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KE®ANATO 1

EIZATQT'H

H YnoAoy Lot Lk NonuooUvn e€ival éva umooUvoAo TNG TeXVNIHg vonuooUvng (AT)
nou dopel ovothuaTa Lxovd va poboalivouv kol vo BeATidvovial omd tnv sumelpla
dnhadn amd T dedopéva eLoddou e€fddou, xwplc voa eival pntd dniwpévog o
unxoviopdg mou dLémel Tnv oxéon Toug. I'ta mapddelypa plo Aoy Lk mUAn (m.yx.
ng d1&levéng, XOR) meplypdpetal pntd pe tnv &dAveBpa tou Boole, €v 10UTOLC
elval duvatdv pdévo and ta dedouéva Tou mivaxra ainbelogc Tng vo dnuLoupynoouus
é¢va oUotnuo Mnyxavixkhg M&Bnong nou 6Oa mnpocoouol®vel Tnv AelToupyla 1TnCQ.
Avogpépetal 1O oUotnua outd Kol ©C epmelplrkd poviéAo. H oduvaplo pnijc
IEPLYPUENG €VOC OUCTAUNTOC KOL N aVAYKN €OLOTPATEUONC TNG UNXovLkAg udébnong
unopel va mpoépxetal e€ite omd tnv nmoAunAokdintd tou elte oamd 1nv aduvaplo
YAWOOLKACG meplypoaenc. Tia mopddelyuo dev umopoUue va d1d&fouue oe KAMOLOV
XPNOLUOMOLOVTAGC TNV QUO LKLY YAOOOX NG va K&vel modHAato, mpémel vo dox Ludoe L
Kol vo pudBel gumelpLlrA.

Baolkég évvoleg Kol 6pOL MOU €UINAEKOVTIOL OUXVA OTnv YmoAoy Lot Lk NonuooUvn
elval emlypopuat Lk&:

- Ta dedouéva

-0l oAydéplbupol tTafivéunong, naiilvdpdunong, oupadomolinong, EVLIOYXUTLKAQG

p&énong.

- H Exnooaidevon kol 1) dokLun

- H M&6non, emomteudpuevn, uUn €monTeudUeEV KXL €VLIOXUTLKN

- H Av&Auon XopoKINPELOT LKOV

Epoppoyéc Mnyxovixng Maodnong:



H Ynoldoviotikp NonuooUvn eooppdletal og OLAQPOPOUC TOoUelg TOU avapépovIol

€VOELKT LKA TTOPOKATW:

- EBnmefepyoolia duolxkhg TAdocoag (NLP)
- AvayvoplLon eiLtkdé6vag kKol ouLAalacg

- TpoRAenT LKA AVAAUODN

- JUOTAUNTO OUCTAOEWV

- Yyela kot IatplKA

- Xpnuatoddinon

- Autdvopa OxHupata

Eva oUvodo duolwv mpotlmwv, OXL oavayKaoT LK navoupoldtunwnv, oplilet pla
oUAANYn (concept). To vopuova EéuflLa nopotnpeoUtv kol poboaivouv 1o ovia
(mpdtuna) tTou meplP&Aroviog kdOouou kol dnuLoupyolv vi' outd ocuAAfyelc. Tia
mopdde LYRa TO OUVOAO TV oAdywv HIoU yvwploate ococ éuabe tnv yevikh oUAANYDn
(Ldéa) &ioyo (xk&vie ouoyxetiopd pe 1tov KOOUO TV 1dedv TOoU MNA&ATOVA) . ITOV
XOP0o TV YPuuudtwv Ing EAANVIKAC vA®oooac undpxouv 24 ocUdAAVelc mou gival 1o
24 ypbppota tng EAANVIkAC odeaPfitou. K&Be ypdupo 1ng EAANV LKAC YAOOOOG IHIOU
vedotnke oamoteiel pla mpoaypoatomoinon 1 ouufdv  (event) piLag omnd tiLg 24

oUAAAUeLg. Tia mopddelyua oL POopPQECQ:

S 8 BBBL B BB
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amoTeAoUVv oUuBdvia (mpdItuna) Twv CUAAATEwV TV yeouudtwv BHTA kot AEATA. To
ouvkekpLlpéva npdtuna pnopel vo dlapépouv oto Péyebog, TNV ypouuxtooesLpd, Vo
elval xepodoloa { pLxkpd, [ va €XOUV HULKPODLOPOPEC TOU dNULOUPpYyHOnKav KATA 11
OT LYUN Tng exktUmwong (86pufog) . Aviikelpeva (mpdrtuma) mou oavAKouUv otnv (dLa
oUAANYN amotedoUv ula kAdon 1 té&én (class). Elval mpopavég mwg ol CUAAAYELC
Kol T olkela mpdtumd toug mpémel va dLaBéTouv XUPAKINELOTLK& IMOU Vo TLC
dlakpivouv omd &AAeg OUAAAYeLlG kol mnpdiuna. H eUpeon xal pétpnon T1€10l@V
XOAPAKINELOT LKAV (features) twv mpotlnov €ival TPpRIUPXLKAC onuociog yio Tnv

IEQPLYPAOY KL TNV oVXyvVOPLON TOoug.

H tafivépnon Twv aviLlKeLlpévey oe RKAXCeLC AéyeTal avayvoplon MHeoTUIwV
(pattern recognition) Kol unopel  Vvo  OVILKATACTACEL NOANBOpo emimovev
AVOPAILVOV €pYAOLOV, VX BEATLOCEL TO gpyaolakd meplB&AAOV Kol vo qUuinoel Tnv
TopPayRy LKOTNTH. T'la mopddelypa I LETATPONN TUNOUREVEVY €VYVPAOOV O NAEKTPOV LKN
Hopoery upe  kwdlkomoinon xkat& ASCII, wumopel va vyivelr omd 1ov &vBpwio

daxkTtuAoypheo mou dLaf&lel 10 kKelpevo, avayvewpllel TOUQ XOUPAKINPEC KAL TOUCQ



nAnxktpodoyel, upmopel ouwg oxkdun va yiver pe Inv odpwon kot ynoelomoinon
(scanning) ToU  egyypdepou amd  KATAAANAO nOpdypauuda  OOT LKAG avayvdp Long
Xxapoartnowv (OCR: Optical Character Recognition) mou 6o ovoayvopilsel 1nv
Une Lok popern rk&Be YXUPAKINPX Kol Oa Tov KwdlkomolLel pe 1o avi{oTOLXO KOO LKX

ASCII.

Eva oUotnua  (aAydéplbuog) mou avayvepilel mpdtuna Aéyetal T1aéivountng
(classifier). Ze éva Toflvounth emitedoUvial dUo KUplLeg epyaclieg mou egilval
n exnaidevon (training) xalL n taéitvounon. Katd& tnv eknaidesuon dilaxwpllovIal
KATAAANAQ Ol KA&Celg 1) mpoodlopllovial Ol OUYKEVIPOOELC TWV HTPOTUNOV KAl
pubuilovial ol napdueIpol TOU OUCTHpaTOog Tofivdunong ue Pdon 1Lg omolegc Oa
elval oautd rkoavd va Taflvounocel To mEOTUNN OwoTd oOTLg¢ kKA&oeglg. Me 1nv
Taé tvounon amnodidetal éva mnpdtunmo oe pla rA&on 17 oeg pla ouykévipwon. Ol

nébodol exnaidevong yxwpllovial cg dUo Poaoclxkéc xratnyopleg:

A) Exna{devon ue emémin (supervised learning) xoat& tnv omoia e€lval yvwoth
n  xA&on otnv omnola avhkel K&Oe mnmpdtuno 1ToU  OUvOAOU  exmai{deuong Kol
ETLOLOKETNL 1N opbn ambddoon TV HOPOTUNWV IIOU OV  OAVAKOUV OTO OUVOAO
exnaidevong, oe pla and tTiLc mpoxraboplopéveg xrAdoOeLlg. Jg k&Oe mpdTumo TOU
ouvboArou exrmaideuong aviLloroly(loupe 10 dvopa Ing KA&ONG tToU ue plo erixéta

(label) .

B) Exnoidevon xwplc endmtin (unsupervised learning) xoatd& tnv omoia dev
elval yvooTty n xA&on otnv omnola avAkel k&Be mpdtumo ToUu oUvOAOU ekmaideuoncg

Kol ovad{ntoUvial RBaoLlKA Ol OUYKeEVIPOHOoELQ TwV mpoItUnwv (clustering).

To IPOTUNN TIOU XPNOLPOTOLOUVIAL YId TNV €KNIX({deUon ToU TafLlvounty amoteAoUv
T0 oUvoAo egxnalidevong (training set). IuxVv& xpenolLuomoLoUus Kal £€vo oUVOAO
IPOTUNOV YLIa TNV €OLKUPWON TV oIoTeAeoudtewv 1o omoio ovou&louue oUvoAo

entxUpwong (validation set).

MpotLudtepo eival n exoaideuvuon evoég Tof tvounth va unv exteAde{tal pdvo pla
apX LKy eopd, oAA& vo smovoiouPBdvetal @ote 1 unyxovn vo npocopudlertal OT LG
aAAayéC TV mpoItUnwv mnou tofilvouel. OL tafivountég elval oucLaoTLK& TO
avTLke (pevo pe 10 omoio 6o aoxoAnBoUue MepALlTEéPw KAl O avoAuBoUv ota endueva

KeQAAO L.



KE®ANATIO 2

[IEPITPA®H TQN IIPOTYIION KAI OPIXMOI

Tia x&Be mnpdTuno peTpoUne €V THENEPACHEVO TNANOOC XAPAKINELOT LKOV TOU
(m.x. PB&pog, xpdua, UYog, nAdTog, HAKOCG). Tla éva moloTLlkO XUPAKINELOT LKO
ToU deVv PeTPLETAL QUECH Pe ApLlOUNTLKEQ TLUEC ONWC VIa ToPAde Lyud TO YXPOuo,
XxpnotLtpomnoLoUue k&molo kwdlkomoinon mou oviiotolxel optBuoltg otig dL&popeg
popeéc tou (m.X. 0 yvia 1O pavtpo, 1 yia TOo uUmAe, 2 yLo TOo KOKKLVO K.A.m.) Av
Q gival éva oUvodo mou amotedei{tal and K 1o mAnbocg mpdtuna Iy, k=1,2,3,...,K,
dnAadn Q={M1,Ms, ..., 0k, ... Ik} Kol peTpoUpe N 1O NARBOC KOLVA XXAPOAKINPELOTLKA yld
k&Be mpdtuno, 1dte 1O Ik mpdtumo unopel va neplypaeel amd éva dildvuopa (mivoako

OTAANG) X« Ot éva XOpo N dLtaotdoeswv oUPQOVO PE TNV OXEO0N

Xy = = [X1x Xox e Xk e Xk T (2.1.1)

K&be mpdtuno Oewpeltal exwplotd amd k&Be &AAO akdun kol Otov OAeg oL
TLPEéC TV avTI{OTOLXWVY XOPAKTINPELOTLKOV TOoUuG eivoal (oeg. Andadhy to mpdtumno I,
elval &AAo otolxelo ToUu ouvérou Q, oamd 1o mpdtumo I ov KAl Xp=xXa (1, A €
{1,2,...,K}, xat II;, e Q ). Q¢ €x 10UTOU TO Q elval OoUVOAO HE TNV PABNPOAT LKL
évvola. Oloug Ttoug mivaxkeg Oa Toug OuppoArlloupes pe maxld ypdupotoa 1 ue

unoypduuLon.

Av K 10 mAH6oC twv mpotUnwv, N 1o mANO0C TV XUPAKINELOT LKOV ITOU petpdue
oe xk&Be mpdtumo kal T 1o mARBoC Twv T&fewv, UIOPOUPE VO XPENOLUOIO LHCOUNE éva
deixtn x=1,2,...,K via x&Be wnpdtuno, éva odeixtn v=1,2,...,N via x&be

Xoapoartne Lot tkd kol éva deixktn 1=1,2,...,T via x&Be xrA&on. O dlLavuouatLkdQ



XOpog¢ TV mpotlnwvy £xel dldotaon N, (RY). Tia 1ITnv TLPR TOU V-00TOU

XOUPAKINELOT LKOU TOU K IPOTUINOU TOU aVAhKel otnv xA&on 1 yp&pouus
T
X

SUuxvd kamolol deilxteg dev yxpnoLlpomoLloUvial Otav €XOoUv HIPpoeavyh TLUN N
6tav n ovoapopd& Toucg dev egival amopalInin. H pobnuot LK OEpLYypOEn TV

IPUYUATWY OTNV avayvdpLon mpoIUnwevy yivetal pe 1nv Xphon 6pwv INg YPOUULKAC

divyeBpag. To diLd&vuoua X mou nepLéxel N xapakinetot k& evdg mpotUmnou 6Oa
Bewpeltal mivakag pe N ypouuéc kol pla oTHAN kol 6o cUpRoAliletol Xy ) X&PLV
ouvtoplag x f) x. Zuxvd Ba yxpnoipomoiLoUpe 1oV avéotpopo mivaxko AT evdg mivaxka
A (Hop&ptnuo A). T'ta egfoilkovéunon xopou otnv oeAida, 1OV mivaka oOTAANC X
evoég mpotUnou Oa tov ypdepouus oveotpoupévo xXT=[ xi1, X2, ..

Xy, ...,xn] . Me B&on

Tov oplopd TOoU moAAomAaclaocpoU  OUo mivdkwev (Hapdptnua A) n EuxkAe(deila
andéotaon de(x,y) TV TLVEKwV OTINANG X, y OUo mpotUnwv I, I, divetol amd 1tnv

oxéon
de (x,y) = [(x-y)T(x-y)]'/? (2.1.2)

Av N<3 161€e unopoUue VO HTAPACTHCOUHRE T dLaVUOPATA TWV HPOTUNWV OTOV QUOLKO
XOpo. AkOAOUBwG Ba doUpe éva naphde lypo mpoTtUney Iou €lval dTopa yio tTo omola
petpdue 300 YopaKINELOT LKA mou eival 1o B&pog kol To UYog. OL TLUEC TWV
XAPAKTINELOT LKAV yia OAa 1o npdiuna mou petphdnxkoav deliyxvovial oto akdioubo

nivaxka 2.1.

I (mpdtumo) |Y (UYoc oe €k.) B (B&pog o¢

KLAK)
1 185 85
2 185 82
3 182 115
14 180 80
15 178 78
e 175 112
17 171 114
18 160 58
9 160 55
10 155 62
mil 150 85
12 150 82
13 145 84
14 143 80
Divoakoag 2.1




Ta aviiotolXa dLoviouoTa IOV TPOTUNWV YPAPOVIXL ¢ HIivaxkeg OTHANC

Onwc TopPoKATW:

185 185 182 _[180
[85] X2_[82_’ "3—[115] X4_[80]

178 175] 171 160
[78] X6:[112' X7:[114] "8:[58] (219

160 _[143
o -[9], ne )

X

X5

$10 $x.2.1 mou oakoAoubBel opalvovial Ta onuela TEAOUC TwV

JLOVUOUATWOV TIOU VI LOTOoLXOoUv og r&Be mpdrumo.

LT

420 e

100 e

B0 . .

A0 e

20 e

SxApo.2.1.

Eotw 6tL emiBupolue va koatat&éoupe ta mpdtuna poc oe 1&éelc wg €éng: Bapelcg
av B>80, gdaepoUc av BL80, yYnioUg av Y>170 kol kovioUg av YL170. Hopatnpolus
6TL 1T &KPA TV JLAVUOUATWV TwV MEOTUNWY OCUYKEVIPOVOVIaL og ouddeg. To
veyovoége autd opelAetal oto O6tL T Spola mpdtuna yeltvidlouv emeldn T
aviiotolxa XOUPOKTNELOT LKA TOoUGQ éxouv koviLlvdtepeg TLpécQ (opdAiovec
OCUVIETOYHEVEG TOV OVUOUXT®VY TOUG) Of OXEON ME TLGC TLUEC TOV XUPAKTINPLOT LKAV
TV &AA@V TpoTtUnov. I'loa noapddelypa n e€urAei(dela andotoaocn Dz Twv npottnov I,

I, elval

Diy = /(11 — x12)% + (21 — %25)? = /(185 — 185)2 + (85—82)2=3  (2.1.4)

Kol n euxkAe(dela amboTaon twv npotvtnwov 111, II5 sival

Dys = /(11 — x15)% + (X1 — x25)2 = /(185 — 178)2 + (85 —78)2 =9v2 (2.1.5)

Apa n andoTAOoN TWV AVUOUATWV TWV HPOTUNOV €lval éva podnuat lkd KPLTAPLO ING

opotdInIa; OUo mportlnwv. OL ou&dec mou oxnuatilouv 1o mEOTUIN AEYOVIAL

8



ouvyKevVIpOoelg (clusters). OL ouykeviphoelg dnuiloupyoUvial omd npdiuld UE
HopeoAOY LK opoldINIX. ITOo Hapddelydd Uog Ol Té00€pLC  OUYKEVIPOHOE LG
dnutloupynénkov amnd &rtopa o) pe B>100 k. PB) upe B<K70 x. vy) pe ¥Y<1.80u xrot
70<B<100 x. rotL o) pe ¥Y>1.80u xalL 70k<B<100x.

O eviomtlopdc TV OUYKEVIPOoewv (clusters) npotUmnov oOoU dNULOUPYOUVIXL OTOV
XOPO TV TPOTUNOV £lival onuaviLlkOg YLl TNV avayvOpLon TpoTUIOV KOL avaQépeTal
wg OpéPAnua €Upeong TwWV OUyKeviphoewv (clustering). H owoth emiAoyn TV
XOPOKTINELOTLKOY Tmou ueTpdue via 1o npdtuna (feature selection) elval
KaOopLloT LKAC onuoaciac via 1nv  eUpeon TV opddeyv TV TOPOTUIOV. IUXVA
evdLlapepdbuacte yia mpdtuma mou Exouv kKamola 1dLéTnTa kol Pplokovioal O
nepLocdtepeg and pla ouddeg. Tia mapddelypa to OpdTUIX TV ATdUeV upe UYoc
peyaAttepo and 1,70 u avhrouv og dU0 OUyKevIphoelc. Avddoyo oupfaivel xal ue
To npdtuna Tev neldv kol kepodolwv ypoupdtev oSnewc tev ‘A, ‘o’ B ‘Q', ‘of
K.o. H eUpeon 1tng op&dac 1§ TV opudduv TV HIPpoTUnenv mIou éXouv pla TeALKN KOLVIH
XAPAKTINELOT LKA 1dtdtnta  (toutdtnta: label) oamotedel 1tnv tofivéunon 1wV
npoTUnny Kol odnyel oTnv avayvppelon ToUg. IINV VEVLKA mneplintwon 1o mpdRAnuo
ng tafivoéunong eival dUokoAO kKUPLwg Adyw o) KAKAQ E€MLAOYAC TV HETPOUREVROV
XOUPAKTINELOT LKAV, ) peydAng mnolxiAopopeioagc twv mnpotlnwv, Y)BOopURou, d)1ing

acdee Lag TV 0plov TV KAKCE®VY OTOV XOPO TwV TPOTUIWOV.

2.2 Ecwteplkd yLvépevo

Tia dUo mivakeg X = [X1, X2, Xy, XnT, KL ¥ = [ Vi, V2,00 Vorer ¥n]T TO

eowteplkd yivopevd toug opiletal amd 11 OxEéon
XUy =30l1% % =X Y1 H X Yo+ Xy Yy F oo Xy Yn= 1% |y lcos (8) (2.2.1)

Av N=2 4 N=3, 6 egival n xupth vovia nmou oxnuotilouv ta dU0 dLAVUCUATA HE

T
L -1 X - i — p
NV VEQUETPLKY évvola. Av N>3, 0 = cos 1WH; ue |X|= xT-x 10 HLETPO TOU X.

Teopetplk& ov 10 dLAvVUCUA X éxelL uétpo (unxocg) (oo pe tn pov&da, TO YLVvOUEVO
i-? elval n oAyefplkh) TLUH TNG TPOPROAAC TOU §> endveo otnv eubela mou
dlLépxetal amd TO 6Ldvucw1§ (popéac ToOU X). Otov n vovia 6 tov X KQL§
uixkpaivel 10 gowteplkd TOUCQ YLIVOUEVO i-y auidvel Kol peyilotomolelital Otov

o X Kol § Bplokovial otnv (dLa egubela kol éxouv 1Tnv (dlLa popd (¥X.2.2).



SxHuo 2.2.

Autd onuaivelr 61l 1dTe LOXUel n oxéon

j=1-%, y=A-x émou A € R xat Z=2=..2_..N_3 (3 2 2
X1 X Xy XN

H oxéon (2.2.2) eilval oxéon avoaroylag xal 10 €owteplkd yivoéupevo umopel va
xpnotipomnotn®el g kpLtApto opotdtntac (OxtL vmoxpewtlk& todtntacg) dUO
IPOTUNOV. AV OeWPNOOUHRE X=[ Xi, X2,., Xuse Xn1T, ¥=[ Vi, V2se0r Yyre ynlT , 101€

10 gowteplkd yivopevo toug divetal amnd 1n oxéon xT y= y' x.

2.3 Anoocté&oeLg

Ex16¢ amd tnv EukAe(dela amdotaon undpyxouv Kol GAAOL TUMOL QIOOTACEWV OF
Slovuopat LkoUc xopouc. Av d(X,y)eivol oméotoon 6o mpémel ylo ONOLOJANOTE

diLdvuopa X, y, Z VAo LKavomoLoUvial oL OXEéOeLG:

d(xy) = d@X)

d(Xy) <d(Xz) +d(Zy)

dixy) =0

anvdEy) =0 x=7 (2.3.4)

SuvhBetlc TUmol omoot&oewv elval Ol TUPUKAT®:

o) Minkowski Tt&éncg s

d,(ZY) = [XN_41%, — w1515 (2.3.5)

B) City Block

Ei{valr €1d1xf nepintwon tnc Minkowski pe s=1

dc(iéi): g:llxv_yvl (2.3.6)
V) EuxAe(deia

10



E{valr €1d1xf nepintwon tnc Minkowski yia s=2

. 211/2
(%, ) =[St = )] =@ =»)" - (x= ] (2.3.7)

d) Chebychev

dr(xy) = max(|x, — y|) (2.3.8)

¢) Mahalanobis

dr(Xy) = dg(x,y) = (x = )" - Cov'! - (x - y) (2.3.9)

6mou Cov o mivaxag ouppetafAntéd6IntdC TOV X KAL Y.

oT) Mn ypopptkn (Non Linear)

dy, (B5) = {ga" A& =T o dxy) > T (2.3.10)

omov H, T € R mapdpetpor T amdctaong kot d(X, y) pio GAAN amdGToceT TOV XDPOL.
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KE®ANATIO 3

ME®OAOI TAEINOMHXHY - EKIIAIAEYXH ME EIIOIITH

3.1. Ta§ivépnon pe PB&on tnv andotacn and toug K-yeitoveg

Mio amAf kol pédodoc tofivoéunong evdg npotvnou x PBacileTal otnv eUpeon
TOU KOVTLVOTEpPOU veltovd tOoU mOU OavAKEL OTO apXLlkd oUVOAO TPOTUNWV YVWOOTINC
xA&ong. IUpeova pe tnv pédodo av x.© glival o yveltovag outdg Kol QAVAKEL OTINV
xkAé&on C, 161e 10 %X Toflvopsital otnv xkA&on C. H pébodog LoxupomolelTal ov
AdRoupe uvnmdyn meplocdtepoug amd Evav velTtoveg o meplTtd KaTtd npoTiunon

aplbud K kol amnoddooupe OTO X TNV KAXON 1ng nietoynoioag autdv.

% K nearest neighbor’s classification example in Matlab R2018a
load fisheriris

x = [4.8 3.5 1.5 0.2]1;

[idx D] = knnsearch (meas,x, 'k',3);

species (idx)

D

% Result Presentation

plot(meas( 1: 50,1),meas( 1: 50,2),'ro');hold on;
plot (meas( 51:100,1),meas( 51:100,2),"'go")

plot (meas(101:150,1),meas (101:150,2), 'bo")
plot(x(l),x(2), "kx")

plot (meas( idx,1),meas (idx,2), "k+")

O oaAydplBuog tTwv K mAnocLécTtepwv yeltdvwv (KNN: K-Nearest Neighbors) e{vat
arpLBAC kol omAdQ OTnv Udomoinon TOoU. INUOVI LKA peloveRTAPNTA Tou €lval n
dLaTAPNON OTINV UVAUN TWV IPOTUN®V TOU COUVOAOU eXIN(deuonc Kol O umoAoyLopdg
TV amocTdoewv Tou und toflvéunon npotUtnou and autd Tou ouvoOAou ekmnalideuong.

Yudpxouv mpotdoelc yia TNV BeAtiwon tewv U0 aUTOV PELOVERTNUATOV. ELJdLKA yIX
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Tov unoAoyloud 1Tng €Upeong TV  KOVILVOTEPWVY YELIOVOV E€OLOTPATEVUETAL O

aAyoépLbuog k-d tree

3.2 AvayvapiLon pe Pdaon ta KEVIpa TV T&EewV

Elval pla amhoixrh pébodog oavoayvhplong pe endnin oUPeeva Je Tnv omolo
ko1& Tnv exuddnon vumodoyiletal n péon TLun Ing K&Be xrA&ONG (KEVIPO 1ING
kA&ong) . K&bBe véo mpdtumo tafilvopeltal otnv KAAON NOU TO KEVIPO TNC améxel
Alydtepo and 1o mpdtuno. Av T 10 mAROoc Twv T&Ecwv pe kKEVIPA We, t=1,2,..,T

10 mpétuno pe mivaxka x oamodidetal otnv kAdon min(d(x,p,)). H eguxie(deia
t

anéotaon de(x,pi)?2 = (x- Pi)T(x- pi)=xTx-2xTp+pTp. Tio TNV OUYKPLON TV
anootdoenyv Tou X and TLC KAXOeLC I kKol J opkel o unodroytopdg 1ng dLopopdc

TOoUC

dis=dg (x, 1u)? =g (x, u)? = 2x"(u; — ;) + i — pip . (o)

Etol n oUykpilon anattel x&Be @opd xruplwg tov unmodoylopd TOU €0MTEPLKOU
vivouévou xT (uj-upi). Av dij=0 1déte n oxéon (o) mnepLypdpel 1O uUmep-enimedo
mou elval pecokdbeTo o010 €UOUypouuo TuAua ue &kpo Ta KEVIPH Twv kKA&osgwv. H
nébodocg oauth umopel vo elvol amodotlkh OTav oL KAACE LG €XOUV TN HOPEH UIep-—

opaLPOV Pe akTiveg plrpdtepec Tng NuLandoTaong IOV KEVIPWVY ToUug (Ix.3.2).

(A) (B)

@)

IxAua 3.2. A) Opbn tafivounon.
B) Ecpoipevn TafLvounocn Adyw
SLOPOPET LKNG CUPUETafAnTOINTIQC
TV KAXCEWV. ZUVLOTATOL I XPHOoN
andéctoconc Mahalanobis.

3.3 Tafivépnon oe 800 KAACELG PE YPOHHLKN S LAKPLT LKA
ouvaptnon, o veupdvag Perceptron.

O vunoAoyilopdg TV amootdoewv €{val UmoAoyLloT k& damavnpdg Kol  OTInv
nepintwon Tou KNN pvnuofdpoc. Mia GAAN HpoCEyyLlOon UINOAOYLOT LKA TaxUTepn HE
BLxpdTEPEC QuAlTHoELC PvAuUNG vioa tnv dradilxkaocia tofilvoéunong umopel va

BaoltoBel oTov dlaxwplopd Twv KAAOCEWV € YPUUULKEC OLAKPLILKEC OUVAPTINCELC.
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Av x 10 dl&vuoua OTHANG TOoU meplypdpel éva TpdTUNO Kol W O LAVUOUN TOPARéTPwY,
X,WE RNJNOE R ue N 10 mANOOC TWV XAPAKINPELOT LKAV, 1 OX£E0n
d(x) =wlx +w,

amoteAe{ plo ypoapplxky dLakplT Lk ouvdpinon. Av d(x)=0 16te x Pploketal o€
pla eubeila av N=2, oe éva enimedo €&v N=3 1 éva uvnepeninedo yioa N>3. H d(x)=0
xwpllel tov RN oe &Go upépn. To H*={x/x, d(x)>0} mou meptiouPdével OAa 1o X
mou kaBlotoUv tnv d(x)>0 xal To H™ mou mepliaufdvel OAX TA X TIOU KOO LCTOUV
nv d(x)<0. Av 10 &VUOUX W TV TOPARETPOV £Xel KATAAANAEQ TLpéc €TI0l QOTE
Ta nmpdtuna Ing pilag xAdong va Bplokovial otov éva pépog (mx HY) xal 1tng &AAng
o010 &AAO, 16Te éva dyvwoTro mpdtumo X’ TaflvouelTol pe KPLTIAPLO TNV TLUN
d(x’), av dniodn d(x’)>0 3 d(x’)<0.

AxoAoUBbw¢ 6Ha nopouci&ooupe Ta OUHPANI&VE KXl QAKOAOUOWwC Tov oAydplLbBuo
efpeoNg TOV W KoL wWo YVIa N=2 @dote va gival dUvaTh n OXNUAT LKA KAL YEQUETPLKA
avanapdotaocn oto enimedo. AuTd dev katopyel Tnv yvevixkdInta yioa N>2 kol Bond&
oTnVv katovdNon Kol Be@pnon 1Tou TPAYHATOC YVEMUETIP LK.

H eubela (g) o1o ¥X.3.3.1 xwpilelr 10 enimedo oe dUo nuienimeda xk&Oe

¢va Tov onolwv mepléxel Kol pLa kA&on. K&bBe onueio tng evbelag eival 1o mépag

evég dlaviopatog X (x1, Xz) 1ou Lkavormolel tnv €&lowon tng eubelag mou elval
Wy Xy + Wy X, +wy =0 (3.3.1)
iy
d(x) =0 onou
dX) =wy X +wy X, +wy =w/x+w, (3.3.2)
ne X =[x, %] Txot w = [wy,w,]T
Ta dtaviopata €lval gAelbepa kol avAkouv o kA&oelg Looduvaploag. AV Xa Kol
Xg VAKOUV oO1tnv gubelo B LoxUGouv ol oxéoelLg
wWix, + wo = 0 xot (3.3.3)
wixg + wo= 0 (3.3.4)
and 6mou pe apalpeon kout& péAn mpoxUmtel OTL
wl (Xa—-x%xp) = 0 (3.3.5)

H oxéon authy deixvelr o6tL 10 &vuopa w gival x&Beto otnv eubela (1 10
eninmedo av TO X OVAKeL Otov T1plodidotato Xopo). OAa Ta onuela Tou evdc
nuientmédou kaBLotoUuv tnv d(x)>0 Kol TOoU &AAOU nuiemimédou tnv d(x)<0.
Dp&ypatti, ov x dL&vuoua pe mnépag o1o éva nuienimedo, n eubela () mou
dlépxetal amd 10 x Kol €i{val x&Be1n otnv gubelia (g) dlvetal amd 1tnv oxéon

@Q->x=xg+A W, eR
é6mou %o €ilval 1o dL&vuoua pe mépog 1o onuelo topng tng () ue Inv (g)

X - X0 = AW

14



SxApo 3.3.1

H mooétnta D=A|w| e€l{val n mpoonuoacuévn andotocn Tou x and tnv () petpnuévn
og |w|l. Av A>0 < D>0 kol 10 X PplokeTal oTo nuienimedo mou deliyxvel TO

dvuopa w kol av A<0 ¢ D<O0 kol 10 %X PBploxetal oto &AAo nuienimedo.

d(xo)= Wixg + wo= 0
d(x) = wix + wo= Wi(Xo+ AwW) + wop = (3.3.0)
wixy + wo + AWTw = A |w|2 =>

4 _
Iwl

A-lw|=D (3.3.7)

suvendc ov d(x)>0 1o mépag ToU X Pploketal OT0 nuienimedo mou delyvel
10 &vuopa w (HY) evd av d(x)<0 1o mépagc Tou X Pploketal oto &AAo nuiemnimedo
(H7) .

ElvaLr enionc mpopovég nwg ov |wl=1 (omd tnv 3.3.7), 1d6t1e 1 mocdinta
d(x) eilval n mpoonuoocuévn amndotaocn Tou x amd tnv gubesla (g).

ZntoUue OUVENNG VA Ppolue TA KATAAANAX W KXL Wp YVLIO T O00EVIX YyVWOTA X
moU avAKOoUVv OTL¢ dUo KA&oeLC. Evag tpdmoc va yvivel autd eival plo enoavaAnmIT LKH
dLadiraocia dL6pbwong ocpdAuotog mou Oo meplypdPoupe aKOAOUOWC KoL AfyeTtol
exna{devon tou tofLlvounty.

Tia 1Tnv omAoUotepn pobnuatlky &LaTtUnwmon Tou unxoviouoU JdLdpbwong OBo
Bewpiooune TOUC enauinuévouc mnivaxkec TV NOPOTUNWvV. H ypoauplkh OLAKPLT LKA

ouvdpinon B yPAeeTHl WG AKOAOUOWC

dx) = wix +w, = [wT,w,]- [)1(]
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dix) = wT-%

o=l =l

Av dnAady O XOPOC TwV HTLVAKWV Twv mpoItUnwv éxel N diactd&oelg, oLl OXEéoeLlg
Ba ypoapoUv otov xopo RN mou éxel N+1 diLaotdoelc.

Eotw 61l o emdming emibupel d(x?) >0 kot d(xB)<0. Apxlk& oto w amodidovial
Tuxalec Tipéc kol miBavoétata n d(x) dev dltaxwpilet 1TLg¢ ¥A&oeglg. H PooLki

T.§=0 x&Be ¢opd mou

1déa tng erpddnong eivat n d16pbwon Tou umepeminédou W
k&roto mpdtumo Toflvouslital goeoApéva ©O0Te TeALKA va aehvel 1o npdiulmo TPOg
TNV TmAsupd TV opB& Taflvounuévev mpotlnov. H d16pbwon auth vivetal olupova
e v oxéon

Wt+1) =wlt)tp-X (3.3.12)

To mpdbdonuo (+) xpnoirpomnotiei{tal otav tTaflvopeltal A&bBog éva mpditumo 1n¢
xkA&ong A xal (=) 1nc xAd&ong B. H moodinta p Aéyetal moapdusetpoc 1 pubudc
exu&Onong ral noalpvel pLrpég tipég oto dit&otnua (0,1), m.x. p=0.2. O t eival
évag peTenIng enovdAnyne tng ditadilxkaoiac expdbnong, t=0,1,2,3 .

O unxoviopdc PBaciletal oto yeyovdg 611 n noodinta p  xXTx elval ndvia Be1 LKA

dep1 X)) =W+ DT - x=WE) £p DT - x=d(x) £ p-XTx) (3.3.12)
n d16pbwon petafdAel TNV €0eaAlévn andoTaon TOU HPOTIUNOU IPOC TNV HAeUpd TOU
nuLentmédou NG KAAONG kKol odnyel emovoAnmt k& oto e€mlOuuntd amoTéAsouo. H
noapdueTpog P pEUBuilel 1o PApa d16pHwong KoL TNV TAXUINTA OUYKALONg (ZX.
3.3.2).

Toa nopondve TopoucLldlovial aKoAOUOwC Pnuot Lk&.

BAua lo: APXLKONOLAOCELC:

Opilouue éva pertpnty enavéAnyne t=0,1,2,3,... kol ToUu amodidoupne apx LKA
Tnv TLpR undév. Amodidoupe tuxalec (OUVABWG ULKEPEQ BeTLKEQ) TLUEC OTO AVUOUQ
lv0=|MQJMb"”MW)wJ, dnutoupyoUue T emauinuéva  dLoviouata Tou  ouvoOAou
exnaidevuong X = [x,1] koL Bewpoliue TNV YPAUULKY dLaxkp LT LKA ouvdptnon D.(X) = w! -
X. ZntoUpe xat1& otupoocn D(E4) >0 xat D(EE) <0

BAuo 2o0: Auf&voupe TOV peTEeNTh emavdAnPng Kol emlAéyouue éva tuxalo

mE6TUNIO pe mivoxo X, omd 10 OUVOAO €KIO{SEeUonC KoL UMOAOY({oupe tnv moodinto

~

Dt (X). Av 1o mpdtumo elval cwotd Toflvounuévo emavoAoppévoulne 1o BAR 2
QAN LOC dLopbidvoupe Ta R&pn oUpOwVX ue TNV oOX£&on
wWt+1) =wl) tp-X (3.3.13)

H xoplc Tnv xpnon enoauinuéveov dLavUoPATwV
wit+1D) =w)tp-x xar wo(t+1)=wy(t)tp
Me (+) av 10 mpdIUno avhkel otnv kA&on A, upe (=) otnv xAdon B.
BAua 3o0: Aufb&vetal n TtLlun tou t  roat& éva Kol n  dlLadilkoaolio

emovodaufdveTal and 1o BAua 2 cwocdtou SAa Ta mpdIuna va Taf lvounboUv ocwotd.
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(g_,,)—>w' (t+£ x’ =0
(g¢) —>w’ ()T -x'=0
x!
H
H*
px!
\,w'(t+1!=w'(t)+px’
w' (t)
SxHpo 3.3.2
( To oUuPoAro (7) €xel OVILRKATXOTACEL TO OUPPOAO (~) OTO X KOL W)

1oV aAydpLOuo 1o &vuoua X emilAfyetal TUuxaloa xdBe popd xal yL autd Bewpeltal

oToxaoT LkOC (stochastic). Amodeixkvietal 61l yix OU0 ypouplk& diloaxwploiuec

kA&oe g o0 odydplBuoc odnyel médviote o AUON VI KATHAAANAX PLKPNH TLPH TOoU pP.

YAomoinon pe MatLab.

function [ weights ] =...
perceptron stochastic( trset,class labels,...% +1 or -1
learning rate,error tolerance )

ftrnum=size (trset,1l); % feature number
N=size (trset,?2); vector number

oe

w=rand (ftrnum, 1); wO=rand (1)
while sum( sign(w'*trset+w0)
i=randi (N)
X = trset(:,1);
d=w'*x + w0;
if ( d*class labels (i) < 0);
w = w + class labels (i) *learning rate*x;
w0= w0+ learning rate*class_labels(i);
end
end
welights = [w; w0];
end

% Weights initilization
=class labels ) < N-error tolerance

|~
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Se mopduolo amotéAcoua odnyoupacte €&v Bewphooupe 1o HpoHPRAnUa €Upeong
TV Bopdv wg mpdPAnua BeAtiotonoinong (optimization) plLag ouvapinong kO6OToucg
K(W). Mia tétoia ouvdptnon givol 1
K(W): RV > RY pe  K(W) = Z 5(x)WTK
XES

(3.3.14)

_ (-1 av x€ A
S(X)_{+1 av X€E B

6mou S TO OUVOAO TV dLavuopdtev mou Tof LvouRdnkov A&Bog. H ouvdptinon K(W)
eXEP&LEL OUCLOOT LKA TO OUVOALKO oedApa Taflvédunong kol eivoal XKoaTd TUARATA
YPouu Lk ouvépinon. H BEATLOTn AUon tou mpofAfuotoc eilval n eUpegon aviouaTtocq
Baphv W dote K(W) =0. Av t=0,1,2,.. kat W(0) sival pla apxtkfy TLuf, n €AdxLotn
TR Tou W umopel va mpooeyyloBel smovoAnmt k& pe Tnv pe Tnv pébodo 1n¢

enikALvoUg katdBaonc (gradient descent) oUueovVa PE TNV OXE0nN

T
WE+D) =wO) —p] = W) — p Lres S@F (3.3.15)
ow w(t)

H d16pbwon vivetal ool Anedel undyn 1o ocGvoro S kol n dtadlxkoaoia exnaldsuong

xopakIneliletal wg exnaideuvon o6éouncg (batch) .

YAomoinon tou Perceptron pe exnaideuon ratd déoueq

function [ w ] =
perceptron batch(trset,class labels,...% +1 or -1
learning rate,error tolerance )
X=[trset; ones(l,size(trset,2))]; % vector augmentation

w = rand(size(trset,1)+1,1)-0.5 ; % weight initilization
while true
misclsf = sign(w'*X)~=class labels;

if sum( misclsf )<=error tolerance; break; end

s = sum( (X.*(misclsf)).*(-class_labels), 2);
w = w- learning rate *s;
end
end
Elval xpAhotuo va eeoapudbcoune otnv TLUR 10U wabpolotry o=D(.) 1nv

ouvAdpINnon HmEocHUoU 1 TNV BNuUAT LKA

Bnuatixy 0/1 (step function 0/1):

0 av o<0
1 av 020

f(o) ={
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NpooAuou -1/1 (sign function -1/1):

(-1 av 0<0
f(o)—{+1 av o=0

Ghote va Kwdlkomotlsltal k&G rA&on m.x. pe  +1 oav d(x2)20 kot 1o -1 f 1O 0 OV
d(xB)<0. H ouvapthocelg aUTéC AéyOoVIOLlL KL OUVAPTACELC €vepyormolinong
(activation functions) . Katoémiv ToUTWV umopotUue Vo IOPXCTHOOUNE

dlaypouuat LKA Tov Taflvountyh o6mwg delyxvetol oto Ix.3.3.2.

X10 W1
. +1
Wy —> —>
: -1

XN

$x.3.3.2

O vpauutlxdce Taftvountig eivol éva oamAd poviEAO TOU BLOAOYLKOU VEUPOVA KO L
ovou&obnke veupdvag perceptron. Mpotdbnke apx k& and touc McCulloch kol Pitts
via duadilkéc tTLpég (0 /4 1) otnv e€icodo kal Tnv £f£odo. OAokAnE®ONnke amnd TOV
YuyxoAdyo F. Rosenblatt, kol oamoteArel 1O doulkd otolxelo TEXVNTIOV VEUPWV LKAV

OLKTUWwV (TNA) mou pmopel va amoTedoUviol ommd eRATOPUPUPLA VEUPOVECQ.

[1] McCulloch, W; Pitts, W (1943). "A Logical Calculus of Ideas Immanent in Nervous Activity". Bulletin of Mathematical Biophysics. 5 (4):
115-133.
[2] Rosenblatt, Frank (1957). “The Perceptron—a perceiving and recognizing automaton”. Report 85-460-1. Cornell Aeronautical Laboratory.

3.4.1. H nmepintwon moAAQV KAACEWV.

1V nepintwon mou 1o mANBog Twv kKA&Cewv eival M>2  16te Ba mpéuel va
XpnoLupomno Lhooupe meplLocdIeEpoUg  TOoUu  evdg  ypoauplkoUg taflvountéc. Mia
nepintwon sival va diLaxwplooupe ypopplkd x&be 1&én omd tTLg uvndroilmeg (eb&v
autd elval epLktd) pe M 1O NAAOOC VPUUULKEC DLAKPLTLKEC oOuvoapthHceLlg. AV
dp (x) =w,T-x+c>0, p=1.M, oétav 1O X avAkel otn kAd&on C, (Zx. 3.4.1.1), 1é61¢ €V
npdTUIo oVAKE L OTNV KAAON 1ng omolag n ypouplkh dLaxplT LK) ouvapinon d,(x)
elval Betikh. Itnv meplimtwon vAomoinong upe NA kol Rnuoatikp ££odo 0/1 1o
dyvwoTto nmpdtumo TaflvouelTal otnv KAAON IOU O aVI({OTOoLX0CQ VveUuphdvag éxel €£odo
1. Mia tétola mpooéyylon omwg deliyxyvetal oto oxAua. 3.4.1 elval duvatdv va

amoddoe Ll éva mpdtumno oe koapla 1 oe moAAég 1&éeLq.
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N, —>
X N, [—»
N: +—»

ox. 3.4.1.1

Evag GANOC TPOIMOC VI LUETOMLONG ToU HpoPfAfuatog cival o dlaxwplopdg Twv
kKA&oewv oavd dUo0 adlaeopdvIiag via TLg¢ undiolmecg. To mpdtumo amodidetal oOr
exelvn tnv kKA&on mou éxel M-1 OeTLlkéQ TLUEG OTLC JLAKPLILKEQ OUVAPTHOE LG TIOU
nv xwpllouv and tic vndroimec. H pébodog auth elvol UnNOAOYyLOT LKA TOAUIAOKI
otInv meplntwon TV TOAAOV KA&CewV (Ix.3.4.1.2). TEéAoQ v Ol DLUAXWPLOTLKEC
enLpdveleg eival 6nwg oto oxhua 3.4.1.3 amoeeUyetal n Unoapén O LEOPOUUEVOV
TeEPLOXOV OTO XOPO TV MEOTUN®VY. JUVOUACHOo( YPUUULKOV ) KAT& TUAPXTA YPOUWLLKOV
Taf lvountodv pe tnv xpenon oLapdpwv ocuvapIhoenv otnv £€fodo éxouv mpotabel Omwc
elval ta NA ADALINE, MADALINE ol unxavéc euniLtponig (COMMITTEE MACHINES) k.d.
ST OUCTAPXTO oUuT& dev Ba avapepBoUue €vderex®g dedouévou OTL 1N KEVIPLKA
10éx Tng Asgttoupyloagc Tou koAUntetal omd boa ovapépbnrov PéxplL TOPA. IT€
enduevo kepdholo Ba meplypdfoupe OUCTAUATX IMOU ommoTedoUvial armd dLadoX LKA
en{meda Taé Lvountov (MLP: multilayer perceptron) ue nopayoyloitueg

OUVOPTIANOCE LG gvepyomoinong yvia tnv €m{Aucn un yeouuuLlkdv mpolAnudtov.

x. 3.4.1.2
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d3(X)>O, d1(X)<0

d1(x)>0, d2(x)<0

x. 3.4.1.3

3.4.2 H mepintwon tng XOR, taflvountég moAA@v emimédwv

Otov 10 mpEdRANua tng tofLvoéunong aeopd meplLocdtepeg and dUo KAACELQ 1
6tav oL rKA&oeLlg dev glval ypopplk& draxwploipeg, elval duvatdv vo emLteux8oUv
AUoeLlg  pe  KATHAAANAOUG oOuvdUaouoUC VYPOHRLKOV  Toflvountdv. Mia Tétola
XopaxInE Lot Lk mnepintwon elvoal outh 1ng AoyLlkAG nUAng XOR 1ng omoloagc o

nivaxkoag oAnbeloc delyxvetoat otov Miv.3.4.2.1.

A B A XOR B
0 0 0

0 1

1 0 1

1 1 0

Divaxag 3.4.2.1.

TUpewva pe autdv ol ouvduaopol TV TLUOV TV AOYLKOV petafAntov o, B
armoTeAoUV Téoogpa mpEdTUNG MmoU mneplypdeovial omd 1o dLoavioudta oTolXE lwv
ouvdébrou Q={(0,0), (0,1), (1,0), (1,1)} oL n mp&én o XOR B opllel 1L¢ RA&CELC
Co={(0,0),(1,1)} xoat Ci={(0,1),(1,0)}. Z10 ¥Xx.3.4.2.1 ealvovial Ta &KPA TWV
dlovuoudtwvy oto E2. Elval mpopavég 611 ol kA&oelg Co, Co dev droaxwpllovtal

pe pla eubela. O drLaxwplopdc 1TV KA&Goewv pmopel vo yivel upe d0o eubelecg
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(8x.3.4.2.1) mou opilouv pla Cdvn oto cowteplkd Tng omolag Pploxkovial To
npétuna Ing kA&ong Ci. H egubela (e1) umopel va mpoodioplotel amd évav ypoappLlkd
Taé Ltvounty Ti: mou Ooa diaxwpilel 1o mpdtumo (1,1) amd ta vndrolna. H eubela
(g2) umopel va mpoodiloplofel amd évoav ypoauulkd TafLlvountrn Tz mou Ba dlaxwpl el

1o npdétuno (0,0) amd ta vundiolna.

N
RN

Ty 3.4.2.1

OL €fodol twv T1, Ty B eilval ol TLUECQ TWV OUVAPTINOCEWV O1=f(X), O=f(x)
via x € Q koL £ Tnv ouvdpInon OpooNuou omnw¢ eaivovial otov axkdAoubo mivaxra

3.4.2.2

X1 X2 01 O2 KNAAZH
0 0 +1 -1 Co
0 1 +1 +1 C1
1 0 +1 +1 C1
1 1 -1 +1 Co

Divaxkag 3.4.2.2

OL TLuég TV O1(x), 02(x) oamotedoUv éva véo OUVOAO HTPOTUNWOV
é={(+1,-1), (-1,+1),(+1,+1)}. 310 $x.3.4.2.3 oalvertalL o xhpog TOoU P. EvVOC
veouuLlkdée taf tvountig T umopel va mpoodilopicel tnv €. To Ao oUoTnua oaiveTotl
o100 ¥X.3.4.2.3. ApAvetal oav AOKNOn OTOV avayvOdoTn o UnoAoyLlopdg Twv
ouvanT LkO®V  PBopdv Tou NA T1oUu oxhuaTog 3.4.2.3 pe VPOUULKEC OLUKPLTLKEQ
oUvVapIAce LG Omwg TV €ubeldv  Twv oxnuatev 3.4.2.1, 3.4.2.3. Ilpocéfte
nmopaInEOVIag tTov mivoaka 3.4.2.2, O6TL O £€VAQ VEUPOVAC TOU KPUEOU emLmédou

vdomolLel Tnv Aovikp mp&én OR (a+PR) xal o &AXog Tnv AovyLlkp mp&én AND (o-R).
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%x.3.4.2.3.

d(x)

Wo2

Tymua 3.4.2.3. Tpoppuxoc ta&ivopunmc-NA Perceptron 600 emmedmv.

Me 1Tn xpPHon meploodIEPOY VEUPAVOV OHPATETAYyREVOY o enlmedo Onwg oOTO
$x.3.4.2.3 OnupLoupyoUue mnoAvenimeda Olxktua perceptron (MLP: Multi Layer
Perceptron) mou upmopoUv va dlaxwploouv kA&oelg un yvpapplxkd diraxwploiupeg. Ta
enineda ovdpeoa oto emimedo €106d0U IOV TLUOV TOU oVUOUOTOC X KOl TOU
EILTIEDOU TWV VeUpOvwv £fddou, ovoudlovial xpued eunimeda. To veupwvikd dI{KTUO
TOU 8X.3.4.2.3 éxel éva kpued euimedo dUo veupdvev. O dLaxwplopdg un ypouuLrd
dlaxwplolpwv rA&oewv pe tnv xphon MLP énwg nopoucldodnke puéxpl t10Opx, amaltel
Tnv  nopéufocn  Tou  oavBpomou oxedlaothy Kol dev  g{val  PLa  YVEVLIKA KoL
QUTOUATOIO LNuévN dradLraocia. oL nepLocdHTEPOL aAydpLbuolL exnoai{devong
Baolilovtal otnv e€Upecn Tou glaX(loTtou pLag KATAAANANG ouvdpinong xkO6CTOUCG TWV
CUVOIIT LKOV Bapdv. Mia tétola mpooéyyLlon Roaciletal otnv roat&Paon aviibeta amnd
Tnv kAlon tng ouvdpinong outng (gradient descent). OL BNUATLKEC CUVUPTNOELG
IoU YpnoiLpomolndnkav péxpl Todpa dev elvoal napayoyloipeg oto undév. AANEC
OUVOPTINOeLC Tmopaywyliolpeg oce O6A0 1o 1medlio oplopod Toug umopoUv  vd

XPNnotLpomoLndboltyv Kol va dOCOUV LKXVOIOLNT LKA AUOn 6nw¢ 6o doUue akoAoUOBWC.
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3.5 HNoAveninedoL tafivopntéc — ALdpOwon cpdApatog He
onmitcbodiLadoon (Back Error Propagation)

O perceptron av Kol eviunwolioces pe 1nv opoldinIta mou euedvile ue 1A
BLoAoy LKA veUupwVv Lk& dixkTUua €V ToUTOLC dev unopoUoe va €I LAUCE L aUutduaTa akdUn
kol anAd mpofAnfuoatoa. I'ta mepltocdtepo oamd plo deroetliao n €popuoyn TOU KL TO
EVTOVvo gpeuvnT LK evdLlaeépov atdvnoav aAAd dev eykaTaie {pdnkav. OL Roumelhart
et alll mpdteivav pra véa exkdoxny MLP TNA nou £édwoe upeydAn @bnon otov

avT{oToLXO emLoTnuovLIKO XHPOo.

[3] Rumelhart, David E.; Hinton, Geoffrey E.; Williams, Ronald J. (1986a). "Learning representations by back-propagating
errors". Nature. 323 (6088): 533-536

Ttnv Vvéa outh exdoxn n Pnuatilky ouvdpinon e&6dou avilkablioTtatoal oand
ouvexelc kol nopoaywyloipeg ouvoapthcelg @mou 1tnv  npooceyylilouv. Tétoleg
oUVapPTACE LG glval ol axkdioubeq:

e JSiyuoeidng-Aoyiotiky (sigmoid logistic):

1
1+e7a0

f(o) = (3.5.1)

H moapduetpog o Aévetol nopduetpoc xAlong (slope) 7 Aoédtntog, (Zx.3.5.1)

a=8

SxApa.3.5.1

e Jiyuoeldng-YuepBoAlky epamtouévn (hyperbolic tangent):

1—e—20
1+e~20

f(o) = tanh(o) =
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https://en.wikipedia.org/wiki/David_E._Rumelhart
https://en.wikipedia.org/wiki/Geoffrey_E._Hinton
https://en.wikipedia.org/wiki/Ronald_J._Williams

0.8 R
0.6 [ b
04 / &

0.2 £ i

ozl / |

0.4 F s T

SxApua. H ouv&ptnon tng UnePPROALKAG €QANTOUEVNC

e JSuvdprtnon pduno¢ (ramp function): f(a)={2 Zz Z;g = max (0, o) .

Ovoudletal kol (ReLU: Rectified Linear Unit). H RelLU xpnoipomoteitol
KoT& KOPOV OTA OUVEALKTLKE VEUPWVIKE O(KTUx mOoU Bo mopoucsLlacbolv o

enOPEVO KEQEAAXLO.

SxAuo: H ouvdpinon RelU.

H xphon tng £(x) dteuxkoAUvel Tnv geopuoyn pLog pedddou e€Aax lotomnoinong
NG KATAAANANG ouvapinong rké6otoug. O 1exvnidg veupdvag €XeLl TOPX TNV HOPON

Tou ¥X. 3.5.2

fa) |
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To 6Ao0 NA 6nwg 6o nopouciacBei kol Ba avaiubel axkoAoUbwg PBaciletol OTXH
nopandve. Eival évag mnoduveninmedoc perceptron Kol ovoudletal AdYw 1INC
nebddoou exmalidevong tTou, NA Back error propagation 1 yia ouvioula Back
propagation. ¥to veupwvilkd dikTuo undpyxouv emimeda dNAwdn ouddeEC VEUPOHVWV,
TAPwg dSlaouvdedeuéva petoéU Ttoug 8X.3.5.3. H €£fodog x&be veupdva evdQ
emnLédou eloépxetal og k&Oe veupdva ToU enduevou emnluédou, e oavIlioToLlXn
otvaln (Bépog) Ix.3.5.2. OL TLpég tou mivaxka €l10ddou amoteroUv To eminmedo
€106dou. ExTOC and 10 emnimedo e1od6dou undpxouv Z 1o mMANO0C emdueva O Ladoy LKA
enlmeda, 10 TeAevutalo 1wy omolwv ovoudletal emimedo €&ddou. Ta emimedo mmou

EVOEXONEVOCG UN&PYXOUV HNETUEU TV e€mLmédwy €L1oddou kol €&6d0oU, AéyovialL Kpuod

enimeda.
Emimedo Kpugd Kpugo Emimedo
Kpugpd

Eic680ou Emiredo Emimedo _ N
X1 { \\if’ o i
X < o
. (,- \)/ RO z

\:_/ ~_~ .- \\_,'_>yNz

NEUPWVWY  Neupivav Neupwvuy NEUPWVV

2x.3.5.3.

$t1o Ix. 3.5.4. oeailvertal éva veupwvikd oémou 1o npdtumo €L1oddou éxel OUO
XOUPAKTINELOT LKE [x1,%2]T mou eLoépyxovial og éva Kpued eu{medo TPLOV VEUPOVOV
oL ¢€fodol twv omolwv egilval e€{codol evoég emdbuevou emimédou pe U0 VeUpOVECQ

Kol OUo TeAlkég €&ddouc.
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Tia tnv oplbunon twv enlmédeov Oa xpnolupomoloUue Tov delxktn ( ue tTLpéc
(=0,..,2, ne (=0 via 1o enimedo e106dou kol (=7Z vylia 10 enimedo e&bdou I¥.
3.5.4. Ovop&loupe N; 1o mANOOC TWV VEUPOVOV €v6C emilmédou (. QC €k TOUTOU TO
nAfbog Twv otolxelwv ToUu mivoaka e€L0b6dou x elval Ny kol ToUu mivara £fddou y

e{val Nz. Av v egival delxing yia aplbunon 1Tov veupdveoyv tou emimédou (, 1oTE

oL ouvdlelc TOU OUVOETOUV Evav Tivora ypouuhc wﬁ kKot p delxing vyia 1nVv
aplBunon twv veupdvov ToUu mponyoupévou smiuédou (-1 mou amoteAeitol amd N¢

veupdveg, 1o6TE

¢ — b ¢ ¢ $qr
u@-—[qu.“,mhw.“,wwgﬂ”me
¢

H £fodoc TOU abpoloth TOU veuphVa Ba eival o,
N{—l

¢ _ ¢ ¢-1 ¢

o, = z Wou * Yy +wg,
u=1

— 1\ -1 T
faxoun af =y Wi e Y =Ty vy D
H teAlxf é&odog TOU vsup@va,yf npoxkUntel oand TNV OxE0n
y; = (o7)
6émou f(.) olypoeldic ouvdprnon, m.X. N AOYLOTLKA. Z10o IX. 3.5.5 opalvetal

QVOAUT LKA 1 doun e€vdC veupdva OTWG TePLlypPAQENKE TAPATIAV® .

Exnaidevon pe omiobodpdunon tou opdApato¢ (back-error
propagation)

Eotw I 10 mARBog C(euydv omd mnivakeg e€10oddou KAl TV oVII{CTOLYXWV
EILOUUNTOV TLVAKWV €&Od0U He YVWOTéQ TLuég, TO oUvoAlo exmaideuong S oplleTal
®G S={ (%:,yi)/ (Xi,y:i) (eUyogc pe x; mivoara OTHAANG €106d0U KAL Yi TOV ovT{OoTOLXO
enLOuuntd nmivaxka othAng e&bddou, 1i=1,..,1}.

Av o deixtng v aplbuel ToOUC veuphveg tou eniuédou e€fbddovu Z, v=1,..,Nz
. . . YA z z z 1T , /
Kol o mivakoag £E£68ou tou NA eivat Y =[y1vn,yv““,yNz] VLI CUYKeKRpLuévo (eUyocq

(xi,yi) oplloupe pla ouvdptnon A(i) pe xpnon tng EukAeide Lo andotoong ocUpoova

He 1tnv oxéon:

Nz
1 1
A@) =5 D67, % =5 ) OF = y..)?
v=1

H oxéon A(i) e€lval éva dBpoLoua TETPAYOV LKOV CQAAPATOV HeToéU Tng nopayduevng
€£b6doU y? Tou NA 61tav n e€locodog eival x:i Kol ING entdupnthg €£6d0ou yi. MumopoUue

va oplooupe 1hpa 1Tnv ouvdpinon kbd6otoug K(.) mou 6Ha éxel oaveldpinIecg

27



HetaBAnNTéc SN TO VV€YLQ TO OUYKekpLuévo oUvolo eknoldsuong S oUpowva pe

nv oxéon

Kwi) = ) 4

Avtipetweaniloviag tnv €Upeon €AdXLOING TLUAC TNC K w¢ mpdPBAnua BeAtlotonoinong
(optimization) ol TLPEC TWV vapnopoﬁv VO EXTLUNOOUV €NOVOANTIT LKY Qe TNV

1éBodo KaO6dovu kKatd tnVv KAion (gradient descent, GD) oUugowva pe oxéon

K AA®)
wﬁ(t+1)=w§(t)—pm =w€(t)—p2{=1aw¢ ., (3.5.1)

Viwy, (0) viwg (1)

TUPQVA ue Tov KavoOva TapaydyLlong Ing oAucidag
0A()) 0A(D) das
awf, 605 awf,

. 6a§ . 4 ) .
O mop&ywv ol vio OAa ta Wy, (yio x&Oe v xot (>0) elvot
Wy

¢

g0y, _ 0 S AL O S P G R B R N R 4 Y = (vi-1)T

6_&_%((3’5 ) 'WV)_W_ﬁ(yl Wiy + Y W F INgs WNz—lv+W°V)_(y{ )

Amopével TOPA O UNOAOYLOPOC TOU MPAOTOU IopAyovIa TOU YLlVvouévou, Tov omolo

ovou&louue

ey = 5 — 040) _ [s¢ ¢ ¢ 1"
85() =65 = 2 K & = [5 05, 8
Oa unmoAoylooupe mnpdta TO §f(napakﬁ©9nKs o deixtng 1 vio amiomoinon otnv
Yooen) yio Evav veupdvoa v tou emnitmédou efddou ({=Z, N;=Nz) xaL Oelxinp

apibunong Twv vevupdveov u=l,.., Nz.

Nz

04G) 9 1

f =0 =ﬁ(zzl(yi—ym)2) we v = f(of) =
”:

1< 9 2
67 =3 57 U G0 =" =5 (@D = 3.0f (0F) =
u=1

8F = W —yu)f'(68) (3.5.2)

Tia 1o xpued enimedoa (0<{<Z) o wvmodoylLoudg TOU 55 oto ( enimedo elval

T
neplmAokdTeEpoCc  Ba PBooloBel otic TLuéc d16pPwong Twv 6¢H’=[55H,”35§2;]TOU

ermopévou emntmédou tou (+1, apxiloviag oamd 1o emimedo mou mponyelItol TOU

enLmédou €&b6dou ((=Z-1, Z=(+1) xrol odeUovIiag mPoodeUT LKA mpoC¢ TA niow (back-
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error propagation).

Suykexplpéva av ¢ éva xpued enimedo, 10 enduevd 1toU Ba

elval 1o {+1. Botw ardun u évoc petpentng aplbunong twv veupdvwv Tou ( e€nLluédou

Kol K évog uetpntng apibunonc

A(1) efapt&Tatl

V-00TOU VEUPOHVO

ToPAYQY LoNg

amd TA 07 ..., 08 ,...,0

+1 +1 +1 ‘ +1
¢ ¢ 4 Kal K&Oe of

?UNgyq

aAL' BAL 80'(“

8 = =t 77
dos  36°*" 9ot
94; | 94; 04; 7+1 H1 sl
e P ISJ [ YA
(Wi Y]
o1 = (W) -yt = | (W) 5 | =
{+1
(WN-Z+1) .yé’_
[ wf;r1 (af)+ +w Gl f(cr{)+ +w {:1 (cr,f,()+w<+1 ]

WE f(af) + e+ Wit f(o<)+ when - (of,) F i

J+1

L1 Nz4q

(ol + -+ Wit f(cr{)+ 4wt f(a,f,)+w“1

VN§+1 N¢Ngyq e ONg4q
C+1 f(o_{)
00 _| Wi f( 9)
aof

5;;1 f'(e)
5¢ = 04 _ _oa 005
v 605 (+1 60’5 -

(+1 f(o'{)

[ s 5 B R f(gf) =
5;;1 f'(e)
[ZN5+16(+1 <+1] f( () (3'5'3)

TeAlk& omd 1T1Gg oxéoelg (3.5.1),(3.5.2),(3.5.3) ouvendystal OTL

wie+ D) =wi® —p D 8-y

v(x;y;)

b1ou 556[VSTGL and Tnv oxéon (3.5.2)

TV Vveupdveyv Tou (+1 emimédou. H ouv&pinon

¢

efaptéTal oand 1O 0, TOU

tou (¢ emimédou. TUpowva pe Tov Kavdva ING AAUCLOIWTAG

(3.5.4)
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87 = O = »)f'(0))
6tav o veupdvag VvV Pploketal oto eminedo €&b6dou kol amd tnv (3.5.3)

Nzya

+1 +1
6i=| ) ot wil|r(of)
u=1

6Tav o veupdvag Vv PBplorketal oe kpued emimedo fexlvoviag and To TeAeUutalio Kol

UTIOXWPEOVTAC TPoodeUT LR Héxpl TOo mpdIto emnimedo (back-error propagation). O
p , p ‘ P 0A(i
deixtng 1 tTou abpoiopatoc tng (3.5.4) evundpxel OTov oplopd TOU 55= ;&%
v

To NA Back error propagation eivoal amd Ta mAéov xpnolLuomotloUpeva NA Kol
éxel epappoobel og mANOBHPU €APPOYOHV aId dLUPOPETLKEC EMLOTNUOVLKEG TTEPLOYXECQ.
ST kpuod enmimedd tou mpoodloplilovial OoUCoLAOT LKA auTtoduaTa TA OIOTEAEOUAT LKA
XAPAKTINELOT LKY yia tnv toéitvoéunon. To mAnBoc twv rA&Cegwv umopel va gival 1o
{dLo pe autd 1TV avuopdTov €106d0U TOU OUVOAOU skmaideuong kot é€1ol 10 NA Vo
npooeyyilel éva peroaoxnuatlopd 1ev oavuoudtev €L1oddou ota aviopata e£fddou. To
onuovI LkOTEPO pelovERTNUA ToU back propagation eivoal o Xpdvog OAOKANPWONG
Inc exnaidevuong Tou N Xpdvog OUVKALONG, OmwC AéyeTol OAALOC. Elval duvatdv
Vo XpeLaocboUv ekATovVI&deg XLALADeg emoavoAflelg €wodTOU OUYKALveLl orduUn KoL
Y1l OXETLKA OmAEC €QUPUOYEC. Ze€ KATIOLEC £€PUPUOYEC XPeLAoOnKav peplkéEC pépeg
Yyia Tnv OUYKALON TOU OUoTAUNTOC. O eyKA®BLopdc 1ng dLladilkacliog oUyKALONG o€
tonlk& gAdxLota 1tng ouvdpinong kd6otoug sival éva eninpdobeto nmEdPANUa mou Ba
avaAUocoupe oe akdAOUBN maPAYyPAPO.

MopaAAayn Tng nopondve diladilkaoiag eival n d1d6pbwon 1wy RBopdv yia xrdde
npdTUNIo X;i TOU oUuvOAou exnoldeuonc pe tuyxola emilAdoyhn. I/ outhv tnv neplmtwoon
ovoud&louue TNV 1éB0d0 gUpeong glax{OTOU ING OUVAPTINONG OTOXAOT LK) K&BOodO KATH
tnv KAlon (stochastic gradient descent, SGD). OL péb6odol autol eival apvég
KOl analToUVv MoAAéC emovodNPelc. Mia BeAtliwon toug eUkoAa vdomolhoLlun eival
n npbéoBeon evdc axdun dpou otnv oxéon dLdpbwong mou ovopdlouue 6p0 opun¢ H
pomli¢ (momentum term). Suykexplpéva 1n xoatd&Boaon xoatd Tnv KALOn yvia pLa

ouv&pinon k6CTOUQ K(Mf) dlvetal oluowva pe doa mpoavaeépdnkayv and TLC OXECeLq:

wi(t+1) = wi(0) + aws(t + 1)

¢ dK
Aw,(t+1) = P = —pVng(t)
Wvlwio
STnv d1b6pbwon ue opun
¢ oK ¢
Aw, (t+1) = P + adw, (t)
ow,, Wwi®

AW () = awS (1) — awS (t — 1)

Kat a € (01), pe ouvAbeic Tipéc amd 0.2 éwg 0.8.
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HpootiBeTal dnAadn Kol éva Pépog ING mponyoUuevng PeTABOANC TwV Bapdv TOU
veupdva. H moocdinto aAué(ﬂ elval o 6pog¢ 1ncg opunc (momentum term). H YpHon
TOU HeLdvel 1o mANOOC Twv enavaAflenyv aufdvoviag 1o BAua d16pbwong Twv Bopdv
KatT& Tnv r&Oodo o6Tav 1n ouvdpinon kKOOTouUug petafdAAstol apyd, OnAoadrn mAATOC
ng PRaduwoncg HVKwaﬁh elval moAU pLxpd. Eniong efopoilvel TLg omdToueC
aAlayég Tncg dLeUtBbuvong Tng d16pbwong. AUTéC ol LOLOTNTEQ TNC OPUAG oalivovIal
aAveBpLlxkd av unodoylooupe Tng d1d6pbwon petd and T enoavorflelg aad plo apx LKA
T w(0) Ttov Roapdv k&molLou veupdva (ta oUufora v, ¢ éxouv mupaAnedbel yio

omAé1InTa) . Oftoviac G(t) ='_pVKan o LoxUelL:
v

Aw(T) = —pG(T) + a - Aw(T — 1)
Aw(T —1)=—pG(T -1 +a-Aw(T —2) = adw(T — 1) = —paG(T — 1) + a? - Aw(T — 2)
Aw(T —2) = —pG(T — 2) + a - Aw(T — 3) = a?4Aw(T — 2) = —pa?G(T — 2) + a3 - Aw(T — 3)

Aw(2) = —pGR2) + a-Aw(1) > aT24w(2) = —paT26(2) + aT1 - Aw(1)
Aw(1) = —pG(t) + a - Aw(0) = a™ Aw(1) = —pa™16(1) + a” - Aw(0)

[IpoocHéTOVINC TLC €&LOOOELC PETA TNGC OUVENAYWYEQ HIPOKUMTE L :
T-1
Aw(T)=—p > a*G(T —t) +a” - Aw(0)
t=0

Met& and peplkéc emovodfyetlg, emetdf 0<a<l, n uetoBorr Aw(T) esmnpe&lestal amd

TLC mponyoUuevec TLuéc tng G mou edivouv katd af kal o 6poc al -Aw(0) yivetalt

apeAntéoc. Av 1 G(.) oto diLdotnua autd TV smovodRPewv éxel otabepn TLun G
161
1—a’ p
AawT) =-p(l+a+a?+-+a" H6G=— G~—-——-G
(T) = —p( ) L 1—a

Tia p=0.2 kot o=0.5 n ocdAAayh TOV TLPOV TV RBoapdv 6a eival 0.4G evd xwplc ToOV
6po opung B Antov 0.2G. H pébodoc ratdPfaonc tng kAlong ue 6po opung (Gradient
Descent with Momentum, GDM), csoopudletal pe d16pbwon oavd mpdIUNO UEe TUXAlA
€ILAOYN KOl TLTAopopelTl w¢ Stochastic Gradient Descent with Momentum,
SGDM) .

To NARBOC TV €mMIIEDWV KAL TV VEUPOVOVY TV glival éva (ATNUX IOU PoCg
amaocxoAe (. Agv undpxel €évag yevikdg TUnogc-oaAydplbuog mou vo pag odnyel oe
éva BEATLOTO TAROOC HUPAPETPWV-Rapdv. Evag peydrog oaplbudc RBopdv auidvel 1O
unmoAoy LoT LkO kO6OTOC Kol umopel voa odnynoel o€ Aemtouepr €kpddnon tou ouvoAou
exnoaldevong akdun KoL TOU OOopUROU Twv HeIPNCewV, €L1¢ R&poC NG YeEVLIKOTNTAQ
ToU, OnAodh InNC emLTUXoUCg Taflvoéunonc vERV ayveotwyv npoiltnwev. Autd TO
paLlvoéupevo 1o ovoudlouue uvnepeknaideuon. Mikpdg oplBudc mopopétpwv umopel vo

odnynoetl og aduvanloa exnoaidevong 1 xounin anddoon-axpifela Taflvédunong. Tnv
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nepintwon ouUIlhl ovapépouus oG uvmoeknalideuon. 1o IxHua 3.5.5 oealvetal 1
DLOAXWPLOT LKA KAUOUAN TELOV ouotnudtevy evoc npoPfAfuatog OUo dLaoTdOewv Yld
TLQ TEPLITOOELC TIOU OVAQEPAUE .

Mia amAfy pébodoc sival va fexivdue pe éva pLxkpd TANOOC TUAPAUETPWV KAL VO
10 aufdvoupe mpPoodeUT LKA HEXPL Vo £xoupe LxavomolnIlkd amotéAsoua. Exe{vo
mou ouxvad eppoviletal oOtov  éxoupe uynAn anddoon exmaideuvong eival 1
unepexna{devon mou dlamiot@vetal O6tav To oUotnud pog tofitvouel mpdétuma yLia
Ta omola dev exnmaldeUInke Kal mapoucLélel xoaunin ombdédoon. I'ta va eviomliocoupus
voplc 1o mpéPAnua xwpllouue 10 apxtkd oUVOAO S Twv dLabéolpuwyv dedouéveoyv o€
dUo uépn. To éva xpnolLpomoleltal wg oUvodo eknaidesuong (Training set, T) xal
T0 AAAO WG OUVOAO €mLKUPWONG TOU amnoTeAéouatoc (Validation set, V). Qo mpémel
10 mocootd emituUxioag emituxoUc tofilvoéunonc (accuracy) va eival ulnid ue

HOPATIANCLEC T LUEC.

X/o O
X 05 O
C)OC)
X, X, | X O
X @) %
X X x X X
X X X
o) YIOoe KT L O EUPREVO B) Kavov Lk& V) Yoeperaaldeupévo
oUoTNuX exaaldeunévo oUoTNUX oUoTnuo
SxApo 3.5.5

3.6 Aévdpa andpacng

Ta Jévdpa oamdbpaong (decision trees) oamoteAoUv pLa eupela xoatnyopla
TEXVLIKOV HUN YPAUPLKOV T lvountdv oItnv omola o XOPpog TV YXXAPAKINPELOT LKOV
dLalpeltal o meploxég HOU AVILOTOLXOUV OTLg emlOuuntéc xkA&oeig. H andeaon
g TofLvéunong evodg mpotUnou mpoxkUntel omd TLG ANIOVINCELG Of €POINPATA IIOU
UmoB&AAOVIOL OUpewva ue ploa devdplxh doun. Oa nopousL&COUPE AKOAOUOWC UL
OVT LIIPOOWIIEUT LKA KL ONUOPLAN TeXVLIKA TV 0&vdpwv oamdpaong Kot& tnv omolo o
xhpog xwplletal og vnep-noapodAnidypoupa. I'ta éva und tof tvoéunon mnpdtumo K&be
EPAOTNUA AQPOoPA £Vva XOPAKTINPELOTLKO X, KL e€lval 1tng popeng «LoxUel x, < t»
émou  t KAT&AANAN tLph xatweAiou. Toa Jévdpa amdeaocng QUING TNG HOPPAC
ovoup&lovial ouvnBn Jduadikd& dévdpa tafivoédunong - ISAAT (ordinary Dbinary
classification trees - OBCT). H Agitoupyla gvoég TAAT vivetal €UKOAX VT LANITH

ne éva mopddelyuo OUO0 YXUPAKINPELOT LKOV Kol KA&OELC RaToveunuéveg O6mwc OTO
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Ix.[ 3.6.1]. Me amAl VEQUETPLKA DUPATHENON UnopoUue va odnynbolUue oto 8&vEpo

andeaong Tou mou oalvetol oto (dlo oxhua.

X2

0

o/
&/

IxAua 3.6.1

O omtlkOC dlaxwplopdg BéPoaia dev gival duvatdg oe xopoug uynAdtepng TOU
Tpla ditd&otaong kol oe k&Be meplinmtwon n extéAeon and YnoloyLlotTég amnoalttel Tnv
OAYOPLOULKA KOl PUONUAT LKOAOY LKA JLlaTUnnon. Houpatnedviag Tov XOPo TV
IPOTUNOV TOU MNUPade [yHATOC KAl TLG 0pOOYOVLIEQ MEPLOXEC TOU meplKAelouv TLC
kA&oe g, o Oxéon pe 10 aviicotolxo Oévdpo amdbeaong dlamiotdvoupe 61l o KADE
xkO6upo t 1TiBeTOl WG e€pPHTNUX Pl OUVOAKN 1 LoxUg 1ng omoloag xwpllel €va
UIOOUVOAO Xt TOU XOPOU TOoVv mpotUmnwv ot dUo uépn. O pLllxdc kdé6uRoc apopd oS0
oUvoAlo egxkmaidevong. H amdvinon tou €pwIAuaTog umopel va elval Betixkp (Notl)
H apvntlxkhy (OxL) xat aad autl kobopllovial Ta OUo vnooUvova Xen, Xto IIOU

LKOVOTIO LOUV TLG OXEé0€ELQ

XtN UXtO :Xt KX L XthXtO:®

Hpéme L axdun va xkaboploboUv KplTApLlA GOTE:
e o SLaxwplopdg va gival RBéATLOTOC
e va TeppatileTal o dlaxwploudc evodc xOHUPouU

e va avIiloTolyxiletal og éva rOuBo-eUANO pla KA&ON

Mia epdtnon x6uPou eilval  ITng PopPeAC xv>a, OIOU Xy I TLUR TOU Vv
XOPOKTINELOT LKOU €VvOC mpoTUnou Kol o pla TLuh roatweAliou. To o umopel va ndpelt
aneplbdploTeEg TLUECG o010 nedlo petafoANg Tou, €v ToUTOoLC oav Ar g€lval 1o mAROOC

TOV OPOTUNWV TIOoU ovhrouv otov Xe, oapkel €éva menepoopévo mAnBOC TLUOV  dua,
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A=1,2,.., A: , via va dLaxwplorel o x®dpog. H TLuR owva Ba emiAeyel ©ote va

LkovoTmoLle (Tl TO KPLTIAPLO TOU PBEATLOTOU JLAXWPLOUOU.

KaboplLopdg TOoU KpLlInplou dLaxwplLouou

O dlLaxwplopdg tou X mpémel vo €lval Té€Ttolog GOTe 0 éva TOoUAdXLotov amd T
dUo uépn TOU VO KUPpLApXOoUv mAnbuoculoxd 1o npdtuna pLog pdévo KAdoONg, vo €ival
dnAadn «kabapd» oUpewva Pe TNV opoloyia Tev duadlkdv dévdpwv oamdoaonc. QC
nétpo 1nc kabopdinrtac evodC kOUPou umopel va xpnoiupomoin®el n eviponmia (uéon
nAnpoeopia) yvworrn anmd tnv Ocwpla tng mAnpogopiac. T'ta évav ké6uPRo t n eviponia

I(t) divetal and Tnv oxéon

M
16) == ) P(Gilt) - log, P (Gl
i=1

Omou P(Cilt) n mibavdéinta éva mpdIumo Tou XOdpou X (t) va avhxrel otnv kiad&on Ci.
Ynevoupiletal OTl 0-10g9,0=0 xoaL oétL I(t) npeyLotomolLelTal av oL TLluég
P(Cilt)elval {oec petall toucg. OL miboavoétnteg P(Cilt) exTLpdvIaLl pe Bdon 1o
nmocootd Net/A: dmou Ne 1o NAROOC TV ImPOTUnwV Tou KOuRou kol Al 1o mAnbog dcwv
ef autdv avhxkouv otnv kA&on Ci. Me tov diLaxwplopd tou kb6uRou n xrabopdini

ToU petafRdAAetal xatd AI(t) olGupwva pe 1n oxéon

Aen Ao
AI(t) = I(t) —A—t'l(tzv) —A—t'l(to)

H moocdinta AI(t) uvmolovyiletal vio OAX TA XUPAKINELOT LKA KOL TLC KATHAANAECQ
TLPEéC KATOOALOU TV HPOoTUNOV IIOU AVIKOUV OTIOUGC XOPpoug Xt, Xen, Xto. AKOAOUOWC
ETLAEYETAL TO XUPAKINELOTLKO KXL TO KATOOAL IMOU PeyLoTomoLoUv tnv AT (t) kol

IPOKUNTEL TO €pPOINUX Tou kduPRou t.

Kaboploubdg ToU KplInplou TeppatlopolU 1toU dlaxwplopou

O dlLaxwplopdbg TOoU Xhpou X, elval duvatdv vo Tepuaticel dtov n péyLorn
Tiun AI(t) eival plxkpditepn amd éva mporaboplopévo 6pLlo. EVOANAKT LKA umopel
vo Tepuatiotel av o mAnduoudc Ne eival aprkeTd pLrpdC f dtov 1o mEOTUNN AVAKOUV
oe ploa xA&on (AI(t)=0).

Kaboploubdbg xplLInplou aviiotolxtong pragc rxA&dong otov xkO6UPo-oUAAO

TUpeeva e 1o mopandve petd 1ov TepuaT lopd oto k6uPo t amodidetal wg dvoud

10 6voua In¢ KA&ONC TV HPOTUNWOV IIOU UNEPTEPoUV mANOUOULaKk& OTOV XOPOo Xt.

3.7 ZuveALKT LKA Neupwvikd Aixktua

Toa SUVEALKT LKA Neupwvikd AlxTua (INA) (CNN:Convolutional Neural Networks)
éxouv xpnotpomolnBel euUpéwg oTnv avayvidplon €LkOVOYV Kol pol&louv ue IO

Texvnt& Neupwv lK& Alrtua npdobilag tpopoddinong (feed-forward networks, FFN).
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Yudpxouv dLapopég avhpeoa o autd Ta dUo €(06n dLxkTUwv, mou kabLoToUv Ta INA
ILO €AKUOTLKA Vvia xphon. ILo ouykekplpéva oOTa KAQCOLKA FEN n KALP&Kwon
pevaAnv eLkdvev odnyel oeg peydAo un ditaxetplolpo nAnbog Boapdv. T'ia napdde Lyuo
o010 oUvoAro dedouévwv CIFAR-10 ot eixdbdveg elval ueyéboug, undédvo 32 x 32 x 3
(mA&toC x UPog x XPWHAT LKA KOVAALX), KOl €HOREVRC €Vvag TANPWwC ouvdedeuévoq
veUupOVag o010 TPOTOo Kpued emimedo evdg TNA 6o eixe 32*32*3 = 3072 B&pn. Hopk
T0 veyovdg O6tL autdg o aplbudg deixvel dlLaxelpliolpog, via e€icodo gixrdvacg
peyaAUtepnyv dLactdoewv, m.x 200 x 200 x 3 6a elxape veupdveg pe 200%200*3 =
120.000 B&pn o xabévag.

Tia meploodIEPOUC VEUPHVEG O oplbudc Twv napapétpuyv Oa ueyddwve
paydala. Zuvendc n nmAfnpng ouvdeolpdinta elvoal on&toAn, xoal umnopel Adyw TV
TOAADV TP ETPWY Vo odnynoel e€UKOAQ Oe uUmepnmpooapuoyn (overfitting) TIouU
dLkTUoU. Amd 1nv &AAnN mieupd, n xpnon twv INA sxpuetoAAeUetal 1O yeyovodg OTlL
n eloodoc amoterelital amd eilrdveg, Kol meploplilel TNV CPXLIEKIOVLKA TOU uE€
nLo éfunvo tpdmo. Tevikdtepa Ta INA, diLabétouv veuphdveg ol omolol éxouv 3
dlaotdoelc (mA&toc-Uyoc-PB&bog), xal €éxouv 1nv Ldlattepdinta va ouvdéovial
dLadox k& pe plo pLxkph meploxl) Tou mponyoUpevou emlmédou ovIiBerta pe 6Tt
vivoétav oe pla mAfpn oGvdeon. Koat’ ouvclov o veupdvag eival éva @lAtpo mou
ouveAioetal ot dedopéva e1oddou Tou. Oa mpémel vo dleukplviooupe &dd 6Tl
Aéyoviag «ouvedioetal» e€vvooUpue TNV €oxpuoyn tng dLodLl&oTaTnNg OUVEALENG ue
x&mota dLevupunévn xphon. OL dpol veupdvag, kO6uPBoc (node), ¢lATpo KAl TUPHVAC
(kernel) xpnotpomoloUvIal €VOAAXKT LKA OTnv  BLRALOYPXPl TV OUVEALKT LKOV

SLKTUWV yia 10 (dLo mpdyuoa.

10 oxAua 3.7.1 aneitxoviletal aploTepd pla apXLTEKTOV LKA €vOC KAQACLKOU
VEUPWV LKOU S LKTIUoU Kol defld pla apXLlTEKTOVLIKA €VOC OUVEALKILKOU VEUPWV LKOU
dLkTUOU. K&Be emimedo egvdg INA petaoxnuoatilel tov 1tplLodidotato Oyko €lLoddou
(input volume), o évav 1TpLodi&otato Oyko €&6dou  (output volume. 31O
OUVKEKPLPEVO Map&dde Lyud n £yxpwun €LkOVX TOU NUPUndve OXAUXTOC omotedel 1O

en{nedo €106dou gmopéveg Oa éxel B&Bog 3, doa kKol TA KOvAALX pLag RGB g 1kdVOGQ.

A
aYataTa’a |

22000,
00
QO000

-

ad

mAGTOS

eninedo arcodov

Xpueo emiasdo 2

xpued sainsdo 1

SxApo 3.7.1. (Apxltextoviky CNN)
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ST UNA exTeAoUVvIaLl Téooeplg Paolkég AelLtoupyleg:

SUVEANLEN (Convolution)
Eeapuovyh un yeauptkdéintoag (Non Linearity) - RelLU
JUYKEVTIpwOn N Ymo-Aeg lypatoanyia (Pooling / Sub sampling)

sw N

Katnyoplomoinon pe nAfpwg ouvdedepévo eninmedo (Fully Connected Layer

for Classification)

Eninedo ZuvéALing (Convolution)

OeneALddeqg doutlkd eminedo €vOQ TUVEALKTLKOU Nevupwv LlkoU ALkTUoU, Onwg éXel
npoavaeepbel, eival 1o enimedo oto onoio cuveAloetal n glocodoc pe N 1o mARBOC
olATpa (veupdveg Popdv) . To amoTéAcoua eival mivaxkeg mou amoTeAoUv XAptecg
XOUPAKTINELOTLKOV. To emimedo autd ovopdletal ouveAlkTlkd enimedo. Ta ¢lAtpa
autd otnv nmeplatwon IOV £yXPeuev €LrOVvoy clival tplodldoTtaTta, KaBOG 10 HéyebdC
Touc kabopiletal amd 1o UPog R (mAHBog ypoauudv), 1o HA&TOC (mANBOC OTNAOV)
C xal 10 RB&Boc D (mARBog mivdkwv RxC). I1nv mnepintwon mou n el{codog eival
pila éyxpoun eLxd4va 10 PBabog cival tpla (3) via ta tpla Bacikd xpopata (Red
Green Blue: RGB). Tila Tnv TOPAY®YN QUIOV TV XOPOAKINPELOTLKOV, OCAPOVETAL
OAOKANEN 1N €LKOVA, TPAYHOTOHOLOUVIOL HPALELC €0WTEPLKOU yLIVvouévou petaél TV
TLEGOVY TOU O@lATpouUu Kol 1ITNg UDOKe({jpevng meploxNG TOU mivoaka Kol OT0 TEAOCQ

eEQyeTAl TO amoTéAsopua 10 omoio tomoBetel{Tal OTOV XAPTIN XXUPUKINELOT LKAOV.

H np&én 1tng dSitodidotatng ouvéAiéng vyia dUo dloakplt& onuota x(r,c),

w(r,c), (dLodlLdotateg akoAoubleg)opliletal tumikd amd tnv oxéon:

xxw = {x*w}(r,c) =ZZx(k,l)-w(r—k,c—l) uer,c, k,l € Z
k1

H mnp&én 1tng dSitodidotatng ouoxétiong yla 60o dloaxpltd onpota x(m,n),

y(m,n), (dLodit&otateg akoAoubleg)opliletal Tunik& and tnv oxéon:

xow = {xow}(rc) =zzx(k,l)-w(k—r,l—c) uer,c, k,l€ Z
k1

Av w(k,1l)=w(-k,-1) oL 0&Uo mnp&feig divouv T10 (dL0 amnotérsopa. Il
axoAoubleg memepacuévou UAKouUg To 6pla TV delkT®OV k, 1 xaboplilovial amd TLC

BéoeLc mou oL akoAoubBleg éxouv OAeC TLC TLUEQ TOUC HUNdevVLIKECQ.

ST OoUVeEALKTLkRE dixrtua ecpoapudbletal n npk&éin tng ouvoxétiong. EvV toUtolLlC

LoTop k& emlkp&Tnoe va xpnoLupomotleltal o 6pog ouvéALEn amd tnv eupela xpnon
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ToUu otnv enefepyocia onudtwv. O dlatnpioouus QUIRV TNV opoAoyia oInv

OUVEXELA.

AVveloapTNTOWC TV oplwv péoa ota omola opiletal n mpdén tng oUvéALENG OTO
ZX7Z, exelvo mou pog evdLlapépel €lval ol TLUECQ TOV AKOAOUOLOV KAl TLC OcwpoUue
w¢ otolxela mivdkewv o) ITng €Loddou X pe dLaoctd&oeLg (R« x Cx) xrOL B) TOU

o{ATpoUu W pe diLtaoctdoetc (Ry x Cy) .

1o oakdAoubo moapddelypa (IX.3.7.2) oalvertol n eoopuoyn tnc mpdénc Inc
ouvéALEng (ouoxétiong). OL TLpég tou t1TOoU OlATPOU w(.,.) OALcOBalvouv emdvw
OTLC TLHEC TV YPOUPOV KAL TOV OTINAOYV TNg x(.,.) Kol uvnodoyiletal 10 &OPOLOUX
TOV VIVORévey Ty opoldbetwv TLudV. To amoTtéAsoua OBo elval pLa akoAoubla
nenepaocuévou unxkoug ue dLaoctdoel¢  (Rxt Ry=1)x(Cxt Cy=1). Av 06élouupe ol
dlLaotdoe ¢ TNG NPOKUMTOUOHG oakoAoubiag va eival {oegc pe autég tLc e£Lobdou,
apalpoUue Ry=1 ypouppéc kol Cy=1 othrec amd ta 6pt& tng. AnAoUoTtepa uropoUpe
va oALocBaivoupe 10 QIATPO €T0L OOCTE I KEVIPLKA TLUH TOU QLATPOU W va @idvel
ota OplLa Tng x Kol amodidoviag undevikéc TLRéc otn x e€xk1d6C 1tV oplwv 1InC

(zero padding) .

El{val BoAtxkd 10 @lATpo va éxel nmeplttd oplbBud ypapudv KL OTNAOV II.X.
3x3, 5x5 @ote vo undpxel KEVIPLKA TLuhH. ZT1o TéAOoCg tng mp&énc tng ouvéALEng
oe k&Be TIlun mou Oa mpokUyel mpooBétouue Kol éva otabepd Spo wye (bias) n
onuoacia tou omoiou eilval (dLa pe qUTIHV TOU ovoeépBnke OCTOV YPUUULKO

Taf Lvounty.

oo |0 0o 0 Py Ox1+0x0+0x2+0x
B 2 s |1 ]s]o o[}
0- N X T+0K (-1 2 (-1
o fifz]-]= 1o{(1)o EEREoE C1p2x(
N O O B Bl B N T2 e T2 [ s o=t
N EEEAEE B2 R b
R 2|1 |54 |2 |01
ty1 )
o Tjol Tt Oty I 2|2 |-3/0|3|7]o0
=T 0|1 )
1 {101 §1(1Y)0
112 1] 0 || C;) 140 R N N e s
) - ®irtpo f s|1]2]0|5 |2|-1
ol1|ofl1]|1|1 1|1 0 33 - .
% HDivaxog 7 x 7 pe zero padding otov
o]0 0|0 o nivaxa £Loddou X

0 nivaxoac £10ddou e£Loddou X

7 1 -1 3|1 4 T 1+0x 0+ T2+ T 1+ 1 1400
SdluoThoewv TxT.
219|321 1k(-1)+1%x0+1x1=7
1]sla]2]o0 Prianl
=y _--
EIERE \?)
1 5 4 [-1|-2

Divaxace 5 x 5 Xwpic zero padding o
nivoaxa £L0630U X

SxAuo 3.7.2: Ynodoylopol o010 OUVeEALKTLkKO enlmedo
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H 1ipf x&Be otolxelou tou moapaydpevou yivetol

evepyonoinong kuplwg tng RelU.

bplLopa pLagc ouvapinong

. H ouv&ptnon RelLU (Rectified
15} Linear Unit)
il
0s f(x)=max (0, x)
0
-0.5
Al
1.5
2 - - - -
-2 15 1 0.5 0 05 1 15 2
MxN
diA1po / ReL
F{} MxN |:{>®|:{> MxN
ReLU
Eicodog <::::;j Rel
MxNx3 MxN
5x.3.7.3. H eopoapupoyny evoégc o@lAtpou og gl{ocodo TPpLOV KOVOALOV OTO
OUVEALKTLKO enminmedo
5 @iAtpa Efodog
3x3x3 MxNx5
Eiocodog
MxNx3
5x.3.7.4. SuveAlrTtLlrd eninmedo pe mévie (5) @olAtpa

Av n egloodog éxel P&Boc D dniodn amotedeltol

ovou&lovitol kKol xrovdAila (channels), (m.x. D=3,

andé D 1o mAnBog mivaxeg,

vioa egiocodo pla RGB éyxpwun
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eLx6Va), T6TEe Kol K&Oe @lATpo mpémel va éxel PB&bog D, dniadn va amoteielTtal
and D mivaxkeg. Tia nopddelypa av n €({codog elval RgxCyx3 10 @lAtpo mpémel va
elval RyxCyx3. TInV meplntwon auth petd Inv €Qupuoyn Tou @lATpou Oa mpokUyouv
kol D mivaxkeg &¢ amoteréopata. OL mivakeg autol eivat {ocwv dLaoctdoewv Kol

npoocTiBeviatL.

TeAlk& petd tnv &Bpolon mpokUmniel £€évac nivakag yia K&Be o@iAtpo. AV
epapuocOoUv N olATpa 6a mpokUGyouv N mivakeg, 6col Kol T @lATpa. TTnVv opoloyla
TV INA ouxv& évac tplodild&oTatoc mivarag KaAslital ol Oykog (volume) . Rpa n
e{oo0dog pag sival évagc Oyrog RyxCyxx3 kol pe 1nv ecocppovyn N @olAtpwv moapdyetal
WG amoTéAieopa évag Oykrog RxxCyxxN. To noapoandve omelkovilovial ota akdAoUBo

oxAuota (8x.3.7.3, 8x.3.7.4)

To @eiAtpo kat& tnv oAlobnon Tou eival amodexktd va Kiveltal Kol pe PBAP
(dpaokeALd, stride) peyoAUtepo 1oU éva. AUTO elval pLlo mopoAAayh) OUVEALENCG
nou odnyel oe oamoteAéopata pLrpdTEPOV dlactdoewy kKol axpifelrag. Exel xpnon

oTnVv meplntwon peydAwv €LlkOVOV Kol @LATpwv (m.X via elATpo 15x15, stride=2).

Ta mopandve, OnAadn n OUVEALEN TNng €106doU ue Ta QLATpa Kol N €Qupuoyn 1Ing

N veauulxkoéInIoag amotedoUv éva Emimedo SuvéAiLéng (Convolutional Layer) .

OL mivaxeg mou e&byoviol amd 1o eulmedo OUVEALENG KOAOUVIXL XAPTEQ
XOPAKTNPLOTLKAV. 10 axkdAoubo IxAuox 3.7.5 galvetal n eoapuovn evdéc @lATpou

Sobel otnv eglxrdéva «lenax».

o
—_

Eninedo deitypatoAe yiag (Pooling Layer)

Ta eninmeda detypatoAnylag ocuvaviOvIial oavdueoa OTa enimeda OUVEALENC TWV
INA. Autd mou k&vel autd 10 enimedo eglival va peldvel 1o PEYeEOBOC TOV TLVAKWOV
€10600V Kol KAT& OUVENE LA KOL TOUC UNOAOYLOUoUg e€voC OLKTIUOU Kol B&tovioc
und €AeyXO HMPORBAAUNTO uUnepmpooopuoync (over-fitting). Doapfdvovioag TLG TLUEC

BlOC ULKPAQ HEPLOXAC m.X. (MxM) evoéc mivaxra €lLo0d6dou kol pe PAupo M noalpvouus
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TNV peyoAUtepn and autég (Max Pooling) 11 tov péco 6po toucg (Average
Pooling) kol dnulLoupyoUue évav véo mivaka pe pLkpdtepec dlLaotdoelc. AV yvLia
mopdde lypa o mivoakog eivoal 224x224 yia M=2 6a éxoupe g oIOTEAeoua £va

nivaxka 112x112. Eva nopddelypa eaivetal o010 TOpakdTw oxnupa 3.7.6.

ITiyudtumo pe Bdbog 1

X 171124
« max pool ue 2x2 @iAtpa
56|78 Kkau dAua 2 6|8
3 | 2 BN 3|4
112 (3|4
y

Max-pooling

SxApo 3.7.6. (Enimedo YmodelypatoAnyiog)

Eni{meda ouvéritéinge kol vnodelypatoAnyiog unopoUtv vo  tomoBetolUvial
DLadoX LKA KATOAHyOvTOC O mivaxreg PLrRpOTepwv dlaotdoewv rkdbe gopd. Metd oamd
authyv TNV dLadoxh oL TLPEC TOV TEALKOV TLVAKwVY TomoBetoUvial o éva &vuoud
oTAANG (flattening). To &vuopa autd Ba cival n glocodog evdg TeALKOU emilmédou

T Lvoéunong upe nAfpn diLaocuvdeon, IxAupa 3.7.7.

A Typical Convolutional Neural Network (CNN)

: l 1 S\ Output
Convolution Pooling Convolution Poolin ot =
g ’_::__=j_/, . ‘
\ &/ EE:ﬂHl b
'4.'—".."? = > B
s .\
Kernel ~o .\ N
Input Image Featured Pooled Featured Pooled Flatten N ;
maps Featured maps maps Featured maps  layer ./
« > « >
Feature Maps Fully connected layer
s | | o= o i ||
. Feature Extraction . Classification | | Probabilistic |
distribution
5x. 3.7.7.

Eninedo Taf.vépnong

Se oqutd 10 enlmedo Ol VEUPOHVEC £XOUV TANPELC OUVOEoeLQ pe OAeg TLg €&bdouC
TV VEUPOVWV TOU mponyoUpevou emluédou. To HANpwg ouvdedepévo enimedo (Fully

Connected Layer) el{val évag Perceptron HTOAAQOV  E€TMLIIEDWV (MLP), 1ou
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xpnotpomnotel wg ouvdptnon kKOCTIOUG TNV MTOAUXVUULKA AoyLloT Lk (Multinomial
Logistic) oto enimedo €&b6dou. T'ia tnv e€locodo Twv dedouévwv oto enimedo autd
O mpémel auUuT& vo doufoouv Eva povodLldoTato nivoxkoa (&vuouo OTAANG) . ITO

akdAoubo Ixnua 3.7.8 mopouct&letal plLa €xkdoxh e€vdg CNN Teoodpwv KAXOEWV .

(o > o
o!
by
o o
s Lo sunset Pounset
— T o -] ~o
o o
| ° o Paog
| o o
o °
R
. P o o
convolution + max poonng vec a k
| nonlinearity | o
convolution + pooling layers fully connected layers  Mx binary classification

SxApo 3.7.8.

YnoloyLopdg tou mAfboug Papdv Kol erknaideuvon ota INA

Eninedo ouvéAiténg : To ocuykexkpluévo euimedo elval autd mou dnuioupyel TOV
T{vaxa YopoKINELOTLKOV, omdte €éxoune mnivaxkeg PRoapdv. OL apXLlKEQ TLPEC TWV
Bapdv eilval Tuxaleg. O oaptbpdc 1tV Ropdv (mopapétpwv) o €éva emnimedo

OoUVEALENG pe N rovdALla xal M elAtpa dLactdoewyv r x ¢ Bo glivol: rxcxNxM

Eninedo deitypatoAnyiag : 310 euilmedo delypatoAnyiag petdvoups 10 péyebocg
Tov dtaotdoswv. Tta mapddelypo ov o Evav XAPTN XAPOKTINELOTLKOV 224x224
otolxelwv epappoctel deiypatoAnylioa oce 2x2 und-meploxég 16Te aplOBudc 1OV
oTolyxelwv TOU XAPTN XOPAKTINPELOT LKAV eival 112x112. Sto enimedo detypatoAnyia

dev undpyxouv Rdpn.

IIAnpwg ouvdedenévo emimedo (FC) : To ouykekplpévo emnimedo €xel 1OV
ulnAdétepo aplbud Rapdv amd r&Be &AAo emimedo. T'ta tov umnoloyloud TOU
nAfboug tTwv RBopdv unodloyliletal To yLvopevo ToU MANBOUC TV VEUPOHVOV KABOE
enlaédou eul 1o mARBoc Twv £&Odwv TOU mponyoUuevou enimédou. EToL TO
nAnbog TV PBapdv eival: TAROoC veUpHVOV OTo TpéXxov euimedo x (mAR6oc
££6dwv oto mponyoUpevo eninedo+l), 10 +1 apopd& TOV OTaBEPd Opo. Tia
nopdde lypx oto CNN VGGNET 1o nAnbog twv PRapdv oaivetal otov axrdAoubo

Divako.
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INPUT: [224x224x3] memory: 224%224*%3=150K weights: @

CONV3-64: [224x224x64] memory: 224*224%64=3.2M weights: (3*3*3)*64 = 1,728
CONV3-64: [224x224x64] memory: 224%224*%64=3.2M weights: (3*3*64)*64 = 36,864
POOL2: [112x112x64] memory: 112*112*64=800K weights: @

POOL2: [56x56x128] memory: 56%*56%128=400K weights: @
CONV3-256: [56x56x256] memory: G56%56%256=800K weights: (3%*3*128)%*256 = 294,912
CONV3-256: [56x56x256] memory: 56%56*%256=800K weights: (3*3*256)*256 = 589,824
CONV3-256: [56x56x256] memory: 56%56%256=800K weights: (3%3*256)*256 = 589,824
POOL2: [28x28x256] memory: 28%*28%256=200K weights: @

POOL2: [14x14x512] memory: 14*%14%512=100K weights: @

POOL2: [7x7x512] memory: 7%*7*512=25K weights: @

FC: [1x1x4096] memory: 4096 weights: 7*7%512%*4096 = 102,760,448
FC: [1x1x4096] memory: 4096 weights: 4@96%*4896 = 16,777,216

FC: [1x1x1ee8] memory: 1000 weights: 4@96*1000 = 4,096,000

TOTAL memory: 24M * 4 bytes ~= 93MB / image (only forward! ~*2 for bwd)
TOTAL params: 138M parameters

CONV3-128: [112x112x128] memory: 112%¥112%128=1.6M weights: (3*3*64)*128 = 73,728
CONV3-128: [112x112x128] memory: 112*%112*128=1.6M weights: (3%*3%*128)*128 = 147,456

CONV3-512: [28x28x512] memory: 28%28%512=480K weights: (3*3%256)*512 = 1,179,648
CONV3-512: [28x28x512] memory: 28%28*512=400K weights: (3*3*512)#*512 = 2,359,296
CONV3-512: [28x28x512] memory: 28%28*%512=400K weights: (3*3*512)*512 = 2,359,296

CONV3-512: [14x14x512] memory: 14%14%512=180K weights: (3*3%512)*512 = 2,359,296
CONV3-512: [14x14x512] memory: 14*14*512=180K weights: (3*3*512)*512 = 2,359,296
CONV3-512: [14x14x512] memory: 14*14*%512=100K weights: (3*3*%512)*512 = 2,359,296

ODivaxkag 3.7.1: IAARBog Twv Roapdv oto CNN VGGNet 16

Exnaidevuon t@V ZUVEALKT LKAV NeUupwvikKOV ALKTIQV

St CNN n ouvéptnon kbé6otoug PBacileTtal otnv dlaoctaupoUuevn evipomnia

(cross entropy) kol OXL OTO HECO TeTpaywvikd opdApa. H mpocéyylon akpdIATOU

onuelou (ghaxiotou) emididxretal xuplwg pe pebddoug démwg n SGDM (Stochastic

Gradient Descent with Momentum) xolL n ADAM ( Adaptive Moment Estimation).

10 TeAlrd enimedo €&6Hdou TOU TOE Lvounty, ouv&pinon evepyomoinong eival n

softmax mou PeTATPEémeEl TLQ TLPECQ TV aBpoLloTO®V Ot mLOavoétnteg. AKOAOUBWC B

noapouc L&ooupe TNV dladlkacliag exmaideuong xal d16pbwong COAAPATOC OTX

eni{meda evdg CNN.

Exnaidevon oto eninedo mAfpoug diLaclivdeong

$T10 TeAlkd emimedo €fb6dou 1O MANOOC TWV Vveupdvwv opldletal va eival
He 1o mANRBoC Twv KA&Oewv, €éo0Tw M. K&Be xAdon ovilotolxiletal oe &vov

veupdva (Tov (dLo méviote) kol ovopatiletal pe tnv 6éon Tou m=1l...M OTO

{oo

eninedo e€&b6dou. ECTw TO x::[xlmxn."xM]] emauinuévo O LAVUOUN TIOU €LOEpXeTAL

010 enimedo £EO30U KUL Wiy = [Wims oo Womy - Whm Wom] T TOU €TIQUENREVA S LAVTOPATA

TV Bopdv TV veupdvov o oautd.
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Apx Lk& umoAloyilovial ol moodIniec O, =Wh x. OL TLuéC QUTéC

petoaoxnuat i {ovial oluewva Tnv ouvdpinon softmax oe

ew,Tn»x

Ym =
k

Ol Tipéc ym gival BeTlKEC KAL 10 &BPOLOPA TOUC YoM _ ym =1. Emi6upolpe ol
TLpéc €8600oUu ym va gival TéToleg ©OTe v 10 &VUoua €L0d6doU avhAKkel OTINV KAAOY
c, x¢ , c€{l,..,M} 161 n ££0d0C yc TOU C veupdva vo glval peyaAUTepn TV
AAAOV  €&OdwVv kol gL duvatdv lon upe v povdda exeppdloviag €10l UYnNAN
n1favéTnIa va avAkel n e£locodog otnv enlduunth kA&on. Me Spoug MLBAVOTATOVY oV
1,..,M givol ol Tiuég pLog Tuxaiog dLokpLlTAC BETARANTAC @, 10Te Y = p(w = m|x©)
glval ol mBovdINTEC TTOU AVTLOTOLXOUV OTLC TLHECQ TLC ® dnAodhy yl=p(l|x¢),...,
yn=p (m|x¢) , ..., yv=p(M|xc). To 1davikd Ba Atav ol utBavéintec plw =m|x%) va
ATV I VO CUVERALVOVY e TLBavoInTEC

lavm=c

q(w = m|x®) = {0 avm +c

Eva pétpo oUykplong tov pl(w) xal g(o) dlveral amd tnv oxéon 1ing

dlaotaupoUuevng eviponiag (cross entropy) :

H@p) == ) -log(p()) =

- Z q(w = m|x°) - log(p(w = m|x°)) = — Z q(w = m|x) - log(ym) = —log ()

m=1 1

Tia nmoupddelypa o &va oUoTnua Taf Lvounong TeoodPwV KAXCEWV € LOEPXETAL

10 &vuopa X2 KoL oL ££0d0L TWV TeoodpwV VeUpOHVwv € lval
v1=0.2, v2=0.5 y3=0.1 y4=0.2

KO L TIPOQOVOC

a(l1x2)=0, g(2x2)=1, q(3|x2)=0, q(41x2)=0
H(gq,p)=-(0-10og(0.2)+1 -10g(0.5)+0:1og(0.1)+ 0-1og(0.2))=2
0co n y2 telvel otnv povéada n H(g,p) 6a Telivel oto undév.

Katémilv auTtoU unopoUue vo € lodyouue wg ouvdpinon xb6cT1oug (cost

function) 1 amdArelac (loss) 1Tnv oxéon

LW) == ) alw=mix) log Orm) = = ) 10g(ye.)

i
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nou abpollel TLC TLUECQ TNG Cross entropy OOU OPOKUOTOUV and TNV € LoaywyhH

o1o oUotnua k&Be mporlnou X;i, i=1...I, I 10 MANOOC TV TPOTUNWV.

T
ewc Xi

YC,i = T
E eWmXi
m

Tia 1ov veuphdva J oto enimedo £€8£6dou jE{l..M} xat wj 10 &vuoua OTAANG

TV Bopdv TOU LoxUel

L

T
Wex;

oL 0 zl()_zal()_zal e
ow, ~ ow; \ 21080 | = ow, 0g(Yei) = ow, og (Z ew%xi)
m

Tia 1oV umodoyloud 1ng mapayoyou yphooupe To nopomndve und Popen

oUvBeTng ouvdptnong. Ooa moapaAe {fYoupe yia Adyoug dLeUukdOAUVONG TNG YPAPHC TOV

delxtn 1 (Bétw x=x1i)

og=w-x, 3’c=21:mr L =log ()

ol 0l dy. dg;

ow; 8y, do; 0w,

e%-Ym em—gc.gdc
99j _,r Ou _ 1 9y _ 2 ( e’ )= (Emeom)?
Ymeom —e9c.¢%]

Cmeomz VeV

— Aj - - 5
a do; 0z .
Ye o Ye G99y J avj+c

o _[(A=y)-xf avj=c
owj —y; x| avj#c

al; 1- “Xpi QVj =cC i
——L-={( Ye) * Xni J KAl TEALKA

dwn;j —Yj * Xni avj+c

oL _ al;

aan t 6wn]-

AAy6pLOpog onmiLobodpdunong opdApatog oto emimedo

SeitypatoAnyiag.

=y(1-y)avj=c

, Yia k&Be ouvantlkd B&poG TOU J Veupdvo

Ta enineda delypatoAnyioag (pooling) dev dLabéTouv NUPAPETPOUC IOU 6Oa

aAA&Eouv kaTd TV exnaidevon Tou INA. Autd mou éxoune udvo va x&voupe e€lval

va unmodoyloouue TLg kKAloglg oe oxéon pe 1O mponyouUpevo enimedo. Av R eilval

Lo meploxh) TOU €emLIESOU HOU UHOdEe LyPoToANnmTe (Tl pe TNV

. a lavy =x;
maxpooling n é&odoc¢ Oa gival y =max{x; € R} kot %z{ Y ¢
L

av n mepLoxn eival 2x2 Oo éxouue:

Oavy +#x;°

dLadlracia ToOU

Tia nopdde Lyuo
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X1=5 X2=8

-> ) -> =
%o=3 | %=1 Max Pooling y=8

d ad
D _o| 2oy
J0x; dx,
ad ad
Do Doy
0x5 0x,

TUpewva pe 1o nopandve n dLé6pbwon Twv Poapdv Tou elAtpou Bo yivel pdvo
via tnv 6éon Tou e€mul Tou mivaka €106d0U (KAT& TNV OUVEALKTLKA dLadilraoia)
mou nopAxen n upéyiotn TLpnR (to 8). I1tnv mnepimntwon ToU average pooling, n
kAlon 6o eival mavioU 1/71 émou n el{val 1o mANBog TV oTolxelwv TOU mapabUpou

(yia 10 mopddetypa poc 1/4, n=4).

AAy6pLOpogc omiLoBodpdpnong opdApatog¢ oto eninedo ouvéALing

10 OUVEALKTLkKSO emimedo éva @iAtpo elival évagc veuvpdvoag pe PBdpn mou TO
nAfnbog toug kKabopiletal and TLg dlLactdoelg Tou @lAtpou. OL TLpéc eLoddou
npoépxovial omd TLC TLUEQ TOU KAVAALOU kabBdhC oautéc ouveAlocovial pe ta B&en
ToU @lAtpou. Autd umopel va Bewpndel oe pLa moapdAANAn uAlomo (non énwg ealvetal
o1o SyxAua 3.7.9, yvia dedopéva plLag dL&oTaong kol @lAtpo eUpoucg tpla (3x1).

(4 (4 ([

Eotw 50 =6_' 51 =5 52 =5 53 = F oL petaforéc tnc ouvdpinong rOOTOUC
) o1 o2 o3

Wwg mpo¢ Ta abpolopata (£fodol abpoloctav), W = [WO,Wl,WZ], o= [0'0,0'1, O'Z]T. e

LoxUouv ol oxéoelLg
Og = WoYo + W1Y1 + W2, 01 = WoY1 + WiV, + Wy

Oy = WoYp +WiY3 +WyY,, 03 = Wyys + Wiy, + Wyys

Vol
d d, 0 y
a_L = a_L ' a_a = [6¢,61,65,85] - y; = 8oYo + 81y1 + 82)2 + 833
Wo [ Wo y3
9, 0, 9 iq
y
a_L = a_L ) a_a = [8, 61,62, 05] - yi = 8oy1 + 61y, + 8,y3 + 834
wq o CYw, y
V4
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D

a 05
_L — —L . = [60, 61. 52; 63] )

wy aa' awz

o1

V2
V3

Va
Vs

=680y, + 61y3 + 62)s + 635

Op = WoYo + W11 + W2,

01 = WoY1 + W1y, + Wy Y3

Oy = WoYz + WYz + WY,

03 = WoY3 + W1y + Wy Ys

SXApo 3.7.8.

Tia tnv omioBodiddoon 1ng d16pbwong Oa mpémel vo UmoAoylocoupue 1TL¢ moocdinteq:

O 0L 0L

Byo Oy, " Oy

0, 0, 04

— =—-—=18,,8,0,,0:] -
3, 9, 0y [0, 81,82, 03]
0, 0, 0g

— =—=—=18,y,846,,0:] "
3, 9, 0, [0, 81, 62, 03]
oL

9y,

= §owo

= 60W1 + 61W0

d
= 60W2 + 51W1 + 62W0, j = 61W2 + 62W1 + 63W0
3
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TevikdTepa, o0& éva OUVEALKT LIRS emimedo, 1n kKAlon T1TOoU TPEéXOVIOC €mLIméEDOU
TDEOKUNTEL Pe TNV OUVEALEN TV 0i UE TA OUVEALKT LKA QIATPpa avieoTpauuéva.

To mANOOC TV €OLTESDV KAL TV VEUPOVWVY TV, €ival &éva (ATnuo TOU PO
amcaoxoAe (. Agv undpxet évagc yevikdgc TUnog-oaAydplOuog mou vo pag odnyel oe
éva BEATLOTO mANBOC TmupauéTPpVv-Rapdv. Evag pey&iog aplbudc RBapdv auidvel TO
UoAOY LOT LkO KOCTOC Kol umopel vo odnynoel o€ AemTOouepn £€kudONnon tou ocuvOAou
exna{devong axkdun Kol Tou BopUROU TwVv HPETIPACERV, £LC PRBAPOC TNg YeEVLIKOTNTOC
ToUu, OnAadf ITNg e€mLTUXOUC TafLlvoéunong VvEWY ayvoaoTwyv mnpoIvnwov. Autd 10
palvdéuevo 1o ovoudlouue uvnmepeknaideuon. Mikpdc aplBudc mopoauétpwvy umopei vo
odnynoet oe aduvaplo exnoaidevong 1 xoapndn amnddoon-oaxpifela Taflvéunonc. Tnv
nepilntwon auth avaeépoupe ¢ vmoexknoaidevon. 1o TxAuo 3.7.10 palveTal 1
DLAXWPLOT LKA KAUOUAN TELOV ouotnudtwvy evoéc npoPAfuatog dUo dLaotdoewv yld
TLC TEPLOITOOELC TIOU QVAQEPAUE .

Mio amAf pébodog eival va fexivdue pe éva pLkpd MANBOC TAPAPETPOV KAL VA
10 aufdvoupe mpoodeuT LKA Héxpl vo Exoupe LkavormolnTlkd amotéAsoupa. Exelvo
mou ouxVv& eupovilestal  Otov  éxoupe uynAn oanddoorn exrmaideuvong eival 1
unepexknaidevon mou dlamiot@vetal Otav To oUotnud poag tofitvouel mpdtuna yia
T onmola dev exmaldeUinke Kol nopouct&lel Yxoaunin amnddoon. I'ta va eviomnicoupe
voplg 1o mpépAnua xweliloupe 10 apXlkd oUVOAO S Twv dLabécLluwyv dedouévwev o€
dUo uépn. To éva xpnoipomolel{tal wg oUvoro exnoidesuong (Training set, T) xoal
T0 AAANO WG OUVOAO €mLKUPWONG TOU amoTeAéouatog (Validation set, V). Ou mpémel
10 mocootd emituUXiag emituxoUc tofilvoéunonc (accuracy) va eival ulnid ue

TIOPANIANCLEG T LUEQ.

X/o O
X 05 0
C)OC)
X, x| X O
x O
XX xXXx
X X X
(o) (B) (v)
YrnoeknoLOeUPREVO Koavov Lk& exnoldeuUpnévo YunepekaoLlOeUREVO
oUoTNuo oUoTnu oUoTnuo
SxHpo 3.7.10.
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3.8 DUVEALKT LKA VEUPWOVLIKA J{KTUA YylLO ONPOCLOAOYLKI KATATHNOY)
€ LROVQV

H xat&tunon eitxrdé4voc eival plra dLadilkoacio esnefepyoaocioagc tng €LxOHVAC YIX TOV
evionLopd mEPLOXOV HE OUYKeERPLPéveg 1016INTeg. H onuaoloAloylkhy KoaT&TUnon
T tvouel [P Net T ouoxeTL{oueva g LKOvVoOoTOoLXE (& oe nLa ou&da. H
TEPLITWO LOAOY LKL KaT&Tunon dLtakpivel wg fexwploTég ovidinIieg avilke {peva 1nC
{dLag xAdong. H movomtlkl) xkat&tunon ouvdudlel T duo nopandve  £(0n

koaTt&Tunong. (SIxApo 3.8.1).

H Tunuatomoinon Iepioxdv dilatpel tnv eLrdva o mePLOXEQ mou poLlp&lovtal

TOPOUO L XUPAKINELOT LKY, OmWwG XPpOua Kol Uen.

o "

(a) Image (b) Semantic segmentation

A

(¢) Instance segmentation (d) Panoptic segmentation
IxfApa 3.8.1: MHopadelypota Tov TPLOV €130V KATATUNONG € LKOVAGC.

TN onuooLoAoy LK ratdtunon 1o INA evepyel énwg otn dLadixkacla Taf tvédunong
pe tn poévn Sdrapopd mwc avii voa tafilvouel odAdxrAnpn Tnv gikdva, Taflvouel Tto
k&Be glrovootolxelo Tng o pLa npokaboplopévn rA&on (m.x &vbpwnog). To INA
ONUOC LOAOY LKAC kat&Tunong XPNO LUOMIO LOUVTOL oe TTOAAOUC toueic ng

Biounxaviag, tnc Iatplxig, tng TnAemioxkdmnong XK.o.

SUvABwc n eloodog eilval pla ynetakny H x W x D pe D = 3 yia gixkdveg RGB, 17
D = 1 vyia eLtkdbveg amoxphdoewv Tou VKplL. H £&odog eilval évoagc mivoaxkog
Tunuotomoinong H x W mou k&Be eLxovooTolyxelo oviimpoowneUetal oamd Evav

aképalo aplBud (eT1Lkéta, label) oaviimpoowneuTLlkd TNg KAXONG TOU avAKe Ll (IXHURA
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3.8.2). Z1n mpayuoTlkoéInta o XAPIng, mplv ndpel In TEALKNH TOU popen, EXElL
B&Bog (oo pe 1oV aplBud TV KA&CewvV (TxApa 3.8.3) .

3333333333
$3333%333113233%
233533319333 8%
FEE RO REED:
33'3:3 33 1,133 3

3 333112313

3. 41111112

34111111

1: Person 11,111 1.1 1
2: Purse 3339 1°9.1.1 122
3: Plants/Grass o T 0 N i i it G s -
3331238841
Input Semantic Labels

ZxfApa 3.8.2:X&ptnc xat&TPnong vio pla glxkdvo € Loddou.
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ZxfApa 3.8.3:I{vaxag KATATUNONG Yo pLo €LlkdOvA €Loddou mplyv gpopuootel n
argmax.

Mioa cuvnBilopévn npooéyylon yla exknoaideuon INA yvio xkat&tunon €txkdvev elvot
n doun kwdLkomoLlNTH/amokwdLlKomoLlnTh. Omou o mpdTog Oa peLldvel TN XWELKDH
avéAiuon tng e£1oddou, kKal 0 pdAOC ToUu Ba elval va odnyel XAPTEQ XAPAKINPLOT LKAV
XounAng oavdAuong kol o deUtepog Ba auidvel TLC XwPlkég dLaotd&oelg tou X&PTn
XOUPAKINEPLOTLKOV. H pelwon tev dlLactdoewnv yivetal pe 1nv dLadlkoaclio tou
pooling énwg éxel avoaiubel oto Keporoio 2. H mio dnuoelAng pébodog yio tnv
aténon tng avaiuvong  elvol n  ov&oTpoen  OUVEALEDN (AZ), (transposed
convolution:TC) . Z1nv oav&oTpoen CUVEALEN k&Oe T LuR and Tov XAPUNANG avadAuong
X&PTN XAPOAKTINPELOT LKAV (mou épxetal and 1o mponyoUueva emnimeda mou £3dpaoe 1
max pooling) modlomiooci&letal e  TLC TLluéc xk&moiLou o@lAtpou. Emeitq,
TomoBetoUvial Ot SLadoyLkKEG OéoeLlg ToU XAPTn €&OO0U XUPAKINELOT LKAV KoL €T0L
auidveToal 1 oVAAUCN TOU. IZUVEDNC, €VO I KAXOLKN OUVEALEN OUPPLKVOVEL TN
nAnpoeopia, n av&doTpopn CUVEALEN dLACTEANe L Tn mAnpogoplia kol étol auidvovtal

oL dLaoct&oetlg 1ng eLkdé6vac () tou mivoaka). Tloa mapddelypa av evag omnd TOoUQg
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UO-TI {VOKEQ XAPAKTINPLOT LKOV 1oUu mpoékrule amd v oUVEALKTLKO enimedo (Kep.2)
elval 4x4 161e pe TNV avAOTPOEO CUVEALEN (AX) ue éva olAtpo 2x2 kol PBHua 2
(stride = 2) (&pa dev éxoupes emixk&Auln) Oa mpokUlel évag umo-mivoakoag 8x8
k&Oe oT1olxelo TOoU omolou éxel Tnv TLunR o6nwg delyvetal orto arkdAoUbO IXAUX

3.8.4.

Wi \“l\

™~
ws | ws \
r “ T\\
a : awi| aw:
\\ aws| aw

ZxApa 3.8.4: OAloBnon tou @lAtpou og évav mivaxka A pue BrApa 2.

Av 10 PB&Boc ToUu mivaka oto omolo eeappdodnke n AL eivalt D 1d1e K&Oe 2x2
plATpo Ba mpémelL va é£xel P&Bog D dniadrn Ba elival évoac Oykoc 2x2xD. OL TLpég
Twv D vunomivéxeov nou Ba unpoxkUyouv Oo mnpococteBolv. Av 10 NANOOC TV 2x2xD
olATpwV Tng AZ eival N o OyKOC TV anoTeAecoudtwv mou 6O6a mpokUuyel yla TO
mapdde Lypd poc 6o eival 8x8xN. Jtnv OAn dLadlkaclo ocuppetéxel n ouvdptnon

ReLU 6mwg Kol OTO OUVEALKTLKSO emimedo.

H axkoAoubia twv AT axkoloubel aeoU oAokAnpwdel n dltadikoclia Twv ITE. (IXxHU

3.8.5).

D1 D2

w/2 W/2 w

H ¢ 5
H/2 H/2 —

Convolution layers + Max pooling Transpose Convolution layers

Fully Connected Layer
ZxhApa 3.8.5: Epoappoyh enimédwv AY éneiltoa and yxphnon IE

H 1d3éa xpNoNg o€ PLA OPXLTEKTOVLIKA KWOLKOMOLNTH amokwdlkomolntrh o6mou o
éva INA mpooTiBevial emimeda av&AoTpoenc OCUVEALENG O KWOLKOMOLNTAG HELOVEL
Ti1¢ Odltaoctdoelg Tng  glxkdéH4voac. Autd  onuoivel nOwg ol teAlxol x&ptecg
XOUPAKTINELOT LKAV dev TePLYPAQOUV T AEMTOUEPH XXAPOAKINPELOTLKA Kol TO TeALkD

amotéAcoua votepel oe akplPfela (IxAua 3.8.6).
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TIpoBheym kotdrpmons

IxApa 3.8.6: IIpdRAeYn ONUACLOAOY LKAC KATATUNONG &£vOC MANPOUC OUVEALKTI LKOU
diLxtUoU.

Tta tnv entAvon tTou mpoPAfpatoc npotddnke pLa PeAtlwon 1ng nopaadve
OPXLTEKTIOVLKAG. J€ oUTH NUPpAT (BeVvTal ol I{VAKEC XAPAKTINELOT LKOV MTOU TPO &KUYV
o1 apX Lk& KUPplwg OUVEALKTLKA enimeda o mivakeg mou mpoéxrulav og oT&d Lo AT
apxrel BéRuaia va éxouv 1o (dL0o MANBOC YPARUROV KoL OTNAOV. T'to mapddelypa ov
HxWxD; e{val oykog mou mnpoéxule omd KATOLO OUVEALKTLKO enimedo kol HxWxDy
6ykocg mou npoéxuye amnd x&moiro eunimedo A¥, npoxUmtel £évag Oykog HxWx (Di+Dz) .

H oUvdeon autl ovopdletal JSuvdéoeiqg IHapakauyng (skip connections) .

D1 D1+D2

wr2 W/2 w

H/2 H/2 D

Skip conhection T

Fully Connected Layer

ZxApa 3.8.7: Aldypappa tewv ouvdéoewv (skip connections).

Autd €éxel g oamotéAegopa, o1n OLdpkeloa amokwdlxkomolinong oL XAptecg
XAPAKTINELOT LKAV Vo €lval mLo arkplPelic rabOc petapépovial Asmtouepe (g XWPLKEC
ninpoeopieg mou yx&vovioav katd Tn dLdpkela Tng unode lypatoAnyioag. ETtol 1o INA

TOPAYEL TILO OKPLPH HmeplypduuaTa OTnv TeALK) ratdtunon (IxHuoa 3.8.8).

TIp6Bheym

ZxApo 3.8.8: IpdRAeln pe xpHon ouvdécewv mapdkopync.
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O teAevtalog O6ykog mou mapdyetal amd TNV €EUPUOYH TOV €MLIEdOV avdCTPOPNG
OUVEALENG VIO pla opX LK) &yxpwun eitxkdé4va HxWx3 Oa eival HxWxD. Tia x&be
gLrovootolxelo Ba éxetl mpokUlel éva &vuoua pe D otolxela xoal Oo avhxrel o€
pla amd TLg emlOuuntég kA&oelg. And 1o onuelo autd TA AVUCUATA QIOTEAOUV TLC
€10600Ug €vOC VEUPWVYLKOU JLKTIUOU eKnaideuong pe mAAPNGg ouvdéoelg jue TEALKY
ouv&ptnon evepyomoinong Tnv softmax kol ouvdptnon kOOTOUC TNV Cross entropy

6nwe meplypdonkav oInv mponyouUuevn mapdypoeo 3.7.
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KE®ANATO 4

EKIIATAEYXH XQPIX EIIOITH

H eUpeon TwV OUYKEVIPOOEWVY TV IPpOoTUnwev o6tav dev eival yvwotd 10
TANOOC TOUg KoL n poppodoyio toug eival éva mpdBAnuUa mou anocyxoirel Tnv
YooAoyLloT Lk NonuooUvn, 1tnv ovdAucn kol Tnv €&6puln dedouévov. I'ta tnv AUOoD
ToUu mpoteivovial evdLaeépouceq TeXVLIKEC pe doun N OXL VEUPWVLIKOU dLKTUOU.
Yrudpxouv molKiAeg evdlapépouceg TUPAAAAYEQ TOU OHNWG N LEPUPY LKN
ovuotadomnoinon. Kplolpa epwthpata €lval 1o NARBOC TV KAXCEwV, Ol QUIOCTACE LG
peTald TV mpoIUnwv I £€00Tep LK) dlacmopd KAl I HopQoAloyio Twv
OUYKEVTIPOOoEwV. H pétpnon mDOAAOV XUPOKTINELOTLKOV Kol I HOolkKLAlo Twv mpotlinev

elval PBaoilkol moapdyovieg mou emltel{vouv Tnv dUCKOAlx ToU mpoRAAuUATOC.

AxoAoUBwg Ba mopoucL&ooupe tpelg pebddoug exnaldesuong xwplg emdmin.
OL 800 mpdhteg elval odydplbuol mou umopoUv va XpenolLuomnolndoUv yid Tnv
en{Auon oxeT KOV mpoRAnudtewv O va xpnolLupomnolnbolv wg epyorela o
nepLoocdTepo oUvBeteg egpyaociec. H tpltn elval pla pébodog mou RBoaciletal otnv
Aettoupyla e€vdC veUupwvLlkoU dLKTUOU kKol upmopel va amoteAdéocel B&on vio tnv
oxedlaon tofivountdv. H pébodog autyhy Sivel 1nv duvatdinta emonmteloag o
XOPWV HEe TePLOCOHTEPEC TWV TPLOV dLACTACEWVY TIOU N avanapdoTaor TOoUug oOg éva

oboTnua afdvev gival yeopetplrd adlvatn.

4.1 O AAyépLOpog ISODATA f K-Méowv (k-means 5 c-means)

O AAy6pLOuog Twv K-péowv titAopopeital kol w¢ ISODATA 17 aAydplOBuocg
Lloyd’s kol gival amd 1toUg dNUOQLAECTEPOUC aAyoplBuoug cuctadomoinong. Ol
opoldTNIA TV HPOTUNWV meplypdeetal pe tnv EuxkAeidela Andbotoon. Kabe

OoUVKEVIPpwon kaboplileTtal amd éva onuelo-ovI LlupdowIo OTO XOPO TV TPOTUNWV
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Kol o' ouTAVvV ovAkouv Ta npdiuna mIouU améxouv pLkpdiepn amdotoon omd Tov

aVT LIPO0ORIO AUIANGC OUYKPLT LKA PE TOUC QVTILIPOOAIOUC TRV &AA®V CUYKEVIPOOELWV.

O avIlupdéownog cival o pécog 6pog¢ TwV MPOTUINWVY IMOU AImOTEAOUV TNV

OUVKEVIPWON Kol ovou&letal kKEVIPO Tng KA&oNC. AKoAoUBwg o aAydplLbOuocg

TePLYPAQETAL YVIA TTPOKAOOP LOUEVO TANOOC CUYKEVIPNOEWV .
Eotw,
- I 10 mARBoc¢ Twv mpotUnwnv, K To MAABOC TO OUYKEVIPLOEWV,
- N 10 mANROOC TwV XAPAKINPLOT LKOV,
- %x; € EN nivokoag otfAng mou meplypdeel 1o i mpdiumo, 1i=1..T

- cx € EY mivaxkag OTAANG mou mneplypdpel 1oV ovtlunpdowno (KEVIPO)

kA&ong, k=1.K

- B nivakag I x 1 oe x&be otolxelo 1 Tou omolou kataxwpeltal n

OUVKEVIPWON mou avhkel 1o 1 mpdtumo, (mx bi=k),
- t pertpnthc emavadAning.

Tia t=0 omodidovial tuxaleg TLpég ot €k, ylia x&be k.

ng k

Enov&Anyn
Twoa i omd 1 éwc I

Tia k&Be mpdtumo uvmodoyllovial ol

anootdoe Ll Tou amd 1A KEVIPA AWV TWV N

Z(Xvi —C )2

v=1

kKA&CewV Kol rKataxwpeltal of autlh mou bi=lﬂin
k

éxeL KovtLvoéTeEpo KEVIPO Oto IPOTUIO.

TéAOC VLIX.
t = t+l
T'ta k&Be xrA&on uvnodoyi{legtal 1O Tia k amd 1 éwc K
nAnBog P 1twv mpotUnwv MIOoU OVHKOUV
otnv KA&ON P= Z 1
Vb =k
YrnoAovyi{etal TO KEVIPO TNC KAAONC 2: X
b=k
k_'_ET_
TéAOC VIO,
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Av ta kévipa napapei{vouv (dLa o Av ck(t)= cx(t+l) via x&be

aAydpLbuoc tepuatileTal k, TéAog emov&Aninc

$T1T0 XUxAua 4.1.1 oalvetal n peITakivnon TV KEVIPWVY IOV OUYKEVIPOOEWV OF

dLadox Llkég emavaANlelg Tou oAyopiBuou.

%. X
| ><*>§-‘f+--9< X% x

: XX X
-;En N2 j+¥';< [::> >§ts<>< "+'

X
><X

b
b

rx. 4.1.1.

E{valr duvatdv eniong xAmolo 1 KATOLX KEVIPA VO PNV €XOUV KAVEV

KOVTLVvOTEPO TPOTUIIO KAL WG €K TOoUTOU va éxoupe Alydtepeg and K cuotddeq.
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Stnv meplntwon auth 1o KEVIPO TomobeTelTol kKovi& og mpdTIUIO TOU QméXel

nepLocdtepo OSAwV amd TO KEVIPO TNG OUoTAdag TOoU.

O k-means BewpelTal évag ypHYyopos, OPKETA QUOTEeAEOUANT LKOG aAydpLOUOG uE
euroAla otnv vAomoinon. Alvel RoUAUTepa omoTeAéouaTa 6TV TO OUVOAO TWV
dedopévev eival dopunuévo ce JLAXDPLOLUPEC OUYKEVIPOOELG. MelovéxrTnua €lvot
61l anottel tov mpoxraboplLopd TOoU aplBpol’ TV KEVIPWVY TV ouctddwv. H tuxala
EILAOYN ING TLUAG QUTOV TV KEVIPWV umopel va un pog odnynoel og KOAX
amotéAeoua. Enlong, o odydplbuoc mopouocidlel aduvapila otov xelpLoud
dedopévev pe B6puPfo N axkpaleg TLREQ KoL amoTuyx&vel ylo un oupnayég oUVoAo
Dedouévev (CEALPLKEC OUYKEVIPOHOELC) . Ol PHeCOKABETOL TV KEVIPWV AIOTEAOUV
TLC YPOUPLKEG OLAKPLTLKEQ OUVUPINOELC TOV CUYKEVIPOOEWVY KoL OUVOETOUV TO

Agyoduevo dLdypapua Voronoi (Voronoi tessellation, IxAupa 4.1.2.)

x.4.1.2.

4.2 Ame(kévIOon OAUCIBAG KOVILVAV YELTOVWV.

H oameixdévion oAvoidag (chain mapping) elvoal ploa pébodogc omAl  oAAX
UIOAOY LOT LKA damoavnpr mou otoxeUel kuplwg otnv €Upeon SLadoX LKAV YELTOVLKOV
onue lwv mou ovou&loupe oducidec. H 1dLaltepn popeoloyia twv aAucidwv dev TLC
KaBLoT& avixveUoLUeg ®G Oouykevipooelg omd oaAyopliBuoug o6mnwg o ISODATA.
XpnoLpomnoleltal ouxvd oTLg nebddoug LepapX LlKAG ovuotadonoinong. 0Odnyel otnv
emonTe (o TNG KATAVOPNC TV MPOTUN®Y O MTOAUS LACTATIOUC XOPOUG Kal umopel vo
xpnotpomotnOel vyia Tnv extiunon 10U HTANBOUC KXL TOU MHEPLEXOUEVOU TWV
OUYKEVIPOOEWY TOUC. JIUPOOVA 1e authv dnuiloupyoupe ploa ditadpoun petofoaivovioag
and xk&Be mpdTunmo oOT0 yeltovikdTeEpd TOoU, Egrlvoviag amd kAmolo TuUxalio.
Kataypbooupe dLadox k& TLg TLpég tou delxktn tou mpotUmou, tou delktn tToU
veltovd ToU kol 1ng andoTtachg TIoug, Xwplc va petafolpe og mpdétuna aad To

omola éxoupe OLéABel. Anuioupyeltoal €étol pLa oxoAoubioa dn=[1,J,De(xi,x5)].
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QewpoUue Tov O6po m  ITNG akoAoublag pe TNV ueyoAUtepn TLpR andoroong,

dp=max{dn}. To oUvoAo
Ci={xi/x; éxetL delxtn tnv tipf 1 via du=[1,7,De(xi,x5)] pe nm}

amoteAel TNV pla amd dU0 CUYKEVIPOOE LC TOV TOU OUVOAOU TwVv mpotUnwv. H deltepn

kA&on eival 1o oUvolo
Co={x3/x%5 éxelL delxrtn tnv TLPH J via dn=[1,]3,De(xi,%x5)] pe n2m}

OewpdvIag TNV emduevn peyoAUTepn TLRh m’ mou Ba avilotolxel oe otolxela pLog
and TLg OU0 OUYKEVIPOOEL g umopoUue va dlLaxwploouus auitfyv oe dUo uépn O6mwg

IPONYOUREV®OC K.O.K.

H pébodoc amaittel Ttov unoAoylopd ToUu mivaka TV omooTdOewVv TV TPOTUNOV

petTaly Toug kKol glval modumdoxkdétintag O (n?).

[TAPAAETITMA

Eotw tTo mpdiuna

O mivaxag Tov anoctdoewv TOUC £lval

D12 Dis Dig Dis
7.8112.2418.94 | 7.21
D23 D24 D2s
5.8312.2411.0

D34 Dss
7.28 | 5.39

Das

2.0

ZeRLVOVTHG amd 1o onueio x; petofoaivoupes oto yeltovikdéTepd TOU K.O.K.

Kataypbdpetal n akoloub (o

a o 1]
q | 2.24]1(3
4, |5-39[35 00
4| 1.0 |52 " I
1,00
H
d | 2-24 1214 o D13 D35 D52 D24

H tiuf 5.39 eilval n peyodUtepn oO1nv OTHAN TV AIoCTACE®V KUl opopd Tov OpOo
m=2. I'taa n<2 o deilrtng i pe tLpéc 1, 3 xrabopilel ta mpdtumna 1ng
ouykévipwong Ci={xX;, X3}Kal yla n22 o degirktng j ue tipég 5,2,4 rabopilesl ta

npdTuna INg OUYyKEVIPpwoNng Co={xXs, X4, X3}, IxApo 4.2.1.
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15 T

SxAua 4.2.1

4.3 X&ptng ameLlKOVLIONG XOPAKTINPLOT LKAV HE AUTO-0pPYAVWOOT)

O Xaptncg Arre 1 k6VIong XopaKTnNELoTLKOV ue Autd-opydvwon (SOFM: Self
organized Feature Map, SOM) otoxeUel oOtnv ovanopdotoon Twv onupelov evéc
TOAUS LACTATOU XOpou 1mou egival o apXlkdg XOPOog Twv IPpOoTUIwV of £V XOPO
Alyodtepav dlactdoswyv, ouvhbwg dUo dLactdoewnv, dLATNPEOVIAG KAT& TO duvatdv
TNV TOMOAOY LKA-VEWUETP LKA SOUN KOL T OTAT LOT LKA XAPAKTINPELOT LKA TV OedOUEVEV
TOU apXLkOU x®pou. Katd 1tnv ovamapdotaon outh ektdéc amd Tnv pelwon twv
dlaotdoewvy yvivetal kol peiwon Tou mARBouc Twv onuelwv otov TeALkd YXOPO TOU
ovou&louue xdotTn AmeLKOVIONG TWV XAPAKTNELOTLKOV. BéRola ool To onuelo tou
x&ptn elval Alydtepa amd autd TOU opPXLKOU elvoal mpopovdg 6Tl ouxvh oe éva
onuelo tou x&ptn Oa amelxovilovial HmOAAX onueloa ToU opXLlkOU X®dpou. Exelvo
Supwg mou mpetiotwg mpémetl va dltaceaAiletal gival 61l n vetrtvioaon d0o onueliwv
TOU QpPXLKOU YOPoUu Ba OCUVEmAyeTol KXL VvelTvioon Twv ameLlkovicewyv TOUC OTO
x&ptn (oto (dLo N og vyelTtovikd onuela). Autd umopel vo dLeUKOAUVEL TNV

omnt Lkomo (non kol tnv av&Aucon dedouévav UPniAdv dLAcTACEWV .

Evag SOM eilval éva 1exvntd veupwvikd dixktuo evdg enilunédou nmou ovoudletal
Kol enimedo aviaywviouoU (competitive layer). OL SOM mpotd&Onkov omd TOV

T.Kohonen!ll kol ouxvéd xadoUvial Xdpte¢ Kohonen 1§ Alxtua Kohonen.

[1] Kohonen, Teuvo (1982). "Self-Organized Formation of Topologically Correct Feature

Maps". Biological Cybernetics. 43 (1): 59-69.

Ta onuelo ToU emlmédoUu aVIAYWVLOopoU (X&PIng) Aéyoviol KOuBot KoL

AgLToupyoUVv wg veupdveg, dndadn éxouv petafAntéc-pB&en kol £ivoal ouvhbwg
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dlatetayuévol og TeTpaywVvLikd 1 €favovikd mAéyua dU0 dLaoTACEWwV TOU AEYVETAL
kol kavafog (grid), Ixppota 4.3.1, 4.3.2. Eva dixtuo Kohonen sival pLo
UTIOAOY LOT LKY TIPpocéyyLon mou Poaciletal o éva unxavioud avioaywvLouoU mou

nopaTnENOnkKe o BLOAOY LKA OUCTAPATOH VEUPOHVWOV .

Kat& tnv o&on tng exnaidsuong tou dLkTUou Kohonen de&v €mIdLOKETAL 1)
eAax LloTonoinon x&molLag ouv&ptnong ké6otoug. H drtadilxraclia exnoaldevong elival
ETIOVOANTIT LKA UE TMPOKaBopLouévo aplbud enavaiflenyv mou koaboplletol oamd pLa
TR  T. XopaxTInploTLlkd Tou aAyoplBuou scivoal n évvola TOU VIKNTLH VEUPOVA
KOl TNG YELTOVIGC ToUu. 'Evag veupdvag ovoudletol VIKNTAC kKatd& 1nv o&on Ing
exna{devong 6mwc Bo avorubel mapaxrdiw. OL yelTovikol TOU veupdveg OTWC
opllovital gival décol PRploxrovial oe pla mepLoxh Tou kKov&Bou mou €xel KEVIPO
TOV VIKNTH. Av n meploXh €ival TETIPAYWVLKA O &va TeTpaywvikd x&vafo n
nAeupd TNg velTtovidg pmopel va eival 2xd+l énwg oaiveTtal oto oxAuo 4.3.2.
Ttov oAydplBuo xpnoipomole{tal kol n nopduetpog exuddbnong o. To nAdTog 1ng
YeELTOVLIACQ Kol n nmopduetpog exudbnong petafdAiovial xoatd tnv dL&PKeLA TNC

exnaidevong.
H exnai{deuon ToUu VeEUPWVLKOU dLKTIUOU yvivetal wg €&AQ:

Kabopiletal o x&vafog TOoU €mlmédou OoVIAY®WVLIOPoU, m.X. OHWC OTIO0 IYXNUX
4.3.1 6mou 10 enimedo aviaywviopoU elval tomoBetnuévo oe évav r&vapfo 8X8.
Av kol o r&voRocg eival dLodLACTATOC, Ol Vveupdveg &xouv aplbundel pe éva
Seixktn k mou malpvel axképoalec Tiuéc amd 0 éwc 63. Av x ERN 161e xébe

VEUPOVAG k OTov K&VaBo éxel éva SL&VUoua BAPOV Wi = [Wig o Wag oo Whi]T -
ExteAoUvIial To DUPoK&T® RBApXTO:

Opiloune éva petpnty enovéinyng t=0,1,..,T. Anodidovial Tuxaieg TLuéQ
oTa B&pn TV VeUPOVLVY Wik (0) pe TLpég mou mpokxkUntouv amd tnv npdobeon
BLKPOV Tuxalov aplbBudv otn péon TLlpn Twv avuoudtov x OAoU 10 OUVvOAOU

exnoldevoncg.

Apxlxkomoleital n moapduerpog exuddnong o(0) pe plLa pLxpn €T LKy TLUG,
ouvhbwg petaéU 0.2 kot 0.5.

Apxlxkomoleital n mnapduetpog d(0) pe tnv tipn 4, mou eival {on pe 10

pLod 10U eUpoug TOU KavafBou.
EnitAéyetal éva tuyxoalio &vuopa x(t) amd 1o oUvoAlo exnaideuong.

Yonodoyiletal n é€£odog ox(t) tou veupdhva k oclpewvoa pe tn oxéon:

0 () = lIX(t) = wi (DIl = YZN_1 (e (1) — Wi ()2 (4.3.1)
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Eilval oavepd nwg n ox e€ival n EuxAei(dela andbotoaon petoéU tov x(t) rot

Wk(t) .

O veupdvag ¢ avaknpUooeTol VIKNTAC €&V LKavomole (Tal 1 OUVOAKN oc(t) =
min{ox(t)}. E&v oL é&odol dUo veupdvwev elival (oeg, 1d61e xat& oUuPoocn

emLAéyeTal aUuTtdG pe 1O pLkpdTepo delkin.

Ta B&pn wWx AVaAVERVOVTIOUL OUNOOVAY UE TLG TUPAKAT® OXEOELQ:

Wnk (E+1)= wnk (t) +Awnk (t) (4.3.3)

a(®) - () — Wi (D)) v k€ N,
Avipg = (4.3.4)
0 av k & N,

6émou Nec TO OUVOAO TV JeLKTIOV TV VEUPOVOV mou Bplokovial péoa o &va
TeTPpdYWVO TOU dL0dLACTATOU KAVAPBOU He KEVIPO TO VEUPOVA VLIKNTH KAl TAEUP&

2xd (t)+1 (yeltovIi& TOU VLIKNTH VeEUPOHVA) .

Aufdvetal n petafAnty enmovdAndnge xotd évo kol amodidovial véeg TLUREQ

OT LG uetoRAntéc a(t), d(t) olGppowva ue TLG OXECELQ:

a(t):a(O)-(I—%) (4.3.5)

d(t):d(O)-(I—%) (1.3.6)

Ta BApota 4 éwg 8 smovoiapPfdvovial éwng 6Tou n uetoRAnth t ndpel 10
BéVLIOoTn TeEALKA TR T. Elvoal eovepd nwg ol petafAntéc o(t) xol d(t)

ouvykAlvouv oto undév xabdc n t telvel otnv TLun T.

Metd tnv exnaideuvon x&be &vuoua eLoddou 1oUu SOM aviiotolxiletal-—
ametlkoviletal amd TOV VEUPOHVA TIOU avakrnpUooel VvIkNTH. K&Be veupdvoag TOU
ernLmnédou e€&6dou avtlmpoowneUel pla opdda mpotunwyv (cluster) . Ipdtuna ue
HeEYAAN opoldINIa (YVELTOVLIKA OTOV apXLlKO XOPO) avILlupoonmelovIial omd Tov
{dLo veupdva 1 yeLTOVLIKOUG OT10 enimedo aviaywviopoU. Neupdveg mou
avT LIpoowreUouv ueyddo mANOoc onueiwv ToUu apXLlkoU Xdpou elvoal onuoviilkol wg
KEVIPA OUYKeVIPOOewv (Kuplapxol veupdveg), IxApa 4.3.3. Neupdveg mou
QAVT LTIPOOWIIEUOUV ULKESO mANBoC onue lwv umopoUv va amoppledoUv. Ta R&pn twv

VEUPOVOV EXOUV TLG dLOOTACELC TOU QpPXLKOU XOPOU KAl WG €K TOUTOU Ol
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xUuplapyxol veupdvec amoTeAoUv pla VI LIPOOWIEUT LKA UNOYPXPH TV OAPX LKAV

TOAUTIANOOV OedOPéEVOV.

Av OTOUG veuphvecg amodoboUv eT1lkéTteg (Labels) 1dte 10 veupwvikd dikTUO
Kohonen umopel voa egival mpo-emefepyactg €vOC ocuothuaTog toflvoéunong. To
dilxtua Kohonen amoteloUVv efualpetlkd epyorelo avdiuong dedouévev o TOAA
emtotnuov k& medla. EfeAlypéveg enmekTACe L ¢ TOUC €{val Ol avamTtuooduevol
Xaptec aurtoopydvwong (growing self-organizing map, GSOM), oL OUUUOPPOL
xéptec (conformal maps), Ol XPEOVIKA HOOCAPUOCTLKO[ XAPTEQ AUTO-
opyavwong, (time adaptive self-organizing map, TASOM), Ol HOOCXVATOALCUEVOL

KOl €mNEKTAOLUOL X&pt1eg (oriented and scalable maps) .

O,
-
SxAuo 4.3.1
——stfjheg —I
TOOOOOOOOOO
MNLKRTHC VEUpWVELE

rettovia pe d=1
Mewtovia pe d=2

Fewrovio pe d=3

QOO0 OOO0O00
¥Y¥ooOo0OOoO00O0O0O0

Eninzfo avTaywvlopol oF TETpaywviko kavapo 10x10

TxHuo 4.3.2
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SxApa 4.3.3: OKTO veupdveg (umAe kUKAOL) meplypdoouv 1o

dedouéva.
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KE®ANATIO 5

ANANYYH XAPAKTHPIZTIKON

ML onuovtlkh epyocia o éva oUoTnua ovoayvoplong eival n ovdAuon Twev
HETPOUUREVOV XAPAKTINPELOT LKOV TwV TIPOTUNwV. Me Tnv avdAUCH TV XAPAKINPLOT LKOV
netuxaivoupe tnv ofLoAdynon ToUg, TNV EMILAOYH TOV KATOAANAOTEPWV YyLla TNV
T Lvounon Twv OPoTUNoV Kol Tnv €A&TTwon tou nAnbouc toug. I'ia mopdde Lyuo
VO XOPOKTNELOTLKO JPe KOVILVEQ TLHéC péoa og xr&Be pla xA&GOnN XKoL COQOC
dlLaopeTLlKREC  TLuég petafU 10V KA&OCEWV elval «KOAO»  XOPUKTINELOT LkKO
Taé Lvoéunong. Me kKoUT&AANAeC PeBddouUC ovAAUONGC XOUPOKTINPELOTLKOV jprmopovpe  va
odnynboUue Kol Og VEA YUPOKINPLOTLKA TMOU TOPOKUNTouv omd ToV  YypouuLxrd
ouvdUuaoud TV ApPXLKOV Kol glival rataAAnidtepa oamd autd. AKoAoUbwg Oo dolue

1e66d0oUC aVAAUCNC XAPAKINELOT LKOV 0 OUOTAPOTA expu&bdnong pe xol Xwplc endmin.

5.1 Av&Auon XOPOKINPLOTLKAV oTtnv eknaideuvon pe endmin

ML onuoavilky egpyacia og éva oUoTnua oavayvoplLong eivat n emitioyn evodg
HLKPOU OUVOAOU KATHAANA®VY YXXPAKTINPELOT LKAV omd éva TMOAU ueyoAUtepo. H €mLAovn
TOV  LOXUPQOV YXOPOKTINELOTLKOV €{val kplolun yla TNV OoIOTEAL0OUAT LKOTNTA TNC
Taélvounonc. T'ia va shattewbel 1o DAABOC TV XOUPAKINPELOTLKOV HE TNV E€ILAOYH
eVO6C OUVOAOU «KOADV XOUPAKINELOT LKOV» mou PonboUv tnv tofivdunon, extedeltol
pla draditkacia of LoAdynong pe xplthpla TNV dlaXwelOTLKOTNTH (sSeparability)

Kol TNV ouoxétion (correlation) TV XOUPAKINPELOT LKOV.
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Tia 1OV €éAeyXOo Ing LrovoOTntag dlaxwplopoU xabopiletal o mapdyoviacg
SLaxwploTLkOTNTAG (Separability factor) S&Q petTal¥ dUo Loomi{Bovewv kA&oewv A

Kol B via k&Be yopoxinplotikd v and 1n oxéon:

Sv — |ﬂ1/}_ﬂ1€|

1/(05‘)2+(05)2

bmou ud, uB, eival oL péoec tinéc koL o, of oL tumikéc amoxkAicelc oe K&Oe

(5.1)

KA&QON. MeyAdAn dLaXwploT LKOTNTa onuoivel OTL TO XUPAKINPLOTLKSO €éxel ueyadAn
LKovOTNTA Vo dlaxwpilel TLG dUo kA&oeLC neTaly TOUC. ToodUvaua
xpnotpomoleital n moodinta
sz = (ﬁé‘—uﬁg
(03)%+(oy)?
YVWOTH ©¢ Adyog Si1dkotong xatd Fisher.

Tia 1tnv ov&AUon 1INg OUOXETLONG TWV  XUPAKTINELOTLKOV unoloyileTtal o
IapayovTag oUuoxétiong (correlation factor) yla k&Be 300 XAPAKINPLOT LKA VvV KOL
A mou avhxouv oInv (dia 1&én p, oUupwva pe T oxéon

1

Kp
E 2K=1(ch_ﬂv) (Ca—12) ova

b _ —
G = oy0) Oy03,, -2

6mou Kp elval 1o mARBog Twv otolXxelwv tng KA&ONG p, Xvk KAL Xax Ol TLPEC TV

XOUQAKINOLOT LKAV, [y, Uy, 0y KOL 03 OL PEoCEC TLPEQ KUL Ol TUNLKECQ amoKAloegLg TWV
TLEOV TV XOPAKTINPLOT LKOV otnv t&&én p. O aplOUNTAC Ovwa TOU KAXOUATOG AEyeTOL
etepooucxétion (cross-correlation) 1TV TLUOV TV JdU0 YAPAKINELOTLKOV. O
TOPAYOVTING OUOXETLONG PMeTPd TNV opoldTNTa PeTaly Twv dU0 XOPAKINELOT LKOV Kol
naipvel TLRég petald -1 xal +1. Mia tLipfh kovi& oto +1 f) oto -1 onuaivel oT1L
T OdU0 YopoaxInplotlk& ouoxetilovial TOAU 17 ouvoxetilovial aviliocTpooa,
aviiotolxax. Mia TLph KOVI& oOto undév delyxvel OTL To XAPAKINELOTLK& €lvot
KaTd& TOAU aouoxétiota. Otav dUo XopakIneloTLlkd €éXouv ueydAn OUOXETLON

pmopotUue vo amoppltvoupe éva €x twv dUO0.

[NIAPAAEITMA

Alvovial ol mivakeg teoockpwv mpotUnwv I, I, I3, I

0 1 0.5 1
xf = [1l,x§‘ = [O.Sl,xf = [—1l,x}f = [0]
0 1 0 1

AnoppidTte 1O XelLpdTepPO XAPAKINPELOTLKS pe 1O KPLTIAPLO TNG dLAXWPLOT LKOTNIAC.

pA = a1+ 0.5)/2 _ 3/4 , uB = -1+ 0)/2 — —1/2
1 1
/2 /2

0+1 0+1
(+)/2 (+)/2
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-1 +a-Yp* _ =3/ + =3/

(of)? = > 1/4 (07)* = > = 1/16
0_1 2+ 1_1 2 1 _3 2+ 1_3 2
ooy QTS Sy

~1+1/,)2+ (0 -1/,)? 0-1/2+@-1/,2
(azB)Zz( /2)2 00—/ _ 1), (agB)Zz( /2) 2( /) _ 1y,

Ly 1/2=3/4l Y 13/4+1/5] S3 [Y/2-1/4l =0

1 94B = 1 OAB T T
J]/4+1/16 J1/16+1/4 JHMata
O OUVTEAECTNC JLAXWPLOTLKOTNTOC YIia TO 3° XpoakKTInpElotlkd eival undév xat

v’ autd unopel vo amoppledel.

5.2 AvAaAvuon YXOPOKTINPLOT LKAV OTnv ernaidevon xwpic emndmin

Tia 1V aVAAUCH XOPOKINPELOTLKOV otnv  exnaidevon xwplg endutn, Oo
neplypdlyoupne Tov petaoxnuatlopd Karhunen-Loeve (KLT)1 pébodo avaAuong kKUpLwv
ouviotwodv (AKZY), (PCA: Principal Components Analysis). H RAKS eivoal éva péoco
pe 10 omolo «yevvOVTaLl» VX XUPAKTNELOT LKA amnd Ta UndpXovIid, OCUCYXETLOTH
petaly toug. Me tov perTooXnuotiopd elval dUVOTH N AVT LIPOCOIEUCT TOU OPX LKOU
OUVOAOU TWV XOPAKINOLOT LKAV e &AAa ALyOTepa KOl AIOTEAEOUAT LKOTEPA IIOU
dlLatnpoUv onuoavtikd pépog Tng mnAnpogoploac Twv dedouéveov. Me 1Tn xpenon Ing
AKS emituyxdveTtal n oUéinon tng dLaomopdC TV TLHUOV TV XAPAKINELOT LKOV, N
pelwon Tov dlacTtdoewyv Kol n oupnieon tng nAnpoeopilacg.

T'ta éva oUvolo K avuopdtwv og N-dLoothoewv XOPO XUPAKTINELOT LKOV €0Ttw OTL

Xx €lvoal 1o dL&vuopa mou divetal amd tnv oxéon.

Xy = |le Xoy e Xyg e xNKlT (5.2.1)
Me péco 6po  Hx =E[x,c]=% K x.=0 (5.2.2)

émou E[.] n poabnuatixky npoodoxkioa. Av o pécoc 6poc px dev eglval 1o undevikd
dL&vuopa 1d6Te TPOmMOmOLOUPE TLC TLREC apalpdviag amd autéc tov péoco 6po 1TOoUCQ
dote ol TLlpég mou Oa mpokUyouv va  éxouv undevikd péoo oH6po. O mivaxkag
ouvd LaomopdC Cx OA®V TV aVUOPUATWV ToUu ouvoiou eknoaidsuong divetal and 1n

oxéon (pe tnv mpoUmdbeon 61l o pécog 6pog elval undév) .
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0y 012 - 01y 0 OIN
2

021 O3 =+ Oy *° O3N

_ T _ vk r_| ¢ : : : : :
Cx—E[xx]—EZ,c:lxKxK = (5.2.3)

Oy Oz = Oy ° ONN

2

ON1  ON2 ONv ON

K&Be dirayodvio Tiph O, TOoU mivoxra ouvdLoaomopdg erepdlel Tn dLACTOPA TV
TLHOV  Xux (&&ovag V), ev@d ol umbrolmeg 1n ouvdlaomopd Oy HeTAEUT  dUo
OLOPOPET LKOV HETAPANTOV Xux KAL Xyk. O mivaxoag Cx elval ouppetplkdOC pe BeTLKEC

TLpéc. Elval ooavepd mwg yia 1n dltaditkoclioa tng tafivoéunong elivoal smibuuntéc
pHevédAeg TLHREC TV dlLayovieov TLROV 03 dLoOTL paptupolyv éva peydAo dmAwpo
(spreading) twv Jdedouévev, &v@ glval emlOuUuntég UNdeVLIKEC TLPECQ VLA TLC
oUVO LaCTIOPEC OOTE Ol uetoafAntéc va seival petall toug acuoxétiotec. I'ta va 1o
enLTUXoUnE autd oavalntolue €va TETOLO petaoxnuatiopd W mou o exoppdletol amd
éva mivara NxN dote T OLoavUouaTd y==PVT-x va éxouv univaxka ouvdiacnopdc Cy

e undevikég erepoouocyetioelg. O LoxUel:

C,=E[yy"]=E [W'x (W'x)T]= E[Wxx™W]= WE[xxT]W= W'C.W (5.2.4)

O mivaxkag Cx elval ouppetplkdg Betik& oplopévoc Kol €xel LOLOTLPéEC A>

A> >N >A>0 pe avilotolxa povadiala 1dLodLavicuata e1,es,..,€y,..,ey. Av A=

A 0 - 0

0o 4, - 0 , T

. S . KL  Q=[dqi,..;Quy s Aul toxUet: QTQ=I koL Q -Ci-Q=A. (Acec
0 0 - Ay

NoapdpTnua)

Av o mivaxkoag W=Q t61e and tnv (5.2.4) ouvendyetoal 61l Cy=A.

A4 0 - 0
0 1, - 0
C,=|. 2 . |l=4, M>hL>.>4,>.> (5.2.5)
0 0 - Ay
To Sloviouota Y, = |[Yixk Yax = Yox - Yu|T mou mpoxktmiouv amé inv oxéon y =
Q" -x 6c etvar y.=|xL-q;, xL-q, .. xL-q, .. xL-qy|". Ta povadiaia 1dLovicuata

gy tou Cx eivoal x&Beta petoafl TOUGC KOL amoTeAoUv £éva opbBoydvio oUotnuo
ouvieTaypéveoy ot &foveg Tou omolou ovoudlovial Kiptieg Zuviotwoeg (Principal
Components) . K&Be povadialo (dLodidvuopa q, neptypdoetl évav &fova eul Tou
omo{oU TmPoRdAAETHL K&OE JLAVUCUA Xy, I TPOBOAN TOU €ival Yy =XL-q,. OL TLpéC
TV TPpoRoAdV eml TV KUpLOV afdvev clival oavodrolwteg (apetdPAntec) wg mIPOC

TNV OmeploTpoen Twv dedouéveoyv amnd KYATMOLO PETAOXNUAT Loud OTPOQHC.
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H tiun Av=o'12, elvalr n dilocmopd TV TLUOV Yvx Koat&d Ttov v &fova. To
tdtodt&vuopa qy eival éva “oamoteAeopot LkO”  XOPAKTINPELOTLKS €Vvdh n TLph Ay
aftodoyel 1n onmoudaldintd tou. ExTdC TOU O6TL T SLovUOUATA Yx MEQLYPAPOUV TO
IpbTUNN UE TLUECQ AOUOYXETLOTEC, HE TOV HPETAOXNUAT LOopd umopoUue Vo e LOoouue
KOl TOo TANOOC TwV TLUOV TIOU T TEPQLYPAPOUV omodeXOUevVol ULKPEN OIOAE LX
nAnpoeopiag (ouunmieon). Ipog TOoUTO ¥YpenolLuomolLoUue TLC THpPpoRoAéc yy TOU
AVTILOTOLXOUV og 1OLOdLaVvUouaTa Je TLC ueyoAUTepeg aviiotolxegc L1dLoTLUéC,
arnmodexduevol éva néco TeTpaywv kO oeAALX ;(M)=Zf=M+1AV, émou M o deixIng TOU
tdLodlaviopatog upetd amd 1o omolo dilaypdeoups TLC TPEOPROAEC. Tia mupdde Lyua
v A1> Ap>A3>A>As Ol LOLOTLHEG di, 92,93, 94,95 T avT({oTOLXO 1OLODLoVUICoUATA KoL
V=[Vi,Y2,Y3,Y4a,Y5]T dL&vUoua TV OPOoROAOV moU mpoékuyov amd ToVv HeTaoXnuat Loud

y=Q7-x, mepLypdpouns toa Sedopéva ue dlLoviopata Yy =[yi, vz, y3]T omodexousvol

Evo LECO TETPAYWV LKO COEApQ 5(3) =¥N oAy =+ As.

O KLT pog mpoo@épel OQOUCXETLOTX XUPAKINELOT LKA Kol duvatdIinta pelwong tou
nAf6oug ToUug. Mag mpoopépel emlupdobeta aveiwpInola WG TPOC TNV HEPLOTPOON
Kol 1tV petaTrédmion d1dTL ol TLPEC TWwV HmpofoAdv eul Tov KUpLwv afdvav elival
avaAlolwteq (apetdPAnTEC) WC HIPOC TNV HEPLOTIPOPH TV dedopévev amd
petaoxnuat Lopd oTpopng kol omnd peratdmion. H 1d1détnta autyh elval €falpeT Lk
XPNOo LU yia dedouéva popedv oe dUadlkég Yneloakég eilkdveg (m.X. XOPAKTIHPEQ,

veduuoTta) .

[NAPAAEITMA

=l == B s = (45 =

13

_[(1+1+2+4+5)/5 _|s _[2,6

F=lo+1+0+3+2)/51 7|67 112
5

(1-2.6)% + (1-2.6)% + (2-2.6)* + (4-2.6)? + (5-2.6)> _

o? = z 2.64

- (0-1.2)% + (1-1.2)% + (0-1.2)2 + (3-1.2)% + (2-1.2)? _
oy = s =1.36

(0-1.2)(1-2.6) + (1-1.2)(1-2.6) + (0-1.2)(2-2.6) + (3-1.2)(4-2.6) + (2-1.2)(5-2.6) 148
021 = =1
5

612 = 621 = 148
c - |t ol _ 264 148

* loyn ok| 1148 136

det(Cx—A-1)=det[2'1644g/1 ) 13'643/1]=(2.64—A)-(1.36—A)—1.482=

1.36:2.64—1.36-1—2.64-2+2*—1.48%=
A —4-1—1.4 mnou glval TO XOPAKINELOTLKO MOAUGVUNO.

Tia AM—4-A+14=0 npoxtuntouv oL pilec Ar = 3.61, A= 0.39 mou eivaL ol
1OLoTLPéC ToU Cx. Ta avTtloTOLXX LOLOJUNVUCUXTN Wi, W2 LKOVOHIOLOUV TLC OXE€OE€LQ

(Cx—A1I) =0 xot (Cx—2A2TI)-q>=0
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Tia 10 qi Ba éxoupe OVOAUT LKA

2.64 — 3.61 148 | q11| _ o 097911 +148:q;; =0
1.48 1.36 — 3.611 1q21 148 -q—2.25-q;; =0

and 1o nopondve abploto oUoTnua AUon yioa dgni=a eival qi=[a, o0.65]T. Axdun

via va toxtel |lqullFl1 & Jat+(a-165)?2=1oa=11/v1+1652=.84 , d&pa Eva
povadiaio tdtodtb&vuopa eival 1o qi=[0.84,0.55]T. ©Opoia yLia Tnv LOLOTLEA Az
npoxkUntel q»=[0.55,-0.84]T. Ta droviopata eival x&beta petalld Toug OHWC

avapevoéTav. 1o Ix.5.2.1 ealvovial yeopetplkd To AHOTEAEOUNTH TNG pebddou.

X

X5
Y
Wi
x:3 H
XT : :
W3
SxAuo 5.2.1.
[NIAPAAEITMA ANEEAPTHXIAE AIIO ZTPO$H
10 A1=0.42, A2=0.09 10
5 T e 5
0 e 0 e
5 ’ 1 5
-10 10
-10 5 0 5 10 -10 5 0 5 10
10 A=0.42, A2=0.09 10
5
0 e
5
-10
10 -10 5 0 5 10
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AvéAuvon KipLov Zuvictwodv pe Nevpovikd Aiktvo.

O KLT eival pla avaAutixky dltadlkacia yia Tnv exTipnon Tov LOLOT LPOV KoL
TV LOLodlavuoudTey amd Tov mivaka ouvd Laocmopdc Tewv d0edouéveoyv Cx. ELdLrE, g&v
T0 mANBOC TV dLacT&CEWV TOU XOPOU TwV aVvUoudTtwov clval pey&Ao o UNOAOYy LOoROC
KoL O ¥xelplopdg 1oUu mivaxra Cx €{val avEQLKTIOCQ.

Tia tov mnopandve Adyo avii{ tou KLT xpnolLugomoloUpue OTO HPOTIO WEPOC TOU
Taé lvounth éva ypouutkd veupwvikd diktuo egvdg emimédou (single-layer linear
feed forward neural net), 10 omolo emiteArel Tnv AKY (Zx. 5.2.1). To dixTtUO
autd exmaldetetal Xwplg emdémtn (unsupervised) amd 1OV yvevikKeUpévo aAydplLOuo
Tou Hebb mou Baciletal otov kavdva exupdbnong tou Hebb. Me 1oV aAydplOuo autd
TO Vveupwvikd OIKTUO OUYKAlvel upe mibovdInta Eéva ot LdLodltaviopata evdc
nivaxka ouvdLlaonopdg Cx. O unoAloylopdg Tou Cx dev elval avaykaiog emeldfy 1o
tdtodtlaviopata mpokUntouv xateubelav omd T1a dedopéva. H exnoaideuon Tou
VEUPWV LKOU O LKIUOU vivetal g €&)c:

Eotw OTlL
— t=1,2,3,.. pla petafAnty via In pérpnon tng snovaAnynce tng diradixaociag,

— x(t) 1o Jdil&vuoua €10b6dou OTO0 VeEUPWVLIKS SIKIUO TIn XEOVLKA OTLlyun t, ue

ouviotbhoeg xv(t), v=0,1,..,N,

— K 10 OANBOC TWV VEUPOVWOV (K £ N) mou wg €k toUTtou ¢e{val kKol TO HTARBOC

TOV enlBUPUNTOV KUPLWV OUVLIOTWOOV,
— Kk évoacg delxing mou amodideTtwl oTOUC veuphbvee k=1,..,K,

— ww(t) n Tipn 10U B&poucg Tng oUvalng mou ouvdéel TOV K VEUPAVA HPE TNV V

eloodo xatd& Tnv emovédAnyn t,
— Wxxn(t) o mivaxag TV wkv (t) KoL

— y(t) 10 &vuopo €&b6dou TOU dLKTUOU KAT& TNV enovdAnyn t, He oOUvVLIoTOoEQ

yx(t).

ExTtedoUvial Ta akOAOUON BAUATA UIOAOY LOUQOV :

BApa l.Apalpeitol TpdTa TO dLAVUCOUX Hx TNG péong tiuncg amd x&be otolyxelo tou
ouvoAou exkmnoideuong. Me tov tpdmo outd Ol TLPEG TOU MPOKUIMTOUV £XO0UV
undevikd dLdvuopa péong TLUAG.

BApa 2.Amodidovioal apxlx& (t=0) ota B&pn wx (0) TV ocuvadyewnv pLkpég Tuyxaieg
TLPéC KOl OTINV TMUPAPUETPO Yy TOU pubuoU exnalideuong PLKEN OeTLKA TLUN
(m.x. y=0.007).

Brpoa 3.YmoAdoyiletat 10 didvuopo efd6dou y(t) npe ouvicotwdoeg yx(t) via

v=1,...,N, k=1,...,K andé 1tn oxéon
N
@) =D w, (0)x, (1), f y(t)=W(t) x(t) (63)
v=l

Kol n moodinta Awxv (t) omd Tnv ox€on
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Aw,, () =y <yx(t) %y (8) = Yoe() - Xi=g Wiy (8 ya(t)> (64)
(@) B

O 6pog (o) exep&lel TOoVv amnAd xavdédva Tou Hebb, mou Aéel o1l €dv dUo
veupodveg — TOU BploxovTat ot &xpa  pLag  ouvoalng (oGvdeong),
evepyomoLoUvIal ouyXpdvwg, 16Te n LoxUg tng ouvolng auidvetol. AAALOC
efacBevel 1) exeuArliletal. O d6pog (B) emiPB&AAel éva 6pLo oInv auénon

nc ovvolyng. H TLUH TOoU wkv (t+1) mpoocopudletal oUuewva pe Tn oxéon
Wxv (E+1)= wxv (E) +Awky (5.2.7)

BAua 4.AUGEnon 1tng petoPAntic t xkoatd éva kol emovaAnyn omd 1o fRua 3 £ng

610U 1O B&pn TV CUVATEwv Wk @O&ocoOUV OTrn otabepry KATAOTOON.

Metd 1n @&on 1nc exmaideuvuong ta Papn wxw TOU K VEUPOVA OUyKA{vouv otnv v
ouUVvLoTHOX TOU 1dLodLlaviouatog mou avIiloTtolyxel otnv k 1dLoTLluf 1toU mivoko
ouvd Laoiopdg Cx. Me GAAx AOyLa ol ypoupéc tou mivoko W éxouv mpocoesyyloel 1o

npdta K 1dLodlaviouata 10U Cx, Taflvounuéveg oe oblvouoo oeglp&.

3.7 Tafivopntég pe Pdaon tov Kavéva mLOavorHtwv TOoUu Bayes

TTLC mpooeyyloel¢ moUu mapousLl&oapue OTa mponyoupeva keeddala dev A&Bope undyn
v mbavéInta epeAV LoNC TwV NPOTUNWVY TOU OUVOAOU eKnoi{deuong. ITo KePAAXLO
autd Oa aoxoAnbolUue ue T Llvountéc mou Pocilovial O outh TNV mLBovdTNTA KAL

oTnV gAaylotomoinon 1ou oeAAPATOC TafLvoéunong mou mnpokUmtel omd AUTHV.

Oa fegxlvhocoupe Tnv mapouc{aon pe 1o mPOHBANua twv dUo kA&oswv Ci, Cy. IT1HXOC
poc apxlxd elval o vnoioylopdc tng mLbavdInItog 1o mPdTUIO VO aVAKE L OTn KAKODN
C: (4 Cz) Oedouévou o1l €xel Tnv TLun %, dnAadhy va Bpolus tL¢ und OUVONAKDN
nLdavétnieg P(Ci|x) xolL P(CyIx). Av P(Ci|x) > P(Cz|lx) 10 mpditumo QVAKEL OIN
kA&on Ci, dloagopetlk& otn Cz. AkoOAOUBwC avalntolUue exelveg tng mepLoxég TOU
XOPOU TV MPOTUNWV YLIX TLG omoleg glayxlotomolel{tal 1o OQ&Apa TafLvoéunong ue

B&on tnv noapandve Bedpnon. Amd 1o roavdéOva Tou Bayes Loxuel OTL

(x[C1)-P(C1) p(x]C2)-P(C2)
P — p a P = 7.1
(C11x) e KoL (C31%) v [3 ]

Onmou P (Ci1) xalL P(Cy) ol miBovdinteg 1o mpdItumo X vo oviAkel oTLg kA&oelg Cq,
C, avtiotolxa xal p(x|Ci), p(x|Cy) ouvapThoe g TUKVOTINTAC TLBavoéTnTag (C.m.1I.)
VI TNV veEVLIKA neplmtwon mou TO X e{voal OLAVUCOUNT LKA oOuvexne Ttuyxala
petoBAnNTh. 'l TLC 0.T.11. O XPNnoLuonolLoUue 10 PLKEd p KL VI TLC mLavdéinIeg

xeporolo P.
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Apa TO X OVAKEL

otn Ci1 av p(x[C1) -P(C1) > p(x|C2) -P(C2), otn Cz av p(x|C1) -P(C1) < p(x][Cz) -P(Cy)
[3.7.2]

ST mponyoUueva onueldveTtal 6Tl ol mibavdéinteg P(Ci) roat P(Cz) umodoyilovial
IeooeyyLoT LKA and tig oxéosig P(Ci1) =N;/N , P(Cz)=N/N pe N;, N, 10 mAROoC
TV mpotUmwyv, ol mocdinrtec p(x|Ci), p(x|Cz) Oewpolvial YVOOTEC I €KTILUOVTIOL
and 1O OUVoAo ekmaidevong. And 1nv oxéon [3.7.2] Pplokoups okoAOUBWC TLQ
neploxég Ri kol Ry mou dlaxwplilouv 1tov XOpo TV meoTtUnwv. I'ito mopddelypa yla
dUo xA&oelLg pe P(Ci) = 0.25 xat P(Cy)=0.75, p(x|Ci), p(x|Cz:) KXVOVLIKEC
KATOVOuéC pe péoouc 6poug mi=-1, P=3 kol dlLocmnopéc o01=1, 0,=2 ol meploXéc Ry

Kol Ry B eilval énmwg oto IX.

0.2 T T T T T T T T T T T T T T
0151 E
01 i
0.05 ]
0 10
x. []
HNopaxkdtew 6O6a delfoupe o611 pe Bdon 1o nopandve to A&Bog Toflvdunonc
glayxlotonoleltat. Av Ri n meployxn mou meptiouPdvel TLg TLuéC TOU X TIOU

Taf LvopoUvtal otn kKA&on Ci xal Ry n meplox!) mou meplAopuPdvel TLC TLPEC TOU X
mou toflvopoUvial otn KA&on C, 1o opdAua Bo oupfaivel ov 10 X avhrel o1n Ri
kol TO mpdtumo otn KAGon Cr, ) ov 1o X avhxrel otn Ry kol 10 mpdtumo oTn KAKOT

C: xal n mibavétnia Pe va oupPel 6a eival
P,=P(x€R,C)+P(x€ER,,C,) =

P(Cy) - P(x € R,|Cy) + P(Cy) - P(x € Ry|CR) =
P(C) - fp, p(x|Cdx + P(C) - [, p(x|C;)dx=

Je, P(C1lX) - p()dx + [, p(C,l%) - p(x)dx (3.7.3)

ToxGUel axdéun o611l

+00

f px|Cdx=1=

—00

p(x|Cy)dx +f p(x|Cdx =1 >

Ry Ry
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1

= 1
P(Cl)f p(Ci1%) - p()dx +——— | p(Cilx) -p(x)dx =12
Ry

P(Cy) Jg,

p(Cilx) - p(0)dx + | p(Cilx) p(x)dx = P(C,) =

Ry Ry
Jr, P(C112) - p()dx = P(Cy) — [, p(C11%) - p(a)da (3.7.4)
And TLg oxéoelg (3.7.1) xot (3.7.2) mpoxrUmTIE!L
P, =P(C)— | (P(Cilx) = P(Colx))p(x)dx
Ry

Mou onuaivetr 6tL 1o OPA&Apa eAlaxlotomoleltTatl 6tav n meploxh Ri elval T1étoLlQ
Hote TO OAOKAApwuA va £ival BgT1kd dndadny P(Ci]x) > P(Cylx). To autd aviioctolxo

toxUel xal ylLa Tnv Ro.

Stnv meplntwon twv DoAAOV KA&Cewv TOo nmpdTumo ovhAkel oTtnv kKA&on Ci yvia 1tnv

omola Loxvetl P(Cilx) > P(Cj|x) uei #+j

JUvopTAcE LS dLAKPLONG KoL OLAXWPLOTLKEG emLOAVELEC

Stnv meplintwon mou omdeocn Aopufdvetol HPe KPLTAPLO TNV e€laxlotomnoinon tou
ocpdApatog TofLlvoéunong vyia dUo kA&oeLg n oxéon umnopoUue oUPUQOVA  JuE T
nponyoUleva va LoxuploToUue 6Tl 1o mpdtumno avikel otnv rAdon Ki av P (Ci|x)
- P(C2|x)>0 diLapopet k& aviAkel otnv KA&on K,. @a moapoucldcoule aKOAOUBWG TNV
duvatdinta Tof LvOuNong ToU HPOoTUNOU PEC® TOU IPOCdLOPLOPOU PLoG dLAXWPLOT LKAC
EILEAVE LOC TOU Y®Opou mou Bo elaxlotomolel 1O oOoo&Apa  TOofLvoépunong oInv
nepintwon mou n cuvéptnon nukvoétntag nibovdétntag (o.m.m., probability density

function, pdf) ei{val n xovovikh ratovoun (Gaussian).

Tia povodi&otatn tuxala petofAnIfy n O.m.I. TING KAVOV LKA petofAntig divetal

and ToV TUMO

1 (x—p)*

Ormou u kKol o n péon tTLuh roal n dlacmopd ING KATAVOUNAC.

TNV veEVLIKA meplmtwon mou n tuxoalo petafAnthy eival didvuopa x evde N

dL&otatou XGpou aviiotolxn o.m.m. didetal amd Tn oOxéon

3 1 =T x-p)
p(x) - (zn)N/Zlcll/Z e
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Onmou p péon tTiph xot € 6 mivaxkag ocuvdioomopdc Tng o.m.m. kol |Cl n opllouc
Tou. Illpocoxh n xpenon tou oupfdérou € dev ovoapépetal mAéov O1nv KAXON K oAAd
oT1o nivoako cuvdLacmopdc.

Tia Abyoug vewuetplkAg amelkdviong Ba Begwphocoupe tnv nmeplintwon mou n tuxala
petTaBANTH avhxkel oTov dLodL&otato Yhpo. O mivaxroag ouvdlaomopdg amoTeAelTol
and TLC OLACTOPEG KAl TLGC E€TIEPOCUCKETLOELC TV YPAPUPOV TNG O LAVUOUAT LKAG

petaBAnTiC x=[x1,x2]T kol e€ival Tng PopPEHQ

2
_ |91 012
C= 2
031 0

Tt axkbdAoUOx OXAPATA BAEMOUUNE TLC C.I.II KOVOV LKAV KATAVOUDVY YLIA OLAPOOET LKOUC

nivaxkeg ouvdlaonopdg kKol pécoug Spouc.

3
02— | 2 o
| ]
5 0154 | . 1
§ T %o ! !
% 01— "‘ —
5 Al T .
A7 ?
0 ;/jg,,'o,‘,“:‘::‘g‘:‘}s\i“
Z 3 33 2 1 0 1 2 3
x1
2 =2
x X1
, , 1 0
H O.I.I. KXVOVLKAC KATAVOUAC yvix €= 0 1
3
0.4
0.35 - 2
ol T 1
% 025 —— |
[s]
g 0.24— %o
g"o.lsv -
& o1l *
005 — >
0
3
-3 2 1 0 1 2 3
x1
. . _[0.25 0
H 0.I.I. KXVOVLKAC KATAVOuAg via €= 0 1

73



Probability Density
o
N

y ‘:‘\\\‘t\\\\\

A
NN
if,";::,::’:““‘“\\\\‘\‘“‘

0.4

H o.m.m. KOVOVLIKAG KATAVOUAC YLl C"[l
T ~lo4a o5

NOYWw TNG €KOETLKAG MOPOAC ITNG O.I.I. ITNG €XKOETLKAQ KATAVOUANG UIopoUuRE Vo
XPNO LPOIO LACOUPE YIx onAoUCTEUCH TWV UMIOAOYLOUOV plo povdTovn Aoyop LOULKN

ouvapInon, dnAadn n npdIUoN

To X avArel otn Ci1 ov p(x|Ki) -P(K1) > p(x|Kz) -P(Kz), otn Ky av p(x]|Ki) -P (K1) <

P (x|K2) *P(Kz) SLATUNOVETNL TO X OVAKEL

otn Ki av gi(x)> g2(x), otn Kz av gi(x)<gz(x)
ue

9i(x) = In(p(x|K;) - P(K;)) = In(p(x|K;)) + In (P(K)) =>

T Y (x—u:
gi(x) = _ ) G G Czl o) 4 In(P(K)) + ¢; =>
L P L —1NT L
gi(x) = 5% C; x+§"’i (¢ +(€;7H )x_zﬂi C; Ili+ln(P(Ki))+Ci

Kot ci=-—§ln(2n)—-§h1ﬂCd) oTafepd mocdHINTA

Tevik& auth elvol Llo un YPOUUUR LKA TeTPAYOV LKA popen. Toa onuela tou XHPoOU yld

T omolo

gi(x) =min{g,,(x)},vm #i xabopilouv Tnv mepLoxf In¢ kKA&on¢ Ki. Z1inv meplmtwon

TV dU0 KAACewv 1l dLAXWPLOT LKA TOUC KOUMUAnN Lkovomolel tnv oxéon

d(x) =g:(x) —g(x) =0

Tia g1(x) ko g,(x) ocuvaptiocesic amdeaong 800 xAdCswv AKOAOUBOUV mopade [ypota

YL SLaQOopeETLKEG O.I.I.
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Probability Density
o
N

X2 -10 -10

10

x1

X2
. o e
© & A b O N N o ® O

N

0
-1

0 -5

OL o.m.m. vioa mi=[0, 017,

2 0.0

1.
Kol mo=[4,0]T, sz[oo 01

€= [(3; 0.(;5]

H JLaXwploTLlKh €emLedveLa

KA&CEWV YV LO

tooniBoveg rA&CELC

TWV
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[IAPAPTHMA A: BAXIKEXZ IIPAEEIX T'PAMMIKHX ANT'EBPAX

O av&otpopog mivaka AT evodc mivaka A elval  évog nivoaroag mou €xel w¢

YPOUURéC TLC OTHAeg TOoU A ue (dLo delxrin. AV O Awxn €Xel M ypaupéc xolt N
othAeg, 16Te 0 ATy Oa éxel N ypouuécg rol M otfhireg. H v ypouurn tou AT gival
n VvV OTAAN TOoU A KL N U YPOUUUN TOU n u OTAAN 1tou A. Tia mopddeLlyuo ov

1 05
-1 3
2 =2

1 -1 2

T —
453 = o5 3 _al

Azxr =

TTOAAQTIANC LaopdC TMIVAKOV. EOTw ol mivaxreg Axxk KAl Bgxy, TO ylLvouevd 1T0OUC

elval évoac mivaxkag Tywv Yl 1ov omoilo ypapoupe I'=AB kol éxel otolxelo I'u

nou &{vovial amd Tnv oOx€on
K
Lu=) A-B,
k=1
Tia nop&dde lypo ov

1 2

3 -1 1
A3X2: 05 4 KoL Bz><3: _
3 q 1 05 0.5
1-3+2-1 1-(-1)+2:05 1-1+2-(—05) 5 0 0
AB=Tl;=[05-3+4-1 05-(-1)+4-05 05-1+4-(=05)|=|75 15 -15
3:3+1-1 3-(-1)+1-05 3-14+1-(-05)= 10 =25 25

[IAPAPTHMA TI': XTATIXZTIKA XAPAKTHPIXZTIKA TOY XQPOY TON
I[IPOTYIION .

Tia éva mAnBog K mpotUnwv mou meplypdeovial ot éva xdpo pe N diaoctdoelg

n péon tTIpn B eival évoac nivaxrag-otHAng nou oplletal oamd 1tn oOX£é0n

1 L 1
po= =Nk Xi = [ gy py]T OmOU Wy, =Xy (2.3.1)

H péon TLUR B oavapépeTal KOl ©C n podnuat k) npocdokia E(x) omou x
BeETABANTH VLI TOUC MIVOKeG-OTAANG TV TPOTUHOV. AV undpyxouv A mpdTUuld IIOU
Ol TLHEC TV TmIVARK®V-OTHANG toucg eival (oceg, Aaupdvovial undyn A @opéc OTO
dbpoloua Tng (9) xolL WG €k TOUTOU dev XpnoiLupomoleital orov TUmo (9) n

ouvdpinon ouxvoétntag euedviong f(x) xr&Be TLPAC TNC petaPAnTAC x. OL TLuéC

v 6mou v=1..N opilouv 10 péco dLAVUOUX H Tov K mpottnwov oto N-dL1&oTOTO
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X®po Toug. O mivaxkoac ouppetafAntétntag 1 nivaxkoag ouvdioomopdc Cov  opiletal

and Tn oxéon

X1x — Hq
Xox — U2
1 1 :
CO\) = EZJIgzl(xk - :u) ' (xk - .u)T = Ezlk{zl Xy — Uy ' [xlx_p-ll Kok "Hor « e e r Xy THyr - - 'XNK_uN] =
xKN - :uN
(1 — #1)2 (e — M) - (oo —H2) 0 (o —H1) - (o — ty) 0 (e — ) - Ot — M)
(oow = t2) - (X1 — M) (sz_Ug)z o (o — ) (o — ) (o — M) - (o — )
15k : : : : :
K St (x}x}( - l'll) ' (xh( - .ul) (x}xK - ,Lla) : (xZK - MZ) o (x}xK - M/l) : (x\)K - MV) o (x)xx - .uﬂ.) : (xNK - .uN)
(‘xNK - l'lN) ' (xlx - .ul) (xNK - :uN) : (xZK - HZ) o (xNK - :uN) : (x\)K - MV) o (xNK - .uN)Z
2
0y Oy *° 01, = Oy
071 022 o Opy o Oy
= ot = B (x-m) (%) T ) (2.3.2)
O)1 Ox2 ° Oypy o Oy
Oy1 On2 0 Ony " Uﬁ
K
i 1
OnOUG}w:E (XXK_HX)'(XVK _l'tv)
k=1

H moocdétnta ov2 egival n petapAntétnta 1) diaocnopd (variance) twov petphocwv
TOU V-00TOU XOPAKTINPLOTLKOU TV HPoTIUnwv. H moocdinta OAV=0VA AéyeTal
oUuppeToRANTOTNTO I OoUvdLlaomopd TwV TLUOV TOV A KAL V XAPAKTINPELOT LKAV TV
IPOTUNOV KOl YPEnolpomole(tal yia TOV UHOAOYLORO TOU CUVIEAEOTH OUOCXETLONG

PAv JU0 XOPOKTINPLOTLKOV 1,V OUPOOVA HPE Tn OXEon

H mocdinto AéyeTal tumlkh oambdkrkALlon. Ol nopoandve mocdInteq

XPNOLPOMIO LOUVINL yIa TNV of LoAdynon Kol ovAAUCN IOV PUETPOUPEVOV

XOPOKTINELOT LKOV .

[IAPAPTHMA TI':TA IAIOAIANYXMATA TOY IIINAKA XYNAIAXIIOPAX

Se éva ouppetpikd mivoaxa Cygy s C'=C, ue 15i0T1péc KH,XV,XH?&?\.\, KoL

T
aviioTolxa povadiala LOLOdLaVICUXTO W, #W, Loxtetl 6Tt WH-WVZO. ANAadH

T 1dtodlaviopata €ival xk&beta petall TOUCQ.
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AnédeLEn: EmeLdn KH,KV LdLOTLHEG KoL W, ,W, L13L0dlaviouata Loxyouv ol

oxéoeLg
C-wﬂzlﬂ-wﬂ}iwﬁ-C- wi-w, (4)
Cw,=4-w) wi-Cw,=w,-4 -w,=21-w,w, (B)

T
wh-C-w,=(wh-C-w,) (T)
Yunevouuiletal 611 (AB)T=BTAT.

(A), (B), (I') ouvendyetol
Ay -whow, =2, -wh-w, (4, —2,)wh-w, =0

And TLC OYxéoelLq

, . . T —wl. —
erie LON Kuikv frmetol OTL WV'WH—Wu WV—O.

Ané Ta mponyoUpeva ouvendyeTtal O6TL yvia tov mivaxko W =[Wy, Wy
LoxUel OTL
wl wl - w, 0 0 1
T . 0
WT . W — wz [Wli WZ! e WN] — 0 Wz : W2 O —
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Apo avT loTpopoc Tou Welvar o W™i=wrT.

T'ta T LdLodLtaviouata Tou CLOXL’JSL €&’ opLopoU o1l
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ApoU C-W=W - A>W1.CW=W1W- A=1-A=AWT-C-W=A.

naPAPTHMA A: ENTOAEX MATLAB & TOOLBOX
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