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KE$ANATO 1

EIZATQT'H

H YnoAoy Lotk NonuooUvn eival éva umooUvoAo TING TeXVNIHg vonuoouvng (AI)
nou dopel ovothuaTa Lxkovd vo poboalivouv kot va BeAtidvoviol omd tnv sumelpla
dnhadn oamd T dedopéva eLoddou e€fddou, xwplc voa eival pntd dniAwpévog o
unxoviopdg mou dLémel Tnv oxéon Toug. I'ta mapddelypa plo Aoy Llkh mUAn (m.yx.
ng d1&levéng, XOR) meplypdpetal pnt& pe tnv &AyeBpa tou Boole, €v 10UTOLC
elval duvatdv pdévo and ta dedouéva Tou mivaxra ainbelogc Tng vo dnuLoupynoouus
é¢va  oUotnua Mnyxoavixkjg M&OBnong mnou 6Ooa mnpooopol®vel Tnv AglIoupylio 1nC.
Avapépetal 1O oUotnua autd Kol ¢ epaelplkd poviédo. H aduvapla pning
IEPLYPUENG €VOC OUCTAUNTOC KOL N aVAYKN €OLOTPATEUONC TNG UNXovLkAg udébnong
unopel va mpoépyxetal e€ite omd tnv nmoAuniokdéintd tou eilte oamd 1nv aduvaplo
YAWOOLKAG meplypaenc. Tila mopddelyua dev umopoUue va dL1d&Eoupe og KATIOLOV
XONOLUOMOLOVTAGC TNV QUO LKLY YANOOX NG va K&vel modHAato, mpémel va dok LudoelL
Kol vo pdbel sumelplri.

Baolkég évvolec Kol 6pOL MOU €UIAEKOVIOL OUXVA OTnv YmoAoyLoT Lk NonuooUvn
elval emlypopuat Lk&:

- Ta dedouéva

-0l oAydéplbupol tTafivéunong, naiilvdpdunong, oupadomolinong, EVLIOYXUTLKAQG

p&énong.

- H Exnooai{devon kol 1) dokLun

- H M&6non, emomteudbpevn, un e€monteuduevn KXL €VLIOXUT LK

- H Av&Auon XopoKINPELOT LKOV

Epopupoyéc Mnyxovixng M&onong:



H Ynoldoviotiky NonuooUvn eooppdletal og OLAQPOPOUC TOUElg TOU avapépovIal

€VOELKT LKA TTOPOKATW:

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

- TpoRAenT LKA AVAAUODN

- JUOTAUNTO OUCTAOEWV

- Yyela kot IatplKA

- Xpnuoatoddinon

- 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 oAeaPfhtou. K&Be ypdupo 1ng EAANVIKAC YyAOOOOG IHIOU
vepdotnke oamoteiel pla mpoaypoatomoinon 1 ouupdv  (event) pLag ond tTig 24

ocUAAAUeLc. Tl mopddelyua oL PopQeEéQ:

S 8 BBBL B BB
S 20 A5 0O 5 6

amoTeAoUVv oUuBdvia (mpdItuna) Twv CUAAATEwV TV yeouudtwv BHTA kot AEATA. To
ouvkekpLlpéva npdtuna pnopel vo dlapépouv oto Péyebog, TNV ypouuxtooesLpd, Vo
elval xepodaloa 4 pLxkped, 17 va £€Xouv PLKEODLaPopEC mouU dnuLloupyndnxkav xotd In
OT LYUN TNg e€ktUnmwoncg (86pufog) . Aviikelpeva (mpdtuma) mou oavAKoUv otnv (dLa
oUAANUN amoteroUv ula kAdon 1 té&én (class). Elval mpopavég mwg ol CUAAAYELC
Kol T olkela mpdtunmd toug mpémel va dLaBéTouv XUPAKINELOTLK& IMOU Vo TLC
dlaxkpivouv oamd &AAeg oUAANYelg kol mpdiuna. H eUpeon xal pétpnon 1€10l@V
XOAPAKINELOT LKAV (features) twv mpotlnov €ival TPpRICPXLKAC onuociog yio Tnv

IEQPLYPAOY KL TNV oVXyvVOPLON TOoug.

H tafivépnon Twv aviLlKeLlpévey oe KAXCeLC AéyeTal avayvoplon HeoTUIwV
(pattern recognition) Kol unopel  Vvo  OVILKATACTACEL NOANBOpo emimovev
AVOPAILVOV €pYaOLOV, VO BEATLOCEL TO gpyaolakd meplB&AAOV Kol vo qUuinoel Tnv
TopPayRy LKOTNTH. T'la mopddelypa N BLETATPONN TUNOUEVEVY £VYPAOOV O NAEKTPOV LKN
nopen ue  kwdlkomoinon koat& ASCII, wumopsel voa vyiver omd tov &vBpwmro

daktudoypdeo mou dLafdlel 1O kKelpevo, oavayveplilel TOUQ XUPAKIAPEC KXL TOUC



nAnktpodoyel, pmopel oSuwg oxkdun va yivelr pe Inv odpwon kot ynoelomoinon
(scanning) ToU  egyypdepou amd  KATAAANAO nOpdypauuda  OOT LKAG avayvdp Long
Xxapoartnowv (OCR: Optical Character Recognition) mou 6o ovoayvopilel 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 Toflvountn emiteAoUvial OUo xUpleg epyoociec mou elval
n exnaidevon (training) xalL n taéitvounon. Katd& tnv eknaidesuon dilaxwpllovIal
KATAAANAQ Ol KA&Celg 1) mpoodlopllovial Ol OUYKEVIPOOELC TWV HTPOTUNOV KAl
pubuilovial ol nmoupdueIpol TOU OUoTHpaToCg Tofltvdéunong upe Pdon 1Lg omoleg Oa
elval autd rkovd va Taflvounoel To mEOTUNA OwoTd oOTLg kKA&oelg. Mg 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 eménmtn (supervised learning) xoat& tnv omoilia 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 emdmtn (unsupervised learning) xoatd& tnv omoia dev
elval yvoot n xAdon otnv omnola avAkel k&Be nmpdTumo ToUu oUvOAOU ekmaideuonc

Kol ovad{ntoUvial RBaoLlKA Ol OUYyKeVIPOHOoELC Twv mpoItUnwv (clustering).

To IPOTUNN TIOU XPNOLPOTOLOUVIAL YId TNV €KNIX({deUon ToU TafLlvounty amoteAoUv
T0 oUvoAo egxnalidevong (training set). J[uxVA xENoLuomoLoUue Kol £€vo oUVOAO
IPOTUNOV YLIa TNV €OLKUPWON TV oIoTeAeoudtewv 1o omolio ovou&louue oUvoAo

entxUpwong (validation set).

H exnaideuvuon evdc 1ol tvounth enovodoufldvetal GOTe n unxavhy va mnpocopudletal
OTLC OAAOYEC TV mpotUnwv mou tofitvopel. OL tofivountéc eivol oUoLAOT LKA TO
avi ke {pevo pe 10 omoio Ba aoxoAnboUue mepalTépw KAl Oa avoAuBoUv ota endueva

KEQAAX 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,
xpnotpomnoLtoUue k&molo kwdlkomoinon mou oviiotolxel opltBuoltc otig di&popeg
popeéc tou (m.X. 0 via 1O pavpo, 1 yia 1O uUmAe, 2 yLo TOo KOKKLVO K.A.m.) Av
Q gival éva oUvodo mou amotedeital and K 1o mAnboc mpdtuna Iy, k=1,2,3,...,K,
dnAadn Q={M1,Mz, ..., 0k, ... Ik} Kol peTpoUpe N 10 NAABOC KOLVA XXAPAKTINELOTLKY 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

Xox

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

K&Be mpdtuno Oecwpelital fexwpLotd and k&Be &GAAo axdun xal Otav OAeg oL
TLPEC TV avTI{OTOLXWV XOPAKINELOTLKOV TOouG eival (oeg. Andadhy 1o mpdtuno I,
elval &AXo otolxelo ToUu ouvérou Q, oamd 1o mpdtumo I ov KAl Xp=Xa (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 x&Be mpdtumo kal T 1o mARBOC Twv T&fewv, UIOPOUPE VO XPENOLUOIO LHCOUNE éva
deiktn x=1,2,...,K vyia k&Be mnpdtuno, éva delixktn v=1,2,...,N vyia k&bBe

XAPAKINELOTLKS kol éva deiktn 1=1,2,...,T yia x&be rA&on. O dLavuouat LkOC



XOpo¢ TV mpotlnwvy €xel dlLdotaon N, (RY). Tia ITnv TLPR TOU V-00TOU

XOUPAKINELOT LKOU TOU K IPOTUINOU TOU aVvAhKel 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
&Ayeppac. To didvuopa X mou mepléxel N YapoaxinploTlk& £vOC mHpotUmou Oo
Bewpeltal mivakag pe N ypouuéc kol ploa oTHAN kot 6o cUpRoAiletal Xyx ) X&PLV
ocuvtoulac x i) x. Zuxv& Ba yxpnoipomoLoUpe Tov avéotpopo mivaxkoa AT evdg mivaxka
A (Mopdptnua A). T'ta efolxkovdéunon xwpou oinv oeAida, 1OV mivoaka oOTAANG X

evoég mpotUnou Oa tov ypdeouue oveotpoupévo xT=[ xi1, X, Xy, ...,Xn] . Me Bd&on

Tov oplopd TOoU moAAomAacloopoU  OUo mivdkwewv (Hapdptnua A) n EuxkAe(deia
andéotoaon de(x,y) TV TLVdKkewv OTNANG X, y dUo mpotvnwv I, I, divetoal and tnv

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

Av N<3 161€e unopoUue Vo HOUPACTHOOUUE T OLavUCUATH TV MIPOTUN®V CTOV QUOLKO
XOpo. AkOAOUBwG Ba doUpe éva naphde lypo mpoTtUney Iou €lval dTopa yio tTo omola
petpdue dU0 XAPAKINELOTLKY mou egival 1o Bd&dpog kol To UYog. OL TLUEQ TwV
XAPAKINELOT LKAV yia OAa ta npdIiuna mou petphdnxkoav delixvovial oto oarkdAoubo

nivaka 2.1.

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

KLAK)
1 185 85
2 185 82
3 182 115
14 180 80
15 178 78
116 175 112
17 171 114
18 160 58
9 160 55
10 155 62
mil 150 85
12 150 82
13 145 84
14 143 80
Divaxkag 2.1




Ta aviiotolXa dLoviouaTa TOV TPOTUNWV YPAPOVIXL ¢ HIivaxkeg OTHANC

Onwc TopPoKATW:

[185 [185 . _[182 [180
115/’
[178 _ ﬂ; , x, = ﬂi , [160 ) (2.1.3)

[160 ) X =

[143

$10 $x.2.1 mou akodoubBel oalvovial Ta onuela TEAOUC TwV

O LAVUOUATWY TIOU VI LOTOLYXoUv o K&Be mpdiuImo.

T
420 e

400 - m e
11 O s S o -

A0 e

20 e

SxApo.2.1.

Eotw 6tL emiBupolue va katat&foupe ta npdtuna poc oe t&éelc wg €&nc: Bapelcg
av B>80, sgiappoUc av BL80, yYniolUg av Y>170 kol kovioUg ov YL170. Hopatnpolus
6TL 1o &KPA TV JLAVUOUATOV TwV MOEOTUNWY OUYKEVIPOVOVIaL og ouddeg. To
veyovoég autd opelAetal oto O6tL T Spola mpdtuna yeltvidlouv emeldn T
aviiotolyxa XOPAKTNOLOT LKA TouUG éxouv xovt Lvdtepeq TLRéC (opdrovecg
OUVTETAYHEVEC TWV OVUOPAT®VY TOUG) O OXEON HE TLC TLPEC TV XAPOAKINELOT LKAV
TV ANV nmpotUnwv. I'ia napddelypo n eukAe (deita andotaon Diz tewv nportlnwev I,

I, eivoat

Diy = /(11 — x12)% + (21 — X25)? = /(185 —185)2 + (85—82)2=3  (2.1.4)

Kol n euxkAe(deila amboTtaon twv npotvtnwov 11, II5 sival

Dys = /(11 — x15)% + (X1 — x25)2 = /(185 — 178)2 + (85 —78)2 =9V2 (2.1.5)

Apa n andoToon TV AVUCUATOV TwV IpoTUnevy €lval éva pabnuatikd KPpLTIAPLO TNC
opotdinta; dUo mpotUmwv. Ol oupddeg mnou oxnuatilouv Toa mnpdtuma Aéyovial
ouvykeviphoelg (clusters). OL ouykeviphoelg dnuioupyoUtvial omd npdiula ue

Hop@eoAoYy LK opoldININ. ITo Hmapddelyuo Uog Ol TE00EPLC  OUYKEVIPOHOELQ

8



dnutloupyndnkoav oamd &topa o) upe B>100 x. PB) pe B<KT70 k. y) pe ¥<1.80p xol
70<B<100 k. koL ) pe Y>1.80n xat 70xk<B<100x.

O eviomioudg TV OUYKeEVIPHoewv (clusters) mpoTUnwv mou dnuLoupyoUvIal OCTOoV
XOPO TV MPEOTUN®VY €lval onuovI LKOC YId TNV avayvopLon TpoTUnoV Kol avapépeTol
wg OpéPBAnua €Upeong TV OUyKevIphoewv (clustering). H owoth emiAoyn TV
XOAPAKINELOT LKAV 1ou pertpdue via ta npdétuna (feature selection) eival
KaBopPLOT LKAG onuociag via 1nv  €Upgon TV Oouddwv TV OPOTUINWV. IUXVX
evdlapepdbuacTe Yyia mnpdtuna mou Eéxouv xkamola 1dtdtnTta kol Pplokovial oe
nepLocdHtepeg amd pla ouddec. Tia mapddelypa Ta OEOTUNN TV ATOUOV ue UPog
peyaAttepo and 1,70 p avhrouv og dU0 OUYyKevIp®oelc. Avddoyo oupfaivel xal ue
Ta mpdtuna Tev nmeldv Kol kepodolwv ypoppdtev onewc tev ‘A, ‘o’ [ ‘Q', ‘o’
K.o. H eUpeon tng op&ddag 1 TV oudduv TV HPOoTUN®V MIou éXouv pla TEALKA KOLVH
XOUPaKTINELOT LKA 1dtdtnta (toutdtnta:  label) omoteAel 1tnv 1ol ivéunon 1twev
npoTUnnv kol odnyel otnv avayvpplorn Toug. IINV VeV LKA neplntwon 1o npdRAnuo
ng tafivoéunong eival dUokoAo kKUPpLwg Adyw o) KAKAQ E€MLAOYAC TV HETPOUREVROV
XAPAKINELOT LKAV, B) peydAng mnolkiAopopeliac twv mnpotUnwv, Y)BopURou, Jd)1Ing

acdpe Lag TV 0plov TV KAXCEW®VY OTOV XOPO TwV TPOTUNWOV.

2.2 EcwtepLlkd yLvopevo

Tia d0o mivokee X = [x1, X2, Xy, e, X0T, KUl ¥ = [ Vi, V2,00 Vorer ¥u]T TO

eonTeEPLKS yivouevd toucg oplletal amd 1n oxéon
XToy=Y0l1% % =X Y1+ X Yo + Xy Yy + Xy yn= X lylcos (8) (2.2.1)

Av N=2 1) N=3, 6 eivalL n xupth vovia nmou oxnuatilouv Ta dUo diLaviocuato ue

T
P -1 X - o — p
TNV yewpetpLlkh évvola. Av N>3, 0 =cos 1Eﬁ% pe x| =vxT-x 10 pétpo toU x.

TeQUETPLKE av To dLévuopa ¥ éxel péTpo (UAKog) (0o pe Tn Hovédda, To YLVOHEVO
Xy elval n aAyePplkh TLUH Ing OPOBOAAC Tou ¥ emévw oTnv £ubela mou dLépyeTal
and 10 SLdvuopoX (opéac Tou X) Kal AfyeTal TPOoOnNpoouévn omdotaon (8x.2.2) .
Otav n veovia 6 Teov ¥ XKoLy PLKPAlVEL TO €00TEPLKO TOUCQ YLvépevo Xy aufdvel
Kol peylotomole{tol 6Tav ta X Kal ¥ Bplokovial otnv (Sia gubeia. AUutd onuoivel
611 1d6Te LOXUel n oxéon

Jj=1-%, y=A-x énou A € R kot Z=L=..2_..IN_3 (3 2 2
X1 X2 Xy XN

H oxéon (2.2.2) eilvatl oxéon avaloyilag xral 10 €owteplkd yLvdéuevo umopel va

xpnotponotnBel wg kXplthplo avoroylog (6x L vnoxpewt Lk& Lodtntacg) dU0 mpoIUnwy.



»l

IxHuo 2.2.

2.3 Anooct&oeLq

Ext6c amd 1tnv EukAe(dela anmdotaon undpyxouv Kol GAAOL TUNOL QIOOTACEWV OF
SLavuopat LKoUe xhpoug. Av d(Xy) eival amdoTtocn 6o TPEMELl YLA OMNOLOSATIOTE

diLdvuopa X, y, Z VO LKQVOIOLOUVIOL Ol OXEéOeLg:

d@xy) =d@x)

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

d(xy) =0

AvdEY) =0 x=y (2.3.4)

SuvhBelc TUmol oamoot&oewv e€lval Ol TUPUKAT®:

a) Minkowski 1&&ng s

dy(ZY) = [Zo=alxy — wl515 (2.3.5)

B) City Block

E{valr €101k nmepintwon tnc Minkowski pe s=1

dc(f'?)= y:llxv_yvl (2.3.6)

V) EuxAeideilx

Ei{valr €1dtxf nmepintwon tng Minkowski yia s=2

511/2
de®,9) = [haCe - )| T = (- p)T - (-1 (2.3.7)

d) Chebychev

dr(Xy) = max(|x, — » ) (2.3.8)

€) Mahalanobis

dr(£y) = dp(x,y) = (x = )" - Cov™' - (x = ¥) (2.3.9)
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6mou Cov o mivoaxag ocuppeTofRAntdtntdc TV X KOl Y.

o1) Mn ypauuptkrn (Non Linear)

5o 0 dxy) <T
dNL(x,y)z{Hocv xy)

6mou H,T € Ruapdustpol tncamdéotaonc kot d(X,y) uLo GAAD ardoTaoTn TOU XOEOoU.

ovdxy)>T (2.3.10)
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KE®ANAIO 3

ME®OAOI TAEINOMHXHY - EKIIAIAEYXH ME EIIOIITH

3.1. Ta§ivépnon pe Baon tnv andotacn amd toug K-yeitoveg

Mio amAf kol pébodoc tofivoéunong evdg npotvnou X PBoacileTtal otnv e€Upeon
TOU KOVTLVOTEPOU veltovd TOU mOU OavAKEL OT0 apXLlkd oUVOAO TPOTUNWV YVWOOTINC
xA&ong. IUpoova pe tnv pédodo av x.° glival o yveltovag outdg KoL QVAKEL OTNV
kAd&on C, 161e 1o %X Tofilvousital otnv kA&on C. H pébodog LoxupomolelToal ov
AdRoupe unmdyn meplocdtepoug amd Evav velTtoveg oe meplTtd Katd HpoTiunon

aplOud K kol amoddooupe 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];

[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 oaAydplBuogc twv K mAnoLécTtepwv yeltdvwv (KNN: K-Nearest Neighbors) e{vat

axkpLBAC kol anAdg otnv uvlomoinon Tou. INUOVT LKA HELOVERKTAUXT& Tou elval n

12



dlLaTAPNOnN OTINV PVAUN TV OPOTUNWVY TOU OUVOAOU €KIA(IdeUONG Kol O UIMOAOYLoudg
Tov anoocTtdoewv Tou und Tof Lvéunon mpotUnou and autd Tou ouvoAou exnalideuong.
Yo&pyxouv mpot&oelc via Inv BeAtiwon tov 300 aUTOV HELOVERKINUATOV. ELOLKAY Vi
ToVv uUnoAoyloud 1Ing eUpeong IOV KOVILVOTEPWVY YeELTOHVOV ETLOTPATEUETAL O

aAyoépLbuog k-d tree

3.1.1 Avayvapion pe Baon ta KEVIpA TV T&§ewv

Elvoal pla amholkh pébodog avayvdplong pe emdnin oUUeVa ue Tnv omola
kaTtd& TNV exuddnon vumodoyiletal n péon TLun Ing K&Be xrAXONG (KEVIPO 1ING
xAd&ong) . K&be véo mpdtumo taflvoueltal otnv KAAON NOU TO KEVIPO TNG améxel
Alydtepo amd 1o mpdtumo. Av T 10 mARBoC Twv Tdicwv pe kévipa ue, t=1,2,..,T
10 mPOTUNO pe mivoaxka x omod (detal otnv KAKOD n?n@ﬁﬂ;ug). H euxkAe(de i1 amdbotaon
de(x,pi)? = (- pi) T(x- @) =xTx-2x"p+pTp. T'ia Tnv oUyKPLON IOV AIOCTHCEWV TOU X
and TLg¢ xKA&oelg 1 kol j apkel o uvumoAoylopdc tng dLapopd ¢ TOUQ

dis=dg (x, 10)? =g (x, w)? = 2x"(u; — ;) + i — i g . (o)

EtolL n oUykplon anattel x&Be @opd xruplwg tov unmodoyloud TOU €0MTEPLKOU
vivouévou xT(ps-pi) . Av dis=0 1td1e n oxéon (o) meptLypdpel 1O Unep-enimedo IOV
elval pecoxkdbeTo 010 €UBUYPAUNO TUAPX Pe AKPO TA KEVIPA TV KA&oewv. H pébodocg
auth pmopel va eival amodot Lkl 6Tov ol KA&CeLQ €XOUV TN HOPEN UMEp-0QULPAOV

pe axtiveg pLkpdriepeg NG NEPLamdOTAONG TWV KEVIPWV TOoUug (Ix.3.2).

(ry

sxAuo 3.1.1.
A) OpBbH TafLvéunon
B) EocepaAupévn Toafivéunon Adyw Ing ouppeItofAntdinrtog, mnpoteivetol n
xphon 1tng amdéotoonc Mahalanobis

T') Eopodpévn toflovoéounon Adyw Tng HOPEAC TV KAXCEWV

13



3.2 Tafivépnon oe 800 KAACELG HE YPOHHLKN S LAKPLT LKA
ouvaptnon, o veupdvag Perceptron.

O wvumoldovyliopdg Twv amnootd&oewnyv clval uvmodoyloTLlk& damoavnedc KAl OTNV
nepintwon Tou KNN pvnuofdpoc. Mia GAAN HmpoC€yyLlon UIMOAOYLOT LKA TaxUTepn HE
BLxpdTEPEQ QualThHoeLC pvAunge vioa tnv diradixkaocia tofilvoéunong umopel va
BaoltoBel oTov dlaxwplopd Twv KAAOEWV 1€ YPUUULKEC OLAKPLILKEC OUVAPTNCELC.
Av X TO dLAVUOUX OTHANG ToU Teplypdeel éva mpdIumo Kol W O L&VUCUN TUPUUETPWY,
x,w€ RV, wy, € R pe N 10 mAABOC TwV XOPOKINELOT LKOV, 1 OXEon

d(x) =wlx +wy

amoteAel ploa ypopuulkh dLakplI LK) ouv&pinon. Av d(x)=0 161e % PBplokeTal oe
ploa evbela av N=2, ce éva eninmedo e€&v N=3 1) éva unmepeninmedo yia N>3. H d(x)=0
yooilet tov R¥Y oce 8Uo pépn. To H'={x/x, d(x)>0} mou meptiroaufdvel OAd TA X
nmou xabLotoUv tnv d(x)>0 kot To H- mou meplAouPfdvel A T X TIOU KOO LOTOUV
tnv d(x)<0. Av 10 &VUCUX W TV TOPARETPOV £Xel KATAAANAeC TLpég €10l QOTE
Ta npdtuna Tng plag xAdong va Bplokovial otov éva pépocg (mx HY) xal 1tng &AAncg
o1o &AAo, 161e €éva &yvwoTro mpdtunmo x’' Tofilvousitol pe KPLTAPLO TNV T LUN
d(x'), ov dnhadn d(x’)>0 1 d(x")<0.

AkoOAOUBWC Oa nopousLACOUNE TA ToPAIdVEe KXl OKOAOUBWwC Tov oAydpLBuo
efpeong TOV W KoL wWo YLia N=2 @dote voa givol dUvath n OXNUOT LK KOl YEQUETPLKE
avarnapdotoaocn o010 enimedo. Autd dev kotopyel Tnv yvevixkdOInTta yio N>2 xol Bonb&
oTnv katovdNon kKol Bedpnon Tou TIPAYHATOC YEMUETIP LK.

H eubela (g) oto 3X.3.2.1 xwpilelL 1o enimedo oce dUo nuienimeda k&Oe
Eva TV omolwv mepléyxel KoL pla kAdon. K&be onueio tng eubelag elval 1o mépag
evéc SlovlopaTtoc X (x1, x2) mou Lkoavormole({ tnv efiocwon tng eubeloc mou elvol

Wy Xy + Wy Xy +wy =0 (3.2.1)
i
d(x) =0 onou
dX) =wy - x +wy-x,+wy =Wx+w, (3.2.2)
ne X =[x, %] kot w = [wy,w,]T
Ta dLaviopata eival eAelBepa Kol avAKOUV Og KA&oe LC Looduvaplag. Av Xa Kol
Xg VAKOUV oO1tnv gubelo B LoxUGouv ol oxéoelLg

wixy, + wo = 0 xot (3.2.3)

wixg + wo = 0 (3.2.4)

and oémou pe aeaipeon roat& péEAnN mpoxumtel OTL

wl (Xa—-x%xp) = 0 (3.2.5)

H oxéon autpy deixvelr o6tL 10 &vuopa w gival x&Beto otnv egubela ( 10
en{medo ov TO X OVAKEL OTOV Tplodildotato XOpo). OAa Ta onuela Tou evdg
nuientmédou kaBLotoUuv tnv d(x)>0 Kol TOoU &AAOU nuiemimédou 1nv d(x)<0.
NpdyuaTl, av Xo To onueio mou téuvel n k&betog () mou &yetal omd to onuelo

x oInv evbela (g) 6o Loxlel:
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d(x)=WIX+Wy =W (X—Xo+Xo) +Wo =W (X—Xy) + WXy +wWy=wl(x—Xp) =
d(x) = |w||x — x¢|cos (0),
avX —Xg elval opbppono TouW td61e 6=0, cos(6)=+1 xalL d(x)>0,

avX —Xgpelval aviippono touW td61e 6=1, cos(6)=-1 koL d(x)>0

SxApo 3.2.1

Suvenoc ov d(x)>0 1o mépoag toUu X Pploketal oto nuienimedo mou delyxvel
10 &vuopa w (HY) evd av d(x)<0 1o mépac ToUu X Pploketal oto &AAo nuienimedo
(H™) .
d(x)
|wl

Elval enlong mpoeavég nwc n nmoodinto elval n mpoonuoocuévn amdoTaon

Tou x and 1nv eubela (¢g).

ZntoUue OUVENNG Vo PBpoUue Ta KATAAANAX W KXL Wo YIa T 806éVIH yVwoTd X
moU avAKOoUV OTL¢ dUo KA&oeLC. Evag tpdmoc va yvivel autd eival plo enoavaAnmIT LKH
dLadtlrkaoia dL6pbwong ocedAuatog mou Ba meplypdloupe oKOAOUOBWCE KL AéyeTol
exnoa{devon tou TofLlvountn.

Tia 1Tnv omAoUotepn pobnuatlky &LaTt¥nwnon Tou unyxoviouoU dLdpbwong OBo
Berwphooupne TOUC enoUuinuévoug mivakeg TV OPOTUNWV. H ypouplkh JLaKPLT LKA

ouvdptinon o ypleeTal WG AKOAOUOWQ

dx) =wTx+w, = [wT,wy] - [)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 embdbming emibupel d(x?) >0 roat d(xB)<0. Apxlk& oto w amodidovial
Tuxalec Tipéc kol miBavoétata n d(x) dev dlLaxwpilet 1TLg KA&oOelg. H Pooiki

T.§=0 x&Be ¢opd mou

1déa tng erpddnong eivat n dL6pbwon Tou umepeminédou W
k&roto mpdtumo Toflvouslital goeoApéva ©O0Te TeALKA va aehvel 1o npdiulmo TPOg
Tnv nmAeupd& mou PRploxketal n rRA&on tou. H d16pbwon auth vivetoal ooV He TNV
oxéon
Wit+1) =wit)+p-X (3.2.12)

Onou t évoacg petpnihg enavéAiniyng, t=0,1,2.
To mpdonuo (+) xpnotpomoteital 6tav tofilvouelital A&Bog éva npdTUIOo TNG KAAONC
A xal (=) 1nc xAbdong B. H moodtnta p Aéyetal nopdustpoc 1§ pubudc expdbdnong
Kol nolpvel pLkpéc Tilpéc oto diLdotnua (0,1), m.x. p=0.2.

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) (3.2.12)

n d16pbwon petafdAel TNV €0eaAlévn andoTaon TOU HPOTIUNOU IPOC TNV HAeUpd TOU
nuLentmédou NG KAAONG kol odnyel emovoAnmtlk& oto emlOupntd amoTéAeouo. H
noapdueTpog P pPubuilel 1o PAPa d16pbwong Kol TNV TAXUINTA OUYKALONg (ZX.
3.2.2).

Toa nopondve TopoucLldlovial aKoAOUOwC Pnuot Lk&.

BAua lo: APXLKONOLAOCELC:

Opilouue éva pertpnty enavéAnyne t=0,1,2,3,... kol ToUu amodidoupne apx LKA
v TLph undév. Anod(doupe tuxaleg (OUVABWG PLKPECQ BeTLkEC) TLREC OTO &VUOoUX
w(0) =|MQJNLHWMW,WJ, dnutoupyoUue To enouinuéva SLavUouaTd TOoUu ouvOAOU
exnoidevone ¥ =[x,1] kot Bewpolpe Tnv ypopplky dltarkplt Lkl ouvdptinon Di(X) =
wl(t)-®. 7Zntovpe xatd ovpBoon D) >0 kot Dy(®FP) <0 (umopoUue kol  to
aviibeTo) .

BAua 2o0: Auf&voupe 1OV ueTtpenth emovAANYng xol emiAféyoups éva Tuxaio
npdtumo pe mivoro X, omd To OUVOAO ekmaidesuonc Kol umolovyiloupe tnv mocdinIto
Di(X). Av 10 mpédtumo gival cwoTd taflvounuévo smavadapBdvouns 10 BARX 2 oAALOC
dlopbhvouue ta Papn oUPUEWVA PE TNV OXE0nN

Wt+1) =wlt)+p-X (3.2.13)
H xoplc tnv xpehon enauinuévov dLoavUuopdTev
wit+1) =wl)tp-x xaw wo(t+1) =wy(t) tp
Me (+) av 10 mpdIUmo ovhkel otnv kA&on A, pe (=) otnv xAdon B.
BAua 3o0: Aufdvetal 1n  Tipn tou t  koatd& éva kol n SLadlxkaocia

emovodaupfdveTal and 1o BAua 2 cwocdtou SAa Ta mpdIuna va Taf lvounboUv ocwotd.
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(e_,,)—>w (t+1)" -x'=0
(gc) —>w' (L) 7 x'=0
x!
H
H*
prx’
\,w' (t+l)=w’ (t) +p'x'
w' (t)
SxAuo 3.2.2
( To oUuPoAro (7) €xel OVILRKATXOTACEL TO OUPPOAO (~) OTO X KL W)

TTov oAyopLlBuo 10 GvUuoua X emLAfyeTol TUXala k&Be popd ral yLU' autd Bewpeltal

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

KA&oeLg 0 odydplBuoc odnyel médviote o AUON VI KATHAAANAX PLKPH TLPH TOoUu 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

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

w=rand (ftrnum, 1); wO=rand (1)
while sum( sign(w'*trset+wO)
i=randi (N)
X = trset(:,1);
d = w'*x + w0;
if ( d*class labels (i) < 0);
w = w + class labels (i) *learning rate*x;
wO= w0+ learning rate*class labels(i);
end
end
weights = [w; wO0];
end

|~
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Se mopduolo amoTéAsoua odnyoUupoote €&v Bewprnoouns 1o mpdPAnua eUpeong TV
Bapdv wc mpdRAnua ReAtiotonoinong (optimization) pLag ouvapinong xoOoToug
K(W). Mia tétoia ouvdptnon givol 1

K(W): RV > RY pe  K(W) = Z S(F)D(R) = Z SR)WTK
XES XES

6mmou S 10 OUVOAO TV dLaVUOPATWwV ToU Toflvoundnkoav A&BOGC KL

-1 av X€e At

3.2.14
+1 av X€ B~ ( )

Mo €5, 8% =sign(D®) = {

H ouvéptnon K(W) exeppdlet ouclLaot k& 10 OUVOALKO o@dAuo Taf lvéunong rol
elval o1& TUAROTO YPOUU LKA ouvdptinon. H RBEATLOTN AUOn 1TOoU HPpoRAfuatoc €ivol
n egUpson avioupatoc Papdv W dote KW)=0. Av t=0,1,2,.. kat W(0) sgivoalr pla
APX LKA TLuR, n TLun Tou W umopel va mpooeyyloBel emovoAnmtLKY pe Tnv Ue Tnv

nébodo Tng emikALvoug katdBaong (gradient descent) oUUemvVO PE TNV OXE0DN

T
W(t+1)=W(t)—pgT’;W(t)=W(t)—pzxesa(%)% (3.2.15)

H d16pbwon vivertal ool vyia 1o oUvoro S kol n dLaditkocio exnaidevong

xopaxkinplletal wg sxnoideuvuon oéoung (batch) .

YAomoinon tou Perceptron upe exnaideuon xatd Séoueq

function [ w ] = perceptron batch( trset,...% To oUvoAo exmaideuong
class labels, % n xA&on mou avhikel 1o kK&Oe mpdtumo, -1 7 +1
learning rate, ... % o pubudc expddnong p
error tolerance % IARBo¢ mpotUnwv mnou umopel voa TaflvounboUv AdbBoc
)
vector num = size(trset,2); % To mAndoc twv dLavuop&twv (trset columns)

feature num = size(trset,1l); % To mAAOOC TWV XAPAKINELOTLKOV (trset rows)
X=[ trset; ones(l, vector num) ]; % EnoUfnon diavuoudtwv

w = rand(feature num+l,1); % ApxLxonoinon Twv Pap®dv ue Tuxoleg RLKPEG TLREG

while true

Dx=w'*X;

flag mscl vector = sign(Dx) ~= class_labels;

if sum( flag mscl vector ) <= error tolerance; break; end
msclSet = flag mscl vector.*X;

deltaX = -class_ labels;

%loss= sum(deltaX.*Dx.*flag mscl vector);disp (loss)
S = sum( msclSet .* deltaX, 2);

w = w - learning rate * S;

% ———— IxedLaopdc TNC dLAXWELOT LKA YPUUUAG,

% cpapudletal pdévo yvia dU0 XUPAKINPELOT LKA

% GANDC mpémel Vo apxlpefel (wg oXO6ALO0)

t=[-2 8]; 1l=-w(l)/w(2)*t-w(3)/w(2); h=plot(t,1l,'k--");

pause(.1l); delete(h);

end % of while loop
end % of function
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Eilval xphoipo va egeapupdooupe otnv TLUR toUu abpoloTthy o=D(.) 1tnv ouvdpinon

npoohuou 1 TNV Bnuatikn

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

_ (0 av o<0
f(a)_{l av 0=0

NpooAuou -1/1 (sign function -1/1):

(-1 av 0<0
f(a)—{+1 av =0

Ghote va kwdlkomoleltal k&Oe rAGoOn m.yx. pe +1 oav d(x?)20 kot 1o -1 f 1O 0 OV
d(xB)<0. H ouvapIhoelg oUTéC AfYyOVIXL KUl OUVQOTHOELC €vepyomoinong
(activation functions) . Katoémiv ToUTWV umopotUue Vo TOPXCTHOOUUE

dlaypopupat LK& Tov Taflvountyh o6mwg delyxvetol oto Ix.3.2.2.

+1

O vpauutlxdg Taftvounting eivol éva oamAd poviEAO TOU BLOAOYLKOU VEUPOVO KOL
ovou&obnke veupdvag perceptron. Ipotdbnke apx k& and toug McCulloch kol Pitts
via duadilkéc tTLpég (0 i 1) otnv e€icodo kal Tnv £fodo. OAoOKANEOONnke amnd TOV
yuxoAdyo F. Rosenblatt, kot amnoteiel 10 Jouplkd otolxelo TV TEXVNTOV

VEUPWV LKOV dLKTUwV (TNA) mou pnopel va anmoTeloUvial and €KATOUUUPLA VEUPOHVEC.

[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.

3.2.1. H nepintwon nmoAAdv KAACEWV.

1NV mepinrtwon mou 10 mANOog Tev KA&Cewv eival M>2  161e Oa mpémel va
XpenoLuomno Lhocoupue mnepLocdTepoUug  Tou  evdC  YPAURLKOUCG  TafLlvountécg. Mo
nepintwon scival va diraxwplooupe ypopplrd x&be 1&én omd tTLg uvndroilmeg (eb&v

autd elval epLktd) pe M 10 HNANOOC VPOUUULKEG OLUKPLTLKEG oOuUvapTtHoeELC. AV
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dy (x) =w,T-x+c>0, p=1.M, étav 10 X avikel otn xA&on C, (Ex. 3.2.1.1), 161e éVU
npdTUIo OVAKEL OTINV KAAGON 1tng omolag n ypoauplkhy OLaKPLT LKL ouvapinon du(x)
elval Betikp. Ztnv meplmtwon vidomoinong upe NA kol Bnuoatikn é£odo 0/1 1o
AyVvwoTo mPpdTUNo TaflvouelTal oTnv KAACN TTOU O VT {OTOLXOC veupdvag éxetl £€£odo
1. Mia TéT10l0x mpooéyylon énmwg delyxyvetal oto oxAua. 3x. 3.2.1.1 givoal duvatdv

va arnoddoel éva mpdIumo og kopla f1 og moAANég tdéeLqg.

N4 —>
X N [—»
N3 —>

Sx. 3.2.1.1

Evag GANOC TPOIOC VI LUETOMLIONG TOoU HPpoPBAAuatog cival o dlaxwplopdg Twv
kA&oewv oavd dUo adlaeopdvIag yia TLg undioimecg. To npdtunmo oamodidetal O
exelvn tnv kKA&on mou éxel M-1 OeTLlkéQ TLPEG OTLC JLAKPLILKEQ OUVAPTHOE LG TIOU
nv xwpllouv amd tic vndrolmec. H pébodoc auth €lval UNMOAOYLOT LKA TOAUIAOKD
oTnVv meplntwon Twv TOAADY KAXCewv oxAua 3.2.1.2. TEAOG v Ol JLAXWEPLOTLKECQ
enLedveleg eival 6nwg oto oxAua 3.2.1.3 amoeeUyetal n Unoapén dLEopoUUEVvVEV
IEQPLOXAOV OTO XOPO TWV HPOTUNWV. IZUVOUACHOL YPOUPLKOV ) KAT& THARATA YOOUM LKOV
Toé lvountodv e tnv xpHon oLapdpwv ocuvapIhoenyv otnv £fodo éxouv mpotabel Omwg
e{val ta NA ADALINE, MADALINE ol unxoavéc smitponig (COMMITTEE MACHINES) k.o.
ST OUCTAPXTO oUT& dev Ba avapepBoUue €vderex®g dedouévou OTL 1N KEVIPLKA
10éx Tng Agttoupyloagc Tou xkoAUntetal omd ooa ovapépbnrov PéxPL TOPA. ITE
endbuevo kepdAolo Bo meplypdfoupe OUCTAUXTON INIOU omoTeAoUvial oamd dLadox Lk&
en{meda Taé Lvountov (MLP: multilayer perceptron) ue noapayweyloLluecg

OUVOPTINOCE LG evepyomoinong yvia tnv e€niAucn pun YPOUUULKOV TpoRANudTOV.
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ox. 3.2.1.2

d3(X)>0, d1(X)<0

d1(X)>0, dz(X)<0

Sx. 3.2.1.3

3.2.2. H nepintwon tng XOR, tafLvopntéqg moAAdvV emimédwv

Otav 1o mpdPAnua Tng tafivoéounong aeopd mneplocdrepeg amd dUo KA&ACELC 1)
6tav oL rKA&oelg dev glval ypopplk& drtaxwploipeg, elval duvatdv vo emLlteux8oUv
AUoeLC¢  pe  RKATAAANAOUC OUVOUAOHOUQ VYPOUUULKOV  Taflvountdv. Mia TéT10Lld
XQUPAKINELOT LKA mepintwon eival auth 1Tng AoyLKAg nUANg XOR 1tng omnolag o

nivaxag ainbelog delyxvetal otov MMiv.3.2.2.1.

A B A XOR B
0 0 0
0 1 1
1 0 1
1 1 0

Divaxag 3.2.2.1.

21



TUpewva pe autdv ol ouvduaopol TV TLUOV TV AOYLKOV petafAntov o, B
amoTeAoUVv Téoocepa mpdiuna mnou meplypdeovial amd To dLaviouaTa oTtolxelwv
ouvoérou Q={(0,0), (0,1), (1,0), (1,1)} ratL n mp&én o XOR B opllel TLC RKA&CELC
Co={(0,0),(1,1)} xat Ci={(0,1),(1,0)}. Z10 ¥Xx.3.4.2.1 ealvovial Ta &KPA TWV
dLoavuoudtwv oto E2. Elval mpopovég 6tL oL kA&oelg Co, Co dev dLoaxwpllovtol
e pLa egubela. O dlLaxwplopds Tev xA&oewv umopel va vyivelr pe d0o euvbBeleg
(2x.3.2.2.1) mou opilouv pla Cdvn oto egowteplxkd 1ng omolag Pploxkovial To
npdétuna 1ng kA&oncg Ci. H egubela (&1) umopel va mpoodloplotel amd évoav ypouuLkd
Taé Ltvounty Ti1 mou Ooa diaxwpilel 1o mpdtumo (1,1) amd ta vndrolna. H eubela
(g2) nmopel va mpocdioptobel amd évav ypauplkd taflvounty T, nmou Ba diLaxwpilel

1o mpdétunmo (0,0) amd ta undiolma.

N
\'&N
L
T N @)

{£2)

IxAupa 3.2.2.1

OL éfodol twv Ti, T, Ba eilval ol TLUEQ TWV OUVAPTINCEWV O1=f(X), O=f(x)
via x € Q xol f 1tnv ouvdpinon OPOCHUOU Onwg ¢alvovial otov oakdroubo mivaxko

3.2.2.2

X1 X2 o1 O2 KAAZH
0 0 +1 -1 Co
0 1 +1 +1 C1
1 0 +1 +1 C1
1 1 -1 +1 Co

Divaxkag 3.2.2.2

OL TLEéC TV 01(xX), O2(x) amoteloUv &éva vEO OUVOAO HPOTUNWV
&={(+1,-1), (-1,+1), (+1,+1)}. 310 %x.3.4.2.3 galivetalL o xbhpog tTou &. Evac
vepouuLlxkdée 1ol tvountig T umopel va mpoodlopicel tnv €. To 6Ao oUotnua oaivetot
o010 ¥X.3.2.2.3. ApAvetal oov  AOKNON OTOV QAVAYyVQOOTIN O UHdOAOYLORdOC Twv
OUVAIIT LKOV  PBapdv Tou NA T1ToU OoXAuaTog 3.2.2.3 ue VPOUULKEGQ OLAKPLTLKECQ

ouvapTnoeLlg Onwg TV  €ubeldv  Twv oxnuatev 3.2.2.1, 3.2.2.2. Ipocéfrte
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TopaTNPEOVING Tov muivaxka 3.4.2.2, 6Tl O £€VvoC VEUPOVAC TOU KPUPOU €mLIEDOU

vlomolel Tnv Aovikh mp&én OR (a+f) xal o &AXog Tnv AoyLlkp mp&én AND (o-R).

9x.3.2.2.2.

d(x)

5x.3.2.2.3

Me 1n xpEHoOn HEPLOCOTEPWY VEUPHVOV MNapATeETaypéveoy oe eninmeda Onwg oOTO
£x.3.2.2.3 OdOnupLoupyoUue mnodveni{meda dlxktua perceptron (MLP: Multi Layer
Perceptron) mou umopoUv va dlaxwploouv kA&Ce ¢ un ypouulxrd diaxwpliolpec. To
enineda ovdpueoa oto emimedo €106d0U IOV TLUOV TOU oVUOUOTOC X KOl TOU
EILIIEDOU TWV VeUPOVwVY £fddou, ovou&dlovial xpued eunimeda. To veupwvikd dI{KTUO
TOU 8X.3.2.2.3 éxel éva xpued euimedo dUo veupdvev. O dLaxwplondg uUn ypouu Lk
dlaxwplolpwv rA&oewv pe tnv xphon MLP énwg nopoucldodnke péxpl 10Opx, amaltel
nv  nopéufoocn  ToUu  avBpomou  oxedlaoth Kol  dev  g({val  Pla  YVEVLIKA KoL
QUTOUNTOMNO LNéVn dLadiraoia. o)1 nepLoocdIEPOL aAyobpLOuotL exnaidevong
Baoi lovtal otnv e€Upecn Tou glaX({oTou pLag KATAAANANg ouvdpinong xkO6CTOUCG TWV
oUVAIT LKOV Bapdv. Mia tétola npooéyylon Boaciletal otnv xatdPfaon aviibeta omd
Tnv kAlon tng ouvdpinong outng (gradient descent). OL BNUATLKEC CUVUPTNOELG
IoU ypnolLuomolndnkav péxpl tOpa dev eival ouvexeig oto undév koL £E€xouv
HNdeVLKEQ MUPAYDYOUC YLl TLC GAAeC TLUég. AAAeC OUVOPTHOELC mupaywyliolueg
ce O6Ao 1O medlo oplopol TOUC uUmopoUV Vo YenolLgomolndoUv Kol Vo OQOOOUV

LKOVOTIO LN T LK AUon 6nwg 6a dolUue akoAoUBWG.
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3.3. HoAveninedoL tafivountég — ALd6pOwon ocpdApatog pe
onitocbodadoon (Back Error Propagation)

O perceptron av Kal eVIUnwoloce pe tnv oupoldtnIa mou euedvile pe 1O
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 mpdtreivav pra véa exkdoxny MLP TNA nou £édwoe upeydAn @bnon otov

avii{oTolxo emiLotnuovikd medio.

[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-Aoyiotikny (sigmoid logistic):

1
1+e7a0

f(o) = (3.3.1)

H moapduetpog o Aévetol nopduetpoc xAlong (slope) 7 Aoédtntog, (Zx.3.3.1)

a=8

SxApa.3.3.1

e Jlyuoeldng-YnepRoALk ecpamtouévn (hyperbolic tangent):

1—e™2

f(O') = tanh(a) = m
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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

SxAua. H ouv&pinon Tng UnDeEPPROALKAC €QUIMTOUWEVNG Yyl a=2

0 av o<0

e Suvdprtnon pduno¢ (ramp function): f@ﬂ=={a @ o3>0

= max (0, o0) .

Ovoudletal kol (ReLU: Rectified Linear Unit). H ReLU xpnoipomoteitol
KAT& KOPOV OTA OUVEALKTLKE VEUPWVIKE O(KTUX TIOU B MUpoucLacboUv o

enOPEVO KEQEAAXLO.

SxAuo: H ouvdpinon RelU.
H xphon tng £(x) dteuxkoAUvel TNV geopuoyn pLoag pedddou eAax lotomno (nong
NG KATAAANANG ouvApinong rko6otoug. O 1exvnidg veEUPOVAC €XEL TOPX TNV HOPON
Tou . 3.3.2

Zx. 3.3.2
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To 6Ao NA 6mwg Oo nmopoucLaoBe

Kol Bo ovoduBel axroAoUbwc Paciletal oTO
nopandve. Eival évag mnoduveninmedoc perceptron Kol ovoudletal AdYw 1INC
nebddoou exmalidevong tTou, NA Back error propagation 1 yia ouvioula Back

propagation.
TANPWG S Laouvdedenéva PeToéT

emnLIédou e€loépxeTal O

otvaln (Bapog) Tx.3.3.2. 01

Toug Ix.3.3.3.

k&Be veupdvVa TOU

$T0 veupwv kO dixtuo undpxouv emimeda dnAadr ouddeq VEUPOVWV,

H éfodog k&Be veupdva evog

endpevou entunédou, pe aviiotolxn

TLpéc ToUu mivaxra gLoddou amoTteroUv To emimedo

€106dou. ExTOC and 10 emnimedo e1od6dou undpxouv Z 1o mMANO0C emdueva O Ladoy LKA

eninmeda, TO TeAgvutalo Twv omolwv

EVOEXOREVRC UN&PXOUV PETUEU TV €mLméEdwV € L10dd0U KoL

enfneda. T'ia tnv apibunon

Tipéc ¢=0,.., 2,

ne (=0 via 10 enimedo g10bddoU KAL

ovou&letal emimedo €&bdou. Ta emimedo mou

€E600U, Aéyovial Kpuoed

Tev enlnédov Oa xpnolLpomoloUue tov deixktn { ue

(=Z yia 10 euimedo €&bddou.

Kpugpd Kpugd Kpugo Emrimedo
Emiredo
Emimedo =1 Emimredo (=2 Emitredo ¢ Egodou, (=Z
Eioédou K z
X l, \‘;\’—’ N _ yl
1 \ .
X2 (—\‘ .. (:J‘:—’ y‘f
XN ’ - \/ So
L e,
MArBo - , -
neog MARBog MARBOg MARBOg
Neupwvwv N . 3
p 1 Neupwvwv Ny Neupdovuv N Neupivuwv Ny
%x.3.3.3.

1o Ix. 3.3.4. oalvetalr avoadutlxkd éva vevpwvikd odmou 1o mpdtumo eLoddou
éxel OU0 XApPAKINPLOT LKA [xX1,x2]T mou eLoépxovial oe éva kpued enimedo &Uo
VEUPOVOVY oLl €Eodol Twv omolwv el{val e€l{codol evdg embuevou emlmédou ue Tpelq
veupdveg, kol enimedo £&bddou pe dUo veupdveg, OU0 TeAlkég e€&ddoug.
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Lo 2 y?

w2
1° kpud6 enimnedo, (=1 2° kpu o eminedo, (=2 Eminedo €€660v, (=Z=3

3.3.4. AvoAuUT KO dLbaypauna £vdg nmoAueninmedou Perceptron (AVILAATITWOP)

Ovopd&loupe N; 1o mAR6oC TV VeEUPAVOV evoc entnédou (. Q¢ €x TOUTIOU IO
nAf6og Twv otolxelwv ToU mivoaka g€106dou x elval No xXal ToU mivoara €&bdou y

ge{val Nz. Av v egival delxring yvia aplbunon tov veupdveoyv tou emimédou (, 1oTE€

oL ouvdlelc TOU OUVOETOUV Eévav mivaka YPouung WE kot v deglxtng vyia 1nVv

aplBunon twv veupdvov ToUu mponyounévou emntnédou (-1 mou amoteAeitot oamd N¢-:

veupdveg, 16TE

¢ _ ¢ ¢ ¢
w, = [w,..., Wy o) WV.Ng.l' wyl
H é£000C¢ TOU aBpOLOTH TOU veupdva Ba egival 05

¢

_ -1 _
O'V:wg.yzlugy =

[y],...,yNH 11"

H teAixy £€£odoc TOU vsup@va,yﬁ npokUntel amd 1tnv oxéon

v =f(a%)

6mou f(.) KUT&AANAN OUVAPINON T.X. I AOYLOTI LK OLlyHoeLdAC ouvdp1non.
Tp&opoupe

ot Wiy Wiy Wiy vol [FD)
6% = 0; , WE = fo;"'W‘ﬁv"'Wﬁ&_i , Y= y5 - f(;f’)

céN< W}E}(:.,. Wézv WligN;_1 Y;Z\I( f((;ilc)

p=1l,....,N;, v=1,....,N;i1 xot f(.) ploa un ypopplxy ouvvdptnon, HT.X. 0N
OLYHROELOAG AOYLOTLKY, 1n uvnepBoAlxry eeantouévn x.o. Toa Bd&pon TOoU VvV-00T0U

VeUupOHVa ToHPATAOCOVINL Og O LAVUOUX YPAUUNAC.

[QUE 4 ¢ ¢
wv = [Wvl “es Wvu eee WVN{_l]
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H oxéon o=Wlyi ! amoterel ¢évov oapLvikd (affine) petaoxnuatiopd 10U
Hetooxnuotilet tov XOPO TOV Yy, oUuewva pe TLC TLpég tou mivaka W. Tevik& ol
eubeleg ypoupéc dlLatnpoUvial KaBOC KAl oL ovodoyiec upetofU eubuyplupwnv
Tunu&tTev oce eubeleg. Aev dlLatnpoUvial vwoviec 1 oamootdoelg (ex1d6c oav o W
elval opbBovaodviog mivakoag roal det(A)=1. AKOAOUBWC n un YPoUuLKH ouv&pInon
evepyomnoinong (activation function) y=y (o) otpePBAdvel TOoV XOPO TV O €TI0l
IOU IO UN YPOUU LKA TPORAAUNTY VO PETATPEIOVIAL O ypoauplk&d. T'ta va emiteuxOel
autd PBéPala mpémel HPOTA Vo €{val KATAAANAeg ol TLuég Tou mivaxka W. Autd Oa
emitteuxOel pe 1nv exnaideuon Tou OLKTIUOU Omwg Oa dolue noapakdtw. Oa dolue
arOUN TNV YEOUETP LKA oVATIOPACTAON IOV OUPATIAVEO O OXeT LKO mapdde Lyud yLiIo Tnv

nUAn XOR.

Exnaidevon pe omiobodLadoorn tou opddpato¢ (back-error
propagation)

Eotw I 1o mAnBocg (euydv (Xi,yi) €106d0U KL TV ovI{oToLlXwVv €ILOUUNTOV
€£O6d0U e YVWOTEéCQ TLRéQg, TO OUVOAOo gkmaidesuong S oplileTtal wg S={(xi,yi)/ (Xi, ¥i)
(eUyog ue xi nivorka othHAng e€Locddou kol yi 1oV oviictolxo emlOuuntd nmivoxa
oTAAng €&ddou, i=1,..,I1}.

To TNA evdég MLP egival €évag ouvduaouoUc oamd oUveeTeg OUVAPTHCELQ KOl

TOAANNTIANC LACPOUC TLVAKWV. Av (=1,2...7Z aplbuel ta enimeda, n éfodog Ba elval

YZ(Wl’ e, W(, . WZ,X) - yZ(WZ . yz—l(wz—l . yz—Z(wz—Z . yz—3 (Wz—3 yz—3 (Wzyl (wl . X)) ) 4moU

WS¢ mivakag pe yooupéc ta BEpn ToV VEUPOVOY TOU { E€mLIESOU.

Av 10 OUvoAo exnoideuvuong S={(xi,yi)} Kl yf n TeALK €&odog, elval
enmtBupntd autyh va npoceyyilel f va LocoUtal pe 10 yi. Eotw A3 pla moocdinta mou
expp&le L mv IPoCéyyLon oUTH m.X. As=De (V1 Vi ) - H ouv&dp1tnon
K(Wl,---,Wg,---,WZ,S) =Y A ovopdletal ouvdptnon ouvoALlkoU kb6otoug. To (nToUpevo
eival 1 eUpeon tev KatdAAniev WS dote authd va ghaylotomolnfel (mpbRAnuo
BeAtlLotonoinong) . Ymdpxouv dLdpopeg uébodol mpooéyylong PReAtilotomnoinong mou
Aéyovial optimizers (GD, GDM, SGDM, ADAM x.o.). OL pébodol outéc elval
EIOVOANTIT LKEC. Je KAOe emavaAnyn vyivetal d16pbwon twv VV{émc 6tou n K(.) va
glAayxlotonolnBel H d16pbwon umopel va yivetal aeol mpooteboUv SAa ta Ai, 1N
katd ouddeg (bathes:déopecg) 1 yia k&Be mpdtumo. e k&Be meplmtwon mpémel vo

unoloyLobel n nmoocdinio

Ai(Wl. ---,W(,---,Wz,xi)

Tia nop&delypo  évag MLP  1pLldv  emimédov  (Zx.3.3.4) xol oUvoAo
exnaidevuonce S={ (xi,yi) },

nepltypdeetal onng mopokdto yia (X,y)e€S.
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lo enimedo 20 eninedo 30 enimedo suvAapInon
Kéotoucg
x| o olzwlx R czzw2y1 03:W3y2 K(y3,y)
ylzyl (01) y2=y2 (0.2) y3=y3 (0.3)
A  0A dy® 0do° ,  0A dy® 0A
OW3  dy3 do3 W3 ~ dy3 do3 ows3
T 60.3
=83
oW3
A  0A dy® dc® dy® Oc? _ 5 do3 0c? 52 = 53 do3 oA
OW2 ~ Jy3 903 dy?2 962 OW2 _ Qo2 OW?2 ~ 7 962 ow?z
—'_83 §2 _ 82 do
Ly - IW?2
95 _ 9 0y’ doT 0y? 90" Oy o’ o500 | OB
OW!  9y3 963 dy? do? dy! dol IW! dol ow? -
53 Ry
Ly =8 IW1
_ ., 00° 0c’
~_ dol ow?
81

And to mopomndve unopoUne va ypdloupe yeviIkRY OTL

oA  , 0c” , _ 0A dy”
owz ~ © gwz % T 5y7 542
4 C+1
O_A: Z.ai lE 8125&1.60_
oW? IW? 0o’
O 1pdmog oautdg UIOAOYLOHOU TOU g%% ovou&leTtal
COAAUNTOC .
IoxUeL
T
-1
(v7) o
: 0 - 0
do T
- : ¢-1 — T
OW? (y ) T
. T
0 “ee 0 (yz_l) |

omLocBod L&doon

TOU

0 T¢ eivat tpLtodté&otatog mivaka NgxN¢xN;1 kol Aféyetol tensor.

TS = a_ai - ¢-1
aw( V[l.yk
VK

émouv 6y, elval n SéAta tou Kronecker ( 6,, =1 e&v v=u, odAidc 0)xral

{-1 . -1
Vi 10 k¥ otolxelo ToUu Yy’ .
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AxoAoUBw¢ Ba umoAoyiocoupe TLC aumaltoUpeveg nocdInTeg AamoeeUyovINg TNV XPHon

np&éewnyv pe MoAUdL&CTATOUC mivokeqg.

Tla k&Be emimedo LoxUel

4 4 -1 ao—\ZJ -1 T ,
oy=wyy Tl =on =), Ixfon(A)
WV
[ ovi oy .. 0y ]
0.05 00Z 00%( —f, (o'g) 0 _
: : 0 70
ayf ay‘z’...ﬂ ay\(’ . ' 4 . ,
il RE A= A= bl (o3) ¢, 3xéon(®)
4
ok, ok ok | Lo £ (ok)]
60'( 60‘5 60‘%(_
YIIONOT'IXMOI XTO EINIIIEAO EE=EOAQY
z _ 04 0y° 5 : 7 _[sZ. . SZ. . sZ
8 =37 ae7 diavuoua ypaupng 1xNz, & _[51...5V...5NZ]

) ) 1 1
Tl Topdde Lypa 0T A(yZ,y)=5DE(yZ,y)=5(yz—y)T'(yZ—y) =

0

= @ =T e oy, o YT R
f'(c) 0
szzg_}fz.%=[yg_yl, Y=Yy /YN~ YNg] f((‘)’s)
o f(o

52 = -y of ()"

1XN( v=1

nilvdkwv otolxelo mpog otolxelo (yLvdéuevo Hadamar) .

A 9N oyZ 9o W ot
v V& 5%.(yz 1)

owZ  dyZ doZ owZ
N——

)

ne O vo ouuPoAilsl ToOV HOAAATANC LaOud
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Ml st e
oa | aa '

: T _1n\T
Wz~ | owz | = 8%+ (y> ) |=(89) - (v* ™)
oa | 8%, - (y= )"
owg;,

YIIONOT'IZMOI ZTA KPY®A EITIIEAO

J+1
oS+t =w<+1-y<:>%=wf+1 Sxéon (T)
doSt! dadt1 ay( (BZ:_‘(F) , N¢
5<:5<+1.?:5<+1. T e S 5Z+1.W€+1@[f (03)] Sxéon (&)
° e N TR
XN y=1
0
oA oy’ 0% ’ T
_<:5<+1.Wz+1._€.a v = 84t Wit f((,f/) (y4 )
aWV aO'v WV 1XN( .
J_/
Ngx1
0A 1
4
6‘{v1
on | 9a , T @ T T
Wi = | Fw =5<+1.W<+1@[f (05)] Sy = (89 - (v )
v 1xN —
: ¢ 1XN<
JdA
¢
6wNZ_

TeAlkd n pébodog divetal amd TLC OXEOELQ
T _\T
Wi D=w'o-p > (8 - (¥
v(xy)

82=(YZ—Y)T®[f'(G\Z,)]§Z=1 via to enimedo e£b6Sou

N
8§=82+1-W{+1O[f' (05)] Zl via T Koued emimeda
V=

H pébodoc xatdPaong xoatd tnv xAlon (gradient descent) yia 1o v-00T16 veEUPOHVO
ToUu (-emimédou and ta napandveo dlvertoal oamd TLg OXEoELC.
4 1) = Crey SC- 7-1\T
w\)(t+ )_wv(t) p v (y )
v(xy)

82 = (yt—yy) - f'(6%) via 10 enimedo ££b50u

85 = §1 -Wf,“ -f (05) = (21:311 63“ 'Wﬁjl) -f' (0'5) YLl To KOUued emimedo
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To NA MLP ue Back error propagation eival amd ta nAéov XpPNOLPOTOLOUPEVA
NA kol éxel eopuppocBel og mAnNOOpa ceapuoydv omd dLAPOPETLKEC E€TLOTNUOVLKEQ
nepLoxég. Ita xpuoeh enimedd Tou mnpoodloplilovial OoUCLAOT LKA oUTOUNTA TO
QAIOTEAECUAT LKA XOPOAKTINPLOT LKA Yyia 1nv Tafivéunon. To mnAR6og TV KAACEWDV
pmopel va givat 1o (diLo pe autd Twv avuoudtewv £Loddou 1Tou ouvdAouU eknoldsuong
Kol €10l 1o NA va mpooeyylilel CUVAPTIACELC TV OVUOUXTWVY €10ddoU OTa avUouaTd
€E£600U. To onuOVILKOTEPO UELOVEKTINUX Tou back propagation eilval o yxpdvog
OAOKANPWONG 1ITng exnaidevong tou, (xpdvog oUyxkAlong). Elvalr duvatdv vo
XPe LaoBoUV erATOVT&DeC X LAL&DeC emovoANUe Ll £wodToU OUyKALveLl ardun Kol ylo
OXeT LK QUAECQ €QUPUOYEC. Te KATIOLEC €QAPUOYECQ Xpel&oBnkov pepLlkéQ pépeg yia
Tnv OUYKALON TOU oucthuotog. O eykAwBiopdc 1ng OSLadikoaciog oUykALOng o€
Tomlk& eA&xLOoTa 1nC ouvdptnong xbé6otoug eival éva eniupdobeTo mpdPAnuUA.
HNpéBAnua eniong euoaviletal 6Tav 1o PETPO TNG KAlong éxel moAU uLkpég TLUEéQ
oe k&mola enimeda Tou OLKIUOU emeldN n ouvdpinon k6cToug eival oxeddv otabepn
(emimedn) xoal n oUykAilon opyel (vanishing gradient problem), 7 otav yia

koo esnimedo petafdAietal paydala (exploding gradient problem.)

Local minimum trap - Red trace Global descent - Black trace

104

@
= 102

100

20

10
11 20 2o W -20 -15 -10 -5 0 5 10 15 20

24 W1

SxAuo: Tuvdptnon xrdOToUg.

(a) EUpeon oALkoU akpdTATOU (B)EyrAwPBLopdg o Ttomlkd akpdIATO

Tia nopddelyuo yia Tnv expddnon tng nUuAng XOR dopoUue évav MLP upe dUo
veupdveg eLoddou ouvdpinon evepyomoinong Inv oLlypoeldn AOYLOT LKA KAl Eévov
veupdva €E6dou xwplcg ouvédptnon evepyomnoinong. Metd tnv exnaidevon o mivaxrag
TOV Veupdvev €lLoddou WL éxel TLuéc Roapdv

1 _[-647 —6.58 + 9.82

. 2 _ _
=14708 +617 —2g85] ¥X*t © e£650u W% =[644 6.56 —9.62]

H oxéon 6=W!-x eival £éva oa@lvLIKOC PETAOXNUATLOPOC MOU OUwC oV KAl

petatonilel TLg Oé0€LC TWV X OTLC Béoglg o dev OideL ypapplkd dLaxwploiueg
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TLuéc

OTPERADVE L

TTO TMOPUKAT®W OXAua eaivovial

Autd 1O K&AVEL

€QUPUOYH TNGC OLypoeldoUg AOYLOTLKAG ouvdpInong Iou

TOV XOPO HOPAYOVTIOGC TLC TLHEC Yy TOU eival ypopuplk& dlLaxwploluéc.

Ol HeTUOXNUOT Louol

TOV XOPWV.

1. Input Plane

—=©S— Input Square
XOR Input

0 0.5 1
X1

2. Affine Output (o = W-x + b) 31 logsig(.) activation function 4. After Nonlinearity logsig(.)

—&— Affine Output
XOR Transformed
20+
15
10
s ° &
or %\\D
5F
0t
15 f
-20
I T
202468
o]

|
—&—— Nonlinear Output
091 XOR After Nonlinearity
0.8
151
0.7
1P
06f = -
B o
B 2 |
g 057 % 051 ‘
=) o
o° I \‘
0.4 =
ot O
031
-0.51
0.2
0.1 Ak
o L
-10 10 0.20.40.60.8
y1=logsig(o1)

TTO TOPAKATW OXAua oalvetol n

10 oapxlkd enimedo

(X1, x2)

ouv&dpInon INg TeALKAC €E600U y?2 ue nedlo oplouoU

kKol U x&toyn tng o6mou oolvoviol Ta dplLa dlaxwplouou

TOV KAXCEwV pe pauped YPAURECQ.

Network Output

Output Surface of XOR Network
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H d16pbwon twv PRoapdv yvia xk&Be mpdtumo X; Tou ouvOAoU exrmaideuonc pe Ttuxolo
ermLAoyn ovoudletol OTOXXOT LKD) K&Bodo katd tnv kKAion (stochastic gradient
descent, SGD). OL uébodol autol elval apyéc Kol amnalToUVv MOAANEC emovoANUeLC.
Mia BeAtiwon tToug €UKOAX UAomoLlLAoLlun cival n mpdobeon evdg akdun O6pou o1Inv
oxéon dlL6pbwong mnou ovop&loupe 6po opung¢ 1 ponlng¢ (momentum term) .
SUyKekpLluéva n xatdpfaon Katd Tnv KA{on yla pla ouvéptnon KOOToug K(Mé) dlvetalt
oUpowva pe doa mpoovaeépdnkav and TLg OXECELG:

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

Aw, (t+1) = —P—= = —pVng(t)
viwg (@)
sTnv d16pbwon ue opun
¢ oK ¢
Aw, (t+1) = P + adw, (t)
Wy ws(t)

AW () = aws () — aws (t — 1)

Kat a €(01), ne ouvhBeic tiuéc amd 0.2 éwc 0.8.

Mpoot({BeTal dnAadn KoL éva Pépog ING mponyoUuevng PEeTABOANC TwVv PBapdv TOU
veupbdva. H moocdinto aduﬁ(ﬂ elval o 6pog 1ncg opunc (momentum term). H YpHon
TOU HeLldvel 1o mANOOC TV enavaAlenv aufdvoviag 1o BAua d1d6pbwong tTwv Bopdv
kat& v k&Bodo Stav 1 ouvdpinon kO6OToOUg petafdAAetal opyd, OnAadn TAATOC
ng PRaduwong HVKW&QD elval moAU pLxpd. Eniong efopoAUvel TLg omdToueg
aAlayég tng diLeUtbuvong Tng d16pbwong. AUTEC oL LdLOTNTEQ TNC OPUAC oaivovIal
advePBpLlr& ov unmoAoyiocoupe tnc dLd6pbwon petd and T enmoavoAnPelc amd plo opx LKY
Tipg w(0) tov Papdv x&molLou veupdva (ta oUpBoAra v, ¢ €xouv mopaAnebel yio

amAOTNTA) . BETOVTIOC G(t)=—pVKWz(t) P 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?Aw(T — 2) = —pa?G(T — 2) + a3 - Aw(T — 3)

Aw(2) = —pG2) + a-Aw(1l) > a"T24w(2) = —paT26(2) + aT1 - Aw(1)
Aw(1) = —pG(t) + a - Aw(0) = o™ 1Aw(1) = —pa™1G6(1) + a” - Aw(0)

[IpocBéTOoVING TLC €&lL000OelC PeT& ING OUVENAYWYECQ TPOKUMTEL:
T-1

Aw(T) = —p Z at G(T — t) + a - Aw(0)

t=0

Met& amd peplkéc emovodfletlg, emetdf 0<a<l, n upetoBorn Aw(T) esmnpe&lestal amd

TLC mponyoUuevec TLuéc tng G mou ebivouv katd af kal o 6poc al -Aw(0) yivetal
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apeAntéog. Av n G(.) oto diLdortnua autd TV smovodRPewv €xel otabepn TLun G
161¢€

1-af
G==-——1L—G

Aw(T)=—p(1+a+a2+---+aT_1)G=—p1_a 1=

Tia p=0.2 kot o=0.5 n addoyh TV TLPUOV TV RBoapdv 6a eival 0.4G €vd xwplg ToOV
6po opung Boa ntov 0.2G. H pébodoc xatdPfaonc tng xkAiong pe 6po opung (Gradient
Descent with Momentum, GDM), coopudletal pe d1d6pbwon oavd mpdIUmo He TUXAia
EILAOYN KOl TLTIAopopelTal w¢ Stochastic Gradient Descent with Momentum,
SGDM) .

To TWANBOC TV €mITEdWVY KAL TOV VEUPOHVOV TV cival éva (ATnua ToU uog
amoaoxoAe (. Agv undpyxel évag yevikdc TUnog-oaAydplbuog mou voa pag odnyel oe
éva BEATLOTO TARBOC HUPAPETPOV-RBapdv. Evag peydrog aplbudc RBoapdv auidvel 1O
UTIOAOY LOT LkO KOOTOC KOl unopel va odnynoel o AeTTOouEpPn €KpdOnon tou ouvdoAou
exnoa{devong axkdun xral ToU BopUROU TwV HPETIPHOE®V, £LC PRBApoc TNg vevikdINItog
ToU, OnAadn ITng emLTUXOUC TafLlvoéunonc vE®Y aAyvVOOoTwv npoIvnov. Autd TO
paLlvdéuevo 1o ovoudlouue uvnmepeknaideuon. Mikpdc aplbudc mopouétpwvy umopel vo
odnynoetl og aduvapla exnaidevong 1 xoaundn anddoon-axkpifela Taflvédunong. Tnv
nepintwon ouTth ovapépouus oG uvmoeknalideuon. 1o IxAua 3.3.5 oealvetal n
DLOXWPLOT LKLY KOUIUAN TPLOV ocuctnu&tev evoOg npoPfAfupatog OU0 dLaocTtdoewv yld
TLC TNEPLOTOOE LG TIOU AVAQEPAUE .

Mio amAf pébodog eival va fexivdue pe éva pLkpd mMANBOC TAPAPETPOV KAL VA
1o aufdvoupe mPoOdeUT LKA PéxpL Vo £xoupe LxavomolnTlkd amotédeoua. Exel{vo
mou ouxv& euppoviletal Otav  éxoupe uynAn anddoon exmaidevong eival 1
vunepexna{devon nou dloamiotdvetal O6tav To oUotnud pog toflvousl mpdétuma yia
T onmola dev gxrmaldeUinke Kol mopouct&lel Xaunin amddoon. I'ta va eviomicoupe
voplg 1o mpépAnua xweliloupe 10 apXlkd oUVOAO S Twv dLabécLluwyv dedouévwev o€
dUo uépn. To éva xpnoLpomoleltal wg oUvoAo eknaidesuong (Training set, T) xal
T0 AAAO WG OUVOAO emLKUPWONG TOU amnoTeAéouatoc (Validation set, V). Ou mpémel
10 mocootd emituxlog emituxoUg tofilvoéunong (accuracy) vo eival uynid pue
IOUPOIANCLEG TLPEC KOl yia To OUO oUvoAa. e kamoioa dixtua oand 1o OUVOAO
enLkUpwoNg OouvdyovIal TLPég THopapéITpwv 1ou  kabodnyoUv Tov  aAydpLOuo
BeAtlLotonoinong. TéAog éva tplto oUvoAo dokLuAg (test set) mou amoteAeital

and npdIuna mou dev yxpenolpomolnenkoav of LoAoyel 1o TeALKO ANOTEAECUN.

X/o O
Xx/S0g 0
X, x| K O 00
X Q
X Xy X XX
Xx “x
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o) YIoeKIX L O EUPREVO B)Kavov L k& V) Yaepexaaldeupévo

oUoTnu eXIaLdeUnévo oUoTNUX oUoTnuo

SxApo 3.3.5

3.4. ZuveALKTLKA Nevpavikd Aiktua

Toa SUVEALKT LKA Neupwvikd AlxTua (INA) (CNN:Convolutional Neural Networks)
éxouv xpnotpomolnBel euUpéwg oOTnv oavayvidplon €LrkOVOV Kol pol&louv ue IO
Texvnt& Neupwv K& Alrtua npdoblag tpopoddinong (feed-forward networks, FFN).
Yo&pxouv dLaeopéc aviuseoa o autd Ta dUo €(dn dLkTUwV, ToU KablLotoUv Tto XNA
ILO €AKUOTLKA Vvia xphon. ILo ouykekplpéva oOTa KAQCOLKA FEN n KALP&Kwon
nevaAwyv gLkdvev odnyel og peydAo un diraxetlpliolpo nAfRdog Boapdv. T'ia Dopdde L yud
o010 oUvoAlo dedouévwv CIFAR-10 ot eixdbdveg elval ueyéboug, pdévo 32 x 32 x 3
(mA&tog x UPog x XPpwpatT LKA KovEALX), KOl €moOpévag €voag nmAnpwc ouvdedepévocg
VEUPOVUC OTOo IPOTO Kpued emimedo evdg TNA 6o elxe 32*32*3 = 3072 B&pn. Hoapk
10 veyovdg O6tL autdg o aplbudg deilxvel dlLaxelpliolpog, via e€locodo eLxdVAQ
neyoaAUtepnyv dLactdoewv, m.x 200 x 200 x 3 6a eilxoaupe vevupdveg pe 200*%200*3 =
120.000 Bd&pn o xabBévag.

Tia meploodIEPOUC VEUPHVEG O oplbudc Twv napapétpuyv Oa ueyddwve
paydala. Iuvendg n mAnpng ouvdeolpdinta clivoal ondtoAn, xol umopel Adyw Twv
TOAADV THPUUETPWY Vo 0dnynoel eUKOAX OE umepnpooapuoyn (overfitting) Tou
OLkTUou. And 1nv &AAN mAsupd, n xphnon twv INA expetodAeUetal 1o yeyovdg OTL
n elocodogc amoteAel{tal oamd eixrdveg, Kol meplopilel TNV CPXLIEKIOVLIKA TOU u€
nLo éfumnvo tpdmo. Tevikdtepa Ta INA, dLabétouv veupdveg ol omolol éxouv 3
dLaoctdoe g (mA&toc-Uloc-PBabog), xal £éxouv 1nv 1dlattepdinta va ouvdéovial
dLadox k& pe ploa pLkph mepLoyxn TOU mponyoUpevou emilmédou oavIiiBeta pe OTL

14

vivoétav oce pla mAfpn oGvdeon. Koat’ ouvclov o veupdvag eival éva @lAtpo mou
ouveAioetal ota dedopéva e1oddou Tou. Oa mpémel va dleukplviocoupe £dd OTL
Aéyoviag «ouvedioetal» e€vvooUpue TNV €oxpuoyn tng dLodLl&oTaTnNg OUVEALENG ue
k&rota dLevupupévn xpnon. OL 6pol veupdvag, koOuBoc (node), @olATpo KAl MUPHVAC
(kernel) xpnoLlpomo LOUVTOL  €VOAAXKTI LK& oOTInv  PRLBALoypapla TV OCUVEALKT LKOV

OLKTIUWwV via 10 (dLo mphyua.
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1o oxAuo 3.4.1 ameitxoviletal aploTepd pla apXLTEKTOV LKA €vOC KAQOLKOU
VEUPWV LKOU SLKTIUOU Kol de&ld pila apXLlTEKTOVLIKA €VOQ OUVEALKILKOU VEUP®V LKOU
dLkTUoU. K&Be emimedo evdc INA petoaoxnuoatilel tov tpLodidotato Oyko €Lodbdou
(input volume), o £évav 1TplLodib&otato Oyko e&bddou (output volume. ZTO0
OUVKEKPLUPEVO Top&de Lyua n €yxpwun €LlkOVH TOoU Nopoundve OXAUXTOC omotedel TO

ern{nedo €106dou smopéveg Ba éxel R&Boc 3, doa kol TA KOVAALX pLag RGB gLkdvoC.

OO
19, 9,9,:9,:9¢!
19,9,9,9.9,,
0.0.000,

=

AAGTOS

-

eninedo a160dov

Voo emiaedo 2

xpood caincdo 1 X

IxAuo 3.4.1. (Apxttextoviky CNN)

Tt INA exteloUvial Téooeplg Poaoclkég Asiltoupyleg:

SUuvéALEn (Convolution)
Epoppoyry un yepopplxkdédintoag (Non Linearity) - RelU
Suvykévipwon N Ymo-Ae lypotoAnyio (Pooling / Sub sampling)

Ssw NN

Katnyoplomoinon pe nAfpwg ouvdedepévo enimedo (Fully Connected Layer

for Classification)

Eninedo ZuvéAL§ng (Convolution)

OeneALddeg doutkd eminedo €vdQ TUVEALKTLKOU Neupwv LkoU ALkTUou, O6nwg éxel
npoavoaeepbel, eival 1o enimedo oto onoio cuveAloetal n elocodog pe N 10 nARBOC
elATpa (veupdveg PBapdv). To amotéAeopa elvoal nmivakeg mou amoteloUv x&pteg
XOUPAKTINELOTLKOV. To emimedo autd ovopdletal ouveAlkTlkd enimedo. Ta ¢lAtpa
autd otnVv meplnatwon TV £yXPpeuwv €LrOVvoy clival tplodldoTata, KaBOG 10 néyebodC
Touc kabopiletal amd 1o UPog R (mANOOC ypouudv), 1o HAXTOC (MARBOC OTNADV)
C xalL 10 R&Boc D (mARBog mivdkwv RxC). Jtnv mneplintwon mou n el{codog elval
pla éyxpoun e€lxd4va 10 Baboc sival tpla (3) via ta tpla Bacikd xpopata (Red
Green Blue: RGB). Tia TInVv TOPAYRYH QUTOV TV XOPOAKINPELOTLKOV, OAPOVETAL
oAOKANPEN 1N €LKOVA, TPAYHATOHOLOUVINL HPALeLC €0WTEPLKOU yIvouévou petaél TV
TLuOV TOoUu @LATPOU KOl TNG UNOKe(pevng meploxNC TOU MIVOKX Kol OT0 TEAOCQ

eEAYETAL TO QmOTéAeoua 10 omoio tomoBetelTal OTOV XAPTIN XUPUKINELOT LKAOV.
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H np&én 1tng dSitodidotatng ouvéALénge vyia dUo dlokpltd onuota x(r,c),

w(r,c), (dLodlLd&otatec akoAoublieg)opileTal tTumikd amd Tnv oxéon:

xxw = {x*w}r,c) =ZZx(k,l)-w(r—k,c—l) uer,c, k,l € 7
k1

H mnp&én 1tng dSitodidotatnge ouoxétiong yla oUo dlaxkpltd ofpota x(m,n),

y(m,n), (dLodit&otateg akoAoubleg)opliletal Tunirk& and 1tnv oxéon:

xow = {xow}(r,c) :ZZx(k,l)-w(k—r,l—c) per,c,k,l € Z
k1

Av w(k,1l)->w(-k,-1) oL dUo mp&feic divouv 10 (dl0o oamotéAeocpa. TiLa
axoAoubleg memepaopévou UAKOUG To 6pLla TV deLlkKTOV k, 1 xaboplilovial oamd TLC

Béoelc mépav Twv omolwv oL axoAloubBleg éxouv OAeg TLC TLPEC TOUC PNdeVvLIKEQ.

Tt OoUVEALKT LKA dixrtua eceappbdletal n mp&én tng ouocxétiong. Ev toUtolLlLg
LOTOP LKA emlkpATNOe va xpnoitupomolel{tal o 6pog ouvéALEn and tnv eupela XpHon
Tou otnv enefepyocia onudtwv. O dlatnpioouus QqUIRV TNV opoAoyia oInv

OUVEYE L.

AveloaptATowg Tov oplwv péoa ota omola opiletal n mp&én Tng CUVEALENG OTO
ZXZ, exelvo mou pog evdlapépel €lval ol TLEEC TV AKOAOUD LAV KoL TLC BewpoUue
WG oTtolyxeloa mivaxrwvy o) Tng eLoddou X pe diacrtdoelg (Rx x Cyx) xoL f) TOU

olATpoUu W pe diLaotdoetc (Ry x Cy) .

10 oakdAoubo mopddelypa (3X.3.4.2) oealvetal n eoappoyn Tng mnp&énc 1nc
ouvéArLEng (ouoxétiong). OL TLpég TOU TOU @lATPOU wW(.,.) OALocBalivouv sndvwe
OTLC TLHEC TV YPOUUPOV KAl TOV OTINAOYV TNG x(.,.) kKol vnodoyiletal 10 &OPOLOUX
TOV VIVOREVeEY TV opoldbetwyv TLudV. To amoTtéAsoua OBo elval pLa akoloubla
nenepaonévou uAkoug ue dLaoctdoel¢  (Rxt Ry=1)x(Cxt Cy=1). Av 06élouupe ol
dlLaotdoe ¢ TNG NPOKUMTOUCHG oakoAoubiag va eival {oegc pe autég tLg e£Lobdou,
apalpotue Ry—1 ypouppéc kol Cy=1 othrec amd ta 6pi& tng. AmAoUoTtepa umnopoUpe
va oALocBaivoupe 10 QIATPO €T0L OOTE I KEVIPLKA TLUH TOU OLATPOU W va @1idvel
oTa opla ITng x Kol amodidoviag undevikéc TLUég otn x €xk1d6¢ 1TV oplwv 1INC

(zero padding) .

Ei{val BoAlxkd 10 @lATpo va éxel meplttd oplBud ypauudv Kol OTNAOYV TI.X.
3x3, 5x5 @ote vo undpxel KEVIPLKA TLuh. ZT10 TéAoC tng mp&énc tng ouveéALEng
oe k&Be TLlun mou Oa mpokUyel mpooBétouues Kol éva otabepd dpo wy (bias) n
onuoacia tou omolou eilval (dLa pe qUTIHV TOU ovoeépBnke OCTOV YEUUULKO

Taf Lvounty.
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SxAua 3.4.2: Ynoloyiopol oto ouveAlktlkd eninedo
H 11iu xk&Be otolxelou Tou moapayduevou vyvivertal dplopa pLag ouvdpinong
evepyonoinong kuplwg tng RelU.
H ouvAapINnon RelU (Rectified

-0.5

Linear Unit)

f(x)=max (0, x)
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$idt1po RelL

Eicodog Rel
MxNx3 MxN

5x.3.4.3. H ecooapupoyny evdéc o@lAtpou og gl{ocodo TpPpLOV KOVOALOV OTO

OUVEALKT LKO emimedo

5 @i{A1pa Egoﬁgg
3x3x3 MxNx
E{ocodog
MxN=x3

Sx.3.4.4. TuveAlrtlrd euinedo pe mévie (5) olAtpo

Av n eloodog éxel P&Boc D dnAadh amotedelital anmd D 1o mAROog mivokeg,
ovopdlovial Kol xovadAlo (channels), (m.x. D=3, via e€{ocodo pla RGB éyxpwun
eLkO6Va), T6Te Kol K&Be @lATpo mpémel va éxel PB&bog D, dniadh va amotelelTol
and D mivaxkeg. Tia nopddelypa av 1 €{codog elval RgxCyx3 10 @lATtpo mpémel va
e{val RyxCyx3. Z1nVv meplntwon outh petd& Inv €popuoyy Tou ¢lATpou Ba mpokUyouv
kol D mivoaxkeg &¢ amoteAéopoata. OL mivaxkeg autol gival (ocwv dLactdoewnv KAl

npootiBevial.

TeAlk& petd& 1nv &Bpolon mpokUntel £€voag nivaxrag yia xk&Be o@lAtpo. Av
epappoocboUtv N piAtpa Ba mpokUyouv N nivakeg, 0ol kol T @iATpa. TTnv 0poAoylo
TV INA ouxvd évoac tplodidotatoc mivaxrag xadeltal kol Oyko¢ (volume). Apa n
e{o0dog pag slival évag Oyrog RxxCxx3 kol pe Tnv goopupoyn N @lAtpwv mapdyetal
Wwg amoTéAeopa évag Oykrog RxxCyxN. To nopoandve omelkovilovioal ota akdAoUubo

oxAuota (8x.3.4.3, ¥x.3.4.4)
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To @eiAtpo xat& Tnv oAloBnon Tou eival amodektd va Kiveltol Kol pe PBAP
(dpaokeALd, stride) upeyodUtepo 1oU éva. AUTO elval plLo TmopoaAAayh) OUVEALENCG
mou odnyel oe amoteAéopata ULKPOTepwyv dlacTdoewv kKol axrplifelac. Exel xpnon
otnv neplnmtwon peydAwv €Llkdvov Kal @lATpov (m.X yia @lATpo 15x15, stride=2).
Ta mopamdve, OnAadn 1 OUVEALEN Tng €106d0oU jue Ta QLATpa Kol 1 €Qupuoyn 1Ing

un ypouplroéIntac amoteAoUv éva Emimedo ZuvéAiéng (Convolutional Layer) .

OL mivaxeg mou efbyoviol amd 1o enlmedo OUVEALENG KOAOUVIONL XAXPTEQ
XOPAKTNPLOTLKAV. ITO0 axkdAoubo IxAua 3.4.5 oalvetol n epappoyhn evé6c @lATpou

Sobel otnv eglxrdva «lenax».

Ix. 3.4.5.

Eninedo deitypatoAeyiag (Pooling Layer)

Ta enimedoa detlypatoAnyiog ocuvaviOvial avdpueoca OTo enimedo CUVEALENG TwV
INA. Autd mou x&vel autd 1o emimedo elval vo peldvel 1o PéyeboC TWV TLVAKOV
€10600V KOl KAT& OUVENE LA KL TOUC UMNOAOYLOuoUg e€vog dLKTUOU Kol B&tovtog
und éAeyXO MPORBAAUNTH Umepnpooapuoyng (over-fitting). Aapfdvovioag TLC TLUEC
BlOC ULKPAC HmeEPLOXAC m.X. (MxM) evdc mivaxra €lLo0d6dou kol pe PrRupo M noalpvouus
TNV peyoAUtepn and autég (Max Pooling) 1 tov péco 6po 1toug (Average
Pooling) xol dnuLoupyoUue évoav véo mivoko pe plrpdtepeg dLaoctdoelg. AV yLIo
mopdde Llypa o mivakag eival 224x224 yia M=2 60 éXOUHE WG AIMOTEAEOUN VA

nivaxa 112x112. Eva nopdde lypo eaivetal o010 TOUPAKATw oxnuo 3.4.6.

224x224x64 ' |
112x112x64 Single depth slice
pool — 1 ] - 2
X max pool with 2x2 filters
SRNGN 7 | 8 and stride 2 6 | 8
l 3121110 3 | a
1] 2 ESHIEA
— downsampling 12
M2
224 v

SxApa 3.4.6. (Emnimedo YmodelypatoAnyiog)
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Enimeda ouvéALEng kol

JDLadoX LKA KATOANyOvTOC O¢ mivaxkeg pLrpdtepwv dlaotdoewyv kdbe popd. Metd amd

authv tnv dLadoxn ot
OTHANG
Toé Lvoéunonc pe nAfnpn dLaoctvde

unnode LypatoAnylog

on,

TLPEC TOV TEALKOV TLVAK@V TomoBetoUvial

IxAuo 3.4.7.

nropouv

VO

(flattening). To &vuopa autd Bo elval n elocodog e€vdC TeALKOU emLlmédou

A Typical Convolutional Neural Network (C.
Convolution Pooling Convolution Pooling S ] -
4’:——— ./
| ) (o - . SESN
\ Er-ﬂlnﬂ B — X
'-.-."..‘J;l-t - =”‘ e PN
- O
Kernel PN B /
Inputimage  Featured Pooled Featured Pooled Hilten - Sz
maps Featured maps maps Featured maps  layer '/
- <« >
Feature Maps Fully connected layer
| [ ||
‘ Feature Extraction ‘| | Classification “ | Probabilistic |
distribution
Ix. 3.4.7.

Eninedo Tafivépnong

e autd 10 enimedo oL VEUPOVEQ

TOV VEUPOHVOV TOU mponyoupevou emilunédou. To nmARpwg ouvdedepévo eni{medo

Connected Layer) elvat

xpnotpomnolte i
Logistic) oto enimedo e&ddou.

o mpémel auTd Vo OOUACOUV

akbdAoubo IxAua 3.4.8 mopouct&letal pLa £rdOXN

évag

wg ouvépinon x60TOUC

Tia tnv e€l{oodo twv dedopévewv oto emimedo autd

Perceptron

TOAAQV

TNV TOAUWVUULKI AOYLOT LKL

éva povodi&otato mivaxra

convolution +
nonlinearity

¥

max pooling

convolution + pooling layers

SxAHpo 3.4.8.

evdc CNN

EMMLITESWV

éxouv mANpeLlc ouvdécoe g pue OAeg TLC €EHdouUC

(MLP),

dvuouo OTAANG) .

Te00dpPwV KAXCEWV .

Phirg
o
0
: -
Lo
o o
o Mo
o o Puog
o o
o °
TRk
o o
vec |g \‘;
o
Rl
I

fully connected layers

Nx binary classification

TomofeToUvVIaL

ce éva AvUuouo

(Fully

(Multinomial



YnoAoyLopdg tou mAfOoug Papdv kol exknaidevon ota INA

Eninedo ouvéAiéng : To ocuykekplpévo enimedo elival autd nou dnuioupyel 1oV
T{voka YoPaAKINELOTLKOV, omdTte éxoupe mivaxkeg Popdv. OL wpPXLKEC TLUEQ TWV
RBapdv elval tTuxalec. O aptbudc TV Poapdv (mopoupétpwv) oe Eéva enimedo

oUVEALENC pe N xavdALla kol M olAtpa dLactdoewvy r x Cc Ba e{val: rxcxNxM

Eninedo deitypatoAnyiag : 310 eulmedo delypatoAnyiag petdvoups 10 péyebocg
TV dlaocTdoewv. T'ta mopddelyuo av o évav XAPTN XOPAKINELOTLKOY 224x224
otolxelwv ecepappootel deiypatoAnyioa oce 2x2 undb-meploxéc 16Te aplOudc 1OV
oTolyxelwv TOU XAPTN XOPAKTINPELOT LKAV eival 112x112. 1o enimedo detypatoAnyia

dev un&pyxouv Rdapn.

IIAnpwg ouvdedenévo emimedo (FC) : To ouykekplpévo emimedo éxel 1OV
ulnAdtepo aplbud Rapdv oamd x&Be GAro enimedo. T'ta 1oV uUmoAoylopd 10U
nAfBouUg Twv RBopdv unodoyliletal To yLvouevo ToU MANBOUC TV VEUPOHVOV KAOE
enlaédou enl 1o mARBoc Twv £fOdwv TOU mponyoUusvou enimédou. Ertol 1O
nAnboc TV PBapdv eival: TANOoC veEUPOVOV OTo Tpéxov cmu{medo x (mAH6oc
€g6dwv oto mponyoupevo enimedo+l), 1o +1 apopd TOovV otabepd Opo. Tia
nopddelypa oto CNN VGGNET 1o nAnboc twv PRapdv oaivetal otov axkdAoubo

Divaxko.

INPUT: [224x224x3] memory: 224%224%3=150K weights: ©

CONV3-64: [224x224x64] memory: 224%224%64=3.2M weights: (3*3*3)*e4 = 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: ©

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
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: G56%56%256=800K weights: (3%*3%*256)%256 = 589,824
POOL2: [28x28x256] memory: 28%*28%*256=200K weights: @

CONV3-512: [28x28x512] memory: 28%28*%512=400K 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=480K weights: (3%*3%512)*512 = 2,359,296
POOL2: [14x14x512] memory: 14%*14%512=100K weights: @

CONV3-512: [14x14x512] memory: 14%14%512=100K weights: (3%3*512)%512 = 2,359,296
CONV3-512: [14x14x512] memory: 14*14*512=100K weights: (3%3%512)%512 = 2,359,296
CONV3-512: [14x14x512] memory: 14*14%512=180K weights: (3*3%*512)*512 = 2,359,296
POOL2: [7x7x512] memory: 7%*7%512=25K weights: @

FC: [1x1x4096] memory: 40896 weights: 7*7%512%4096 = 102,760,448

FC: [1x1x4@96] memory: 4096 weights: 4096*4096 = 16,777,216

FC: [1x1x100©@] memory: 1000 weights: 4096*1000 = 4,096,000

TOTAL memory: 24M * A4 bytes ~= 93MB / image (only forward! ~*2 for bwd)
TOTAL params: 138M parameters

ODivaxag 3.4.1: IARBog Ttwv Ropdv oto CNN VGGNet 16
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Exnaideuon ToVv ZUVEALKT LKAV NeUpwv LKAV ALKTUIQV

ST CNN n ouv&pinon kb6cTtoucg Baciletal otnv dLlaotaupoUpevn evipomia
(cross entropy) kol OXL OT0 HECO TeTpaywVLlKO ocedAux. H mpooéyylon akpdTATOU
onuelou (ghaxiotou) emidildxketal xuplwg pe pebddoug o6émwc n SGDM (Stochastic
Gradient Descent with Momentum) xoL n ADAM ( Adaptive Moment Estimation).
10 TeAlkd enimedo €&bHdou TOoU TOELvountrny, oOuvdpInon evepyomoinong e€ival n
softmax ToU PeTATPETEL TLC TLUEC TV aBpoloTdv o mLBavdéInITec. AKOAOUBWC Oo
nopouc L&ooune Tnv dLadlraciac exknaideuong xal OL16pBwong OE&AUNATOC OTX

enimeda evdg CNN.

Exnaidevorn oto eninedo mAfpoug diLaclivdeong

310 teAlkd eninmedo €&6dou 1O mMANOOC TV Vveupdvev oplletal va eival (oo
pe 10 mARBoC Twv KA&Ceswv, €0t M. K&Be xAdon aviiotolxileTtal og €évov
veupodva (Tov (dLto méviote) kol ovopatiletal pe tnv 6éon Tou m=1l...M oOTO
eninedo €&b6dou. EOTw TO x==[x1mxn."xM]] emauinuévo dLAVUOUN TIOU €LoépXeTal

010 enimedo £E630U KUl Wiy = [Wims oo Womy o Whms Wom] T TOU €TIQUENREVA S LAVTOPATA

TV Bopdv TV veupdvov o oautd.

Apx Lk& umoAloyilovial ol moodIniec O, =Wh -x. OL TLuéc aUTéC

petaoxnuat i {ovial oUupwva tnv ouvapinon softmax oe

ew%-x

Ym =
k

Ol TLpéc ym €lval Betlréc Kol 1O &Bpoloua TOUC Z%zlym==1. ExL6upoltue ot
TLPég €E600U ym VO glval TéTtOoleg OOTe av 1o &VUOUX €LoddoU aVAKE L OTNVv KAKON
c, x¢ , c€{l,..,M} 161e n €£0doC yc TOU C veupdva vo elival peyaAltepn ToV
AAAOV  €&OdwV kol gLl duvatdv lon upe v povdda exepdloviag €10l  UYNAN
n1OavéTnNTa va avAkel n e€locodog otnv enlduunth kA&on. Me 6poug MLBAVOTATOV oV
1,..,M gival ol Tipéc pLag tuxaiog dLaxplTAC PeTaBANTAC ®, 16Te Yy = p(w = m|x°)
e{val ol mBovOTINTEG TIOU AVTLOTOLXOUV OTLC TLUECQ TLC ® dndodn yl=p(l|x¢),...,
yo=p (M%), ..., yw=p (M|x%c). To 1davikd Ba AHtoav ol niBovodtntec plw =m|xf) va
ATV 1§ VO OUVERKALVOV HE TLBavOTINTEQ

lavm=c

q(w =m|x®) = {O avm +c¢

Eva pétpo oUykplong twv p(w) xal g(w) dlvertal amd tnv ox€éon 1ncg

dlLaotaupoltpevng eviponiag (cross entropy) :
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H(@p) == ) -log(p()) =
Vw

M M
=) =mla) - log(p(w = mlx)) = = > q(w = m|x°) - loglym) = ~log ()
m=1 m=1

Tia mopddelypa oe éva oUotnua 1o vounong Teoodpnyv KAXCEW®V €LO0EPXETAL

10 &vuoua X? Kol ol ££odol TV TeoOdPWV VEUPOVKOV € lvot
y1=0.2, v2=0.5 y3=0.1 y4=0.2

KO L TIPOQUVOG

a(llxz)=0, g(2Ix2)=1, q(3Ix2)=0, g(4]x2)=0
H(g,p)=-(0-10og(0.2)+1-10g(0.5)+0-1og(0.1)+ 0-1log(0.2))=2
‘Oco n yz telvel otnv povdda n H(g,p) Bo telvel oto undév.

Katémlv autoU umopoUue va € lodyouue wg ouvdptnon kb6cToug (cost

function) 7 andAieiag (loss) Tnv oxéon

LW) == > qlw = mixf) log (yn) = = ). log(ye,)

i

nmou abpoilel TLC TLUECQ TNG Cross entropy MmOU HOPOKUNTOUV and TNV € LoOaywynH

oto oUotnua k&Be mpotvmou Xi, i=1...I, I 10 mAHOOC TWV TPOTIUIWV.

T
eWe xi

Yei = Z -
ewm~x,-
m

Tia tov veupdva J oto enimedo €86dou jE{l..M} xat wj 10 &vuoua OTAANG

TV RBopdv TOU LOoXUEL

T
We x;

oL _ d 2;1 ) | = }: d log(y..) = 28 d 1 e
ow, ~ ow, i og Vo) | = ow, 0g(Vei) = ow, og (Z o .xi)
m

T'la tov unmodoyLlopd 1Tng mopaydyou ypdeoups Ta noupandve und Hopoen
oUvBetng ouv&pInong. Oa moapaAe (foupe yvia Adyoug OLeUROAUVONG TNG YPAPHC TOV

deilxtn 1 (Bétw x=xi)

edc
X

jX o Y=g L =log(y)
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ol al 0y, dg;

ow; 8y, do; Ow;

e?- Y mefm—edc.edc
Y0y g O _ 1 ave_ 0 (e \_ | Gmeom?
ir Smetm —e0c.e%j

Cmeomz Ve

= yc(l - yc) an =c

ow; yc - yc' doj - 0z

avj+c

, Yo k&Oe ouvantikd BApog TOU J VEUPOVX

o [A=y)al avj=c
aw; —y; x| avj#c
al; (1 - YC) " Xni (ZVj =cC <
— = . KoL TeALKRA
dwn —Yj Xni QVJ EC

oL al;

6wnj - lawnj

AL6pOwon cpdApatog pe omnitobodiddoon oto eminedo
deilypatoAnyiag.

Ta enineda delypatoAnyiog (pooling) dev dLabéToUuv NUPAPETEOUC TIOU HOa
aAAGEoUV KaTd Tnv exnaideuvon Tou INA. Autd mou éxoupe udvo va k&voupe elval
va umnmodoyloouue TLg kKAloglg oe oxéon pe 1o mponyoupevo emnimedo. Av R eilval
pLa meploxy tou emnmimédou mou vumodelypatoAnurel{Ttal pe 1nv diLadlxoaocia TOU

lavy =x;
Oavy #x;°

) a
maxpooling n é&odog 6o eival y =max{x; € R} kol —y={

ox, I'a noap&de Lypa

av n meploxn elvoatl 2x2 Bo éxoupe:

X1:5 X2:8

-> 1 -> =
%3 | xs=1 Max Pooling y=8

d a
_y=0 _y=1
0x; dx,

a a

DY _o| oy
0x3 0x,

SUpowva pe 1o nopandve n d1dépbwon Twv Poapdv ToUu @lATtpou Oa yivel pdvo
via tnv Béon Ttou enl tou mivaka €106d0U (KAT& TNV OUVEALKTLKA dLadlraoia)
mou nopnxOn n péyiLotn TLpnR (to 8). I1nv mepimtwon ToUu average pooling, n
kAlon 6o egival mavitoU 1/n 6mou n eival 1o mARBog TV otolXelwv ToUu mapabUpou

(yio 10 mopddetypa poc 1/4, n=4).
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AL6pOwon cpdApatog pe ontobodiddoon oto eminedo ocuvéALing

$TO OUVEALKTILKO emimedo éva ¢lAtpo eival évag veupdvag ue Bdpn mou 10
nAffog Toug xroboplletal amd TLg dlLactd&oelc ToUu O@lATpou. OL TLuég eLobddou
npoépxovial omd TLC TLUEQ TOU KAVaALoU kaBOg autéc ouveAlocovial upe ta Bden
ToU @lAtpou. Autd umopel va Bewpndel oe pLa moapdAANAnN ulomnoinon émwg eaivetal
oto IxNua 3.4.9, via dedouéva pLag dLdotaong Kol @iATpo eUpoug Tepla (3x1).

dr, ar, aL _ 9

Eotw 50 :6_' 51 = P 52 = P 53 =5 oL petafoAréc Tncg ouvépinong KOSTOUC
) o1 () g3

WC Tmpog Ta abpolopata (£fodol abpolotav), W = [WO,W1,W2], o = [0'0,0'1, O'Z]T. O

LoxUouv ol oxéoelLcg
0o = WoYo + W1Y1 + WYz, 01 = WoY1 +W1Y, + WyYs3

Oy = WoYz T W1Y3 +WyYs, 03 = WoY3 + WYy + WpYs

Yo
9, 9, @ y.
=t = = [80,81,6,, 8] - y; = 8oYo + 81y1 + 82y, + 833
Ow, 05 Ow, y

B%
9, 0, 9 i

8%
== [0, 81,62, 63] - yi = 0oy1 + 61y, + 82y3 + 63,
Ow, Os Ow, )

[ V4
9, o, 0 i

8%
=t = = [0, 81,65, 8] - yj = 8oy2 + 813 + 82¥4 + 835
Ow, 05 Ow, ¢

| Vs |
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Op = WoYo + W1Y1 + W2,

01 = WoY1 + W1y, + Wy Y3

Oy = WoYz + WYz + W),

03 = WoY3 + WYy + Wy Ys

SxApo 3.4.8.

Tia tnv omioBodLddoon tng dL16pbwong Oa mpémel vo UnoAoylicoupe tTL¢ moocdinted:

o o
yo 0y, " T Oy

Wo
9, a, 0 0
== o == 80,64, 8,85] 0 | = SoWo
aJ’o 60 Yo

0

W 7
d dJ, 0 w,
=t L= [60, 61,62, 63] - 00 = Gowy + 61w,
a)’1 af’ a)’1

L 0
ar, aL
— = 60W2 + 61W1 + 62W0, — = 61W2 + 62W1 + 63W0
9y, Oy;
aL
- - 62W2 + 63W1, -_ 63W2
ay a

Tevikdtepa, o©& £Eéva oOUveAlkTLkO enimedo, n kKAlon Tou Tpéyxoviog emlmédou
ODEOKUNTEL WE TNV OUVEALEN TV 0i UE TA OUVEALKT LKA QIATPX QuTeoTpauuéva.
To mANOOC TV €mLIEDOV KAL TOV VEUPOVOV TV, €ilval éva (ATNuUa ToU Pog

armoacoxoAe . Aegv undpyxel évag yevikdg TUnog-oaAydplbuog mou vo poag odnyel oe
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éva BEATLOTO TAROOC HUPAPETPOV-Rapdv. Evag peydrog oaplbudc PBoapdv auidvel TO
UTIOAOY LOT LkO KOOTOC Kol unopel va odnynoel o AeTTOoUEPN €XuAONOn 10U OUVOAOU
exnoidevong akdun KoL TOU OopUROU Twv PeEIPNCEwV, €L1¢ R&poC TNC YeEVLIKOTNTACQ
ToU, OnAodn INC emLTUXOUC Taflvoéunonc vVEXV AyVOOTIWwV TPoTUnwv. Autd 1O
eaLvéuevo 1o ovouhdlouue uvmepeknaldeuon. MLxkpdg aplOudC NupouéIpwyv umopel vo
odnynoet og aduvanloa exnoaidevong 1 xoaunin anddoon-axpifela Taflvédunong. Tnv
nepinTwon auth avaeépoule g vnoeknaideuon. 31o IxHua 3.4.10 pailveTal n
DLAXWPLOT LK KOUIUAN TELOV oUCTINUATOV €vOg mPeoPBAAuaToc dUo dLacTtdoewy Y LX
TLQ TEPLITOOELC TIOU OVAQEPAUE .

Mio amAfl pébodog eival va fexivdue pe éva pLkpd mANOOC TAPAPETPOV KAL VA
10 aufdvoupe mpoodeUT LKA HEXPL Vo £xoupe LxavomolnIlkd amotéAsoua. Exe{vo
mou ouxv& eppoviletal Otoav  éxoupe ulnAn anddoon exmaidevong eival 1
vnepexna{devon nou dlomiotdvetal O6tav To oUotnud pog toflvouel mpdtuma yLa
T onmola dev gxrmaldeUinke kKol mopouct&lel xaunin amnddoon. I'ta va eviomlicoupe
voplg 1o mpéPAnua xweliloupe 10 apXlkd oUVoOAo S Twv dLabécLluwnyv dedouévwv o€
dUo uépn. To éva xpnolLpomoleltal wg oUvodo eknaidesuong (Training set, T) xal
T0 AAAO WG OUVOAO €mLKUPWONG TOU amnoIeAéouatoc (Validation set, V). Qo mpémel
10 mocootd emituxlog emituxoUg tofilvoéunong (accuracy) vo eival uynid pe

IOPATIANCLEC T LUHEC.

X/o O
X 05 O
C)O()
X, X | X O
x @)
XX xxx"
X X X
(o) (B) (v)
YrnoeKnoLOeUPREVO Koavov Lk& exnoldeuUpnévo YuepeknalOeUREVO
oUoTNuo oUoTnu oUoTNuX
SxAua 3.4.10.
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3.4.1 TUVEALKTLKA VEUPWVLKA SIKIUQX YylO ONHOOCLOAOYLKN KAT&THENON
g LKOVOV

H xat&Ttunon eitxrdé4voc eival pla dtadlkacio smefepyaociag tng e£LkdVUC yLa TOV
evionLopd HMEPLOXOV HE OUYKERPLUPEvVeg 1016INTeEC. H onuacloAoyLlkh KaT&TUNON
T tvouel [P Net T ouoxeTL{oueva g LKOvVoOoTOoLXE (& oe uLa op&da. H
HEPLITWO LOAOY LKL KaT&Tunon dLakplivel wg fexwploTég ovidinIieg aviLlke {ueva 1Ing
{dLag xAdong. H moavomtixkl xat&tunon ouvdoudlsl Tt duo nopondve  £(0n

xoaTt&dTunong. (SxApo 3.4.1.1).

H Tunuatomnoinon Iepioxdv dilatpel tnv eLrdva o mePLOXECQ mou poLlp&lovial

TOPOUO L XUPAKTINELOT LKY, OmWwG XPpoua Kol Uen.

o "

(a) Image (b) Semantic segmentation

"4

() Instance segmentation (d) Panoptic segmentation

IxfApa 3.4.1.1: Hopadelypoata TV TPLOV £Ld0V RATATUNONG € Llkdvac.

TN onuooLloAoy LK) ratdtunon 1o INA evepyel énwg otn dLadixkaclia Taf tvédunong
e tn poévn dLapopd mwc avii voa tafivoupel odAdrAnpn Tnv gilkdéva, Tafivouel Tto
k&Be glrovootolxelo Tng o pLa npokaboplopévn rA&on (m.x &vbpwnog). To INA
ONUOC LOAOY LKAC kat&Tunong XPNO LUOIO LOUVTIAL oe TTOAAOUC toueic ng

Biounxaviag, tng Iatplxig, tng TnAemioxkdmnong K.o.

SUvABwc n eloodog eilval pla ynetaky H x W x D pe D = 3 yia gi1xkdveg RGB, 17
D = 1 vyia eitkbdbveg amoxphdoenyv Tou VKplL. H €&odog eival évag wnivaxracg
Tunuotomoinonge H x W mou k&Be eLxovooTolyxelo oviimpoowneUetal oamd Evav

aképalo aplBud (e1LxéTa, label) oviimpoowneuTlkd TNg KAAONG MOU avihKel (SxAu
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3.4.1.2). Z1n mpoaypatlroOTNTa O XAPING, OpLv Odpel Tn TEALKN TOU popen, éxel
B&Bog (oo pe 1oV aplBud TV KA&Cewv (SxApa 3.4.1.3).

33333833
3$3333%3333233
T3IFX 33T AARD
53233434141 %833%33
33333311333

$ 533 13233

3411112132

34111111

1: Person 11,111 1°11
2: Purse 3339 1°1.1.1 11 2
3: Plants/Grass 32N 29 TE UTT
333123211841
Input Semantic Labels

ZxfApa 3.4.1.2:X&p1tng KATATUNONG YLl pla e€lkdva g£Loddou.
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ZxfApa 3.4.1.3:I{vokoc xaTt&TUNONC YL pla glxkd4va €Loddou mplv epappootel 1
argmax.

Mioa cuvnBilopévn npooéyylon yla exknoaideuon INA yvio xkat&tunon €txkdvev elvot
n doun kwdLkomolnIh/amokwdlKomolnth. Omou o mpdTog Ba peLldvel TN XWELKDH
avéAiuon tng e£1oddou, kKal 0 pdAoC Tou Ba elval va odnyel X&PTeQ XAPAKINPLOT LKAV
XounAng oavdAuong kol o deUTepog O auidvel TLQ XwPlkéEg dLaotdoelc toUu X&PTN
XOUPAKTINELOTLKOV. H pelwon tev dlLactdoewnv yivertoal upe nv dltadilkocia tou
pooling 6nwg éxel avaiubel oto Kepaiaio 2. H mio dnuo@lANc pébodog vylia Inv
avténon tng avaiuong elvoalr 1 avdotpopn  CUVEALED (AZ) , (transposed
convolution:TC). Z1nv oav&otpoEn CUVEALEN k&Be Tiun and 1ov Yoauning avdAuong
X&PTN XAPOAKTINPELOT LKAV (mou épxetal and 1o mponyoUueva emnimeda mou £3dpaoe 1
max pooling) modilamiooi&letal upe TLC TLpéc KAmolou o@lAtpou. ‘EmelTq,
TomoBetoUvial O SLadoxLkEG OéoeLlg ToU X&PTn €&O600U XUPUKINELOT LKOV Kol €10l
auidveTol 1 oavAAUCH TOU. IZUVEDNC, €VO 1) KAAOLKA OUVEALEN OUPPLKVOVEL TN
nAnpoeopia, n av&doTEo@n OUVEALEN dLACTEANE L TN MANEOPOopla Kol €T0L QUEAVOVTIOL

oL dLactd&oelg TNg €LkO6vag (O tou mivoaxra). Tia moapddelyupo ov evag omd T1Toug
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UTO-TI {VOKEQ XAPAKTINPLOT LKOV ToUu mpoékrule amd v oUVeEALKTLKO enimedo (Kep.2)
elval 4x4 16T1e pe TNV avAOTPOEO OUVEALEN (AZ) pe éva olAtpo 2x2 kol BAHua 2
(stride = 2) (&pa dev £&xoune emlk&AUYnN) Oa npoxUyel £évag vmo-mivaxac 8x8
k&Oe oTolxelo TOU omolou £éxel TNV TLUR o6mwg delxvertal o100 akOAOUBO IXAUX

3.4.1.4.

Wi \“l\

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

IxApa 3.4.1.4: OAlcOnon tou @lATpou oe évav mivaxko A pe BHua 2.

Av 10 PR&Boc tou mivaxra oto omoio eeapupdodbnke n AX e{val D 1dte rAOBE 2x2
olATpo Ba mpémetl vo €xel PB&Boc D dnAadrny Bo elvol évoag dykog 2x2xD. OL TLuéC
Tov D vnonmivéxwv mnou 6Oa npoxUyouv Oo mpooteboUv. AV 10 nANBOC TV 2x2xD
olATpwV Tng A3 eival N o OYKOG TV AHOTEAEOUATOV TOU Oa mpokUlel yLlX TO
mopdde Lypd poc Oa eival 8x8xN. Jtnv OAn dLadlkacla ouppetéxel n ouvdpinon

ReLU 6mwg Kol OTO OUVEALKTLKSO emimedo.

H oaxkoAoubia twv AT axkoAloubel aeoU oAoxkAnpwdel n ditadikocia Twv IE. (IxHua

3.4.1.5).

D1 D2

w/2 W/2 w

H ¢ 5
H/2 H/2 —

Convolution layers + Max pooling Transpose Convolution layers

Fully Connected Layer
IxApa 3.4.1.5: Egoappoyn enimédov AY émelta oand xpnon IE

H 10éa XpAONg O& PLA APXLTIEKTOV LKA KOO LKOMOLNTH Amokwdlkomolntrh Omou o€
éva INA mpooTifevial emimeda avACTPoENC OCUVEALENG O KWOLKOMOLNTAG HELOVEL
TLg OSLaoctdoelg  Tng  gilrkdOHvac. Autd  onuaivel nmwg ol TeAlxkol  xdptec
XOUPAKINEPLOT LKAV dev TePLYyPA@OUV T AEMTOUEPH YXUPOAKINPELOTLKA Kol TO TeALkd

amotéAcoua votepel oe akplfela (IxAua 3.4.1.6).
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TIpoBheym kotdrpmons

ZxfApa 3.4.1.6: [HpdPRAsyn oONUACLOAOYLKAC KATATUNONG £VOC TANPOUC OUVEALKT LKOU
dixtUouU.

Tta tnv entAdvuon tou mnpoPAfuatog mnpotddnke pLa PBeAtiwon 1ng nopaadve
OPXLTEKTOVLIKAG. J€ QUTH NUPAT(BeVvTaL Ol IM{VAKEC XAPAKTINELOT LKOV IMTOU TIPOERUYAV
o1 apX LK& KUPlwG OUVEALKTLKA enimeda og mivakeg mou mpoéxrufav og Otddla AR
apxrel BéRuata va éxouv 1o (dLo mAROOC YPARUPOV Kol OTNAOV. T'to moapddelypa ov
HxWxD; e{val oykog mou mnpoéxule omd KATOLO OUVEALKTLKO enimedo kol HxWxDy
6ykog mou npoéxuye and x&moiro eunimedo A¥, npoxUmtel €évag O6ykog 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 3.4.1.7: Al&ypoppa Tewv ouvdécewv (skip connections) .

Autd €éxel g oamotéAegopa, o1n OLdpkeloa amokwdlxkomolinong oL XAptecg
XAPAKTINELOT LKAV Vo €lval mLo akplPelic KaBOC petapépovial Asmtouepeic XWPLKEQ
ninpoeopieg mou yx&vovioav katd Tn dLdpkela Tng unode lypatoAnbioag. Etol 1o INA

mopdyel TLO OKPLPH meplypdppota otnv  TEALKA kRatdtunon (IxAuoa 3.4.1.8).

TIp6Bheym

IxfApoa 3.4.1.8: [pdPRAeyn pe xpHon ouvdéoewv mopdrapyng.
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O teAegvtalog Oykog mou mapdyeTal omd TNV €QAPUOYH IOV €OLIEDOV AVACTPOENC
OUVEALENG VIO pla apX LK) €&yxpwun €itxkdvoa HxWx3 Oa eival HxWxD. Tia x&be
gLrovootolxelo Ba éxetl mpokUlel éva &vuoua pe D otolxeloa xoal Oa avhxrel o€
pla amd TLg emlOuuntég kA&oelg. And 1o onuelo autd TA AVUCUATA QIOTEAOUV TLC
€10600Ug €vOC VEUPWVLKOU JLKTUOU exnaideuong pe mANpeng ouvdéoelg HUE TEALKA
ouvdptnon evepyomoinong Tnv softmax kol ouvdptnon kOCTOUC TNV Cross entropy

6nwe meplypdonkav oInv mponyoUuevn mapdypoaeo 3.3.
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3.5. ANAAPOMIKA NEYPQNIKA AIKTYA

Eva emovoAnmt Lkd veupwvilkd dixktuo (Recurrent neural network, RNN) e{val
oxedLaouévo yia ITnv enefepyaoia akoAoub Lakdv dedopévev, o6nwg Keipevo, NXOC
I ¥xpovooelpég. e oaviiBeon ue ta dikTua eunpdobiag Tpopoddinong (feed
forward nets), 1o omola emefepy&lovial xk&Be elocodo EexwpLotd, tTo RNNs
dLatnpoly  JPLla  «KPUEHR» €00TepLlKA povada mou ouv-TpogodoteiTtal amd
nponyouuseveg TLluég eLoddou, enLTpénoviag oto  Olxktuo va  "OuuktoLl"

nponyouueveg mAnpogoplec.

AnAd avdpopika vevpwvika diktua (VANILLA Recurrent Neural Network)

Evoa omAd Enovoinnt lkd Nevpwvikd Alxktuo amoteAel 1tnv Pociky dourn evdc
ETOVOANTIT LKOU VEUPWV LKOU SLKTUOU KoL €{val oxedlaopnévo yLa Inv enefepyaocia
AKOAOUD LarOV Odedopéveov. 1o en{medo e1o0d6dou poll tnv Tpéxouca elcodo
glLoépxovial kKol TLpécg mou npoéxrufav oamd Tnv nponyovuevn e€i{codo. Eva enimedo
Bapdv epoapudletal kKol o'oautécg. O ouvduaoudc TV OU0 emlmédwv €XEL ©C
amotTéAeopa mou ovoudletal kpuen katdotaon (hidden state). Te x&Be xpovikd
BAua, n véa €owTePlK Kat&otoon umnoloyiletal pe R&on tnv tpéyxouca €locodo
KOL TNV mponyoUuevn €0WTEPLKN KATAOTOHON, OUVAOWC PECK WULAC UN YVPEPXUULKAQ

ouvéptnong 6nw¢ n tanh 1/ n RelU.

H exnoidevuon vivetal péow 1tng pebddou omiobodid&doong Tou OPHAUATOC OTO
xpbdvo (Backpropagation Through Time (BPTT)), n onola emexteivel 1nv

napadoo Lokl omilobod1&doon yia va xeLlplotel TLC XPOVLIKEC e€fapTtACEeLq.

Ta Vanilla RNNs ovTlpetonilouv duokoAleg otnv expddnon upoakponpdbeouwv
eEapTHoewV TV TLHQV Ing oakodoubBloag AdYyw  TOU  HOPOPRANUATOC ng
efapav L {6uevng 1 €KPNKT LKAG kKAlong (vanishing/exploding gradient problem) .
Autd onuoaivel 61Tl ROUBOHC n oakoAoubla peyodhdvel, 1o OIKTIUO OUCKOAEUETOL VA

n&Oe L OUOXETLONOUGC PeTAEU AMMOUAKPUOUREVOV XPOV LKAV Bnuidtwv.

Map& TOUC meploplopoUg Toug, T Vanilla RNNs ypnoipomoloUviol Of

€QaPUOYEéC Onwg:
Av&AUCH OUVOLOOAUOTOC Ot Kelpeva
AVvayvop Lon ©wVAHC
pbBAeyn xpovooe Lphv

AvAAUCH CgLlp®dV YeYovoTwVv
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Tl mLo oUvBeteg egpyoaclieg mou amaltoUv 1Inv koatovdnon paxponpddeouwv

eEapTNOewWV, MTPEOTLPAOVIAL CPXLTIEKTOVLIKEC O6mnwg Ta Long Short-Term Memory
(LSTM) kot Ta Gated Recurrent Units (GRU), 1o omola éxouv oxediootel yia

Vo oavTluetoni{ouv Ta mpofAnuata Twv Vanilla RNNs

TomtoAovia Tou dIKTUoU

h,
l O
4
H, U h_, ye=V-hete | 5
W' Xt \ g
b:
Xt
Awaypappa evog RNN
W:: - X(2)
10, () — wx®
| y(©) = Vi - h(t) + ¢
t) = t
X(0) = )‘ )
xy (t) | A1) Vi-h() +¢ [q
wy - x(t) .8.-
(1) Vich@® +¢ | &
a
. . 1
h(t) input with x(t+1) it Vi - h(t) +cg g

hq( t -1) (U; -h(t—1))
h(t—1) =|h (t - 1)} (U, -h(t— 1))
hN(t -1 (Uy - h(t — 1))

AvaAuTiko dlaypappa evoc RNN

AroAOUBOUV Ol PobNuUaT LKEC €KOEPACELQ TOU OUOTHUATOC KAOOC Kol ol oXéoelLg

via tnv 016pBwon tov Boapdv pe tnv pébodo omlobodLlddoong 1ou OPAAPATOC OTO

XpoVvo.
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xl.(t) hy §t)

x(t) = xm.(t) , x(t) e RM, h(t) = hn'(t) , h(t) e RV

Ly () Ly ()]
W, = [WnliwnZJ""ani"'iw‘nM]) W‘; € RM
Wy W11, Wi, s Wim, =t Wiy
W =|Wu|=|WnuWn2 " Wnm, """ »Wnu |, W € RVXM

lWNJ lWNl,WNZ;"';WNmJ”')WNM

— T N
u, = [unl'unZ""JuniJ"'lunN]; u, € R

u1] [ull'u12""»:u1i:"'»u1N 1 [bﬂ

U= u.n = unl:unZJ"'J:uni:""unN , Ue RNV*N , b= lb.n , be RN,
-UNJ le:uNz» "JuNi""'uNNJ leJ
‘V1] [v11'v12;"';v1j»"‘:v1N] [C1]

V= V:k|:lvk1yvkz; "::Ukj:""ka , Ve REXN ,c=iC:ki, ceRK
vl Le]

Ug1, Uk, Ugjr UK
f(wy -x(t) +u; -h(t—1) + by)
h(t) =f(W-x(t) + U-h(t—1) + b) = | f(w, - x(t) + un:- h(t—1) +b,)
f(w - X(1) + uy - h(t = 1) + by)
‘Otou f(.) UN YPAUMLIKA cuvaptnon evepyottoinong m.x. tanh(.)
yt) =V-h(®)+c

Exna{deuon pe onitobodi&doon tou opdAuctog oto xpdvo (BPTT)

OewpoUue 10 KOOTOC A(t) mou efaptdtal amd tnv €£odo y(t) kol TNV emlOuunty T LUL
vy (t) xat& 1nv egicodo tou x(t). H ouvdpinon «kbd6otoug umopel elvat 1o péco
TeTpaywvlkd opdApa (RMSE) 17 n etepo-eviponia (cross entropy) kol eival &Bpoloua
TV 6pwv A(t). Ev 1oUtolg Tnv kKUpla onuaoio éxel n moodinta A(t). YmoAdoyllouus

apXlx& Tnv nocdinia. I'voplloupe amd 1tnv avdiuon tou BP

Wo(t+1) = Wi () —p Z (8‘)T : (y“l)T

v(xy)

82 =2-YTOf'(DINL, via 10 eninedo 650U

wv=1
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N
85 =841 WSt [f’(og)].vzzl Vi To Koued emimeda

$10 eminedo e€&ddou Z=2

82 =[62,, 82, 62], o%= ay"% (laporyGy LOn BABROTAG OUVEPTNONG O MPOC
5 L&vuona) -
Sta kpuod enineda (=1, Z=(+1=2
I'ta f(x)=tanh(x) t6te tanh'(x) =1 —tanh?(x) = 1 — f(X)? &pax
tanh’(w,, - x(t) + u, - h(t—1) + b,) = (1 — h,,(1)?)
8 =8 VOI[l-h,(02%,

0A 0A 0A dA 0A

Moc evdLoapepel © UnvovLOUOQ'MM)EV ,5;, 5& ’ 56 ’ 5;

Me TNV £€0UPUOYH TV TXOATIHV®

dA
E=82T-hT(t) = (h(t) - 87" koL via tov otadepd 6po

oA :;SZT

dc

ee 1O &V XPNOLUOIO LACOUE EMOAUENUEVA O LAVIOUAT

Apa

O_A:81T

Y :

p x' (t) opola
0A 1T_ T(y
5=9% 'h (t—1)

0A

T
::81
db

YAOINOIHZH 2TO MATLAB

clc; clear all;
% Auobidotatn €10060G m.X. KUKAOG:
t =0:0.1:10;

x1l=cos(t); x2=0.5*sin(2*t);
x = [x1(1:end-1);x2(1:end-1)]; % Input
y = [x1(2:end);x2(2:end)]; % Target
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% Agbopéva yia Baduwth ocuvdptnon
%t =0:0.1:10;

% val=sin(t)+cos(4*t);

% x=val(l:end-1); y=val(2:end);

% Define RNN neurons number

[inputSize, numOfVectors]=size(x);
outputSize = inputSize;

hiddenSize = 4; % Number of hidden units

% Initializations
fact=0.1;

W = fact*(rand(hiddenSize, inputSize)-0.5); % Input-to-hidden weights
U = fact*(rand(hiddenSize, hiddenSize)-0.5); % Hidden-to-hidden weights
V = fact*(rand(outputSize, hiddenSize)-0.5); % Hidden-to-output weights
b = fact*(rand(hiddenSize, 1)-0.5); % Hidden bias
c = fact*(rand(outputSize, 1)-0.5); % Output bias

% Define learning parametres
learningRate = 0.001;
epochs = 500;

% Training the RNN

for epoch = 1:epochs
ht_1 = zeros(hiddenSize, 1); % Initial hidden state
totalLoss = 0;

for t = 1:1length(x)
% Forward pass

x_t = x(:,t); % Current input
h_t = tanh(W * x_t + U * ht_1 + b); % Hidden state
yt=V*ht+c; % Output

% Compute loss (squared error)
loss = norm(y_t - y(:,t))"2;
totalLoss = totalLoss + loss;

% Backpropagation through time (BPTT)

d2 = 2 * (y t - y(:,t))'; % 62 oto eninedo €E6dov z Sev undpxer f(.)
dL_dv = d2'* h_t"'; % oL/oV
dL_dc = d2'; % oL/ac

% Gradients for hidden layer
dli =d2 *Vv ,* (1 - h_t.~2)"'; % 61 oto nponyovuevo kKpudpo eninedo
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% (1 - h_t.~2)' = of/d0, dvuopa ypapung

di_dw = d1' * x_t'; % dL/W
dL_du = d1' * ht_1'; % dL/dU
dL_db = d1'; % aL/db

R

Update weights and biases

V = V - learningRate * dL_dV;
c = ¢ - learningRate * dL_dc;
W = W - learningRate * dL_dW;
U = U - learningRate * dL_dU;
b = b - learningRate * dL_db;

% Update hidden state for next time step
ht 1 = h_t;
end

% Display loss for the epoch

%fprintf('Epoch %d, Loss: %.4f\n', epoch, totalLoss / length(x));
end
fprintf('Epoch %d, Loss: %.4f\n', epoch, totalLoss / length(x));
Epoch 500, Loss: 0.0096

% Mapouciaon anoteAeopATwV TNG MPOPAEYNG
ht_1 = zeros(hiddenSize, 1);
pr=zeros(size(y));% 01 tiuég mou mpoPAénovtal
for t = 1:1ength(x)
x_t = x(:,t);
h_t = tanh(W * x_t + U * ht_1 + b);
yt=V*ht+c;
pr(:,t)=y_t;
ht_1 = h_t;

end

% Mapouciaon pe ypadikn mapdotacn yia povodidotatn €icodo
if inputSize==1

t=0:0.1:100;

plot(t(1:100),x);hold on; plot(t(2:101),pr); hold off;
end
% Mapouciaon pe ypadikn mapdotaon yia Sducdidotatn €icodo
if inputSize==

t=0:0.1:100;

plot3(t(1:100),x(1,:),x(2,:));hold on; plot3(t(2:101),pr(1,:),pr(2,:), 'r--");

hold off;
grid on;
end
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KE®ANATO 4

EKIIATAEYXH XQPIX EIIOITH

H e0peon TV OUYKEVIPOOEWY TOV MEOTUNwY otav dev gival yvwotd 10 TAR6oC

TOUG KoL 1 popeodoyia Toug elval éva mpdBANua mou omocoxoAel TNV YmOAOYLOT LKE

NonuoouUvn, tnv ovdiuvon kol v  e&dpuén dedouévev. Tia 1nv ATOn I0U
npote{vovial evdLapépouceq TeXVLIKEC pe doun 7 OXL VeEUPwVLIKOU OLKIUOU.
Yudpxouv nolkiAeg eVd Lapépouceq TIOPOANAY EQ ToU onwg n L €EPUPX LKN

ouotadomnoinon. Kploltpa spwtApata cival 1o mANBoc twv kKA&Cegwv, Ol omootdoelg
HeTalU TV HPOTUNWNVY @) €0WTEPLKY dlLaomopd Kol I HOPPOAOY LA TwV OUYKEVIPOHOEWV.
H pétpnon moAAOV XOPAKINPLOTLKOV Kol Il molklAla Tov mpotdneov tlval PBooixkol

TopPAYyOoVTEQ TOU €mLTelvouv Tnv dUOKOA{X TOU TPOPAARATOQC.

AxoAoUBbw¢ Ba mopouci&ooupe tpelg pebddoug exknaldeuong xwplg emdmtn. OL
dUo mpdteg elval odydplbuol mou umopoUv va XpnolLugomolnboUv yla tnv emniAuon
OXE€T LKOV TPpOoPANUATOV I Vo xpnoluomolnbolv wg epyadeia og nmeplocdtepo olvbeted
epyacieg. H 1pltn eilval pla pédodoc mnou Roaociletal otnv AgiLtoupyla evdc
VEUPWV LKOU OLKTIUOU kol pupmopel va amoteAécel P&on yioa 1nv  oxedlaon
Taélvountov. H pébodoc autrny divel 1nv duvatdInta emonteioag o YXOpwv UEe
neplLoodIEPEC TWV TPLOV dLacTACEWY TOU I aVvaIapdoTaon) Toug og éva oUoTnud

afoévav elval veouetplk& adUtvatn.

4.1 O AAy6pLOpog ISODATA f K-Méowv (k-means 5§ c-means)

O AAyopLBOuoc tTev K-uéowv TLTAO00Oope (Tl Kol wg ISODATA 1 aiydplOduog Lloyd’s
kol elval and ToUug dNUOPLAECTEPOUC oAyop(Buoug ocuoctadomoinong. OL opoldintA
TOV HOPOTUNnV meplypdeeTtal ue Tnv EukAe(dela Amdotaon. K&bBe oOuykEVIPWON

kabopliletal amd éva onuelo-avilnpdowno OCTO0 XOPO TWV OPOTUNWVY KXL G oUTHV
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QVAKOUV Ta HPOTUNN HOU améXouv uLxkpdiepn andotoon omd Tov ovIlnpdowlio oUTAG

OUVKPLTLK& e

TOUGC QVTLIPOORIOUC TV AAAWVY OUYKEVIPOOEWV.

O avilnpdownog

elval o péocog 6poC TWV MPOTUNWV TIOU AIMOTEAOUV TNV OUYKEVIPWON Kol ovoudletol

Kévipo Tng KA&oONG. AKOAOUOWC o oaAydplOuog meplypdpeTal

TANOOC OUYKEVIPLOOEWV .

Eotw,

- I 10 mARBoc¢ Twv mpotUnwnv, K To MAABOC TO OUYKEVIPLOEWV,

- N 10 mANROOC TwV XAPAKINPLOT LKOV,

- x; € EY mivaxkag othAng mou meplypdeetl to i mpdrumo, i=1..T

- cx € EY mivaxkag oOTAANg mou meplypdpel 1tov ovtlmpdowno (KEVIPO) Tng k

kA&ong, k=1.K

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

OUVKEVIPWON mmou avhkel 1o 1 mpdtumno,

- t pertpnthc emavadAning.

(mx bi=k),

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

T'ta k&Be mpdtunmo umoAoyiloviol ol
anootdoe Ll Tou amd 1A KEVIPA AWV TWV
kKA&CewV Kol rKataxwpeltal of autlh mou

éxeL KovtLvoéTeEpo KEVIPO Oto IPOTUIO.

Tia k&Be xA&on vnmodoyiletal TO
nAnBog P 1twv mpotUnwv MIOoU OVHKOUV

otnv KA&ON

YrnoAovyi{etal TO KEVIPO TNC KAAONC

EnavaAiniyn

Twoa i omd 1 éwc I

b; =
min {VEN Gt — cu)?)
TéAOC VIO,
t = t+1
T'ita k oamd 1 éwc K

P = val:k 1

_ vai=k‘xi
Cp = T
TéAOC VLIX.

Av ck(t)= cx(t+l) via x&be

k, TéAog emovaAnyng

Y1 TIPOKOBOP Louévo
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Av ta kévipa napape{vouv (dLa o

aAydpLbuoc tepuatileTal

$1o IxAua 4.1.1 paivetal n peraxkivnon TV KEVIPWY TV OUYKEVIPOOEWV OFE

dLadox Llkég emavaANlelg ToUu oAyopiBuou.

. X
X x

X
MU £
Xy X

X
><><

\
"

rx. 4.1.1.

Ef{val duvatdv enlong xk&moilo 1 KAmoLa KEVIPA VA PNV EXOUV KAVEV

KOVTLVvOTeEpO mPOHTUIO KAL WG €K TOUTOU va éxoupe Alydtepeg and K cuotddeq.

64



Stnv meplntwon auth 10 kKéEVIpo TomobeTelTal Kovi& og mpdTUIO IIOU QméXEl

nepLocdtepo OSAwV amd TO KEVIPO TNG OUoTAdag TOoU.

O k-means 6ewpeltal évagc ypPAYopog, CPKET& AmOTeAeondT LKOC oAydplLOuog ue
euroAla otnv vdomoinon. Alvel KaAUTepa amoTeréoupaTa OTOV TO OUVOAO TWV
dedopévev elval dounuévo oe JLUXOPLOLPEC OUYKeEVIPOOeLC. Melovéxrtnua elval
61l anottel ToVv mpokoboploud TOU P LlBPOU TV KEVIPWVY Tev ocucot&dwv. H tuxala
EILAOYH TINC TLUAC QUTIOV TV KEVIPWVY unopel vo un poag odnynoel og  KoA&
anotéAeopa. Enlong, o aAydplObuog napouctélel aduvapia otov xetlploud dedouévav
pe B6pufo 1§ axpaleg TLREC KAL amOTUYXAVEL YLIA U OUPIXYEC OUVOAO Oedouévav
(CQaLPLKEC OUYKEVTIPAOELG) . OL PeCOKABETOL TWV KEVIPWY AIIOTEAOUV TLC YPOUUULKES
ODLOKPLTLKEG CUVUPTACE LG TOV OUYKEVIPOOEDV KOl OUVBETOUV TO Agyduevo dL&ypappa

Voronoi (Voronoi tessellation, Ixfhua 4.1.2.)

x.4.1.2.

4.2 Ame(kévIOon OAUCIBAG KOVILVAV YELTOVWV.

H oameixdévion oAvoidag (chain mapping) eilvoal ploa pébodoc omAl oAAX
UIOAOY LOT LKA damavnpl mou otoxeUel kxuplwg otnv €Upeon dLadoX LKAV YELTOVLKOV
onuelwv mou ovoudloupe oducidec. H 1dlLaltepn popeoloyia twv aAucidwv dev TLC
KB LoT& 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 e authv dnuloupyouupe pla ditadpoun petofoaivovioag
and k&Be mpdtumo oOTo veLTtovikdTtepd ToU, Eexkivdviag amd KATOLO TUYaio.
Kataypdeoupe dLadoxlk& TLg TLpég tou delxrtn tou mpotUmou, Tou delkin TOU
veltovad ToU kol 1ng aundoTaChg Toug, Xwplg va petafolpe oeg mpdétuna and To

omoia éxoupe OLéABel. Anuioupyeltoal €étol pLa oaxoAoubioa dn=[1,J,De(xi,x5)].
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OecwpoUue Tov O6po m  ITNG akoAoublag pe TNV upeyoAUtepn Tlpn andoroong,
dr=max{dn}. To oUvolro Ci={xi/x; éxeL delxin tnv TLPH 1 yia dn=[1,7,De(xi,x5) ]
ne n<m} omoteAsi Tnv pla amd 300 CUYKEVIPANOELC TOV TOU OUVOAOU TV MEOTUNOV.
H deUtepn xAGon elval 10 oUvolo Co={xy/x; éxelL delxtn 1nv TLPR J VvLiA
d.=[1,]3,De(xi,%x5)] pe n2m}. GepdvIag Tnv emduevn peyoAUtepn TLUh m’ mou Ba
aviiLotolxel oeg otolxela piag and TLg OU0 OUYKEVIPOOELG UIOPOUURE VX

dlaxwplooupe authv oce dUo uépn O6IWG IPONYOUUEVKOS K.O.K.

H pébodoc amattel TOV UmoOAOoyLlopd TOoU TIVaKA TwV AHOCTHCEWV TWV TIPOTUIOV

HeTaéy Toug Kol £lvoal modumdoxrdétntag O (n?).

[TAPAAETITMA

Eotw tTo mpdiuna
X = [10, 8]TI X2 = [91 7]TI X3 = [11 1O]TI X4 = [21 8]TI X5 = [41 1]T

O mivaxoag Twv anooct&oewv TOUC £lval

D12 D13 D14 Dis
7.8112.24(18.94 | 7.21
D23 D24 D2s
5.83(12.24 (1.0

D34 Dss
7.28 | 5.39
Dys
2.0

Zexlvoviag oamd 10 onueio x; pertofoivoupe oto yeltovikdOTEPS TOU K.O.K.

Kataypbdpetal n akoloub (o

d, Dz i j 6,00

q | 22413 |
d2 5. 39 3 5 3,00
a. ] 1.0 [5]2 " I I
1,00
2.24 |2 |4 0,00 II
d. : D13 D35

D52 D24

H tiuf 5.39 eilval n peyodUtepn Otnv OTHAN TV AnooT&CEWV KoL apopd tov Opo
m=2. I'taa n£2 o delring i pe tipéc 1, 3 xabopilel ta mpdtuna Ing
ouykévipwong Ci={xi, X3}kal yla n22 o delrtng j pe tipég 5,2,4 rabopilel 1A

npbTUIN ING OUVKEVIPwOoNG Cr={xs, X4, X3}, IxHuo 4.2.1.
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15 T

10

SxAua 4.2.1

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

O Xaptncg Ame 1 k6ViIong XopaKTnNEeLoTLKOV ue Autd-opydvwon (SOFM: Self
organized Feature Map, SOM) otoxeUel oOTnv ovoanoupdotoon Tev onuelov evég
TOAUS LACTATOU XOpou mou egival o apXlkdg XOPog Twv OPpOoTUIwV of £V XOPO
Alyodtepav dlactdoswyv, ouvhbwg dUo dLactdoewnv, dLATNPEOVIAG KAT& TO duvatdv
TNV TOMOAOY LKA-VEQUETP LKA OOUN KAL T OTAUT LOT LKA XAPAKINPELOT LKA TV OedOUEVRV
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 ameilxovilovial mOAA& onueloa ToU opxLlkOU X®dpou. Exelivo
Spwg mou mpetlotwg mpénetl va diltaceaAiletal gival 611 n vetrtviaon d0o onueliwv
TOU OpPXLKOU xbhpou Ooa ouvendyetol Kol yvelIviaon Tov amelxovicewyv ToUug OTO
x&ptn (oto (dLo N og velTtovikd 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 eninmedo 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 e€mlmédoU aVIAYWVLOPoOU (X&PINg) Aéyoviol KOuBot KoL

AgLToupyoUVv wg veupdveg, dniadn éxouv petafAntéc-p&en kol e£ivoal ouvhbwg
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dlatetaypévol og TeTpaywvikd 1 €fayvovikd mAéyua dU0 dLaoTACEWV TIOU AEYVETAL
kol kavafog (grid), IxApota 4.3.1, 4.3.2. Eva dixTtuo 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 dev €mIdLOKETAL N
eAax LloTonoinon x&molLag ouv&ptnong ké6otoug. H drtadilxraclia exnoaldevong elival
ETIOVOANTIT LKA UE TMPOKaBopLouévo aplbud enavaiflenyv mou koaboplletol oamd pLa
TR  T. XopaxTInploTLlk& Tou aAyoplBuou sgivoal n évvola TOU VIKNTLH VEUPOVA
KOl TNG YELTOVIGC ToUu. Evag veupdvag ovoudletal VIKNTAC XKAT& Tnv @&Cn Ing
exnoaldevong 6nwg o avaAubel mopoakdtw. OL yelLToviIKOl TOU veupdhveg OTWC
opllovIal eival 6col PBplokovial o pla meplLoxn Tou Kav&Bou mou €xel KEVIPO
TOV VIKNTH. Av n meploXh €ival TETIPAYWVLKA O &va TeTpaywvikd x&vafo n
nAeupd Tng velTovidg pmopel va eival 2xd+l énwg oaiveTtal oto oxAuo 4.3.2.
Ttov oAydplBuo xpnotpomolel{tal kol n nopduetpog exuddbnong o. To nAdTOC Tng
YeELTOVLIACQ Kol n nmopduetpog exudbnong petafdAiovial xoatd tnv dL&PKeLA TNC

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

Kabopiletal o x&voBogc TOoU €milmédou aVIAYywvLIouoU, m.X. Omwg o100 IXHUA
4.3.1 6mou 10 eunimedo aviaywviopoU elval tomoBetnuévo oe évoav r&vapfo 8X8. Av
Kol o k&vapog elval d1odL&OTATOC, OL Vveuphdveg &xouv aplbunbel pe éva deixtn
k mou molpvel axképateg Tipéc omd 0 éwc 63. Av x €ERN 16t1e r&Oe veuphvag k

oTOoV K&VaBo éXel Eva DLAVUCHX BAPOY Wi = [Wig o Wk - Wi]T -
ExteAoUvIial To DUPoK&T® RApTO:

Opiloune éva petpnth emnavainyng t=0,1,..,T. Anodidovial Tuxaieg TLuéc oTQ
Bapn TV VEUPOVOV Wnk(0) pe TLuég mou mpokUntouv and 1nv npdobeon ULKEOV

Tuxaleov aplbudv otn péon TLUR TV avuopdtov x OAou 1o ouvoAou exnaideuong.

Apylkomoleltal n mopduetpoc exupddnong o(0) pe pLa pLxpen O6€T LKA TLun,
ouvABwg petaéU 0.2 kot 0.5.

Apxlxkomoleital n nopduetpoc d(0) upe tnv tipfp 4, nou eival (on pe 1o pLod

TOoU €Upoug TOoU kKavAafBou.
EontAéyetal éva tuxalo &vuopa x(t) amd 1o oUvoro exmalidevonc.

Ynolovyiletal n €é€£odog ox(t) TOoU veupdva k olupowva pe tn oxéon:

0 () = 11X(t) = Wi (DIl = VEN-1 (e (£) = Wi ()2 (4.3.1)

Elval oovepd mwc n ox e€ilval n EuxkAe(dela omdotoon petalld Ttov x(t) xal

Wk(t) .
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O veupdvoag ¢ avakneUooetol VIKNTAC €&v Lrovomole{Tal n ouvOAxrn oc(t) =
min{ox(t)}. E&v oL ¢£fodolL dUo veupdvewv civalt f(oegg, 161e xa1d oUufoaon

emLAéyeTal aUuTdG pe 1O pLkpdtepo delxkin.

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

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

a(t) - (x, () —wpe(®) v k € N
AWy = (4.3.4)
0 av k & N,

6rmou Ne 10 OUVOAO TwVv JELKIOV TV Vveupdveyv mnou PRplokovial péoa og  éva
TeTPp&YWVO TOU OLOdLACTUTOU KAVAPBOU He KEVIPO TO VEUPOVA VLIKNTH KXl TAeUpd

2xd (t)+1 (yeLlTtovIid TOU VLIKNTH VEUPOHVA) .

Aufdvetal n petafAnty emovdAndnge xotd évo kol amodidovial véeg TLUREQ

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

a(t):a(O)-(]—%) (4.3.5)

d(t)zd(O)-(I—%) (4.3.6)

Ta BApota 4 éwg 8 smovoiapfdvovial éwg 6Tou n upetofAnth t n&pel 10
BévyioTn TeEALKA TR T. Elvoal eovepd nwg ol petafAntéc o(t) kol d(t)

ouykAlvouv oto undév xabdc n t telvel otnv TLun T.

Met& tnv exnaidevon x&Oe &vuoua eLoddou 1ou SOM aviiotolxiletal—
amelxoviletal and TOV VEUPOVA IIOU avaknpuooel VvIkNIh. K&Be veupdvoag toU
ernLnédou €&6doU avTlmpoowneUel pla opdda mpotUnwv (cluster) . Ipdtumna ue
peYAAN opoldINIa (YVELTOVLIKA OTOV apXLlkKO XOPO) avIlupoonmelovIial omd Tov
{dLo veupdva 1 yeLTOVLIKOUG Ot0 enimedo aviaywviopoU. Neupdveg mou
avT LIpoowreUouv ueyddo mANBoc onuelwv ToUu apXLlkoU xdpou elvoal onuoviikol wg
KEVIPO OUYKeVvIphoeswv (ruplapxol veupdveg), IxApa 4.3.3. Neupdveg mou
QAVT LTIPOOWIIeUOoUV PLKESO mANBoC¢ onue lwv umopoUv va amopplebolv. Ta R&pn twv
VEUPOVOV EXOUV TLC JLUOTACE LG TOU QpPXLKOU XOPOU KAl WG €K TOUTOU Ol
kUuploapyxol veupdveg amoteAoUv pla VI LIPOOKIEUT LKA UNOYPXPH TV OAPX LKOV

TOAUTIANOOV SedOouEVOV.
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Av OTOUG Vveuphveg omodoboUv e1lkéteg (Labels) 161e 10 veupwvikd dlkTUO
Kohonen umopel va eilval mpo-gnmefepyaoctc e€vo6Q oOUoTAPXTOC TafLlvoéunong. To
dlxTtua Kohonen oamoTeAoUv eglalpeTlkd epyoreio oavdiuong dedouévev oe TOAAX
enmtotnuovikd medla. EfeAlyupéveg emexktdoelg TOoUC elval Ol avamtuooouevol
XGpTec autoopydvwong (growing self-organizing map, GSOM), oL OUUUOPQOL XAQPTECQ
(conformal maps), OL XPOVIKA MHOPOOXPUOCTLKO[ XAPTEQ QUTO-OPydvwong, (time
adaptive self-organizing map, TASOM), Ol HOOOCQVATOALOUEVOL KL EMNEKTACLUOL

xéptec (oriented and scalable maps) .

0,
>
Syfpa 4.3.1
e —
TOOOOOOOOOO0O
SN &
O OR
O O NLKNTHAC VEU pUverg

O OR)
O O]
O OR]
O ORd
QOO0 0O00000
¥Yooooo0oo0000

Mpappeg rewrovia pe d=1
Mewrovio pe d=2

Feovio pe d=3

EninsSo aviaywviopol o TETpaywviko kavafo 10x10

SxAuo 4.3.2
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SxApa 4.3.3: OKTO veupdveg (UmAe XKUKAOL) VI LIPOOWIEUOUV T

dedouéva.
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KE®ANATIO 5

ANANYYH XAPAKTHPIZTIKON

Ml onuovtlkh epyocioa o éva oUoTnua ovoayvoplong eivoal n ovdAuon TV
HETPOUUEVOV XAPAKTINPLOT LKOV TwV IPOTUNwV. Me Tnv oavdAUCH TV XAPAKINPLOT LKOV
netuxaivoupe tnv ofLoAdynon ToUg, TNV EMILAOYH TOV KATOAANAOTEPWV YyLla TNV
T Lvounon Twv OPOoTUN®V Kol Tnv €A&TTwon tou nAnbouc toug. I'ta 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
ouvduacoud TV aPXLKOV Kol gl{vol xoataAAnidtepo and autd. AxkoroUbwc Oo dolue

neB6doUC aVAAUCNC XAPAKINELOT LKOV 0 CUCTAPOTA expu&Onong pe xol Xwplc endmin.

5.1 Av&Auon XOPOKINPLOTLKAV OTnv eknaidevon pe enéning

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 TAABOC TV XOUPAKINPELOT LKAV UE TNV E€ILAOYH
eVO6C OUVOAOU «KOADV XOPAKINELOT LKOV» mou PonboUv tnv tofivdéunon, extedeltol
pLa dLadlkoacia af LoAdynong He KPLIAPLY TNV  SLaXwPLloTLKOTNTH (separability)

Kol TNV ouoxétion (correlation) TV XUPAKINPELOT LKOV.
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Tia 1OV €AeyXO INg LrovoOTntag dlaxwplopoU xabopiletal o mapdyoviag

14

avg peTaéU dU0 LoomibBavwv xAdoewv A

StaxwploTLKéTnTAC¢ (Separability factor) S

Kol B via r&Be xapoakInplotikd v amd 1n oxéon:

Sv — |ﬂ1/}_ﬂ1€|

1’(01‘?)2‘*(05)2
A B

émou i, uB, eival oL péoec tinpéc koL o, of oL tumikéc amoxAlocelc o K&Oe

(5.1)

kKA&on. MeydAn dlLaXwploTLlKOTNTa onuaivel OTL TO XAPAKTINPELOTLKS €xel peydAn
LKovOTNTA Vo draxwpilel TLG dUo kA&oEeLC neTaly TOUC. ToodUvaua
xpnotpomnotleital n moodINIA
sz = (lAff}—uE?:
(09)%+(0y)?
YVWOTH ©¢ Adyog Si1dkotong xatd Fisher.
Tia 1tnv ov&AUOn INg OUCXETLONG TV XOUPOKTINELOT LKAV umoloyileTtal o
moapdyovtag ouox€étiong (correlation factor) yia k&Be 300 XAPAKINPLOT LKA V KOL
A mpoTUnnv mou ovAkouv otnv (dia 1&én p, oUuowva pe In OxE€0n

1 Kp
@ZK=1(XVK_#V)(XAK_#A) ova

p
= = .2
Cua . e (5.2)

6mou Kp eilval 10 mAnboc T1Twv otolxelwv 1tng KA&ONC P, Xvk KOAL Xax OL TLPEC TV

XUQAKINOLOT LKAV, [y, Uy, 0y KOL 03 OL PECEC TLPEQ KL Ol TUNLKEQ amokAloeLg TWV
TLPOV TV XOPAKTINPLOT LKOV otnv t&&én p. O aplOPNTHC Ovwa TOU KAAOUXTOG AéyeTal
etepooucx€étion (cross-correlation) Twv TLUOV Tov OU0 YAPAKINELOTLKOV. O
TOPAYOVTIONG OUOCXETLONG PeETPX TNV opoLldTNTa petall tev U0 XAPAKINELOTI LKOV KOl
naipvel TLRég petald -1 kol +1. Mia tLipfh kovi& oto +1 1) oto -1 onuaivel oT1L
T dU0 YopakInplotilrk& ovoxetilovial 1oAU 17 ouvoxetilovial aviiocTpooa,
aviiotolxax. Mia TLph KOVI& oOto undév delyxvel OTL To XAPAKINELOTLK& €lvot
KoT& TOAU oaouoxétiota. Otoav 000 XapaxInpeloTlk& €éXouv ueydAn OUoXET LoD

umopoUue va amopplvoups éva €k tev dUO.

[NAPAAEITMA

AlvovTial ol mivakeg teockpwv mpotUnwv I, I, I3, I

0 1 0.5 1
xf = [1],965‘ = [0.5],x§ = [—1],3(}5 = [0]
0 1 0 1

Amoppiyte 10 XELPOTEPO XUPAKINELOTLKSO Pe TO KPLTIAPLO TNC SLaXwPLloT LKOTNTAC.

0+ 1)/2 1/2 0.5+ 1)/2 3/4
ph = (1+O.5)/2 — 3/4 , uP = (—1+0)/2 =[—1/2]
Y
2

0+ 1)/2 1/2 0+ 1)/2
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©O-1Yp*+a-1/p* -3/ + A/, =3/

(of)? = > 1/4 (05)* = > = 1/16
0— 1 2 +(1 - 1 2 1 _3 2 +(1— 3 2

S T . S Sy
-1+1/,)2+0-1/,)2 0-1/)2+@-1/,?

e VAN (e 3L )

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

1 YAB = r VAB = ———
xll/4+1/16 \/1/16+1/4 JHMata
O OUVTEAEOTAC dLAXWPELOTLKOTINTAC VLA TO 3° YupaKInEeloTlkd eival undév kol

v’ autd unopel vo amoppledel.

5.2 AvaAvuon YXOPOKTINPLOT LKAV OTnv ernaidevon xwpic emndminy

Tia 1V aVAAUCH XOPOKINPELOTLKOV otnv  exnaidevon xwplg endutn, Oo
neplypdlyoupne Tov petaoxnuatlopd Karhunen-Loeve (KLT)1 pébodo avaAuong kKUpLwv
ouviotwodVv (AKZXY), (PCA: Principal Components Analysis). H AKS eival éva péoo
pe 10 omolo «yevvOvVTIaLl» VX XUPUKTNELOTLKY and 1Ta UndpyXovid, OoCUCYXETLOTH
petald toug. Me 1oV petaoXxnupatlopd eivoal dUVATH N AVILIPOORIEUCH TOU OPX LKOU
OUVOAOU TWV XOPAKINOLOT LKAV e &AAa ALyOTepa KOl AIOTEAEOUAT LKOTEPA IIOU
dlLatnpoUv onuoavtikd pépog Tng mnAnpogoploac Twv dedouéveov. Me 1Tn xpeHon Ing
AKS emituyxdveTtal n oUéinon tng dLaomopdC TV TLHUOV TV XAPAKINELOT LKOV, N
pelwon Tov dlacTtdoewyv Kol n oupnieon tng nAnpoeopilacg.

Tia éva oUvoAo K avuopdtwov ce  N-dLaoTdoewVv XOPO XUPAKINPLOT LKOV £0Tw OT!L

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

Xy = |x11< Xox e Xyg e xNKlT (5.2.1)
Me péco 6po  Hx =E[x,c]=% K x.=0 (5.2.2)

émou E[.] n poaBnuatixky npoodoxkia. 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 TwV aVUCPATOV Tou ouvoiou cekmnoidesuong divetal amd 1n

oxéon (pe tnv mpoUmdbeon o611l o pécog 6pog elval undév) .
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0y 012 - 01y 0 O1N
2

021 03 = 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 SLaydvia TLUH 02 TOU IIVUKX OUVS LAOIOPAC €KEE&lel 11 &LACmopd Tov

TLHOV  Xux  (&€ovag V), ev@d ol unmbrolmeg 1n ouvdlaomopd Oy HeTAET  dUo
OLOPOPET LKOV METAPANTOV Xux KAL Xyk. O mivaxoac Cx glval ouppetplkOC pe BeTLKEC
TLpéc. Elval eavepd nwg yia In dLtaditkaola tng Ttafivoédunonc eival emibuuntéc
peyéieg TLREC TV dLaywvieovy TLuov o2 SLOTL popTUPoUV éva PeyadAo ATAOUO
(spreading) twv dedouévev, &vd clval emlOUUNTég UNdEVLIKEC TLPEQ VLI TLC
oUVd LaCTIOPEC OOTE Ol petoafAntéc va eival petalld toug acuoxétiotec. I'ta va To
enLTUXoUnE autd avalntolue £€va TETOLO petaoxnuatiopd W mou Bo exppdletol amd

éva mivaxka NxN dote to dtaviopata y=WT-x va éxouv mivaka ouvdiacnopdc Cy

e undevikég e€Tepoouocyetioelg. O LoxUel:

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

O mivakag Cyx elval ouppetplkdg Betik& oplopévoc Kol €xel LOLOTLPéEC A>

A> >N >M>0 pe aviiotolxa povadtialoa LdLodLavicuata e1,€z2,..,€y,..,ex. Av A=

A 0 - 0

0 A, - 0 ) T

. S . KOl Q=[qi,..;Quy s Aul toxUet: QTQ=I koL Q -Ci-Q=A. (Acc
0 0 - Ay

HapdpTnuo)

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

4 0 -« 0
0 1, - 0
C,=|. 2 . [|=4, M>L>.>1>.> (5.2.5)
0 0 -« Ay
To SLoaviouata Y = |[Yix Yox = Yox = Yu|T mou mpokUmiouv amd tnv oxéon y =
Q" - x 6c etvar y.=xL-q;, xL-q, .. xL-q, .. xL-qy|". T povadiaia L1dLovicuata

gy tou Cx eilvoal x&Beta petafl TOUG KOL amoTeAoUv £éva opboydvio oUoTnuo
ouvieTaypéveoy ot &foveg Tou omolou ovou&dlovial Kiptieg Zuviotwoeg (Principal
Components) . K&Be povadialo (dLodidvuopa q, neptypdoet évav &fova eul Tou
omolou mPOoRAAAETUL K&GBE BLAVUCHX Xy, I IPOROAR ToU eival Y, =XL-q,. OL TLuéc
TOV TpoPBoAdv enl TV KUPpLwV afdvev clival oavoddrolwteg (apeTtdPBANTeg) ©C TPOC

TNV meploTpoen Twv dedouévayv amnd KYAMOLO PETACKXNUAT LOud OTPOEHC.
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H tiun Av=o'3 elvalr n diLacmopd TV TLUOV Yvx Koatd T1tov v &fova. To
tdtodt&vuocpa qy eival éva “oamoteAgopot kO’ XOpAKTINPELOTLKS €vdh n TLPh Ay
aftodoyel 1n onmoudaldintd tou. ExTdOC TOU O6TL T SLovUOUATA Yx MEQLYPAPOUV T
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 TPpoRoAéc Yy TOU
AVTILOTOLXOUV og 1OLOdLaVvUouaTa Je TLC ueyoAUTepeg aviiotolxegc L1dLoTLUéC,
arnmodexduevol éva néco TeTpaywv kO oeAALX EEUW)==ZfﬂHlﬂV, émou M o degixkIng TOU
LdLodlaviopatog upetd amd 10 omolo dilaypbdeoups TLC TPOROAEC. Tia muphde lyua
av A1> Ap>A3>A>As5 Ol LOLOTLHEG i, 92,93, 94,95 T avT({oTOoLX LOLODLovUoUATA KoL
V=[Vi,Y2,Y3,Y4a,Y5]T dL&vUoua TV OIPpoRoAdV mou mpoéxufov ard ToVv HeTacYnuat Loud
y=Q7-x, mepLypdpouns toa Sedopéva pe 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
XPAo LU yia dedouéva popedv oe dUadLlkEéQ YneLoakéc eirkdveg (m.X. XOPAKINPEQ,
veduuata) .

[NAPAAEITMA

o IR I L

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)2 + (0-1.2)% + (3-1.2)? +—(2-1J2)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) 1.48
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 1mou glval 1O XOPAKINELOTLKO MOAUGVUNO.
Tl A2—4-2+414=0 mpoxktUntouv ol pilec A1 = 3.61, Az = 0.39 mou eilvoal ol

LOLoTLuég TOoU Cx. Ta aviiotolXxa LOLOdUNVUICUXTN Wi, W2 LKOVOIOLOUV TLC OXEOE€LQ

(Cx—A1-I) =0 xot (Cx—2A2I)-q2=0
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Tia 10 qi Ba éxoupe OVOAUT LKA

2.64 — 3.61 148 | q11| _ o 097q11 +148:q;; =0
1.48 1.36 — 3.611 1q21 148 -q—2.25-q;; =0

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

via va toxtel |lqillF1 & Jat+(a-165)?2 =1 a=11/v1+1652=.84 , d&pa Eva
povadiaio tdtodté&vuopa eival 1o qi=[0.84,0.55]T. ©Opoia yLa Tnv LOLOTLHA 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.

Xy

X5
Y
Wi
x:3 H
XT : :
W3
SxAua 5.2.1.
[NIAPAAEITMA ANEEAPTHXIAE AIIO ITPO%H
10 A1=0.42, A2=0.09 0
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 xpnolLugomoloUue 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 kovdéva expdbnong tou Hebb. Me 1oV aAydplbuo oautd
TO Vveupwvikd OIKTUO OUYyKAlvel upe mibovdInta Eéva ot Lotodtltaviopata evdQ
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 OTO VeEUPWVLIKS SIKIUO TIn XEOVLKA OTLlyun t, ue

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

— K 10 mANBOC TOV VEUPOVWOV (K £ N) mou wg €x toUtou eilval kol TOo mAnBog

TOV €mLOUPNTOV KUPLWV OUVLIOTOOOV,
— Kk évoac delxtng mou amodideTtwl oTOUC veuphvee k=1,..,K,

— ww(t) n TLpn 10U B&poucg Tng oUvalng mou ouvdéel TOV K VEUPOVA HE TNV V

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

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

yx(t).

EXTeAOUVIXL T okOAOUBN RBAUATA UTOAOY LOUQV :

BApa l.Apalpeital TpdTa TO dLAVUCUX Hx TNG péong tlunc amd x&Be otolxelo tou
ouvoAou exknoideuong. Me tov 1tpdmo outd Ol TLPEG TOU MPOKUITOUV £XOUV
undevikd dLdvuopa péong TLUAG.

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

BApa 3.YmoAdoyiletat 10 didvuopo efb6dou  y(t) pe ouviotw®oeg yx(t) vyia
v=1,...,N, k=1,...,K andé 1tn oxéon

Yi(®) = T Wi (D) - x,(0), 11y (£) =W (t) x(t) (63)

Kol n moodinta Awxv (t) omd Tnv ox€on

AW, (t) =y (yx(t) %y () = Yic(8) - X=y Wan (B) - yz(t)> (64)
(@ ®
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O 6pog (o) exepdlel TOoVv anAd xoavdédva Tou Hebb, mou Aéel o611l €&v dUo
veupodveg — TOU BploxovTat ot &xpa  pLag  ouvoalng (oGvdeong),
evepyomoLoUvIal ouyXpdvwg, 16Te n LoxUg tng ouvolng auidvetol. AAALOC
efacBbevel 1) exeuArliletat. O 6pog (B) emiPB&AAel éva 6pLo oInv auénon

nc ovvolyng. H TLUH TOoU wkv (t+1) mpoocopudletal oUpewva pe Tn oxéon

Wev (E+1) = wWxv (t) +AWxv (5.2.7)

BAua 4.AUEnon 1tng uetaRAnItng t roatd éva kol enovdAnuyn amd 1o BhRua 3 ol

610U Ta B&pn TV oUVATewv wxy O&COUV OTn otabeprn KaT&OTOON.

Metd 1n @&on 1nc exmaideuvuong ta Papn wxw TOU K VEUPOVA OUyKA{vouv otnv v
ouVvLoTHOX TOU L1dLodLlaviouatog mou avIiloTtolyxel otnv k 1dLoTLluf T1TOoU mivoko
ouvd Laomiopdg Cx. Me &GAAa AdyLa ol ypoupéc tou mivoxkoa W éxouv mpooesyyloel 1o

npdta K 13L10dLlaviouata 10U Cx, Taflvounuéveg oe oblvouooa oglpd.
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MEGOAOI TAEINOMHXIHX IIEPAN TON NEYPONIKON AIKTYQN

3.6 Aévdpa andpacng

Ta dévdpa oambdbpaone (decision trees) amotedoUv pLa eupesla xroatnyoplo
TEXVLIROV UnN YPOUHULROV Toélvountdv oInv omolia o XOpog TV YXXAPAKINPELOT LKOV
dlalpeltal og meploXég mOU AVILOTOLXOUV OTLC enmlOuuntécg rA&oelc. H amdbeoon
ng TofLvéunong evog mpotUnou mpoxkUnmtel omd TLG ANIOVINCELG Of €POINPATH IIOU
UmoBGAAOVINL OUpewva pe ploa devdplxh doun. Oa nopoUucsL&COoUPE AKOAOUOWC UL
QVT LTIPOOWIIEUT LK Kol dNUOQLAN TeEXVLIKA Twv 0évdpwv amdpoaocnc KouTt& tnv omola o
XOpoc Xwplletal oe uvnep-nmoupaAAnidypauua. I'ta éva uvnd taftvoéunon npdtuno k&Oe
EPOTNUA XQOPA éVa XUPAKTINPELOT LKO X, Kol elval Tng Hopeng «LoxUel x, < t»
émou  t  KAT&AANAN tTLun katweAiou. Toa Jévdpa amdeaonc QUIANG TNG HOPPAC
ovou&lovital ouviABn duadikd& Jdévdpa tafivéunonge - SAAT (ordinary Dbinary
classification trees - OBCT). H Agittoupyla e€vdg TAAT yviveTtal £UKOAX OVT LANITYH
pe éva mopddeilypo dU0 XUPAKTINELOTLKOV Kol KAAOELCQ koataveunuéveg Omwg oOTIo
Ix.[ 3.6.1]. Me amAl VEQUETP LKA HopaTHpnon pmopoUue va odnynbolue oto d€vopo

andeaong Tou mou oalvetol oto (dlo oxhua.

@ e
RS
T

SxApo 3.6.1

O omtlkOC dlLaxwplopdg BéRoaia dev gival duvatdg oe xopoucg uynAdtepng TIOU
Tpla di&otaong kol oe k&Oe mepintwon n extéAeon and YnoloyLlotég amaltel Tnv
QAYOPLOU LKA Kol Padnuat lkoAoyLlky Jdlatlnwmon. Houpatnedviag Tov XOPOo TV
npoTUnwVv ToU mapade (yPoTog Kol TLQ opboydvieg MePLOXECQ MOU TeEPLKAE(OUV TLC
KA&oeLg, Og oOxéon ue 10 avilotolyxo dévdpo ambdbopoaong dLamiotdvounes &1L o KABe
xkO6upo t TiBeTOl WG €POHTNUX Pl OUVOAKN 1 LoxUg 1tng omoloag xwpllel £éva
UIOOUVOAO Xt TOU XQPOU TOV ImpotUnwv ot dUo uépn. O pLlikdg xroOHuBoc apopd OAo0

oUvoAro egxmaidevuonc. H amdvinon tou e€pnIhuoTog pmopel va eilval Bgtixkp (Natl)
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H apvntlkhy (OxL) xalt amd auth koabopllovial to &Uo vnooUvova Xen, Xto IIOU

LKOVOTIO LOUV TLC OXé0€LQ

XtN UXtO =Xt KX L XthXt():@

Mpéme L ardun va roubBoplLoBoUVv KPpLTAPLA QOTE:
e O JdLaxwplopdc va eival BEATLOTOC
o vo TepuaTiletal o dlLaxwploudg evode kOuPBou

e vo aviloTolXileTtal og éva rOuPBo-eUAAO ula kA&OD

Mia epdtnon xé6pPou  elval ITng PoOoPPAC xv>a, OOOU Xy I TLUH TOU WV
XAPAKTINELOT LKOU €v6Q MPOTUIOU KUl @ Ul TLuh katweriou. To o unopel va ndpet
anepldploTeqg TLUéEC oto nedlo petafoANg Tou, €v ToUTOoLg av Ar €lval 1o mARBoC
TOV OPpoTUnwv TIoU ovAKouv otov Xe, opkel €éva menmepocpévo mAnBOC TLUAV  dva,
A=1,2,., At , yla voa dtaxwplotel o xopoc. H tipn ova Oa emiAeyel dote vo

Lkovommole {Tal TO KPLTIHPLO TOU PBEATLOTOU dLUXWPLOWOU.

Kaboploudg ToU KplInplou dlaxwplouoU

O dlLaxwplopdc tou Xe mpémel va givoal Tétolog OoTe O éva TOUAAXLoTOV amd T
dUo pépn TOU VO KUPLAPXOUV mAnbuculoxrd 1o npdtuna plog pédvo KA&oNg, vo eival
dnAadn «koBopd» oUpewva Pe TNV opoloyia twv duadlkdv dévdpwv omdepoaonc. QC
Bétpo Tng xaboapdintag evodg xkO6uPBou umopel va xpnoipomolnbel n evipomia (uéon
ninpoeopia) yvwoth and tnv Bewpla Tng nmAnpoeopiac. I'ta évav xé6uPo t n eviponia

I(t) divetal and Tnv oOxéon

M
1) == ) P(Cle) - log, P (Gi]0)
i=1
Omou P(Cilt) n mibavdéinta éva mpdItumo ToUu XOdpou X (t) va avhxel otnv kid&on Ci.
Yoevouuiletal OT1 0:10g9,0=0 oL oétL I(t) peyLotomolelTal av oL TLlLuég
P(Cilt)elval {oec petalél toug. OL miBavoétnteg P(Cilt) exTlpdvIal pe Bdon 1o
nocootd Nl /A: dmou Ne 1o MARBOC TV MPoTUnwy Tou kéuPBou kol At 1o mAnBog bowv
€& aUTOV oavAKouUVvV oTnv KA&on Ci. Me tov dlaxwploud Tou kO6uPBou n xkaboapdintd
ToU petoafdAietal xkat& AI(t) oUupowva ue Tn OxEon

Aen Ao
AI(t) = I(t) —A—t'l(tw) —A—t'l(fo)

H nmoodtnta AI(t) uvmodovyiletal via OAX TA XAPAKINELOTLKY KL TLQ KATHAANAEC
TLEEC RKATWOEALOU TV mPoTIUnwv Iou avAKOUVv OToug X®poug Xt, Xen, Xto. AKOAOUBOWC
EMLAEYETAL TO XUPAKINELOTLKO KXL TO KATOOAL IMOU HeyLoTomoLoUv tnv AT (t) kol

OTPOKUNITEL TO €pOINUX ToUu koOuPBou t.
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Kaboploubdg ToU kKplInplou TepuatlopolU 1Tou dlaxwplouou

O dlLaxwplopbdg TOoU Xhpou X elval duvatdv voa Tepuaticsl otoav n péyLoin
TLun AI(t) elval uiLxrpdtepn amd éva TPoKABoPpLouévo O6pLlo. EVOAAaKT LR& umope i
va Teppatiotel av o mAnbuopdc Nr eival apreTd pLrEOC ) dtov Ta mEOTUNN AVHKOUV
oe pla xA&on (AI(t)=0).

Kaboploubdg xplInplou aviiotolxtong prag xAdong otov xkO6uPo-oUAAO

SUpeva e To mopandve peTd tTov TepuaT lopd oto k6uPo t amodidetal wg dvoud

T0 6voua In¢ KA&ONC TV TPOTUNOV TIOU UNEPTEPoUV TMANOUOULOK& OTOV XOPOo Xt.
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3.7 Ta§ivountég pe Paon tov kKavéva nmibavotAtwv TOoUu Bayes

TTLC mpooeyyloelg mou mapoucsLl&oape OTa mponyoupeva keeddola dev AdBope undyn
NV TLBovoTNTa €uEdVv LoNg TV TPOoTUNWV TOoU OUVOAOU ekmaidsuong. ZT0 KePdAALO
autd Oa aocxoAnOoUue pe Taélvountéc mou PRoacilovial 0 oUuIh TNV TLOWVOTINTA KL

oTnVv gAax lotomnoinon Tou CedAUATOC TafLvounong mou mpokUntel ond aUIAV.

o fexlvhoouus TNV moapovocioon pe 1o mMEOPBANUa TV dUo kA&oewv Ci, Cz. ZT1dXOC
Hoc apX Lk& eival o unoAoyloudg Ing mLoavoéTnIag 10 mPOTUIO VA aVAKE L OTn KAKODN
Ci1 (f) Cz) dedopévou O6TL €éxel TNV TLUN %, dnAadn voa PRpoltue 1TL¢ und oOUVOAKDN
nLbavétnieg P(Cilx) xalL P(Cylx). Av P(Ci|x) > P(Cz|lx) 10 mpdiumo QGVAKEL OIN
kA&on Ci, dloagopetlk& oTn Cz. AkoAOUBwC avalntoUue exelveg Tng mepLoxég TOU
XOPOU TV MmPOTUNWV yIx TLg omoleg glaylotomolel{tal 1o OQP&Apa TafLvoéunong ue
Baon 1nv noapandve Bedpnon. And 1o rovdva Tou Bayes LoxUel OTL

_ p(x|C1)-P(C1) _ p(x|C2)P(Cz)
P(Cylx) = BEEZED o p(Gyl) = EHIED (39,1

Onnou P (Ci1) xal P(Cy) oL miBovdintec 1o mpdtumo X vo ovikel otLg¢ kA&oeig Cq,
C, avtiotolxa xal p(x|Ci), p(x|Cy) ocuvapThoe g TUKVOTINTAC ILBavoéTNTAC (O.1m.1I.)
yio TNV yevikp mnepintwon mou 1o X glvoal dLaVUoPaT LK ouvexng Tuxalia
petafAnTh. T'la T1¢ O0.m.TI. B XPNolLuonoLoUue 10 uLlkpd p Kol yla TL¢ nLbavdinteq

Kepoaroio P.
Apa TO X QVAHKEL

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

ST mponyoupeva onueLldvetal 6tL ol mibavoétnteg P(Ci) xal P(Cy) umodoyilovtal
IpooeyyLoT LKA and TLg oxéoelg P(Ci) =N;/N , P(Cz)=N/N pe N;, N, 10 mOARBOC
TOV TpoTUnwv, ol moocdinieg p(x|Ci), p(x[Cz) Bgwpolviadl YVWOTEC I €XKTLPOVIOAL
and 1O OUVoAo exmaideuvong. And tnv oxéon [3.7.2] PBplokoupes oxkoAoUBWG TLC
neploxég Ri xal Ry mou dlaxwplilouv tov XOpo TV meotUnwv. I'ta mopddelypd yLlo
dUo xkA&oelg upe P(Ci) = 0.25 xroat P(C2)=0.75, p(x|Ci), p(x|C2) xrovovlKkEéQ
KATOVOUEG pe péocoug 6pouc mi=-1, P2=3 kol dlLoacmnopég o01=1, 0,=2 ol meploXéc Ry

Kol Ry B elval 6nwg oto Iyx.
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Hopaxkdtew 6O6a odelfoupe o611 pe Pbon 1o nopandve 1o A&Bog Toflvdéunong
glayxloTonoleltat. Av Ri n meployxn mou mnepltiouPdvel TLg TLuég TOU X TIOU

Taé lvoupoUvtal otn KAGon C; kol Ry n meplox) mou meplAaufdvel TLG TLUEC TOU X
mou toflvopoUvial otn kKA&on C, 1o opdAua Bo oupfaivel ov 1o X avhrel o1n Ri
kol 1O mpdtumo otn KAGon Cr; ) ov 1o X avhxrel otn Ry kol 10 mpdtumo otn KAKODN

C: xal n mibavétnta Pe va oupPel Ba elval
P,=P(x€R,(C)+P(x€ER,C,y) =

P(Cy) - P(x € Ry|Cy) + P(C3) - P(x € Ry|Cy) =
P(Cy) - fp, p(x|Cdx + P(C) - [, p(x|C;)dx=

fRz p(C1]x) - p(x)dx + lep(Czlx) ‘p(x)dx (3.7.3)

ToxUel axdun o1l

+ 00

f p(x|Cldx=1=

—00

p(x|Cy)dx +J p(x|Cdx =1 =

Ry Ry

1
BTy Rlp(Cllx)'p(X)dX+P(Cl) N

p(Ci|x) -p(x)dx =1=

f p(C,10)  p(O)dx + f p(C11x) - p(¥)dx = P(C) =
R R

1 2
Jp, P(Ci1x) - p(0)dx = P(C)) — [, p(Ci1x) - p(x)dx (3.7.4)
And t1c oxéoelg (3.7.1) xoat (3.7.2) mpoxUntel

P, =P(C,) — le(P(Cllx) — P(Czlx))p(x)dx fAeyfe 1O mpdonuo
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Mou onuoaivetl 61l 1o OP&APa eAaxlotomoleltTal Otoav n meplLox) Ri elval T1étoLlC
HoTe TO OAOKARpwua va gival BeT11kd dndadny P(Ci]x) > P(Cylx). To autd aviioctolxo

toxUel Kol yia tnv Ro.

STnv meplntwon tTwv TOAAOV KA&Cewv To mPdTUIO oVAKeL oTnv kKAdon Ci via 1nv

omoia LoxUel P(Cilx) > P(Cj|x) Uei #+j

SUVAPTACE LC dLAKPLONG KUL DLAXWPLOTLKEQ emLodveLeq

TInv neplinmtwon mou amdeoacn AouPAVETXL UE KPLTIAPLO TNV glaxlotomoinon Tou
oce&dAuaToC TofLlvoéunong via OUo kA&GOeLC 1n Oxéon umopoUue oUPEOVE e To
nponyoUleva va LOXUpLloToUue 6Tl 1o mpdIumo avikel oInv KA&on Ki av P (Ci|x)
- P(C2|x)>0 diapopet k& aviAkel otnv KA&on K. @a mopoucldcouUle aKOAOUBWG TNV
duvatdinta Tof Lvoéunong Tou NPpoTUnoU PECK® TOU HPO0dLopLlonoy PLag dLaXWwOLOT LKAG
EILEAVE LOC TOU Y®Opou mou Bo ecAaxlotomolel 1O Ooo&Apa  TOofLvoOunong ortnv
nepintwon nou n ouvdptnon nukvotntag nibovdéintag (o.m.m., probability density

function, pdf) eilval n xovovikh roatoavoun (Gaussian).

Tia povodi&otatn tuxala petafAnIthy n O.Im.I. TNG KAVOV LKA petofAnting divetal

and Tov TUIO

() = e
X) = e 20
P oV2r

Omou u kol o n péon TLPh kol n dlacnopd TNG KATAVOUANC.

TTNV veVLIKA meplntwon mou n tuxalo petafAnthy eival didvuopa x evdg N

dlL&oTatou xhpou aviiocTtoilxn o.m.m. didetal amd 11 OXEOon

™ 1 _e=wTe -

X)=——7>5—5€

p (2m)N/Z|C|1/2

Omou p péon Tipn xot € 6 mivaxrag ouvdiloomopdc Tng o.m.m. kol |Cl n opllouc

Tou. Illpocoxh n xpnon tou ouuRdrou C dev ovoapépetal mAéov o1nv KAXON K oAA&
oto mivaxa ouvdLlacnopdc.

Tia AOYOUC VEOUETPLKAG amelkdviIong Ba Beswphcoupe tnv mepinmtwon mou n tuxala
petaBAnTh avAkel oTov dLodL&otato xhpo. O mivaxrag ouvdlaomopdg amoTeAelTol
and TLC dLACMOPEC KOL TLC E€TIEPOCUCYETLOELC TWV YPAPUPOV TN O LAVUOUXAT LKAC

petaBAnNTHC x=[x1,x%2]T kol eival TNg POPEHC

2
_ |91 012
C= 2
021 0

ST axkbdAOUO OXAPATA BAEMOUUE TLC C.IM.II KAVOVLKOV KATAVOUAOV VLI dLaeopeT LKOUC

nivakeg ouvdLlaomopdg Kol péooug bpoud.
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NOY®w TnNg €KOETLKAG HOPOAC ING O.HI.I. ING €KOETLKAC KATAVOUANCG umopoUpe Vo
XPNO LUOIIO LACOUPE VI nAOUCTEUCH TWV UMNOAOYLOUOV ulo povdTovn AoYVap LOULKN

ouvéapinon, dnAady n npdITUON

10 x avhrel otn Ci1 ov p(x|Ki) *P(Ki) > p(x|Ky) *P(Kz), otn Ky ov p(x]|Ki) -P (K1) <

P (x|Kz) P (Kz) dLatunmdvetal TO X OVHKEL
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otn Ki oav g1 (x)> gz2(x), otn Kz oav g1 (x)<g:z(x)
ue

g9i(x) = In(p(x|K;) - P(K;)) = In(p(x|K;)) + In (P(K;)) =>

—uNTe Y (x—u;
gi(x) = = EHLEL I 4 1n(P(K)) + ¢ =>

1 1 1
gi(x) = —ExTCi_lx + E#iT(Ci_l + (€7 Nx - EﬂiTCi_lﬂi +In(P(K)) + ¢

Kol Ci=-§hﬂ2n)—-%hlﬂCd) ot ep& mocdHINTA

Tevikd auth elvol QLo un YPAUURLKA TeTPAYOV LKA popen. Toa onuela tou XOHPOU yld

T omolo

9i(x) = min{g,,(x)},vm #i xaBopilouv tnv mepLoxh In¢ xAdonc Ki. %inv meplmtwon

TV OU0 KAACewVv 1l dLAXWPLOT LKA TOUC KOUIMUAnN Lkovomolel tnv oxéon

d(x) = g:(x) — g.(x) = 0

Tia gi(x)kat g,(x) ouvapthoeic andeaonc d0o xA&GOewv AKOAOUBOUV mapade {yuoto

YLl dLOQOpPET LKEG O.I.I.

o
S

o
w

Probability Density
o
N

o
o

3 0 H JdLaxwploTLlky emLodve Ll TV

kKA&CewVv yla LoomiBaveg KAACELC
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[IAPAPTHMA A: BAXIKEXZ IIPAEEIX T'PAMMIKHX ANT'EBPAX

O avéotpopog mivaka AT evdég mivaka A elval  évoag nivakag mou €xel ©Q YPUUREC

TL¢ otAAeg ToU A pe (dLo delxrtn. Av 0 Auxw €xel M vpauuéc xal N otnieg, 1d1e
o ATyxu 6o éxel N ypoupéc rot M otfAec. H v ypauuny tou AT gival n v otAAn toU
A XOL N U YPOUUN TOU n u OTIAAN 1tou A. Tia mopdde Lyuo ov

1 05
-1 3
2 =2

1 -1 2

T —
43 = o5 3 _al

Azxr =

OAAQTIANC LaopPdC TIVAKWY. EoTw ol mivakeg Ayxk Kol Bxxuy, TO yLvoupevd toug elvat

3 nivax NxM T o { u =AB 3 T { x TIOU
Eva tvakag I L0 TOV Oomolo apoupe I'=A-B xolL €xeL otoilxeta Iy o

dlvovtal amd tnv oxéon
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 .

T'ia éva nAnboc K mpotlnwv mou mneplypdeovial o éva xOpo pe N diLaoctdoelg

n péon tiph p oelvatl évoac nivaxkag-othAng nou opileTtal and 11 Oxéon

1 L 1
po= =Bk = [, gy py]T OmOU W, =B Xy (2.3.1)

H péon TLph o ovoeépeTal KOl ¢ N poadnuat lkh npoodokia E(x) 6mou x uetafAntn
Yo TOoUG T{VvaKeg-OTIAANG TV IPOTUNWV. AV undpxouv A mpdTUuld IMOU Ol TLUEG TV
TLVAKQOV-OTHANG ToUug eival {(oeg, Aoppdvovial undyn A @opég oto &bpolopa 1INg
(9) ol wg €k ToUTOU dgv xpnoiLpomoleital otov TUno (9) n ocuvdpinon ocuxvorintog
epedvione f(x) k&Oe TLUNC TNC peTaBANTAC X. OL TLUEQ PV 6mou v=1..N opllouv
10 uéco didvuopa [ Tov K mpoilmev oto N-SL&cTato xbdpo Touc. O mivaxkog

ouppetaRAntdétntac N mivaxrag ouvdLlaonopdg Cov oplletal amd 1tn oOXéon
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X1x — W

Xox — H2
1 1 :
Coy = EZ§=1(xk — 1) (xg _.u)T = ;Z’;ﬂ Xy — My : [le_Uy Kok THor o e r Zyx"Hyr - - 'XNK_U'N] =
‘xKN - .uN
(1 — #1)2 (e — M) - (oo —H2) 0 (o —H1) - (o — ) o (e — ) - O — M)
(oow = t2) - (X1 — M) (sz_Ug)z o (o — ) (Ko — ) (o — M) - (o — )
1 : : : : :
K et Cow —H) - (e =) o —H2) - (o —H2) o (o —H2) - (o — ) (e — M)+ (o — )
(‘xNK - #N) ' (le - .ul) (xNK - :uN) ' (x21< - #2) (xNK - :uN) : (x\)K - .u-v) (xNK - :uN)z
2
0; 01, =+ 01, - Oy
071 0'22 v Opy 7t Opy
= = E( (x-p) (x-1)T ) (2.3.2)
O)1 Oz *° Oy o Oy
2
Oy1 Oy2 *° Oyy 0 Oy

K

, 1

OOV G, :EZ(XXK _l’lk)'(xvlc _l’lv)
K=l

H moodétnta ov2 egival n pertapAntdédinta 1 dlLacnopd (variance) TV PETPHOERV
TOU V-00T0OU XOUPAKINELOTILKOU 1TV npotlnev. H mnocdinto Ox=0wrn AEYyETOL
ouppeToBAnTOTNTH ) oUVOLaoTIoPd TWV TLHUOV TOV A KOL V YXOUPUKTINPLOT LKAV TV
IPOoTUNOV KoL YpnoLpomolel{tal ylia ToOVv UNOAOYLOUO TOU OUVTIEAEOTH OUOXETLONG

PAv 300 XOPOKINPELOTLKOV 1,V oUUOOVH HPE TN OXE0n

_ O\
RW-;;; (2.3.3)
H mnocdinIo 0, =+0,%2 Aéyetal TUmikp oamékAion. Ol mopondve TocOINIEQ
xpnotLpomnoLotvial yia Tnv af LoAdynon KoL av&Auon TOV HETPOUREVOV

XOUPAKTINELOT LKOV .

[IAPAPTHMA TI':TA IAIOAIANYXMATA TOY IIINAKA XYNAIAXIIOPAX

Se  évo ouppetplkd mivoaxa Cyxy, €T =C, ue L3L0TLpéc Aoty # 4, raL
ovtiotolxa povadioto LdLodioviopata W, #w, LoxUel OTL Mﬁ-lvv=:0. AnAody TO

todLtodlaviopata eival k&Oeta peTafy TOUC.

AnbddeLén: Eme1dn Lulv LOLOTLUEG KL Wy, W, L3LodLlaviopata LOXUouv oL OXE0eLGg
C-wﬂ=AH-WH}=>W£-C-WH=w§-/1#-wu=lu-w,T,-wu 4
C-w,=4-w) w,-C-w,=wj - -w,=41,-w,-w, (B)
T T T
wh-C-w,=(wh-C-w,) (I)
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YoevOupiletal 611 (AB)T™=BTAT.

And tLc oxéoelg (A), (B), (I') ouvendyestal
Ao-whow, =2, wh-w, o (4, —2,)wh-w, =0

eme 18 A, #4, émetol 6Tl Wy -w, =w, -w, =0.

And ta mponyoUpeva ouvemdyetol OTL yia Tov mivaxa W =[Wi, Wy, -, Wy
LoxUel OTL
wi wi-wg 0 0 10 0
T T. e
WT.W: MTZ [WI’ W2' e WN] — (.) WZ ‘WZ ' (‘) — 0 j!; 9

Apo ovT loTpopoc Tou Welvar o Wi=wrT.

Tia T LtdLodtaviopata tou CLoyxUel €&’ opLopoU OTL

C-w, =1 w A 0 0
C-w2=:/12-w2 S W o, wh] =W o, wal 0 /1;2 0 —w-A
C-wNz‘/lN-wN 0 0 /1N
A, 0 = 0
érou A = 0 /1:2 0
0 0 - Ay

ApoU C-W=W - A>W1.CW=W11W-A=1-A=AWT-C-W=A.

[IAPAPTHMA A: ENTOAEX MATLAB & TOOLBOX
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