOT XPOVOOLLpMV a@oU £Lval LKavO va va
Kpatdel Tnv MmANpPo@opia Twv IIponyouuevev otolXelwv Kol £tol va Byouv
oupmepAcuaTA 106 TS  aAAnAooxuoxétiong petaiy Toug 000 HAKPLd KAl av
Bplokovtalr Xpovikd. Autd emtuyxavetar Peo® plag mo ouvBetng Soprng mou
QIIoTeALiTAL TO CUYKEKPLIEVO VEUPWVIKO 01KTUOo Katl Oa avaAnBel mapardte. va va
amlonownBel 1 avaduor Tou veupavikou Suktuou Ba to Xwplooune oe 6U0 pepn Tto
npwto eival to LSTM xau to 8eUtepo to encoder-decoder.

AOMH LSTM

Apxird oto LSTM umndapxer to cell state to omoio Giatnpei tnv mAnpogopia
armd ta mponyoupeva otovxeia 6nAadn (long-term memory). To previous hidden
state mou Guatnpel THV mMANpPo@opia armd To apuLorg mponyoupevo otovxeio (short-
term memory). Tnv eicobo mou eivar ywa KaBe otoixeilo mou efetadetar Tthnv
OUYKERPLIEVT] XPOVIKN otiyur). Emiong yua tov €Aeyxo tov mAnpo@opiev, 6niadn
moleg eival xpnouueg xatr Ba Sratnpouvtal Kai moleg 0Xl, UIIAPXOUV TPelg ‘TuAec.
Kda&be pia Ba eAéyxer tnv mAnpogopia mou petagepetar peoa oto LSTM.

H mpaotn eival n forget gate mou oav ei008o 6&xetar  To oToLXeio mou eivau
otnv £10080 ekelv TNV XPOVIKI] OTLylr] Kal to previous hidden state. Ta mepvaer
0e €va veup®viKo SLKTuo To omoio Xpnoipomolel otypoetdn (sigmoid) ouvdaptnon
evepyoroinong (activation function). H ouvdaptnon evepyomoinong 6&xetar oav
e10060 pia petaBAnth tou afova X Kai mapayer pia Tupan otov afova y. Ltnv
olypoeldn] ouvaptnon n tuar mou Ba mapdyetar Ba exer eupog amd 0 ewg 1. Me
auToOV ToV TPOIOo eetddel av 1 mAnpo@opia mmou dextnke oav £ioodo eivar Xpnovun
Kal Iapayet Tiieg Kovod oto 1 adAiwe tipég kovtd oto 0 xau tig moAAamdaoiader pe
to hidden state (short-term memory) £tou mpoxurtel mowa ‘pépn’ mAnpogopiag amod
to cell state 6nAadn tnv long-term memory Oa StatnpnBouv.

H 8eutepn eivar n input gate raver §Uo Aevtoupyieg. Aéxetar to previous
hidden state kau to otoixeio mou £ival oty €10060 €KELVI TNV XPOVLIKI] OTLYHI] KAl
ta ouviuadelr moddamdaoiadovtag Tig TIpeg armo ta Bapn (weights) mou kaBopidouv
tnv BapuTtnta Tou KABe XAPAKTNELOTIKOU 0 Jia  OUVAPTHON £VEePYOIIoinong
(activation function) tnv Aettoupyla Ttng omoiag eSnynoaue oTtnv IIPONyoulevh
IAPAYPA@o ONI®E 1) OUYKEKPLUEVY) 1 tanh mapdyel tipgg amd -1 e¢o¢ 1 xarv n tipn
npootifetar pe eva  “bias” mou Xpnoipevel OTnV HETATOILON TG OUVAPTNONG
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evepyoroinong (activation function). Av 1n tedlikn Tipn eivalr apviTuky Tote
pewwvetal 1 emidpaon tou otovxeiou oto cell state adAiwg to avtiBeto. H Sevtepn
Aevtoupyla eival mapopola pe tou forget gate xpnolpomolwvrtag tTnv i61a ouvaptnon
evepyoroinong (otypoeldn mou divel amotedeopata amd 0 eng 1) mepvovtag Opwg
g Tipeg moAAdamdaoiadovtag tig pe weights xai mpooBetovtag To amotédeopa tng
olypoelboug pe bias. 'Etol av eival xpnoipn n mAnpogopia Ba £xer tuprn Kovtd oto 1
addiwg oto 0. Telog ov 2 Tpeg IMOU IPOKUMTOUV AII0 TLS AevToupyieg
moAAamAaoiadovtal petadu toug Kau mpootifevtal oto cell state dnAadn long-term
memory tou LSTM. Me Alya Adywa to input gate amogaocider av n kaivoupila
ITANPO@OPLA £Lval XP1 O Kol OO0 Ao autnyv mpemet va ratnpnOet.

H Tpitn n output gate madr mepvaer to previous hidden state kau to otorxeio
mou eivalr oty  el0060 eKelvn TV XPOVIKI] OTLypny Kar ta  ouvouadel
rmoAAamdaoiadovtag Tig Tipeg amo ta Bapn (weights) mou kabopilouv tnv Baputnta
ToU KGOe Xapaxrtnplotikou og pia ovypoedn (mou divel amotedeopata amd 0 g 1)
ouvaptnon evepyomoinong (activation function) xkar oto amotedeopa TG
ouvaptnong mpootifetar €va bias. Emiong mepvaer to cell state (long-term
memory) péoa amd pia ouvdaptnon evepyoroinong tanh (mmou mapdyel tipeg amo -1
¢ag 1). Tedog o1 600 TLHEG TTOU TIPOKUIITOUV AIId TOUG UIIOAOYLopoUg, dnAadn n tuun
arrd Tov IPWTO UMOAOYLOUO Kal To Kawvouplo cell state moddamlaocvalovtar petady
TOUC KAl 1] Tuun Ttoug Srapopeovel to Kawvouplo hidden state. Me Alya Adyua to
output gate umoAoyidel to Kaitvouptlo hidden state mou Ba eival to previous hidden
state 0to emoEevo aToLXelo Tng Xpovooelpdg Kat aAAader tnv tiun tou cell state mou
Ba eival to previous cell state oto emopevo otoirxelo thng Xpovooeipag. OtL exoupe
meplypawelr pexplt otwypng Ba emavaAneBdei pexplr to teleutalo otouxeio UIo
e&étaon amd to LSTM.

H swkova mapaxkdte avamaprotd tnv doprn evog LSTM, oti 6nladn mepirypdwape
IIPONYOUNEVRC.

GForget Gate Output Gate
[l A
;- (Previous Ci(New Cell
Cell State) State)
H,_,(Previous _—
Hidden State) H,(New
Ly Hidden State)
X (Input Data)

alnput Gate

(6opn) LSTM, ewkova amo [24])
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AOMH AUTOENCODER

Eival éva veupwvird 6ixtuo mou Baoidetar otnv pébodo pn emBAemopevng
pabnong. 'Exev tpeiwg @aocelg otnv Aevtoupyia tou. H mpotn mou eivar n
kKoOwkomoinon mepvdaer ta Oedopeva 02 avamapdotaon ALYOTEPWV  OLA0TACERDV
moAAamAaoladovtag Kabe otoixeio pe Bapn, mepvovtag To peoa amo pia ouvaptnon
gvepyorioinong Kav tedog mpooBetoviag eva bias otnv tipn. Emevta yivetal n
AIIOK®OLKOIIOINoN mmaipvovtag Ta ototxXeia mou mapaxtnkav amo tnv KoS1KoIoinon
KAl IIEPVOVTAE TA a@ou Tta £Xouv moddamlaoidost pe dAAa Bapu (oe oxeon pe tou
K®OTKOIIOUT)) og pila ouvaptnon evepyoroinong Kai mpooBetovtag eva
Sra@opeTiko bias (oe oxeon pe tou KwOKormoutr) otnv tipn. Tedog otnv Tpitn
@A0N PE0® Plag OUVAPTNONG mMou urmodoyidel tnv dta@opd tou input, dnAadn tewv
MIPAYHATIKQV OTOLXelwV pe ta otovxela mou mapaxOnkav amd tov decoder otnv
Oevutepn @aon. O oxkomodg to autoencoder eivar va €AAXLOTOIOWOEL QUTHV TNV
Olagopa tng ouvaptnong. Baon autng tng Gagopdg maipvetar n amo@acn yia tnv
avixXveuorn avopoAlov oTnv Xpovooelpd.

o Encoding e Decoding
A A
I v I

Bottleneck i
Layer

\

\

9-0006
7-09
586

@8

38086

/@

Input Layer Output Layer
\ )

e Reconstruvction Loss
(6opry AUTOENCODER, ewkova amo [24])
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AEITOYPI'TA KATI AOMH LSTM AUTOENCODER

'Exovtag e&nynoetl tnv Aevtoupyia tou LSTM kar tou AUTOENCODER
Ba efnynooupe mwg o ouvbuaopog toug odnyel oTnv AerToUpyld TOU TEALKOU
mpoypappatog, 6niadn Tnv avixveuon aveUAAL®V 0g XPOvVooelpeg PE0® TV OU0
Otabikaolmv mou efnynoape mponyouvpeveg. IIdAlr Ba xwpiooupe tnv Aevtoupyia
TOU IIPOYPAPHATOE 02 KATAOTACELS OII®E 0TS IPONYOUEVeES eVOTITEG.

Apxird otnv eioobo xwpidoue tnv Xpovooelpd og pépn otabepou peyéboug
ava xpovikeg meplodoug. 'Emevta ta mepvape oe €va mivaka pe ogupeg 00eg ta
onpela e vmoopddag Tng XPOvooelpdg KAl oTijAeg 00eg TA  XPOVIKA HEPI IIOU
Xwploape v Xpovooewpd. Amd tnv eicobo autd ta dedopeva amd tov mivaka Oa
eletalovtal ywa kaBe pepog tng xpovooeilpdg Sexwprotd. O®a mepvave otov LSTM
encoder mou Ba meprexer eva LSTM layer yia kdBe otorxeio mou Ba ouvdeetal pe
to emopevo LSTM layer yia to emopevo otoiXelo K.0.K. O MEPLypAyale OtV
ooun tou LSTM. Omeg efnynoape otnv mponyoupevn evotnta kabe LSTM
eplexel tnv long-term memory xai emAeyel av Ba cuprepiAngOei n mAnpogopia
aro to mponyovupevo LSTM 6nAadr) tou mponyoupevou 0torXeiou Kat 1) IAnpopopia
Tou otolxelou mou efetadetal ekeivi TNV otuypn otnv long-term memory mou Ba
IIePAOoEL 0TO EIIOIEVO OTOLXEL0 PEXPL TO TeAeuTaio amd Pepog TNg XPOovooelpde IIou
efetaletar ekeivn tnv otwypn. Otav Ba @tdooupe oto tedeutaio oTolXeilo Tng
vmoopadag Tng Xpovooelpdg mou e{etddetal eKelvI) TNV OTLYHI TO AIIOTEALOUA TOU
long-term memory mou Ba meplexer MDANPoEopia OA®V TV MPONYOUUEV®V
otolxelwv tng umoopdadag, autod Ba eivar n eobog tou encoder. H ¢€fobog
amoBnkevetal oe évav mivaka pilag ypapung pe otnleg o6oeg tou apltBpol tev
XAPAKTNPLOTIKGOV T1)¢ Kwdikomoinong tng vmoopddag tou encoder. Autog o mivakag
Ba @Tiaxtel yua kaBe umoopdada tng xpovooeipag. Omote ol Sraotaoelg to mivaka Ba
eivalr n X m, OII0U n £ival 0 aplBpog TV UIoORAdmV Kol m TV XOPAKTHPLOTIKOV
TN¢ KOOLKOIIolnong tng vmoopddag tou encoder.

Feature (1) ,
Input N ——
[ i,
) =R
3 \
& ! i
3 : a
a .
@ !
iy \ — _— —
= Laver 1. LSTM Encoded Layer 2,
yer 1, features’  RepeatVector
Input 10 x 1 Input 1 x 16
Output 1 x 16 Output 10 % 16

(6opry LSTM ENCODER, eixova amd [24])

Metd amd tov encoder maipvelr oepd o decoder mou oav eicodo Ba Sexetal
exoplotd KGOe ypappr tou mivaka n X m kar Ba mepvdaer os kaBe LSTM
Eexwprota. Ta LSTM 6a eivar 6oeg ov umoopdadeg tng Xpovooeipag, apa Ba eival ioa
pe ta LSTM tou encoder. KaBe £§o6og am6 ta LSTM mepiexel tnv mAnpogopia mou
UIOAOYLOTNKE TA XAPAKTNPLOTIKA Tng Kwdlkoroinong tng vmoopadag encoder Kat
noAdamlaowadetar pe évav mivaka mou ovopadetar time distribution layer. Autd
BonOdel otnv avaratackeur tov 6edopnévev tng umoopddag The XpOovooelpag woTe
va éxel tig ioieg Swaotdoelg pe auteg otnv eloobo 0TV apxXn TOU JOVTEAOU.
IIpoxvmrtelr xau pia devtepn £€odog amd ta LSTM mou Seixvel v mAnpogopia £xet
nepdaoet ard to éva LSTM oto emodpevo.
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X
Output

' X

X

03
: 5 g LxT

g

: Layer 4, Ou
Layer 2, RepeatVector:  Layer 3, LSTM : tput
Input 1 x 16 Input 10 x 16 ﬂr{\selz:stln?#;ed 10x1

Output 10 x 16 Output 10 x 16 (L)
(6opny LSTM DECODER, eikova amo [24])

T¢Aog, 0 £AeyXog yia ta akpaia otorxXela emTuyXavetal ge tny oUYKPLon TOV
MPAYHATIKOV TIPHGOV HE TLE TlL AVAKATAOKEUAOopEveg Tipeg, OonAadn to mooo
Sragpepouv petadu toug. Otav n Swagopd eivar peyadutepn amd KAIolo 0plo mou Ha
B¢ooupe tote autn n T Ba Bewpeital akpaia. To dpro mporvIITEL PeTd ToO mepag
g @aong tng exmaibevong. Kabe umoopdba mou exel Xxmpiotel 11 Xpovooelpa Kat
efetaletar amd tov LSTM enocoder xav decoder £xel £va mooooto Sagopag petady
TV IPAYHATIKGOV TUUROV KAl QUTO®V IOU IIapdyet to mpoypappa. To peyuoto moocootd
Svagopdg ammd OAeg Tig umoopdadeg Ba TebBel we OpLo yia TO av pua vmoopdda
Bewpeitar avopadn.

H mopakdate ewkova Oeixver OAn tnv Sopn xkav Aevtoupyia tou LSTM
AUTOENCODER

(Aopr) LSTM AUTOENCODER, ewkova amo [24])
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KEQAAAIO 6 ZYNOAA AEAOMENQN KAI XAPAKTHPIZTIKA TIA
THN EMIAOTH MEGOAQN ENTONIZMOY TOY NPOTPAMMATO2

'‘Exovtag avaAioer tov 0plopod ToV akpai®v TUHeV 1] 0AAIOE aVEUAALQOV oTta
debopeva, Tig Katnyopieg toug, tig oLdpopeg n1eBoGoug yia tov evromono toug. Toug
adyopiBpoug mou Ba xpnoipomounBouv amd to mpdypappa pag mou Ba avikouv
otnv kaBe pebodo. Oa mpoomnabrooupe va cuvdeooupe 0Aa ooa exouv avagepbel
mponyovpeveg. Bdon KAIOWOV XOpAKTNPLOTIK@Y TOU OUvOAou Oebopevev Ba
Oradéyoupe v KataAAnAn pebobo xar aAyoplBpo yia TV aviXveuon axpaiov
tipwv. To mpoypappa pag avaloya tov XApaKTNPLOTIKG®V TOV CUVOA®V dedopuevav
mou Ba avagepBoUv o autd TO Ke@AAAlo KAl elval ONUAvTIKA yia  €IILAoYI)
OUYKERPLIEVOV aAyopiBueov ratr yia xkaBe pebodo evromiopou, Ba ratatafel to
ouvodo otnv KaBe opdba. 'Emevta Ba Sradéyel toug kataAAndoug adyopibpoug mou
aVTLOTOLXoUV 02 autnv tnv opdada Baon tng pebodou evtomopou mou akoAoubouv
Kal BAon Tnv amoteAeopaTiKOTITA TOUG 02 OUYKEKPLUEVI] KATYOPLAd AVOUAALGY,
onAadr) xarmolol eival 1oxupol og tomkeg avopaiieg aAdol oe KaBoAKEG K.0.K..

ENSEMBLE TECHINQUES KAI VOTING CLASSIFIER

IMa xaBe opdada Ba avtiotorxouv Tperg adyopiOpot o omoiol Ba Baoilovtar oe
Oltapopetikeg neBoboug mou Ba eivar kataAAndeg yua Ttnv CUYKeKpluevn opdda
oedopevav. O adyopiBpolr kdbe opadag €ktog tng Slta@opdg TOUg WG IIPOg TNV
pebobo kar tnv Aevtoupyla €Xouv GLa@opeTikA emimeda ArmoteAeopaTIKOTNTAS O
OUYKERPLUEVES Katnyopleg aAyopiBuwv. Autd yivetalr og meplirt®orn IIoU Kavevag
ard toug alyopibupoug 6ev exer to emBupntd roc score (B&tovtag £va 6pLo oTnv
ouvaptnon) tote Ba Kaldeitar évag voting classifier mou Ba ocuvbuddelr Ta
AIIOTEAL0PATA TOV TPLWV aAyopibuev. Autd éxer w¢ amotedeopa o voting classifier
va eival mo amoteAeopatikog agou ouvouader adyopiBpoug mou eival Sta@opeTikol
otnv Aevtoupyia toug (onuavtiko otav cuvbuadoupe aldyopibpoug pe ensemble
techniques) xai eival amoteAeopaTikol oe avixveuorn S1a@opeTik®V — KATHYOPLOV
arpaiov tipev. Kavovtag To povtedo pag va eivalr woXupd otig mpoBAswelg oe
otagopa  mpoBArjpata  aviXxveuong avopoAlov. I'evikotepa otnv avixveuon
AIIévavtl og omolodnIote eibog akpailag Tipung avixvevovtag HPeyaAUTepo £Upog
avopaAev xat divovtag peyadutepn eueAilia oto mpoypappd pag.

Kata xUpro Aoyo n Aertoupyla tng ouvdaptnong Tou IIPOypAppatog eival
ennpeacpevn am6d  6vo  apBpa. To mpoto [9] mave oty BBAONKn mou
XPNopomotoupe pyod yid TOV £VTOmIONO AVOUOALOV ava@epovtag Tig emddoelg
K@Be povtedou Bdon tou roc score yia KaOe eibog avopadiag (kabBoAikn aveopadia
(global outlier), tomxn aveopodia (local anomaly), cupgpadopeva arpaieg Tipeg
(Contextual-conditional outliers) (dependency otnv @otoypagia), avopadieg
ovotabeov (Collective Outliers) (clustered otnv paotoypagpia)) oe 30 datasets kau
to Oegutepo [8] éxer va kaver pe tig pebodoug mou emAeyoupe avdloya pe
XOPAKTNPLOTIKA aImd TO OUVOAo TV Oebopevev mou @aivetar amd To OXNpa
MIAPAKATE.
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(emAoyn) alyopiBpou Baon ToV XapaKTNPLOTIKOV TOU GUVOAOU
Sebopevav,eikova amo[8])
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(a) Local anomalies (b) Global anomalies  (c) Dependency anomalies  (d) Clustered anomalies

(né¢oog 6pog embnoewv adyopibpwv pn emiBAeywng ota ouvola Gedopevav tng
BBAL0O1kNng PYOD, eikova amo[9])

( Ymokedpalaio 6.1 ANAAYZH TQN OMAAQN AEAOMENQN KA
2YNAPTHZHZ)

Ov adyopiBpol mou emAexBnkav eivair 6dol pe mpooeyylon pe pn emiBAeyn
(unsupervised learning) emelwdn eivair MmO PEAALOTIKO 0evVAPLO TA TMEPLOCOTEPA
nmpoBAnNpata avixveuong avopaAiov va pnv exouv labeled SeSopéva wote va
xpnotpomonBouv supervised mpooeyyioelg. H ouvdptnon xaver otr @aivetalr oto
oxXnua otnv eetoypapia [8] mpoomabel va Xxwpiloer to dataset oe amdo 1 ouvBeto
Kal émevta og GAAeg umoopddeg. Xto amdd dataset umapxouv GUo opdbeg yua
MMOPAPETPLKA KAl HI ITOPAPETPLKA oUvoAa 1) aAAuwg ouvola mou akoAouBouv
KAVOVIKY Katavour 1) 6Xt. Xta ouvOeta éxoune eite moAAwv Sraotacenv (Baon tou
poypappatog, ouvolo SeGopevav ave tev 15 Graotaoswv) eite kKavovikwv (Bdon
TOU IMPOYPAPHatog, 0Uvodo Sedopévev peyadutepo tov 5 6100TA0ermV Kal HLKpOTepo
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TV 15 Kot 0 moAAarmdaolaopog tov 6100Tdoemy el twv otolXeilmv tou Ba exel
ap1Bpo peyadutepo tou 180000). Ydpxel pia {eXwploth KATnyopia yia ta XPOoViKd
petaBaAAopeva (time series) n omoia Sev Ba €xelr Kdamova umoondda emeidn Katd
KUplo Aoyo 1 Sourn tng epyaciag ameuBuvetar oe otatikd d6eGopgva kair 6ev Ba
epBabuvoupe TO0O 0TV AVAAUCH XPOVOOELPMV.

Oewpolpe eva dataset ®g amAO 0TO OUYKEKPLUEVO IIPOYPAUPA OV €XElL HUIKPO
aplBpd XApOaKTNPLOTIKOV 1) 0AALDG O100TACE®V KAl €4V €Xel UKpO aplbuo
eyypapav. Xtig dtaotdoeig ¢xoupe Beoer wg 0pro tig 15, av ta Sedopeva pag exouv
IePLO0OTEPES toTe Bewpouvtar ouvBeta Kair Ba pmouv otnv umoopddd TV
multidimensional, eav £xouv Atyotepeg aAAd o0 aplBpodg TRV eyypa@®y Toug Il TV
apBpd tev Svaotacekv eivar peyadvutepog tv 180000 toTte Ba pmouv otnv
vmoopdda ouvOeteV aAAd Kavovikav Staotacewv. Omdte mpokUmTtouy mevee opddeg
IIOU pIiopel va Katnyoplomow el éva ouvolo SeGopevav.

XPHXH XYNAPTHXEQN I'TA THN KATHI'OPIOIIOIHXH

Xprnoipomotouvtal 6U0 ouvaptnoelg 1 Hila yua va eAeyXel v To oUVOAO
Oebopévev akoloubel kavovikn katavoun. Meow tng BuBA1oOn kg stats umoAoyidet
eav eva ouvolo piag Ouaotaong axoAouBel KAVOVIKI KOATAVOUI] HEO® TOU
Kolmogorov-Smirnov test xai tng Ttipng OII0U a av To AIIOTEALOMA TOU TEOT eival
mikpotepo amd 0,05 tote ta Oedopéva axoAouBoUlv KAVOVIKI) KATAVOWI). Xe
multivariate 6ebopéva 6nAadrn moAAwv petaBAntov 6ev eival eukolo va Bpebel pe
akpiBela av akoAouBoUv KavVOVIKI) KATAVOUL HPE0® KAIOWWV TEOT IIAPA UIIELPLKA
KAl J£0® OIITIKOIOoINong tev Oedonevov KATL IIou Oev uImopel va  yivey
QUTOPATOIIOUIEVA PE0K PL0C OUVAPTNONG.

def normal distribution(dataset, a=0.05):
distribution = stats.norm
_,value = stats.kstest(dataset, distribution.cdf)

if value < a :
return True
else:
return False

(oUVaAPTNOT Yl TOV £AEYX0 KAVOVIKIG KATAVOUNS)

H Getltepn xavel éAdeyxo av eival Xpovikda petaBaAlopeva ta 6ebopéva (time
series). H ouvaptnon 6éxetar cav opiwopa to oUVoAo Oedopévev Kair HEowm Tng
ouvaptnong isinstance(dataframe.index, (pd.Datetimelndex, pd.PeriodIndex))
eletadel edv 0 8e1KTIC TOV YPAUP®V TOU Iivaka eival eite tumou eite datetime eite
period, 6nAadr) eivar nuepounvia 1 XPovikn mepiodo. Xe mepilmtoon mou 1oXUel eva
aro ta 6uo yupvael true adlwog false. Autny n Boolean tipun 6nladn true or false
repvael oty petabBAntn time_index Kal auth emiotpePeTal Ao TNV OUVAPTNON Yid
va OAOKANP®MOLL TOV £AeyX0 KAl va Katatdiel to ouvolo Oedopevav oe avaloyn
opada.
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def time series check(dataframe):
time index = isinstance(dataframe.index, (pd.DatetimeIndex, pd.PeriodIndex))

return time index

(ouvdaptnon yua eAeyxo Xpovikd petaBaddopevev debopevov)

A@ov yivouv ou £Aeyxol amod to mpoypappa Kal To 0UVoAo KataveunBel oe pia
Katnyopia TOTE Ba  Xpnoupomowouvtal ov  KatdAAndor aAyopiBpor yia Tnv
OUYKReRpLpévn  Katnyopla Oedopeveov. Ov  vumdloumeg xatnyopieg Oedopévev
IIPOKUIITOUV AII0 TOUG MEPLOPLOPOUE MmOoU avagepdnkav otig Imponyoupueveg
mapaypa@oug. OAot o1 £AeyXol IIoU YyLvovTal yid TV KATHYyoploIoinon eival amlol
otV e£@APUOYn Toug Kai Oev eivalr kootoBopol Xpovikd. Xtnv emidoon evog
IIPOYPAPHATOG €ival OnUavTIKI] I} XPOVLKI] IIOAUITAOKOTHTA Kai Oegv Ba 1ntav
AIOTEALOPATIKO Y10 THV AVAAUOI TRV 0e80pévav va emBapuvotav Tto mpoypappa
pag a6 ouvBeteg ouvaptioele. H xatnyopromoinon yivetal amd ouolaoTikeg Kau
amAég ouvaptroelg 1 thresholds &nAadn xato@Aia 1 aAAiwwg Opla moU eival
ONPAVTIKA Yia va Katata§oupe ta dedopéva pe eAdX10To XPOoViKO KOOTOog.
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(Ymokepadaio 6.2 ANAAYXH TQN OMAAQN KAI
EIIIAOI'H AATOPIOMQN)

H mpaotn opdda avikel ota amdd oUuvoda 6edopgvav eival yia tnv mIepimteon
mou to oUvVolo Oedopevev eivalr plag petaBAntrg kKot akolouBeli Kavovikn
katavour. Ov mpotewvopevolr peBodol avixveuong akpai®v TPV Yo aQUTNHV TNV
Katnyopia eival graph-based, depth-based,distribution-based. O aAyopiBpog mou
Baoidetar oe nebodo graph-based eivau o isolation forest. O local outlier factor (lof)
Baoidetar oe peBodo depth-based (pmopei va Bewpnbel xar cav density-based) O
HBOS avnkelr oe pnebobo distribution-based, 6nAabn pebodo mou Bewpel otL TA
debopeva akodouBolv pla OUYKEKPLUEV KATAVOUI IIOU OTNV MEPLIITOON pag Kau
0TOoU aAyopiBpou autn) eival 1) KAVOVIKI] KATAVOU.

parametric= { 'Local Outlier Factor "+ LOF(
contaminationzoutliers fraction), Tsolation Forest's IForest(contamination=outliers fraction,
randon statesrandon state), ‘Histozran-base Qutlier Detection': HBOS(contaminationzoutliers fraction)}

(opdda aAyopiBuev yra ta ouvola Sebopevev mou akoAouBouv KavoviKI) KaTtavoylr))

H O8evtepn opdba avnrer xkaiv auty] ota amdd oUuvoda Oedopévev addd oe
Oebopéva mou 6ev akoAouBoUV KavoviKl) KATavoll] I] YEVIKA KAIOL0 OUYKEKPUIEVT)
katavour. Ouv mpotewopevor péBodor eivar clustering-based, distance-based,
densinty-based. O Cluster-based Local Outlier Factor (CBLOF) avnxkeiv otnv
mpwtn Katnyopia, o k-nearest-neighbor (knn) avixkelr otnv distance-based pebodo
Kau o local outlier factor (lof) avrikel otnv density-based. Oniwg eixe avagpepBel oe
IIPONYOUUEVI] IIAPAYPAPO KOl LOXULL KOl Yld TV MIAPAIAVE ORdda Kol yia Tig
emopeveg, ol aAyopiBpol mou StaAeyoupe €KTOg OTL AVI)KOUV  OTLS IIPOTELVOUEVEG
pebodoug mpoomaboupe va eivatr otoug BeAtiotoug 00OV a@opd TO roc score oe
OltapopeTtika 101 arpai®v Tipev (amd ta amoteAeopata oty eukova amod [9]). Amd
[9] oupmepaivoupe 0TI OTATIOTIKA Kavevag adyoplOpog Sev pmopel va £xel uywnid
II0000TA SIMITUXLOE 08 OAeg TIC Katnyopieg adyopibpwev omote Ba rtav KaAutepo oav
1W0éa o ouvluaopog aAyopiBuwv mou €xouv UWnAd II0000TA O Ola@QOpPeTUKES
Katnyopieg. LTV OUYKEKPUUIEVI) opada €Xoupe tov knn mou éxer 1o peyaAutepo
okop oe kaBoAikég aveopadieg (global outliers) xkat tov lof mou £xelr to peyaAiutepo
okop oe tomkeg (local outliers ) kar to Sevtepo kadutepo okop (Contextual-
conditional outliers)).

non parametrice| ¥ Nearest eionbors . ON{contamination=outiers fraction), "Cluster-Dase Local. OutLir Fctor's
CBLOFconwination=outiers fraction,ceck estinator=Flse, randon state=randon stte), Local OutLier Factor
LOF(contannationeoutLies fraction)|

(opdSa aAyopibuev yia ouvola 6edoevev IIou avi)Kouv 0TV Katnyopia
non_parametric )

41

Institutional Repository - Library & Information Centre - University of Thessaly
04/09/2026 15:20:53 EEST - 216.73.216.250



H Tpitn opada etvar yra ta ouvBeta ouvoda dedopevev moAdav Swaotacewv. O
mpotewopevor  pebobor  eivar  distance-based xkar subspace-based. Xtnv
OUYKERPLUEVT) Tepinteon 0ev Ba 6wBel tooo peyddn Bdon otig pebodoug aAda Ba
xpnotporownBouv  adyopiBpor mou Oev emmpedlovtar amd Oebopéva  moAAOV
Swaotaocewv(curse of dimensionality) kau Sev eivar peyadng modumlokotntag. Oco
peyaAmvouv ot Sraotaoelg Kat o aplbpog twv 6eGopévev tooo Mo KootoBopo eivatl
Yia o mpoypappa pag peyddeg moAumlokotnteg adyopiBuwv. 'evikd pebodor omeg
distance-base xaiv clustering-base ¢xouv peydAn moAumloxkotnta. O mpaTtog
adyopiBpog mou Ba xpnoipomouooupe Ba eivar o ECOD o6mwg eixape avagepet
0TtV avaluon TOU eival apKetd OmoTeAEORATIKOg Kal Ypryopog (ITOAUmAOKOTHTA
(O(nd) omou n apBuog otovxeiwv kat d apBpog Swaotdoswv). Egocov Oev
xXpewaletar Beltiotomoinon Ot MOPAPETPOUG TOU KAl Yo TNV €UPEC TOV
avopodiev Sev xperddovial KootoBopol UMOAOYLOHOL KAVOVTAS TOV KOAL eIrtAoyn)
yua ouvBeta Kair peydAa ouvola OSebopevev pe moAdeg Svaotdoerg. O iforest
Xpnotpormoteitat yia tov 1610 Adyo, Sndadn tng XapnAng tou moAUIIAoKOTNTAg KAl
ot Sev enmpeadetal 1 am6doon tou amod Tig moAAeg Staotacelg. Eival o aAyopiBuog
mou Ba Bpiloketal otig mo moAdég opdbeg emeldn eival oAU 1oxXUpog oe Siagpopa
e101n ouvoAwv Sebopévev Kal armoteAeonatikog og OLd@opeg KATNyopleg aKpaiwv
Tpov. O tpitog mou Ba xpnovpomoinBet eivar o ABOD, o tpomog Aevtoupyiag tou
TOV KAavel va upnv emnpeddetar n emiboon tou amd Tig moAAég Siaotdoelg,
vmoloyidovtag to @aopa tne yoviag kabe onpeiou dev umoloyidel arootdoelg mou
ernnpeadovrar amd Tig moAAég Swaotdoerg. H mapaddayn tou alyopiBpou mou
XPNOLIOIOLoUE Kal eival mio ypnyopn kai dev xpeivadetar BeAdtiotormoinon otig
ApAPeTpoug, KATL IOU elval MOAU XPNOUIo XPOovika oddd kol ewdikda og
nepurtwoelg pe pebodo xwplg emiBAewn.

Pigh dine{ Angle-based Qutlier Dete MWﬂmwmtmmﬁmmwﬂmmfmdefBMﬂmnMMﬂ“
Forest(contamination=0ut Liers fraction,randon statezrandon state), Empirical Cumulztive Distribution Functions
(

I
ECOD contawinat on=out Liers fraction)]

(opdba adyopibuev yia ta ouvola 6edoevev IIou avijKouv 0T1] Katnyopia
high_dim)

H tétaptn opdda eivar ywa ouvBeta OGedopeva oxr moAdwv Swaotdoswv. O
npotewvopevolr  peBodor  eivar  distribution-based, graph-based xair 6Ba
Xpnotpomotnooupe Kat pefodoug ouotadorioinong Kar CUYKEKPLUEVA To aAyoplOpo
CBLOF. O aAyopiBpog iforest Ba xpnovpomoinOei yia graph-based xar o HBOS
yua distribution-based.

conplex_non high din={'Tsolation Farest'; Irorest(contamination=outliers fraction, random state=random state),
'(luster-based Local Outlier Factor":CBLOF(contanination=outliers fraction,
check estinator=False, random staterandon state),
"Histogran-base Outlier Detection': HBOS(contamnation=outliers fraction)}
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(opdba adyopibuev yia ouvodo Sedopevev mou avikouv otnv Katnyopia high_dim)

H teleutaia opdba eivar exoplotn Kar agopd ta Xpovika petaBoddopeva
0ebopeva. H ouykrekpipevn katnyopia Ba pmopovos va £xel Kar aAAeg umoopddeg
aAAd OTIRG £XOUHE ava@epel Katd KUplo AOYo 1 epyacia a@opd ta otatika Sedopeva
Katr 6ev Ba epBabivoupe tOOO 0 autnv v Katnyopia Oebopévev, emiong 1n
BBAL0ON KN 1OU Xpnoipomolovpe yia toug adyopiBpoug ameuBuvetar oe oTATIKA
Oebopeva. Ba mapouoidooupe evielkTIKA Kamoleg peBodoug kar adyopibpoug kau
Yo TNV KAAUTEPN]  AVTLUETQOIILON TOU  OUYKeRpipévou mpoBAnpatog Oa
xpnoipomotooupe ¢vav adyopiBpo deep learning tov LSTM-autoencoder mou
eival armoteAeoPaTIKOg OTNV AviXveuon aveopaliov og xpovooeipég. Ov adyoprBuon
mou Ba xpnovporrownBouv Ba eivar o OCSVM mou Oa Baoidetar oe peBodo model-
based, o iforest pe peBodo graph-based kau o cblof pe péBodo clustering based. Ou
OUYKERPLIEVOL aAyoplOpolr Ba mpogkumtav Kal amo to Ke@adawo 4.2 otnv avaluon
TV nefodav evromopol ota Xpovika petabBadlopeva deGopeva. O cblof akolouBet
pebobo Bdon Sragpopag urmoouvorewv,0 OCSVM kau o iforest Bdon mAetoyneiag xav o
LSTM Baon Svagopdg mpog tTnv avapevouev Tun).

time series={'One-class SVM (OCSVWM)': OCSVM(contamination=outliers fraction), Isolation Forest':
IForest(contamination=outliers fraction,random state=random state),'Cluster-based Local Outlier Factor':
(BLOF (contamination=outliers fraction,check estimator=False, random state=random state)}

(opdba adyopibuev yia ouvodo Sedopévev mou avikel otV Katnyopia time_series)

(Yroxepalao 6.3 ANAAYSH SYNAPTHYHY. EKTEAESHY
AATOPIOMEON )

Meéoa otnv teAikn ouvaptnon Kaleitat np ouvdaptnon mou Ba extelouvtal ou
adyopiBpolr tov opddev mou avagépape mponyoupéveg. H ouvaptnon xkaleitau
énevra ard Kabe £Aeyxo mou yivetal 0to oUvoAo TtV 6edopevav mote va Katataxoel
0oe KAmola Katnyopia amd ooeg €xoupe opiloel. AnpioupynOnke yua va pnv
ermavadapBavovrar idiva onpeia peoca otnv TEAKn ouvaptnon kar va BeAtuwBOel
OITIKA 0 KwOwKag, emeldn emevta amd KGOe €AeyXxo mou KAvape eKTeAouvtayv
arpBoe 0 1610g KOOLKaAg Kal To 1ovo mou dAAade ntav n Atota pe tig opddeg tov
aAyopiBuwv. Autog eivar o Adyog mou To pOvVo Oplopa IIoU £XeL 1) OUvVApTnon eival
o Ovopa yia KaBe Alota aAyopiOpev.
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def algo_exec(list_name):

1

=0

max_flscore = @

algorithms = [key for key in list name if

X train, X test, y train, y test = train test split(X, y, test size=8.3,random state=random state)

in key]

test_scores = np.zeros([X_test.shape[@],3])
roc_scores = []

precision scores = []

time_complexity = []

for clf_name, clf in list name.items() :

te=time()

clf.fit(X_train)

test scores_i = clf.decision_function(X_test)
test_scores[:, 1] =test_scores i

t1 = time()

duration = round(tl - t@, ndigits=4)

roc = round(roc_auc_score(y_test, test scores_ i), ndigits=4)
precision = round(precision n scores(y test, test scores i), ndigits=4)
roc_scores.append(roc)
precision_scores.append(precision)
time_complexity.append(duration)
print('{clf name} ROC:{roc}, precision @ rank n:{precision}, '
"execution time: {duration}s'.format(
clf_name=clf name, roc=roc, precision=precision, duration=duration))
i+=1
if rocs>max_filscore:

max_flscore=roc

B A R et S el e

if max_flscore<o.8:

plt.
plt.
plt.

plt

plt.

plt.
plt.
plt.

plt

plt.

plt.
plt.
plt.
.ylabel('time complexity')

plt

plt.

comb_by average = average(test scores)

evaluate print('Combination by Average', y test,comb_by average)

comb_by maximization = maximization(test scores)

evaluate print('Combination by Maximization', y test, comb by maximization)
comb_by aom = aom(test_scores, 3)

evaluate print('Combination by AoM', y test, comb_by aom)

comb_by moa = moa(test_scores, 3)

evaluate print('Combination by MOA', y test, comb_by moa)

xticks(fontsize=7)
xlabel('algorithms")
.ylabel('roc score')
show ()

xticks(fontsize=7)
xlabel('algorithms"')
.ylabel( 'presicion score')
show ()

xticks(fontsize=7)
xlabel('algorithms"')

show ()

(ouvapTtnon ekTEAeong TOV AAyopifpny)

bar(range(len(roc_scores)), roc_scores, tick label=algorithms,width=0.6, color=['red’, 'green’,

bar(range(len(time_complexity)), time complexity, tick label=algorithms,width=0.6, color=['red’,

bar(range(len(precision_scores)), precision_scores, tick label=algorithms,width=0.6, color=['red’

Oneg eénynoape cav 0pLopa 0TV OUVAPTNON £XOUNE TO Ovoud Tng Alotag.

Otav Ba exuvael to for loop Ba kadeital To mpeto otoixeio tng Alotag mou Oa eivai
0 aAyopiBpog mou Ba ekteleital Kal £merta 0 emopevog HeXpl va oAokAnpwBOel n
Alota. Xtig emopeveg 600 ypappeg apXLKOIIOLELTAL TO 1 KAl TO MaxX_roc_score Kal o

6v0 pe tnv tuun 0 extog tou for loop. Ltig emodpeveg ypappég yivetat o Staxeplopog
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ota 6edopeva oto train kau test ota X xar Y avriotovxa to 70% twv Se6opévev Ba
xpnowpomowBel yia to train xar to vumbddoumo 30% yia To testing. Metd
apXlkoroleital o mivakag test_scores pe O0Aa ta otorxeia tou va eivar 0. Zav
ypappueg Ba £xel to mAnbog tou teot Getypatog tou ouvodlou Sedopevev dndadr) to
30% tou ouvolikou detypatog ( to mArBog Sivetar amd to X_test.shape[0]) mou Ba
eivar petaBAntd avddoya tou mAnbog tou ouvodou Gedopevev. To mAnbog twv
otnAwv Ba eivar mavta 3 a@ou TOooL eival o1 aAyopiBpol mou Kadouvtal yia KaBe
ouvolo Kat KaBe otnAn Ba £xel ta amoteAeopata yia KaBe otoixelo. Xe mepliteon
ou Sev Xpnoipomolovoape ensemble texvikeg 6ev Ba Xperadotav autodg o mivakag
amAd Ba eppavidape o test_score_i mou eival to amotéAeopa yia Kabe adyopidpo

To 1 Oa audavetal 6Tav Tedelwvel To train Kat to testing tov aAyopifpev yiua va
armofnkeviovtal TA AIOTEAEOPATA OTOUG aAVTLOTOLXOUg Mivakeg Kai £rmevta Oa
avfavetar 1 Tipn tou Katda 1, pe Atya Adyra Aevtoupyel oav SelkTng yla toug
mivakeg 0ote va amofnkevovtal ol Tipeg otig onoteg B¢oelg. To max_roc_score Ba
Umapxel yua va amofnkelvetal 1 PeyLoT TLUI Yoc KAl £IIe1Td VA YIVETAl 0 £AeyX0og
ektog for loop av autn Ba {emepvd to Opro mmou exoupe Beoet WOTE va PNV Xpelaotel
va xpnovporoujoovpe ensemble methods. Eexwovtag to for loop to dpropa mou
dwoaye 0TV OUVAPTNON HEPVAEL oav To Ovopa tng Alota mou Ba tpexel to for loop
yua va SwaBader toug adyopiBpoug. Ov petaBAnteg t0, t1 péow Tng ouvaptnong
time() amo6 tnv BBAL0ONKY  time petpave v SudpKela mou xperadetal yua tnv
ekteAeon o KaBe adyopiOuog tne Atotag. H t0 mpuv tnv apxn extedeong SnAwver to
Sexivnua kav n Tl apéong petd to teédog tnv Andn. Xto tedog apaipovpe v t0 armd
v tl xav v amoBbnrevoupe otnv petabBAnty duration. Avdapeoa oto tO xauv tl
yivetal mpota n ekmaideuon tou povteAou ota 6edopéva yia eKmaideuon Kal emevta
otnv petaBAnti test_scores_i amoBnkevovtal ta amotedfopata tou adyopifpou
ota 6ebopeva mou eival yia to testing xkai £mevta n petvaBAntr amobnkevetal og
mivaka test_scores OIIou amo kel Ba mAPOUE TA OKOP TOV HOVTEADV 02 IIEPLITITOOT)
mou Xpnotvpomowooupe ensemble method. O alyopiBpog exmaibevetalr oe
Orapopetiki opdda 6eGopévav kar aftodoyel tTnv emidoorn tou og SragopeTiky). Autd
OIEE £ival YyVeoTd YIVeTdl yid va HNV amopvinpoveuoel o Hovtédo ta Sedopeva
aAdd va pdbetl va xavel mpoBAgwerg og véa ayveota dedopgva Kal va YEVIKOIIOU 0L
g mpoBAeweig tou. O Swaxwpropode tev Oedopévev yivetar ektdg autng Thg
ouUVAPTNONG KAl £KTOG TNG PNEYAAng ouvaptnong, aAAd 0To TeA1KO IPOypapa OIIoU
Ba avagepBei mapakate. A@ol £xel tedeinoel 0 adyoplOpog amoOnkevovtal otig
petaBAnTég roc Kai precision Ta roc 0KOpP KOl TO precision tou alyopibpou otnv
avtiotolxa arod Tig mapakate BuBAitodnkeg.

from pyod.utils.utility import precision n scores
from sklearn.metrics import roc_auc_score

(61Awon ouvapTrnoseV Yo TV XpHnon Kal Tov UIOAOYLOHO TOU precision Kat Tou roc )

Yt ouvexeia epgavidoupe Ta  AamoteAfoparta, auidvoupe TNV TIPR 0TV
petabAnTi) 1 yia va amofnkeutel Kawvouplo OKOP Yl TOV €mIopevo aAyopiBpo xau
apou tedewwoel to for loop yivetar o £Aeyxog yia To roc OKOp, av yld Kaveva ario
toug 3 adyopiBpoug Oev eivar peyadutepo tou 0,8 XpnoipomowoUpe ensemble
methods.
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Meéow tng BiBALoO1kng pyod.models.combination yivetau Xprion tov ensemble
methods. Xtn ouvdptnon xpnoipormoloupe 0Aeg tig S1apopeTiKeg TEXVIKES MOTE Va
IIAPATNPII00ULE Ta AoTeAeopata Toug Katl va tig avalucoupe. To AOM (Average of
Maximums) yia kKd0e adyopiBpo vmoloyidel Ttnv HPE0On TLUN] TOV HEYLOTOV OKOP
arkpaiev tipev. 'ia kdBe onpeio exwplotda uvmoloyidel tnv peon Tupan amod Toug
Olapopetikoug adyopibuoug Katl emevta emAgyel tnv peyrotn peon BabBpoloyia. To
MOA (Maximum of Averages) umoloyidel tnv peyrotn peon tuur Babpoloyiag. I'a
KGOe onpueio 6ebopevev oe kKdOe povedo umodoyidel Tnv peon Tipn yua Kabe onpeio
Kal 0to tedog Oradeyer tnv peylotn péon BabBpoloyia. To Average vmoloyider tnv
péon Tuur okop avopadiag yia kabe onueio debopévev amd 6da ta poveeda. Kabe
adyopiBpog exer to 1610 ‘Bapog 11 addwwe onpacia otov umoloyiwopo. To
maximization emAg£yel to peyloto outlier score amd 6doug toug adyopiBuoug yiua
KaOe povtedo kal Kpatdel auto yia Kabe onueto otnv teAikn amo@aon. To median
vmodoyidel v S1apeco amd ta 0Kop AVOUAALOV yia KaBe onueio oe OAoug toug
adyopiBpoug. H Sragpopd tou pe to Average eivar ot 6ev emnpeddetal 1000 amod Tig
pepovoueveg Tipeg KAmolwyv odyopiBpuwv adAd Sivetar meploodtepn £U@acn OTo
OUVOALKO AIIOTEAEONA TV AAYOPLOI®V.

(Ymokedpahaio 6.4 H TEAIKH ZYNAPTH2H TOY NMPOTPAMMATOZ)

'Exovtag avaAuoel 6Aeg TIg OUVAPTIOLLE TOU YIVOVTAL YA TOUG EAEYXOUG KAl TNV
€KTEAE0N TOV HOVTEARDV, TLg opadeg aAyopibpeov Kal toug Immeploplopoug yia Tnv
KATnyoplomoinon twv ouvodwv debopevav otig avtiotoixeg opddeg propoupe va
avaAUooUpE TNV TEALKI) OUVAPTNON IIOU OIOTUIIOVEL OAIl TNV AOYLKI] TOU
rpoypappatog pag. 'Exovtag Xpnoipomoiroel ouvaptioelg Yid TV eKTeAeon Kal Tov
£AeyxXo peoa otnV TeAIKI ouvaptnon n dour Tng yivetal oAU armAl Kol KATavonTy).
H ouvdptnon oav dpropa maipver to ouvodo debopevev. O mpmtog eAeyxog yivetal
yia va SvamoteBel av to oUuvodo Gedopevav eival Xpovooeipd PEowm THE OUVAPTNONG
IIOU ava@épajle ot IPonyoupeva Ke@AAalo Kal av 10XUel KaAoUpe Tnv oUvVAapTnon
mou exteAdel Toug aAyopibpoug pe dplopa To Ovopa Tng AlOTAg IMOU £XeL TOug
KatdAAndoug aAyopiBpoug yia tnv oUYKeKPLpevI) opada. Xe OA0Ug TOUS UIIOAOLIIOUG
eAéyxoug Ba £xoupe cav mpoiumoOeon va pnv eival Xpovooelpd ¢ote va LoxUel 1)
ouvOnkn tou if. 'Emevta pe to col=df.shape [1] maipvoupe tov apbpod twv
6100TAoe®V TOU CUVOAOU Kal av eival peyaAutepo amo 15 tote Ba katataxBel otnv
opada tov moAAawv Graotacemv Kalt Ba kadeotel o adyopiBpog pe To avtioTorxo
ovona tng Alotag oav opiwopa. Xe mepimteorn mou dev woxXUuel yivetal eAeyXog av o
apBpog tev otorxelwv eml tov aplBpd tewv Swaotdosev eival peyaAutepo Tou
180000 Tote Ba avhrer otnv ouvOetn opdba Gedopevev oAAd OXL mOAAGV
oraotaoewv. Tov apBpo tov Sedopevev tov yvepidoupe amd to n=df.shape[0]. Av
0ev 1oXU0UV 01 HAPAIIAvVe eAeyXol ToTe av 0 apldnog Staotdoemv wooutal e 1 xat n
ouvaptnon Geifel 0TL 0 oUvodo akodouBel Kavovikr katavoun Ba kavoupe Tig
avtiotolXeg evepyeleg yia TNV eKteleon Tng opadag TV OUYKERPLHEVOV
adyopiBpwv. Télog av Oev 1oxUelr TUTOTA AIIO TA TMAPATIAV® TOTE TO OUVOAO
Kataveépetalr otnv opdada non_parametric.
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def outlier detection_systems(df):

#edevyog yra time series

if time series dataset(df):
print(“kalw algorithmo gia time series™)
algo_exec(time_series)

#edevyog yra draotacerg av erval nave ano 15 highdimensional
col=df.shape[1]
if col »>= 15 and not time series dataset(df):

print(“kalw algorithmo gia high dimentional™)

algo exec(high dim)

else:

#edevyoq yra complex dataset éraotacerg * apirduog ororyeiwv

n=df.shape[0]

if n*col »>= 186000 and not time series dataset(df):
print("kalw algorithmo gia complex non_high dimestional™)
algo exec(complex non_high dim)

else:

#eAevyog yra Kavovikn Katavopr
if n== 1 and normal distribution(df) and not time series dataset(df):
print("kalw algorithmo gia parametric"”)
algo exec(parametric)

else:

if not tine series dataset(df):

#v Bev elvon Tinota oo T napandvu Tote kedo adydpduoug yra siple dataset non parametric
print("kalu algorithno gia non parametric\n’)
algo exec(non paranetric)

(tedikn ouvaptnon S1aX®PELoPoU KAl KATyoploIroinong twv ouvoAmy dedopevav)
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( Yroxepddaw 6.5 TEATKO ITIPOTPAMMA)

To TeAikd mpoypappa mepreéxel pia Atota pe 6exa ouvoda SeGopevev mou Ba
efetaooupe P£ow tng teAkng ouvaptnorn. 'Eva for loop Ba tpexel yua kabe otorxeio
tng Atotag SnAadr) kabe ouvolo kal Ba poptavetar otnv petabBAnt mat mou emnevta
Ba xwpidetal ota Xapartnplotika pe petaBAntn X Ba eival ta aveaptnta otorxeia
mou Oa eivar input ota povteéda pag kar tnv Y mou Ba eivar n efaptnuevn
petaBAntn oav to output. Emevta petpape to mooootd twv outlier ota Gedopéva
pag, omeg eixape avagepel emAexOnkav ta ocuykekpipéva debopéva emerdn) eival
labeled 6nAadn {epoupe oto oUYKERPLPEVO TTapAdetypa mid €ival KAVOVIKES TUHES
Kal ma 0XL otnv otnAn tev Y 6nladn tnv efaptnuevn petabAnth. Baon autov,
UIIOPOUNE VA UIIOAOYLOOUHE TO IOCOOTO TRV AKPAL®V TIHOV ota Osdopéva I1mou
BonOdelr otn emiboon twv poviedov pag kair @aivetatr oto outliers_fraction =
np.count_nonzero(y) / len(y) 6nAadn ota Y tov aplBpo tev Tipov S1a@opeTikeV Tou
0 6nAadn 1 (to 1 Seixvel 6TL TO 0TOLXELO £lval avOPAALQ) IPOg TO CUVOALKO aplBpo
Y xau émevta umoAoyidel o mooooto outliers_percentage = round(outliers_fraction
* 100, ndigits=4). Teélog pe tnv petabAnty X peow tng BuBAwOnxrng pandas
onmoupyoupe éva dataframe xaiv to mepvape otnv petabAnt) df xauv emevta
Kadoupe tnv TeAlkr ouvaptnon pe opltopa to df.

mat_file list = ["arrhythmia.mat’,
‘cardio.mat’,
‘glass.mat’,
"shuttle.mat’,
‘mammography.mat’,
“thyroid.mat"',
‘wine.mat' ,
*lympho.mat",

]

random_state = np.random.RandomState(42)

for mat_file in mat_file_list:
print("\n...efctaon tov ouvoAou bedopcvuv ", mat_file, "...")
mat=loadmat(mat_file)
X=mat[ 'X"]
y=mat['y'].ravel()

outliers_fraction = np.count_nonzero(y) / len(y)
outliers_percentage = round(outliers_fraction * 100, ndigits=4)

df=pd.DataFrame(X)

#Alata pe toug adydprduous miov Ja ypnowpomoilw avdAoya ue tnv Katnyoplronoinon mov da ylvel yla TO ouvoAo dsbousvwv ame Tnv
#ouvdptnon

parametric= {'Local Outlier Factor ':

o ora:

LOF(

e PP U [ S S S
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#Alota us toug adydprduouc mou Ja xpnoluomolw avdAoya ps tnv Katnyopiomoinon mov da yivel yia Tto ouvolde Ssdousvwv amo tnv
#ouvdptnaon

parametric= {'Local outlier Factor ': LOF(
contamination=outliers_fraction), 'Isolation Forest': IForest(contamination=outliers_fraction,
random_state=random_state), 'Histogram-base Outlier Detection': HBOS(contamination=outliers_ fraction)}
non_parametric={ 'K Nearest Neighbors': KNN(contamination=outliers_fraction), 'Cluster-based Local Outlier Factor':

CBLOF (contamination=outliers_fraction,check_estimator=False, random_state=random_state), 'Local outlier Factor ':
LOF (contamination=outliers_fraction)}

high dim={ Angle-based outlier Detector':ABOD(contamination=outliers_fraction), 'Isolation Forest':
IForest(contamination=outliers_fraction,random_state=random_state), 'Empirical Cumulative Distribution Functions':
ECOD(contamination=cutliers_fraction)}

complex_non_high dim={'Isclation Forest': IForest(contamination=outliers_fraction, random_state=random_state),
‘Cluster-based Local outlier Factor':CBLOF(contamination=outliers_fraction,
check_estimator=False, random_state=random state),
'Histogram-base outlier Detection': HBOS(contamination=outliers_fraction)}

time_series={'One-class SVM (OCSVM)': OCSVM(contamination=outliers_fraction),'Isolation Forest':

IForest(contamination=outliers_fraction,random_state=random_state), 'Local Outlier Factor ': LOF(
contamination=outliers_fraction)}

outlier detection_systems(df)

(TeAixO mpdypappa Xp1o1g OUVAPTHOEOV KAl £AeyX0 TOV OUVOAGV Sedopevav )

(Ymokepdadaro 6.6 LSTM AUTOENCODER )

Onwg eixape ava@eépel yia va KOAUWoULE TO HEPOG TNG AVIXVEUONg aKpai®Vv
TLHOV 0 Xpovika petaBoddlopeva SedSopeva 1 addiwg xpovooerpeg Oa epappoooupie
éva povtedo Babuag pabnong (deep learning ) LSTM autoencoder amoteAeopatikod
oe tetowou eidoug Oedopeva. 'Exovrag avaduoer to Bewpntikd KOppdTy TNE
Aevtoupylag tou Kat tng ouvBetne doung tou Ba efnynooune nwg epappdletar 6An
auti 1 AOYWKI) IIPOKTIKG peow Koduka. Apxikda Ba ewoayoupe tnv BiBAuobnkn
tensorflow xal peow autrng to api keras oote va pmopoupe va Snpioupynoouvpe Kat
va exmatbevooupe to povtédo pag. E@ooov ¢xoupe SuaBdoel to ouvolo Sedopevev
mou Ba emefepyaotoupe, Oa  KavovikomowoUpe ta  Oedopéva  wote  va
edlooppormrooupe TNV emidpaon tewv petaBAntwv oto poviedo Kaur va BeAtiwdel n
arr6doo1 tou adyopibpou pag. 'Enevta kadeitar ) cuvaptnon create_sequences IIou
amd to Ovopa Tng KatadaBaivoupe meg 0 OKomoOg TNG £ival va Xeploel Tnv
Xpovooelpd oe arolouBieg wote va Tig emefepyaotel TO HOVTEAO pag, £XelL oav
opwopa o X Kat to look back mou apxikomoleitar pe 16. To mpoto dpropa eival ta
Oebopéva tng xpovooelpdg Kat to deutepo eival to peyebog amd tig akodoubieg mou
Ba SnuioupynBouv. Metd apxikomolouvtal 6Uo Aloteg mou Ba amobnrevovtar otn
IP®TI Ta otoxeia tng akoloubiag mou Ba eival to input Kav otnv deUtepn 1 TUn
rou 1pooriaBel va mpoBAewel n K&aBe akodoubia. Otav odokAnpwvetal n ouvaptnon
EMOTPEPEL TILo® T1g S0 Aloteg.
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scaler = StandardScaler()
X scaled = scaler.fit transform{df)

def create_lsequences(X, look_back = 16):

X_seq, y_seq = [], []

for i in range(len(X) - look_back):
X _seq.append(X[i: (i + look back)])
vy seq.append(X[i + lock back, -1:])

return np.array(X_seq), np.array(y_seq)

X, y = create_sequences(X _scaled)
(ouvaptnon Snuroupylag akoAoubiov)

Ymig emopeveg ypappég dnpuioupyoupe €va akoAouBlakd — HOVTEAO HEC® TOU
Keras xav petd mpooBetoupe 128 LSTM layers oto povtedo Kat v aplbpd tov
aK0AoUB1®V mOU XWPLOTNKE KAl TOV XAPAKTHPLOTIKWV Tou input. H BeAtiotomoinon
Ba yivel pe v pngbodo ADAM xau 1 loss function Ba eivar n MAE (mean absolute
error). XTnVv TEAeuTald Ypapun YiLveTtal ) eKmaideuc! Tou PovteAou OIIou X eival
TO Input Kat y To £ival ol mpaypatikeg tipég mou mpoorabel va mpoBA&wel n kabe
axkodouBia. To epochs=100 eival o apiBuodg mou Ba yiver to forward xar backward
pass tou ouvolou ekmaideuong oto veupwviko Giktuo. To batch size=64 eivai o
apBpog twv otouxeiowv mou Ba yiver BeAtiotomoinon twv Bapwv oto forward xau
backward pass. To oUvolo tev debopévev Ba xoprotel oe 80% yia tnv exkmnaibeuon
kat o 20% yua emxrUpwon tov oedopevav. To callback 6ev Ba ntav avaykaio va
UIIAPXEL OTO OUYKEKPLUEVO J0VTEAO, XPNolpevel ®ote va punv kabuotepel to
HOVTEAO 0 MmePlITeoln Iou Oev umdpxel BeAtiwon otnv exkmaideuon Ondadn Sev
pewwbel n tupn wou loss function petd amd 6 epochs (kaver ot efnynoape

IIPOINYOUUEVRQ).

model = Sequential()

model.add(LSTM(units = 128, input shape = (X.shape[1], X.shape[2])))
model. add (RepeatVector(X.shape[1]))

model . add(LSTH(128, return sequences = True))

model. add(TimeDistributed(Dense(y.shape[-1])))

model. conpile(optimizer = "adam’, loss = ‘mae’)

history = model.fit(X, y, epochs = 100, batch size = 64, validation split = 0.2,
callbacks=[keras.callbacks.EarlyStopping(monitor = 'val loss', patience = 6, mode = 'min')], shuffle = False)

(exmaibevon LSTM AUTOENCODER)

Yto TtTeleutalo onueio Tou KOOWKA IIOU  YIvETAl 1) AVIXVEUON OVOUOALOV
vmodoyidetatr 1 MAE (loss function mou avag@epape Kol mponyoupéveg ) petadl tov
TIUOV TOV aKOAOUDLOV KAl TOV Tipev mou mapryaye oav £§odo o decoder (otnv
Bewpla Tou adyopiBpou exouv efnynbel 6Aa autd avadutikotepa). Ymoloyi{oupe to
oplo mou av §emepvietal Oa Bewpeite avopaAia mou Ba eivar to 95% tou max(loss )
(avagepape otnv Oewpia Tou adyopibpou nwg mPoKUIITeL).
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reconstructed = model.predict(X)
loss = np.mean{np.abs(reconstructed - X), axis = 1)

butliers = []
threshold = max({loss) * .95
for i1 in range(len(loss)):
if loss[i] »= threshold:
outliers.append(df.iloc[i, -1])

print(outliers)

6/6 [==============================7 - 1s 1lms/step

(avixveuon avopaAioy)

(Ymmokepddawo 6.7 AIIOTEAEXZMATA ITPOI'PAMMATOX
KAI EITTAOXH AATOPIOMQN)

I'a Tov ¢Aeyxo <tng ouvdptnong xar Tnv  emidoon TtV aAyopiBpev
xpnopomowOnkav 8 ouvola Sebopévev Omou Ta otoixeia e£ival emonpacpeva
(labeled ) wote va eival mo amoteAeopaTIKI) 1) eKOAldeuon TV aAyopiBuev aAAd
KAl va elval eQuKTh 1) emKUpKOOon TV pebodov avixveuong Kal va Pmopoupe va
BydAoupe  oupmepdoparta  yia  Ttnv  emidoon  TOV  HPOVTEA®V KAl TNV
arotedeopatikotntag tng ocuvaptnong. Ta ouvoda Sedopevev mapexovralr amod Ttnv
ODDS library [21] .

Ba mapoucidcoupe ta amotedeopata TV aAyopibBnev og [22]mpog to roc score
tnv akpiBela (precision) KAl ThHv XPOViKN mOAUmAokotnta (time complexity). I'aa
va Yivouv Katavontég ol IIaparmdve £vvoleg mpemnel va avagepBei o confusion
matrix Imou pP£0® auToU MPOKUIITOUV Ol IIPONYOUUEVES UETPNOoelS €KTOg THG
XPOVIKNC IOAUITAOKOTITAC MOU eival amAd 1 SuapKeia mou XpeldoTnke ylua va
ektedeotel 0 KABe adyopiBpog. Xe mepurtmoelg mou to mpoBAnpa eival n Suadikn
tadvounon, xatdtaln tev otorxeiov petaly 6U0 Katnyoplmv Om®e To IpoBAnnua
IIOU avTIpeTtRIIi{oupe otnv mapouod epyaocia SnAadn) edv eva otoixeio eivalr akpaia
Tiun 1 oxt. Livetau xpnon tou confusion matrix yia va S1amot@oouie 000 KAl
eival 1 emidoon Tou aAyoplOpou mou XprouioIoloUe.

_ P
Recall = PPN
recisi —  —IP
Precision = SELTE
actual actual
TP

positive | negative
TP+FN

predicted positive TP FP
predicted negative FN TN

True Positive Rate =

o len Pocitive Rafo Fr
False Positive Rate - FBiTH

(exkOva amod [22])
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(aprotepd confusion matrix, Sedid Tumol yua to precision , recall, true positive
rate, false positive rate)

Onwg gatvetal amd tnv eukova o confusion matrix £xelg 4 Katnyopieg.

TRUE POSITIVE: otouxeia mou opBdg £xouv xatataxBel wg Betikd (0g akpaieg
TLHEG OTNV IEPLITTKOON 1Ag).

FALSE POSITIVE: otoixelia mou AavBaopéva exouv ratataXfel wg Oetikd (wg
aKpaieg TUUEG OTNV MIEPLIITOON HaAg).

TRUE NEGATIVE: otoixeia mou owotda exouv xatataxbeli ¢ apvnmird (wg
KOAVOVUIKEG TUIEG OTNV MEPLITTMOT] HAG).
FALSE NEGATIVE: otouxeia mou AavBaopéva £xouv xatataxBel o¢ apvntira (og
KOAVOVUIKEG TUIEG OTNV MIEPLITTMOT] HAG).

Méow TOV mOpamdve KaTnyopluwv HIopel va UIIOAOYloTel TO roc score Kol TO
precision. To mpoto mpoxrumter av avamapaoctnoovpe Xwpikd to (FPR) FALSE
POSITIVE RATE mou eivar to xAdopa tov FALSE POSITIVE 6w to aBpovopa
tov FALSE POSITIVE cuv TRUE NEGATIVE otov afova X xav to (TPR) TRUE
POSITIVE RATE mou eivar 1o xdaopdatov TRUE POSITIVE 6w TRUE
POSITIVE ouv to FALSE NEGATIVE oto afova Y xar Snpuuoupyeitar pia
KAPIUAL IOU IEPLyPA@el 600 KAaAO £ival To HoVTEAO 0To va mmpoBAemet tnv Oetikn
opada (axpaia TUIn) TRV IEPUIITOOT pag), 000 IO WHAA KAl aplotepd eival autr) 1
KapmuAn tOoo KaAutepn 1 emidoon tou adyopibpou. To precision mpoxumtel amod
to kKAaopa twv TRUE POSITIVE mpog to aBpowopa twv TRUE POSITIVE cuv
FALSE POSITIVE nepiypager tnv akpiBeia TV UIOAOYLOU®OV TOV AKPALOV TUHOV
oTNV mIepimtworn pag.

AIIOTEAEXMATA

Egooov éxoupe efnynoetl toug tpomoug adtodoynong tng emiboong tov alyopibueov
HUIIOPOULE Vd IIAPOUCLACOULE TA AIOTEAECHATA TIE OUVAPTNONC.

To mpato ouvodo Gedopevav mou efetaloupe exer 452 otovxeia xal 274 Svaotdoelg,
Kal II0000TO arkpaiv Tipov 15% (66 akpaieg Tupeg).

Yto ouykekrpipevo ouvodo kadutepn emiboon eixe o IFOREST Aoyeo tou roc score
0,819, precision 0,55, time complexity 0,3869 seconds.

Aettepn xadutepn emiboon o ECDF  Adyo roc score 0,8185, precision 0,5, time
complexity 0,3869 seconds.

Xewpotepn emiboon o ABOD  Adyo tou roc score 0,6819, precision 0,3, time
complexity 0,1715 seconds.
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...EE2Taon Tou oUvohou SsScpsEvwy  arrhythmia.mat ...

kalw algorithmo gia high_dimentional

Angle-based Outlier Detector ROC:@.6819, precision @ rank n:8.3, execution time: @.171G5s
Isolaticn Forest ROC:@.819, precizion @ rank n:@.55, execution time: @.3880s

Empirical Cumulative Distribution Functions ROC:8.8185, precision @ rank n:8.5, execution time:

0.8 1

0.7 A

0.6

0.5

0.4 4

roc score

0.3 1

0.2 1

0.1+

0.0 -
Angle-based Outlier Detector Isolation Forest Empincal Cumulative Distribution Functions

algorithms

(amoteAeopata roc_score ouvoAou debopévev arrhythmia )
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presicion score

Angle-based Outlier Detector Isolation Forest Empincal Cumnulative Distribution Functions
algorithms

0.40 4

0.35

0.30 1

time_complexity
= = =
— L ] P
LA = (%]
i

0.10 1

0.05 4

0.00 -
Angle-based Outlier Detector Isalabion Forest Empirical Cumulative Distribution Functions

algorithms

(amoteAéopata precision (Iave), time_complexity(xatw) ouvolou debopévov
arrhythmia )

To Geutepo ovvodo Oebonevov mou efetaloupe exer 1831 ovoixela rar 21
Slraotaoelg, Kal mooooto akpaiev tipev 9.6% (176 akpaieg Tipeg).
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Yto Oouykekpipevo ouvodo kKaAutepn emiboon eixe o ECDF Adyw tou roc score
0,9543, precision 0,6167 time complexity 0,022 seconds.

Aettepn radutepn emiboon o IFOREST Aoyw roc score 0,9467, precision 0,65,
time complexity 0,4614 seconds.

Xewpotepn emiboon o ABOD Aoyw tou roc score 0,6819, precision 0,3, time
complexity 0,1715 seconds.

...EEETaon Tou oovohou Gedopévuwv  cardio.mat ...

kalw algorithmo gia high_dimentional

Angle-based OQutlier Detector ROC:8.592, precision @ rank n:@.25, execution time: @.4388s

Izolation Forest ROC:@.9467, precision @ rank n:@.65, execution time: @.4514s

Empirical Cumulative Distribution Functions ROC:@.9543, precision @ rank n:@.6167, execution time: 8.822s

1.0

0.8 1

0.6 1

roc score

0.4 1

0.2 1

0.0 -
Angle-based Outlier Detectar Isolation Forest Empincal Cumulative Distribution Functions

algerithms

(ammotedeopata roc_score ouvolou Sedopevav cardio )
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algorithms
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(amoteAéopata precision (mave), time_complexity(xkatw) ouvolou debopévev cardio)
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To tpito ouvolo Sebopévwv mou efetaloupe exel 214 otovxeia Kat 9 Sraotaoerg, KAl
I10000TO aKPAl®V TLpwV 4.2% (9 arpaieg TLpeg).

YT0 OUYKEKPLIEVO 0UVOAO KaAutepn emidoon eixe o KNN Adyw tou roc score 0,89,
precision 0,33, time complexity 0,0032 seconds.

Aettepn raAutepn emiboon o CBLOF Adye roc score 0,8817, precision 0,33, time
complexity 2,38 seconds.

Xevpotepn emiboon o LOF Adyw tou roc score 0,74, precision 0, time complexity
0,0059 seconds.(To precision 0 mpoxUITEL AOY® TOU HIKPOU II0000TOU outlier oto
oUVoA0 4.2% Kal PKpouU aplBpov oTtoLXeinv 0to oUvoAo 214)

...2EETaon Tou covohou Gzdopdvuv glass.mat ...
kalw algorithmo gia non_parametric

¥ MNearest Neighbors ROC:@.8925, precision @ rank n:@.3333, execution time: B.8832s
Cluster-based Local Outlier Factor ROC:@.8817, preciszion @ rank n:®.3333, execution time: 2.3873=
Local Outlier Factor ROC:8.7419, precision @ ramk n:8.8, execution time: ©.8859s

roc score

K Mearest Neighbors Cluster-based Local Outlier Factor Local Ouwtlier Factor
algorithms

(ammotedéopata roc_score ouvolou Sedopevav glass )
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algorithms
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(ammoteAeopata precision (mave), time_complexity(katw) ouvodou edopévev glass

)
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To tétapto ouvolo Oebopéveov mou efetaloupe exer 49097 ortoixela Kaiv 9
d1a0Taoelg, Kal ooooto akpal®v Tipuav 7% ( 3511 akpaieg Tupeg).

Yto ouykekpipuévo ouvolo kaAutepn emiboon eixe o IFOREST Adyw tou roc score
0,9981, precision 0,9586, time complexity 1,9875 seconds.

Aettepn raAvtepn emiboon o CBLOF Adyw roc score 0,9929, precision 0,8853,
time complexity 1,1935 seconds.

Xewpotepn emiboon o HBOS Adyw tou roc score 0,983, precision 0,8693, time
complexity 1,8259 seconds.

... EEETOON Tou oUvohou GEGopdviv  shuttle.mat ...

kalw algorithmo gia complex_non_high_dimestional

Izolation Forest ROC:0.9981, precision @ rank n:@.9586, execution time: 1.9875s

Cluster-based Local Outlier Factor ROC:@.9923, precision @ rank n:@.8833, execution time: 1.1935s
Histogram-base Outlier Detection ROC:@.983, precision @ rank n:@.8693, execution time: 1.8259s
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roc score
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(amoteAéopata roc_score ouvoAlou Sebopévev shuttle )
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(amoteAeopata precision (mave), time_complexity(xkatw) ouvolou deGopévov
shuttle)
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To mmépmro ouvolo edopevev mou efetaloune exel 11183 otoixeia kat 6 Siaotdoeg,
Kal II0000TO arkpaiev Tipuev 2.32% ( 260 akpaieg Tupeg).

Yto ouykekpuuevo ouvodo KaAdutepn emiboon eixe o KNN Adoyw tou roc score
0,8493, precision 0,2162, time complexity 0,5857 seconds.

Aettepn xkaAutepn enidoon o CBLOF Adyw roc score 0,788, precision 0,2703, time
complexity 0,8843 seconds.

Xewpotepn eniboon o LOF  Adoyw tou roc score 0,6821, precision 0,1757, time
complexity 0,4184 seconds.

.. ELETOON Tou cuvohou Gedopdvay  mammography.met ...
kalw algorithmo gia non_parametric

¥ Nearest Neighbors ROC:@.8493, precision @ rank n:@.2162, exscution time: 8.5837s
Cluster-based Local Outlier Factor ROC:@.783, precision @ rank n:0.2783, execution time: 8.8543s
Local OQutlier Factor ROC:8.6821, precision @ rank n:@.1757, execution time: @.4184s
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(ammotedéopata roc_score ouvolou Sedopevwv mammography )
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(amoteAéopata precision (mIave), time_complexity(xatw) ouvolou debopévav
mammography )

62

Institutional Repository - Library & Information Centre - University of Thessaly
04/09/2026 15:20:53 EEST - 216.73.216.250



To ¢xto ouvolo SeGopevev mou efetaloupe exer 3772 otovxeia Kal 6 Graotaoelg, Kat
II0000TO AKPALOV TV 2.5% (93 akpaieg Tipég).

Yto ouykekpupevo ouvolo kadutepn emidoon eixe o KNN Adyw tou roc score
0,9541, precision 0,2647, time complexity 0,1362 seconds.

Aettepn xalutepn emiboon o CBLOF  Adyw roc score 0,9402, precision 0,2059,
time complexity 0,964 seconds.

Xewpotepn emiboony o LOF  Adyw tou roc score 0,869, precision 0,1471, time
complexity 0,0974 seconds.

...EEETaon Tou oUvohou GESopsvwv  thyroid.mat ...
kalw algorithmo gia non_parametric

¥ Nearest Neighbors ROC:@.9541, precision @ rank n:@.2647, execution time: 8.1362s
Cluster-based Local Qutlier Factor ROC:2.9422, precision @ rank n:@.2059, execution time: ©.9645s
Local Qutlier Factor ROC:@.889, precision @ rank n:@.1471, execution time: @.8974s
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(ammotedéopata roc_score ouvolou dedopevev thyroid )
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To ¢B6opo ouvodo Sedopeveav mou efetaloupe exer 129 otorxeia xar 13 Swaotdoeg,
Kal II0000TO arkpaiev Tipuov 7,7% (10 akpaieg Tipeg).

Yto OUYKeKpLIEVO oUVOAo Kaldutepn emidoon eixe o LOF  Adyw tou roc score
0,9865, precision 0,5, time complexity 0,005 seconds.

Aettepn raAutepn emiboon o KNN  Adyw roc score 0,9865, precision 0,5, time
complexity 0,0078 seconds.

Xewpotepn emidoon o CBLOF  Adyew tou roc score 0,9865, precision 0,5, time
complexity 0,8331 seconds.

...EEETO0N Tou oUvohou GESopEvwy  wine.mat ...
kalw algorithmo gia non_parametric

K Nearest Neighbors ROC:@.9865, precision @ rank n:@.5, execution time: @.0873s
Cluster-based Local OQutlier Factor ROC:®.9865, precision @ rank n:@.5, execution time: @.8331s
Local OQutlier Factor ROC:B.9865, precision @ rank n:@.5, execution time: 8.8@5=
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To Tedeutalto ovvodo OSeGopéveov mou efetaloupe é€xelr 148 otoixela xar 18
dla0tacelg, Kal rooooto akpaiev Tipev 4,1% (6 akpaieg tupeg).

Yto OuykerplLevo ouvolo KaAutepn emiboon eixe o ECDF Adyw tou roc score 1,
precision 1, time complexity 0,0063 seconds.

Aettepn raAutepn emidoon o IFOREST Aoyw roc score 1, precision 1, time
complexity 0,357 seconds.

Xewpotepn emiboony o ABOD  Adyw tou roc score 0,9545, precision 0, time
complexity 0,0914 seconds (To precision 0 mpoxumtel AOYo TOU PMIKPOU II00O0TOU
outlier oto cUVoAo 4.1% Kal PKPoU aplBpoly oToLXelav 0Tto oUvoAo 148).

...gEETaon Tou ouvohou GeSopEvuv  lympho.mat ...

kalw algorithmo gia high_dimentional

Angle-based Outlier Detector ROC:0.93545, precision @ rank n:@.8, execution time: 9.8914s

Isolation Forest ROC:1.d, precision @ rank n:1.8, execution time: @.3571s

Empirical Cumulative Distribution Fumctions ROC:1.8, precision @ rank n:l.9, execution time: @.8863s
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EXOAIAEZMOZX ATIOTEAEXEMATQN

Ta amoteléopata tng ouvdaptnong nrav apketd evlappuvtikd av KAl To
delypa twv ouvoAwv 6edopévav Gev ntav apkreto (8 ouvola Sedopévev) wote va
Byouv aopaldeig oupmepacpata. Ta mevpdpata eywvav oe mpaypatika oebopgva pe
POooONKN TeEXVNTOV aKpal®v Tipwv. Aoyo tng @uong tou mpoBAnpatog ntav
O6uokodo va BpeBouv “labeled” Gebopeva wote va pmopel va yiver a§loAoynon tng
£midoong TOV POVIEA®V KAl HEPALTEP® AVAAUON TV armotedeopatev. Katagepape
va KaAuyoupe — TIg IEPUITOOELS TV AIMA®V OUVOA@V Oedopévev mou Oev
axodouBouv Kavoviky Katavour, tov ouvOetev Sedopéveov moddov Siwaotdoswv
(high dimensional) kar tov ouvBetwv Sedopeveov kKavovikev Giaotdoewv, OGev
Bpebnkav ouvola Sedopeévev mou va akoAouBoUv KavoviKI] KATavour Kal vd £Xouv
arpaieg TUHeg 1) Xpovooelpeg mou va exouv “labeled” Seopéva mote va pmopet va
yiver a§lodoynon tng emidoong tov PHovteAnv. Ze Kabe oUvolo umnpxe TOUAAXLOTOV
£vag adyoplBpog (oTLg IIepLoooTeEPeg MEPLITOOLLE IEPLOCOTEPOL AIIO £VAV) IOU TO IoC
score va 1tav peyaAuTtepo oo To OPLo HoU eixape B£0el woTe va 1)TaV AIIodeKTo Kal
Oev XperaotnKke va KaAeotouv ol tadivounteg wneogopiag (voting classifiers) mote
va exoupe Kadutepeg embooelg 0to teAlko mpoypappa. AdBape vmowv Kai to
precision Kal o time_complexity mou rtav xKai ta 6Uo oe amodektd 0pla, e101Kd 1
XPOVIKI] IIOAUNAOKOTNTA TV aAyopibuev ntav apketd Kadrn. Xe 6Uo ouvolda
Oebopévev mapatnpnoape OTL To precision ¢Aabe tnv Tiur 0 eve To roc score 1)Tav
oe emBuuntd mlaiola. Xta OUyKeKplpéva ouvola Oedonevav umpxe moAU HIKPO
II0000TO aKpal®V TPV (mmepimou 4%) Kol apretd HKpog aplOpog Sedopévov,
600£vTog Kat tou tumou umoAoylopou tou deiktn precision (TP/(TP+NP)), kavovtag
AOY1KO £V TETOL0 armoTteAeopd.
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LYMIIEPAYXMA

Yuvowidovtag, mpoomabrjoape va koduwoupe é€va medio Tng avixveuong
aveopaAlev mou dev eixe avaduBel apretd Kal Aemrtopepmg 0XeTIKA pe dAAa media
e@appoyng. Aivovrtag meploootepn Baon otnv avdiluon ToV XAPAKTNPLOTIKOV TV
Oebopevav, otig pebBoboloyieg twv adyopiBpuwv Kal ota XOpAKTNPLOTIKA TV
adyopiBuwv mpoteivovtag toug BeAtiotoug Baon twv Kplrtnpiov mou Bewmproape
ONMAVTLKAL.

Méow tng pedetng kar avaduong towv pebodoloyliov katagepape va £XOUpe
peyaAuTepn  KATavonon OTov  0pLopd TRV  aKPal®v  Tipev. Xtig  pebodoug
avoipetomwong toug. EpBabuvovtag otnv  avdluon moAlamAov  adyopiBuwv
oivovtag £tol eueAifia 0To MmMPOYpPAUIA HAg €XOoVTag TNV Suvatotnta va Xeuplotel
SLapopwv ewdov otatika Oedopeva. Eite ouvBeta eite amAd addd ol Xeplg va
emKkevrpoboupe apretd ota Xpovikd petabBaddopeva Sebopéva mapouoiadovtag
Kamoloug evoeberypevoug aldyopibpoug kar kamoleg eeAilypéveg Impooeyyloeig
Babidg pabnong omwg to veupwvikod 6iktuo LSTM autoencoder va kaAvuwoupe ev
HEPN KAl aUTO TOV TOPEd.

H avixvevon oaxpaiov TV elvalr €va HOoAU  amalitnTiko  ouvOeto
mpoBAnua. Xpevadetal eupeia yvoon pabnpuatikev, oTaTloTIKIC Kol TANPOPOPIKIIC
Yo THV Katavonon tev dsdopevev, tov adyopiBuenv Kat tev pebodoloyiwv. 'Eva
ouvexng petabBadlopevo medlo pe epappoyee oe MoAAAITAOUE TOUELE TTOU IIPEMIeL vVa
mapBbouv amo@doelg Bdon twv OSedopevev. Me tnv avnon tou Oykou, TIg
moAumdoxkotnTag TV Oedopevev oAAd KAl TOV TPOOOV OCUAAOYNC TOUC KAVEL
avVayKaia Tnv Oepartép® epeuva Kal AVAIITUSn VeV TEXVOAOYL®V IAVE 0To medio.
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