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Kegdhato 1

Mce6odoL avayvdeLong tpotin®y

1.1 T eivon 1 avayvodeLoy) TpoTOTLY

TToAMég and Tig xafinuepivég dpaotnpiéTntes Tou avlpdrou arotelodtat and ula gelpd enelepyaoidv
tadivéunong aviixewévov mou Pploxovial oto nepBdihov pag. To SuéPBaoua evée Bifiiov A wdg
epnuepldac mpayuatonoteltar ye TV Tagvounon tev Ypoauudtey, MEwy, npotdscwy. Odnydvtag o
avtoxivnto otnv téAn avayvepllovue ot gavdpl Ty évdeldn "xbxavo”, Yeyovés 1o onolo pag odnyel
010 Vo OTOUATHOOUUE TO YU,

H tafwvéunon avixewwévov elvon wo and 11 guyvétepa eravahauBavoueves enegepyaaieg mou
exteEAoUvTaL atov eYxégaho GAwv Tev {dwv xau Bewpeltal ula and T onuavtxdtepes Aettoupyleg
s enPloang Tov eddy. H ixavétnta Tou avbpdrou va extehel pe emtuyla tohinhoxeg diaduxaateg
tadivéunons avixeuévoy Bewpeitar yla anb g Paocixdtepes dlagopés Tou and Ta dhha éuPia Gvta.

Tevixd n avayvdpron (recognition) # ta&ivéunon (classification) avrixeyuévou (pattern) uropet v
reptypagel oav v Swaduraaio exelvy ue Ty onola orjuata Tou nepBdilovtog Y dpou Tou avTieToLYoUY
ot éva aviixelpevo, tafivouodvian oe pla and éva nenepaocuévo glvolo xatnyopidv (classes) émwg
n.y. tpanélt, PiSAlo, avutoxivnro.

Ou xatnyopleg autég onuatodoTody ouddes aviixeyévwy UE xoLva YapaxtnploTixd f WoTnTes.
Xapaxtnplotixd Yvopiopa 6hwv autdyv twv ouddwy elvat 1 Unapdn xdnotwy WloThtwy Tov Teplypd-
pouv ue peyahbtepn A wupbdtepn axpifeia 6ha ta avixelyeva mov avixouvy o autés. Tig ouddeg
avtég oty Tadvéunoy tpoTinwey TS ovordfovue xatnyopleg aviLxeluEvoy.

H 3idueaola Tadivéunene evog aviuxeluévou npaypoatonoteitar acuvalobnta otov eyxépalo ue
v enedepyaoia Twv onNudTeY oL tpoépyovtat anb Ta awobntipla Gpyava Tou avipdrou. H omtuct
Tagvéunon aviixeévov slvat 1 théov tohbrioxn dwadixastia tafivéuneng xat tpayuatonoteital ye
v eneiepyaoio Twv onudtey mou dieyelpouv tov aupBiiotpostdy| xiTdva Tou ontxol vedpou. Me
avti| Ty enegepyaoia avayvepifouue ta avtixeiueva tou Bploxovtal endve ot £va tpanélt cav Bihio,
teTpddio, WoAiP, nuepordyio, TAépwvo xTh. H tadivéunon aviueiévou tpayUatonoEital e tny
enegepyaoia ofuatog mov avagépetal ato oAU, To Ypdua, 10 Bépog, TNV TPAYVTHTA NG EMPAVELNS
TOU X.0.

IloAhéc @opéc uetafBdihoupe to eldog g Tagivéunong mou erttehodue yia To (8o avtuxeluevo.
Avayvewpilouvue 6T emdve ato tpanélL Bploxetan éva avtxeluevo ypaghg (evvodvtag pa eupltepn
xatnyopla aviuewwévey, dnwg oTuld duapxelag, wohiPt, uapxaddpog x.0.%.) oL OTNV CUVEYELW, UE
™V (B euxolla uropolue, va avayvwploovue 6t o ouyxexpyévo aviixeluevo elvar éva unyavxd
@ohudpfL.
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Bhérouye Aownév 6t 0 tagtvépnon aviueuévey elvan pla Sudixacta anenddwong twv uetpoewy
evés avrixeluévou (mpdtuno-pattern) oe pia ané N (6rou N eivon évag nenepaouévog puowxde apibuse)
ouddeg avixeluévwy.

Av urobécoupe 6T oL petprioels Tou AauBdvouue i éva avtixeluevo yapaxtnplfouy TAipwg xa
anoxAetoTixd Ty xatnyopla Tou avixeévou, Snhadh dev urdpyouv avtixelueva ta onola va éyouy
(dieg petprioetg alhd va aviixouv oe Stagopetixég xatnyoples, Téte 7 Siadixaala Tavéunong uropel va
napaotabel cav wa Pabuwti ouvdptnom tou aviiotougel Tov ydpo Twv uetpicewy R twv mpéturwy
(mou yapaxtnpifovrat ané P petprioeic xapaxtrploTixdy Tou avtixeytévou) atov ydpo N Sidxptrwy
XOTNYOPLOY :

w; = Ry(x), Ry :RP 5 {0, w9, ..., 0N} (1.1)

1.2 Toagwvéunon ywelis Mgrn anbeaong

Le mohAd mpoBiuara Tagvéunomg npotinwy xpivetan xprouo vo urdpyet xot to evBeybuevo un Aidng
anépaong. Pavracteite pla avtdpaty Latpue Suryvwotun] unyavd n orola ¢ngrorotet axtivoypagieg
Bdpaxog avBpdnwy xar xakeitar va Sdoer idyvwon. H unyavh) elvar griayuévn va extedet Sidyvwon
Yo évav mepiopiopévo aplBué acBeverdy bnwg, tvevuovia, guuatiwon xat xapxivo. Ot anathcelg
mov €xoule and TNy unxavh auth eivan va pag Slvel Ty évdeidn xdmotag acBéverag pévo 6tay undpyet
oG ueydhn Befardtnra dnaplng Betindv evdeifewv aoBéverag oty axtivoypagpla. Te bheg Tig dhheg
nepuntdoets (Snap€n evpnudrtwy dAng aobéveias ¥ woyver afeBatbtrra ik To eldog TwV eupnudTLY)
B BéAape 1 pnyavi va Snhdver aduvapula Mne anbpaorg, étor dote o aobeviig va tapanéunetor yid
ouumAnpwuatixés eetdaets.

H Gnapln xardotaong yud ty onola n unxavh arogaotfel 6. dev unopel va mpaypatonoifoet
Taglvéunon xenowonoeitar ouvifing oE eQapuoyés xatd T omoleg BENOUUE VA XATAOHELAGOUUE
plo unyav ta€véunong n omola va éxer moAG wuepd mbavétnra Mine AavBaouévrg anbpaong 1
1oodbvapa va éxel Tohd peyddn agiomotia oty My tev anopdocwv.

L auth v nepintwon N ouvdptnoy Tou divel v oyéon eLo6Bou-eE630u g unyavig TagLvéunang
elvar 1 ax6hovln:

w; = Ry(x), R,:RF 5 {o1,02,..., 0N, ON11} (1.2)

6mov pe w41 TEPLYPAPETAL N XaTdoTAOT TN UnYavic XaTd Ty onola To TpéTURO X BEV Tadivo-
uetran ae xapula anéd g N xatnyopleg aviixeiuévoy.

1.3 Enfefaiworn npotinwy

ToAéc gopés avruetwnifovpe pla Siapopetixd xatyopia tpofAnudtwy n onola ousyetileta ue
™y avdyxn emPefaiwong xdnowwy Wlothtwy Tou avtixeévou Tou Heketodue. AVILTPOGLRELTLXG
ropddetypa tétolov eidoug mpofAnudtey arotehoty Ta ousTruata acgalelas. Tta cuoThuata autd
avripeteniCouue to mpdBinua Mdng anbpaang yia to av 1 tpéoBacn oTo GUoTUA Eival EmTpERTH
otov &vBpwro o onolog BAdver TauTypova xau TV TaUTETNTE TOU Xan EVE TO oA ExeL KB AdBet
x4moteg YETPROELS YApaxTNPLOTIXGY Tou avBpdmou .. owhia, SaxTulxé arnotinwya, pwtoypapia
TPOCKTOV X.0.X.
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Ilpéturo Avaryvipian Tavtonolnon x EmBefalwon Nat/Oye
x Ry(.) ; Katnyoplyl R.() XEw [ X¢o;
w;

Tyfua 1.1: Tdotnua tagivéunong xa cbotnua emBefatwong mpotinwy

Me ¢Ma Aéyia oe auth v xatnyopla tpofAnudtwy 8éhovyue va emBefardoouye A va arnoppldoupe
Tov woyuplopd: "to mpétuno X avixer oty xatnyopia w;”. O unyavég mou mpocopoldvouy Y
enthuon tétowwy npoPnudtey ogoudfovia cuathuata emPefatwong npotinwy.

H 3iapopd tng Sraduxastag tagivéunong and v diudixactia emPBefatwong avaduxvietal 6o oxfua
1.1. H ouvdptnon tafivéunans déxetan oty eloodo to mapapetpued didvuaua Tou tpbTumou xa Sive
oty éEodo v xatnyopla 6NV orola to wpbTUNO Tadivopeltar. H ouvdptinon emPBefalwong déxeTan
oty £lgodo g To TapaUETPLXS SLdvuoua Tou TPGTUTOL Xar TV xatnyopla aTny onola Tagivoueitos
xa divel oty é€0d0 pla Braduef andvinon: "to mpétumo avixel oy xatnyopla mou Bécaue oty
eloodo Tou guoThuatos” A ”to TpbTuro Bev aviixel oty xatnyopia tou Béoape”.

TV OUVEYELD TOU XEPAAALOU TEPLYPAPOVTAL GUVOTTLXE T onuavILXéTEPA oToLyEla Tou pabiua-
T0g:

1. Heprypbpoviar ta onuavtixdtepa xpofifuata nov aviyeTenilOVUE XATd TNV XATAOXEV OL-
othuatog avtépatng tadivdunons ¥ emBeBalwong mpotinwy, xat avakdovrar texvixés enthuong
UtV TV TPoPAnUdTLY.

2. Ou uéBodot tafLvéunoms TpoTirwy xatnyoplonotodvtar hayuBdvovtag unédn v popeih g ou-
véptnong tadvéunons xot 1o eldog TwV tpoTiNwY.

3. Alveta yla xatqyoptonolnan Twv uedédwv e Tig onoleg exnudedouye ta cusThuata Tagtvéun-
ong AapBhvovrag urddn xau to eldog Tng TAnpogoplag mou sivar StabBéatun xatd v dadixasia
s exnaldevong.

4. Tleprypdgovrar Ta TpoBMuata Tou urdpyouv xatd tnv a&toddynon g anédoang cusTnUdTwY
1agLVoUNONG TPOTUTWY OE MPAXTIXEG EQUPUOYES.

1.4 H xotaoxevf custnudtey TaElvéunorns npoTinwy

To onuavtxétepo TpéBAnua mou éxer va aviuetwnioel o oxedlaotis wds unyxavic npoooyoiwong
xdmolou pawvéuevou elvar v mpoondfera edpeons TwV atouelwy exelvwy mou exnpedlouy v nopela
eEEMENG TOU Qarvouévou.

H edpeom 1wv vépuwy tou diénouv Ty oyéon artiou-anoteéopatog 670 Puaxd auatnua odnyody
elxoha gty poviehonoinoy g axéong e1a630u-e£630u 610 AvTioTOLYO GUATNUA OV TPOGOULOLEVEL
70 PuoLx6 patvéuevo (oyfua 1.2).

Tuvnbiopévn npaxtixd mou axolovleltal oe autég Tig mEpLRTWOELS Elval N tpoondbeia TpoaEyYiaNg
authic g Aettovpylag ue xdmota anewxdwion tng oxéong elo6dou-c€630u. Ly nepintwon xotd TNV
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X Quowx gbomua| y x Ilpogopoiwths Ve

Ry(x) R(x)

Yyhua 1.2: uoxd clotnua xat o TpocouolwTig Tou

onola yvwplfouue 6L 1 aretxdwion auty elvar yovoofiuavy, T6te unopolue va Ppolue uia cuvdptnom
Tpogouoiworg 1) onola vo tpoceyYilel To paivouevo nov uehetdue. Exedt| otic nepioodrepes v npa-
TGV EQapuoYdy dev diabétouue xdrola Yvdan Yid TNy popen auths g eElowang yiauté Tov Aéyo
avalnrovyue v BéATian ouvdptnon uéoa and owoyéveles ouvaptioewy. Kaboplotixd otouyeio twv
oX0YEVELDY guvapThoewy elvar N tapauetpixy Toug teplypagy. Tuvendg 1 owxoyévela ouvapthoewy
npoocouoiwong uropel va nepiypagel and v oxéon Ry (w,x)

I'ié& va npoadloploovye TNy ouvdptnor exelvn n orola tpocopoLBdVEL XUAGTEPR TO &Y VEWOTO GUGTNHUO
Ba frav emBuuntéd va emAéEoude exelvy) TNV cuvdpTnoy, and TNV oxoYEVELR OV HEAETAUE, 1) onola
dlver pla ouunepipopd mov Bapépel xatd to duvatéy Mybtepo and TG mpAYHATIXEG UETPHOELS TOV
dtabéTouvue Y& To dyvwoto clotnua. Otav Mue emdoyh Tng ouvdptnomg evvoolue Quowxd Tov
vrohoytopd Twv otabepdv g tapauétpwy (W). Ltny avayvdpion npotinwy 1 uéBodog uroroyiouos
Tov (W) ovoudletan exraldeuan Tov ouathiuatog tavéunorg.

Ly npddn exelvo to onolo Yvwpilovue cuvifng and to dyvwato alotnua elvat o oelpd TGV
£L0630u-e£630v Ta omola ovoudfovrat xon mapadeiypata exnaldevong. Lt TEpLOCHTEPES TWV TEPL-
nrdoswy To tapadelypata autd elvat xa v wovadu TAnpogopia tou Sabétouyue yid TV ouunepipopd
TOV QuUGLX0U CUOTALATOS.

Mia anb T ouvnbiouéves peBédoug unohoyiopol Twv otabepdv mapauétpwy Tng ouUVEPTNAYG
tagivéunong elvon 1 ebpeoy exclvwv Twv TWWEV Ye Ti§ onoleg v "andotaoy” tng embupodusvng and
TNV TPAYHATLXY ANOXPLOT TOU TPoowUOlwTH 610 cUvolo Twv mapaderyudtwv exnaldevang va elvon
eNdytotn.

Tuverdg autéd to onolo {nrdue va Bpodue elvan pla ouvdptnon ¥y, = Ry(w,X) n orola va and-
Bidet we v peyalitepn Suvath axpiBeia v oxéan eto6dou-e8630u (y = Ry(x)) Tou guotxol gar-
vouévov éyovtag oty 8udbean wog éva menepaouévo apllud uetpioewy oTo XOPO TWV XATAOTATEWY
{(x1,¥1), (X2,¥2), ---(XN,¥N)} xou evdeyouévewg xdmotoug MepLOoptools aTa YEVIXE YopaxTnploTixd
™G GUVAPTNAT.

I'a tov uroloyioud tng Savuouatixfc ouvdptnone Ry (x) ypeidletar va oploouue 1o nedio opt-
ouol xat TV g, xat v uébodo avtiatolyiang.

Avaldovtag 1o mpbBinua g tagivéunong tpotinwy yivetal Qavepd 6TL ) dwaduxaaia avth unopet
va Bewpnlel oav ua diavuouatind ouvdptnor 7 onola déyetan cav elgodo uetphoelg mov agopolv Ta
XAPAXTNELOTLXA EVOG avTixeLtEVOL xat Blver oty €5086 g v xatnyopla oty onola o avruxeiuevo
avixet.

YrobBétovtag 6t 0 diaduacia tagivéunons unopel va repiypagel and ula ouvdptnon dlo peta-
BAntdv, tou mpbtumou X xa g “uvifung” A tev otabepdv rapauétpwy e W, téTE N oLVpTNOY
rpocwpotwang diveta and tnv ayéon:
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y = R, (x,w) (1.3)

H $Z0do¢ Tov ouothuatog xabopifetar and d¥o mapapétpous. Kdbe uioa and g mapauérpoug
éyer xou évay dagopeTixb péro. H "uviun” tou ouothiuatog xabopilel to mhfog xou to eldog Twv
xatnyopudv mou avayvepifovial, evéd 10 Tp6TUNO X evepyorotel To gUoTNUa Yia va emLTEAETEL TNV
Sraduxaota tne Tadvéunong Yid €va ouyxexpuuévo tpéTuTO.

H npooéyyion mou npoteivouue rapouoidlet BeBalwg To mheovéxtnua tng npocappoyg Tou ou-
otfuatog tafvéunong npotinwy ato mpbPAnua mov xdbe popd avtiuetwnifouye, aAAd Tavtdypova
Snurovpyeitan xan o TpbBANUA UTOAOYLOROY TWY TaPAUETPWY W.

T va xataoxevdooupe éva obotnua Tagvéunong tpotinwy xpeldletal vo EXTEAEGOUUE YpOovo-
hoyued g axbhoubeg epyaoies:

1. Opifoupe v ébodo ue v omola B avayvwpilouue to dyvwato mpdtuno A Looddvaua opl-
Louyue v owxoyéveta guvapthioewy Ry(.) oty onola Ba avalnticoupe v npocwyoiwon g
dtadixaoiag Tagivéunors.

2. Exnoudedoupe 10 ovotnua étol dote va avayvepilel Tig embupolueves xatnyopie pe vy ok
Bera twv dtabéotpwy rapaderypdtov. Yroloyifouue dniads tny napduetpo w.

3. Metpodue v emtuyla tagivéunong tou ouotiuatog mou xataoxeudoope. H Saduraota pé-
tpnomg ¢ afomotiag Tou ouothuatog tagivéunang elva pio Tohd xpfiawun evépyewa BubT pag
emTPEMEL VAl EXTWHOOUUE TNV TOLOTNTR TWV anogdocwy Tou AapBdvel to ootnua xat evdeyo-
uéveg vo petadAhouye tuhpatd Tou f xon v akhdEoupe 6An v dopr Tou av Slaniotdoouue
6T autég oL alhayés BeAtidvouy v adlomatia Tov.

H pétpnon tov nocoot00 twv Aavlaouévev tagvouiocwy f aviiotolya Twv cwatdy Tagivouficewy
elvon éva amé To My avTixeluevixd xprthipla Tov €yovue atny dwabeor pag yio va EAEYYOUUE TNV
TOLGTNTA TOU GUOTHUNTOG OV oYESLdoUE.

1.4.1 O péBodor TaZLvounorng TEoTURWY

Eva ané ta Suoxoldtepa npoBAfiuata mou €xet va aviiuetwnicel o ayediaotis evég oustipatos ta-
Ewvbunong mpotdnwy etvan 1 enthoyh g uebédou ue v onoia Ba mpaypatonownbel n tadivéunor Tou
dyvwoTou TpéTunou. Auatuyds Sev éxel avaxahugbel xdroia teyvix 1) omola va pag uroBetxvier Ty
Bértiot pébodo Tadivéunomg Tou mpénel va axohovBrioovue. H Suoxolia auth yiveton axbua ueya-
Notepn BL6TL undpyer Srabéoruog évag ueydhog apBudg Stapopetindy pebédwy Tagvéuneng npotinwy.
H euneipla Tou oyediaoth elvan auth mou Ba xpivel apyixd nowd 1 motég and avtég tig peBddoug elvan
o. TAéov XaTAAANAES Yia TO GUYXEXPLWEVO TPdBANuU Tou avTiueTeRiZeToL.

H xatnyopionoinoy twv uedédwv tagivéunans Bondd tov oxediaoth va eméel euxohdtepa TNV
uéBodo 1 tig uebédoug mov pénel va Lhomouoel. Av xatnyopiormoificouue Tig uebBéSoug Tagivéunorg
Bdoer g peBodou pétpnome tng ouobtntag” Tou mpbTumou X atig xatnyoples 2 umopoldue vo
daxpivoupe tig axdlouvdes ouddeg uebodwv:

1. Awtoxparixée 1 Souixéc uéBodou (deterministic). e aut v xatnyopla pebddwv xpnot-
Horotobvton ouvapthoelg anéaong 1 uetpfioelg g ardotaong Tou dyvwoTou TPdTUTOL W
avTinpoowneuTixd delypa 1 delypata ané ta pdtuna xdbe plag TwY XaTNYopPLOY.
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2. Xroyactixéc uéfodor (stochastic,probabilistic). YnoBétovrag 6t ta npbruna xdbe xatnyoptag
axohouBolv Yvwoth tuxvétnta mbavétntag, avalnrodue v xatnyopla exeivy 1 orola peyt-
atonotel TRV mbavétnTa euedwons e Yvepllovtag TV napaueTpd tepLYpagy ToL dYVWGTOU
npbTUTOL.

3. MéGobot un-ypauuixdyv 8ixtbwy, If vevpwvixd 8ixtva (Neural networks). Lt uebédoug autég
1 Sadixaoio Talivéunong npogouoldveTtal pe ula guvdptnor ueTagopds 1 onola uropel va ava-
Avbel o€ éva olvolo dLaouvdedeuévay Un-ypapuxdy uTtooytoTxdv Lovddwy. To napauetpixd
3tdvuopa tou mpdtunou torobeteltan oty eloodo tou duxtiou xau axoloiBwg urohoyiletar 7
éZ080¢ Tou duxtdov mou Brabétel aplbud eZ63wv (oo pe tov aplud twv xatnyopidv Tou To
cbotnua avayvopile.. H tafivéunon tou npbtunov mpayuatoroleiton ue v avalhtnon g
££630v Tou Buxtlou mou Exel TNV peyahltepy aplBuntie} Twul.

4. Mé6odor acapdy ouvélwy (fuzzy recognizers). Xpnowonowdvrag otolela and v Bewpla e
acapods hoyuefis xau Twv acapdy ouvbAwy umopolue va xataoxevdcoupe guothuata Tagl-
véunone npotiney. Ta cuctiuata autd mapouvaidlovv npboata Wi eviunwalaxy diddoor
ot mpaxtixés epapuoyéc dabétovtag onuaviixd meovexhuata Wialtepa g€ nepunTOOEG OTIG
onoleg, o npbruro nepLypdgetar and ueydhwv dlagtdoewy Sidvuoua, dev dabétouue Gheg Tig
uetphioels mou amontobvrat Y TV TAfpn ouunhfpwan Tou mapauetpuxoy Slaviouatog, xou N
yvdorn mou €xouvue avagpépetar o Eva GUVOAO EUNELPLXAY XOL ACAPDY YEWXE XAVOVWY T.X.
atpue Stdyvwon,.

1.4.2 H diadixacia exnaldevorng

H uéBodog unohoyiopod Tng mopauéTpou W NG ouvdptnang taglvéunorg nou ovoudfeton xat exnai-
devor tov ouathuatos, exnpedlel xabopiatixd To pubuéb emtuydy TagvouRcewy wg xat To eldog TV
avtxelévey tou avayvwpllovtar. Tuvendg 1 emhoy g nebédou nailel onuavind péro oty emt-
tuyla xataoxevfg evég ouothpatog Tagvéunorns tpotinwy. H emhoyy tng xatahnhétepng uebbdouv
exnaldevang eSaptdton ané ToAhols mapdyovies oL onuaviixdTepol Twv onolwy elvat, N uéBodog Ta-
Ewvbunong, 1 duoropd Twv tpotinwy xdbe xatnyoplag, o Baubuds xdhudng Tou Sravuouatixold ywpou
TWY TPOTUTWY oAb MEPLOGOTEPES TWV WLAG XATNYOPLOV.

TuviBwg, xatd v exnaidevan n wbvn TAnpogopia mou drabétoupe elvor 1 Stavvopatixd tapdotaon
evég mAfBoug tpotinwy Twv onolwy evdeyouéveg va Yvwplfouue xat v xatnyopla tpoéhevorng. e
auth v epintwon To epdTnua Tou tpoxvdntel ebhoya elvar To axdhoubo. Yrdpyer xdnowa uébodog
tétol dGTE Vo umoloyiooupe ue xdmowo BéATioTo xpithiplo TV "uviun” (W) tou ouoThuartog, 6nwg
T.Y. MEYIoTOMOLOVTOAG TNV agtomotia Tng Tadvéunorg ota napadelypata exnaldevorg;

T v BewpnBel pia uéBodog Tadivéunong npotinwy mpaxTixd epapubdolun Hu npénel onoodihnote
va 3doovue andvinon oe autd To EpOTNUA.

H xartevbBuvépevn exnaldsuorn

v xareuBuvbuevn exnaidevor (supervised training) n tAnpogopia tou dabéroupe yia va exnaided-
covue To ovotnua tadvéunong elvan évag nerepaouévog aplluds owatd Tagivounuévey napadelyud-
TV, dnhadi éva olvoho tenepaouévey atouyelny xdbe éva twv onolwy aroteleltol and Siatetayuéva
Cedym, Tou mpdTumou xat g avilatouyng xatnyoplag tou. H xateuBuvéuevn exnaldeuoy arotehel tny
mo ouyvd eugavléuevr uébodo npoadiopiopol Twy otalfepdy napauétpwy evég auatuatog TagLvé-

wnons.
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Eotw Aowméy 61t xatd Ty dadixacia exnaidevong elvon Sabéaiua M napadelypata.

2, = {(xh wl): (x21 "’2)7 0y (xM, ‘UM)}

Lxonég 1ng exnaideuong elvar va umoloylgoupe toug atafepoi auvteleotés NG GUVAPTNONG
ta€véunarng, cuvendg Bokuxd Ba ftay To alvoro exnaldeuarg va uetatpanel oto e5fg obvoro mapa-
derypdtwy:

2 = {(x1,¥1), (X2,¥2)s -, (Xm, ¥ M)}

H avaywyh tev tapadetypdtoy o aviiotoya Ledyy £10630u-eZ680v TG ouvdptnong Talvéuneng
efaptéton and o eidog g ouvdpTNETS X EdixbTEpa a6 To medlo TGy mou emBaher N wopPh ™G
ouvdpTnang. Autée elvat o GnuavTiX6TEPOS A6Y0G Yi& Tov omolo Bev urdpyer Yevixh uéBodog tou va
vAomotel QUTOV TOV UETAGYNUATIONG.

Txbmyo mdvrwg stvar va axolovBhcouue v e8fg texvue mou Peloxet ueydhy duddoon oo So-
Wixd ot veupwwixd Sbxtua TaElvéunoms tpotinwy. Av unoBégouue 6T N ouvdpTnon Tagvounong €xeL
N e€680ug, 6oeg xau oL xatnyopleg mov 10 gloTnua avayvepltlet, xat To nedio Tudy xdbe e€630u elvan
rpaypatixol apifuol oto dkotnua [~a,a,a € R*, t61c unopolpe va oploovue oav uéBodo tagivé-
unong, ™ avalhtnon tne e£630u ue Ty peyahitepn aplBuntid] Ty étav oty eloodo toroBetret
T0 TAPAUETPLXO BLEVUaUA TOU TPGTUTOL.

Ye auth v Tepinteoy Oa Béhaye o cumatdoes TwY Slavuoudtey eE680u TV TapadeLypdtey
v éxouv 6heg TNV wixpbtepn apiuntixd Tud (—a), extés and v €€odo tng xatnyoplag oY onola
avfixel To TpéTuTo Xan Yio TV omota Ba BéNape v malpvel oy ueyahbtepn apbuntu g T, TV

(a).

)

Y2 —a, X¢&wj +
y= uE y; = , a€R

I { +a, XEw;

yp

Me Bdan ta véa otoyela mou Béaape, 1o TpoBAnpa NG exmaiSevong uropel va tpononotnfel wg
effic: Yrdpyer uébodog n omola va umoroyilel Ty uviiun Tou ovoThuatog Tagivéunong ue xpLtipLo
v ehayiotonoinon Tou opdhpatos extiunons g e€6dou yid ta mapadelypata exnatdevorng mou
StaBérovps;

To pabnuartixé L6odbvapo Tou Tponyoluevoy xpitnpiov Sivetal and v axdhovly etlowon;

M
w' =arg$nin2 dR(xi,W),yi) (1.4)

1=1

omov d(Rq(x;, W),y;) elvar pla ouvdptnon opdhuatog mou diver tov Babué ardxiorng g npoo-
Soxduevng anéxplang Tov suothuatog Tagvéunong y; and 1o mpayuatixd Sdvuoua eZ6d0v Tov oL-
otfuatog e "uviun” w. To obuBolo argmin f(w) Snhdvel ™y T Tou dwviopatog W yid TV

w

onola 1 guvdptnon f(w) yiveta ehdylot.

Aden yi1& v yevux wopei tng mapandve eglowong dev undpyel. I'id nepropouévo aptBud ouxo-
YEVELGY ouVapTAOEY UNdpYoULV avaluTixés Mioels 1 emavaknrrtixol alydpiBuot ot onotot uroroyilouv
v Béktiot) Th Tov w. H axpifeta e avalutueis f enavadnriiucds Mong xabopile extong xou
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™y avétyTa g $eBédou Tagivéunong va rpooupuéletar ot xdfe adhayh Tov mhffoug xan Tou ef-
3oug TwV xaTNYopLdV Tou To cloTnua avayvepllel. Enuavtied thcovéxtnua Bewpeitar eniong xou
OrapEn Suvatétntag exavanpoadloplopol NG wviung Tou cuothuatog tadvéunong pe v Porbewa
véwv ennpbobetwv TopadelyudToy.

H dwdixaoia enthuong e e&lowong 1.4 ovoudletar xateuBuvbuevy exnaidevon xar ta M napa-
delypata ovoudfovron npdruna exnaldevorng.

H avroexnaldeuoy

H autoexnatdeuorn (unsupervised training) arnotelel Tnv duaxolétepy) nepintwon exnaidevang pla xon
7 TAnpogopia ou Srabétoupe elvan wovdya 1 Stavuouatid tapdotasn M npbTunwy:

= {X]_,Xg, ...,XM}

Ivowpifovtag 6Tt To cdotnua mpéner va avayvepllel N xatnyopleg npotinwv xa utofétoviag 6t
o MPGTUTEL TOU avijxouy Gty (Ba xatnyopla mapovaldlouy YEMXE mapbpold YapaxTnpleTIXG (Ta
Slaviopata tpotiney wdg xatnyoptas Peloxovron ot yertowxés Béaels ato nedio opiapod), o unoho-
Yiopés NG UVAUNG Tov cuoThuatog uropel va exppactel we Tov axéhovfo exavalnntiné akyobpibuo.

YroBétovtag 6Tt v uviun Tov ouathuatog taglvéunong slvar Yvwotd, npaypatonoodue pio exti-
unon g xatnyoptag otny orola avixet to x4fe npdtuno exnaldeuans. H extiunon avtd vlomoielzo
UE Tov uToAoyLous TG eE630u e oLVEPTNOTG Tadvbunong Yid x&Be éva and ta napadelypata exrai-
devone. Me autéd tov tpéno Snutovpyolue TeXVNTA Tapadelypata To onola GTNV CUVEXELL XPTIOLLO-
noovye Yié va enavanpoodiopt{oupe TV uviun Tou cuothuatog Bhaet g TEXVIXYG OV TEPLYPAPNXE
oty xatevBuvépevy exmaideven. Av 1 Swaducacia auth emavaknebel téte €xoupe otnv didbear) uag
uia eravohnrtich uéBodo ue v omola uropodue va extiuficovue Y uviun ot Ty xatyopta xébe
rapadelyuatog exnaidevons. Kpitipio odyxhong tou emavalnntixod tufuatog g pefédou enhéye-
T suviifg va etvar 1 ehayrotonotnom g uetaBolris g uviung Tou suoTiuatog Y 8o Siadoyixd
Bruata.

Katé tov xpévo t, n enavaknrroe uéBodog uropel va exppactel ue Tig axdlovbeg efiodaoeis:
1. Yrmoloyioude tn¢ e€68ov ¢ ouvdptnone tadivéunons yid ta N napadelypara.

yi® = Rp(x;, w?),  i=1LN (L.5)
2. Taéwvbunon twy mporinwy.
o Zargmaz (45®),  i=LN (16
J
Omov y;; elvon 1 j ouviatdoo Tou Saviouatos y;.
3. Karaoxevy véwv napadetyudtwy.
Yi1

. _ , (t+1)
Yi2 t+1 o, X (5]
yit*h = t HE y§ = { +a, x: g w:(t+1) (L.7)

YiNn
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4. Yrmodoyioude tne uviune tou cuatifuatos ue v wéfodo tne xatevbuvduevns exmaldevang.

M
wit+) =argminz d(R(x;, w), y;¢+1) (1.8)
w .

i=1

T va meprypddoupe TApws onotadrintote enavalnruxd pébodo npéner vo opiaoupe apyixés T
Y& Tig petaPintéc Tou xon éva xpitiplo abyxhong o onolo eAéyxel MV guvBvixn TepuaTioNOY TOV
emavahnruxol Tuwiuatog g pebédou.

Apyux ouvBixn yia tnv uéBodo autoexnaidevorg anotedel pla extiunon tou w(® 7 onola tifeTan
ouviifug ot tuyates tpés. H extiunon aut] elvaw n xewpbrepn twv emhoydv mou Srabétovyue. e pept-
xég mepnTHoELS, avdhoya pe To eldog Tng cuvdpTnang TagLvénang Tou yenouuonotolye, tposnabodue
va. oplaoupe gy apyixés TS TG UvAuNg Tou ouaTiuatog aptBuods Tov etvon oty Yertowd TV Te-
Axdv Twdy odyxhons. Me autd tov tpéro emtuyydvoupe ouvifug xa cdyxhion o uxpdTepo
optbud Brudtoy.

Ao elvon o onuaviixdTepa XpLTApL TEPUATIONOY TwY enavalfiewy:

1. Eldytotn petaBolt| Tne uviung tou ouotiuatog tafivéunong oe dVo drudoyixés emavarfiders:

d(witt) wit)) < T, = w = wt+D) (1.9)
6mou Ty elvan wixpds un-apvntieds tpayuatinds aplbuds.

2. E)dyotn petafoly tg €630u tov cuoThiuatos:

d(y D y®)) < T, = w = wittD) (1.10)
émou Ty etvan entong wupds un-apvntinds mpaypatixds apbuds.

Avuotuyds Y Ty yevoeh wopepd g uebBédou emavaknrrixol mpoodiopiopold g uviung Tou
ouatuatog tafvéunang mou neprypddaue dev uropodue va eZacpalicoupe Ty adyxhon. ' ToArég
eWdués Loppés TG auvdpTtnomg tagtvéunong undpyouy anodellels alyxAiang tng uedédou extaldevong.

1.4.3 O péBodol olyxpLomg TWY TEOTUNWY

Av yeletfiooupe Tov Tp6TMO OUYXPLOTG TV TPGTUTWLY, TNV WéBodo exmaldevorg oe oxfon we Ty
nAnpogopia mou etvar Siabéouun xon TOV TPETO XATNYOPLOTOLNATS TOV YAPAXTNPLOTXGY YVWPLOUSTWY
TWY TPOTURWY, unopotue va Staxplvoupe Tig e5hg pebodoug Tagvdunorng:

1. MéBodoi abyxpions mpotUnwy (pattern matching). Xe auth v xatyopla pefoédov tposdiopl-
{ovton avTinposwneuTd npbTuta and to tapadelypata exnaideuons. Autd ta npéTuna ovopd-
{ovton TpbTUTA AVAQOpES 1 TPWTETUT Xat XpNouLoTolodvTaL Yia va Teptypddouy Tig xatnyoples
Tou guathuatog tavéunons. Eva f toharhé npwtétuna avé xatnyopla arofnxedovron otny
UVALLY) TOU GUGTAULATOS Xatt 1) TAELVOUNOT TtPIYLATOTOLELTaL LUE GUYXPLOT) TOV &Y VWG TOL TtpGTUTOU
HE To TpwTéTURE 6wV TV Xatnyopudyv. Me Souxd f oToxaoTixd xpithpa to dyvwoto Tpb-
turo taivopeitar oty xatnyopta pe TV onola rapouotdZel Ty ueyahbtepyn opotbtTa (Soutxd
ouoThuata) 1 Ty peyahdtepn mbavétnra (oroxaotind cusThuaTa).

O uéBodor alyxpLang mpotinwy uropody exiong va dwuxptlodv Bdoel tng uebédou uroloytouol
TRV TPWTOTUTGY TWV XATNYOPLOY.
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(a) OAa ta mapadeiyuara exnaibevone Gewpolvrar mpwrétuma. Xto olotnua tagivéunong
anébnxebovtar 6ha Ta mapadelyporta xou v dadicacia talivéunorng mpayuatonoleital Ue
TNV 6UYXPLOT) TOU &Y VWO TOU TPGTUTOU UE Ta TpéTUNa Twv Tapadelyudtwy. H uébodog auti
xpnotuonoweitor cuviBwg 6tav diabétouue pxpéd apbud rapaderypdtwy. Otav o aplbuds
toug aufdver, N wéBodog avuth telver va ylvel umoloyiotnd ypovoPdpa mapouvaidlovrag
gmnhéov ueydheg aronthaeis uviung v v arnobfxsuoy twv npwtdturwy. To enuavtxd
mAeovéxtnua g uebédou evtonifetat oo YeYOVhs 6TL 1) Sradlaxaia exraidevang elvon ToAd
anh xou v alomotia Touv ouoThiuatog Tagvéunons tohd vinAf. H uébodog auth xplvetar
AVEQAPUOOTY 0TS REPLRTAOELS XA T Tig omoleg ot StaatdaELs Tou Staviouatog Tou TpéTuToy
elvaw oA peydhes. Xapaxtnpiotuer nepintworn aduvaulac epapuoyis autis tng uebddou
exnaidevorg elvon ta ouothuata Tadvéunons avuxeluévey ot axtvnt 1 xuvoduevrn euxdva.

(B) EmAéyovrac ta nAéov avrnpoowncutixd mapadelyuata. Eivoaw obvnles gawvépevo n al-

Enomn tou apifod twv Tapadsiypdtwy, népa anb éva onuelo, va unv nposbéter xpfiown
nAnpogopla oty duaduaoia exnaldevong. To yeyovds autéd mapouctdletan xvplws oTig
xatnyoples ov omoleg éyouv uxpy diaomopd mpotinwy. Kabdg av§dvovtar ta mapadety-
pata hapBdvouue tpdTuna ToL EXOUY HeYdAn opoldTNTa e TponYolueva TpéTURa TNG (Bl
xatnyoplag, ouvends 1 mAnpogpopia mou mpootiBetan elvar moAS puxph xou uetd and éva
onueto ylvetaw apedntéa, evéd napdhAnia avibver onuavtixd 1 roAuthoxdtnta g Webé-
dou exnaidevorng. Xe autés Tig mepuntdoets elvan ox6muo va anouovdoouues Ta TAéov
AVTLIPOCWREVTLXE Topadelyuata.
H emhoy? 10V aviinpoownevtindTepny napadetyudtoy npaypatonoteitat cuvifwg ye pe-
6630ug ouadonoinong npotdnwy. Me v oyadonoinoy npotinwy npoonafoldue vo evioni-
coupe K mpétuna ta onola elaytotonotody v "anbdotach” Toug and Ta mapadelypota.
Tumwe mapddetypa auths e Texvxrs anotelolv ol exavaknrtixol akybpiluol Tou Ténou
K-péowv (K-means) mov nepiypégoviar avalutixdtepa 1o xepdhato 2.

(Y) Anuwvprdviac véa avtinpoowrevtixd npéruna. Aroteholy mapolhayh twv pebbdwv g
nponyoduevng xatnyoptag. H Siapoponowmnet| toug Bplaxstal atov tpéno unoloyiouol twv
npwtétunwy. Ta mpwtbtuna dnuovpyolvran TexvNtd €tol wate va Bploxovion ot onuela
Tou Slavuoyatixol ydpou TwV TEOTUWY ToL ehayloToroloUY To WéTpo NG alfpoloTixig
Toug anboTacng and To TPOTUT TWV TapadelYHdTeY Yid xdbe xatnyopia EexwploTd.

2. Edpeon twv xowdv yapaxtnpiotixdv. Xe auvth tnv xatnyopla uebédwv yivera mpoomdleia

EVIOTLOMOY XOLVGY YVepLopdtey tou yapaxtnpilouv ta tepioobdtepa ¥ 6ha ta mpbTuna xdbe
xatnyoplag. Tuvende xatd v diaduxaoia exnaideuang unoloyiletar To glvoro TwY yapaxty-
PLOTIXGY YVWPLoUdTwY Tou dlaoporotel Ta TpdTURY 0TS XATNYOPlES.

O uéBodor autol ypnowonotobvan cuvhbng aTig TepLT@aELS exelveg xatd Tig onoleg To napa-
ueTpLx6 dudvuapua Tou mpdTuntou etvar Tohd YeYdAwy Slaotdoewy 6Tws 1 Yneonolnuévn exdva,
ot AéEeig puautic YAdooag, Ta Sedoubva Latpixdy Sy VOoEWY X.0.%. Je auTéq TS MEPLRTWOELS
7 tafwvéunon rpaypatoroteltal we Ty Borfela xavévwyv.

. Duvraxtixés § yYAwooodoyixéc uéfodor. Mepuxd avtuxelpueva uropody va avaluBodv oe éva -

%p6 TARBog amhovoTepwy avTxeévey ta onola ovoudfovron xat apyxéyova tpdtuna (primitive
patterns). IToA\& apyéyova npbruma cuvdéovron petall Twv ue ayéoels ol onoleg yapaxtnpi-
Couv Tic xatnyoples TV MpoTiR®Y TOL BEAOUUE VA avaYVwPLOOUUE.

Xoapaxtnpiotixd tapadelypoato aviieluévoy ToV Utopoly va Teptypapody Ue TETOLEG XaTnYo-
pleg, elvan oy Brodoyia ta ypwuooduata tou arotedodvral and éva oUvoho artAdy opddwy
opyavixdy poplwv. H yevetuf mhnpogopio uetagépetar ota Ypwuogduata ard tov tpdno
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alvdeorg Xhddwy opyavixdy poplwy.AMko napddetyua arotelody Ta guothuata enedepyaotag
puowtic YAdaoag, ota onola oL AéEelg eneZepydfoviar oav €va 6Gvolo GToLELLDETTEPLV avTL-
xewwévwy, Ta Ypdupata, to onola unopel va Bewprnlel bt elvan ta apyéyova npétura. Enlorng
oL MéZeug elvon ta apyéyova tpdTuna evég cuathuatos Tagivéunang npotinwy To onolo evdeyo-
uéveg va avayvepllet v yhdooa (ou xatnyopies taZlvéunonc) otnv orola elvar ypouuévy n
AEZm.

Auth 1 xatnyopia npofAnudtwy Tadvéunons tpotinwy avuyeteniletol ue ouvtaxtixnés ueds-
doug. Bewpolue 6TL oL mpotdoelg TG YADoouG anotelolyv Ta MPOTUTA TV Xatnyoptdy. Ta
npétuna autd Souolvrtar and AéEewg ov omoleg elvan Ta apyéyova mpbTuma. Xtnv mepintwoy
avth ot xatnyopleg aviuewwévov elvar ou Sidgopetinés WiétnTeg mou €xouv oL mpotdoe ™G
Yhdooag. Emypaupotixd urmopolue va avagpépouue 6Tt mpofMjuata 6nwg, 1 avayvopLon g
Yhdooag otnv omola €xel ypaptel ula npétaon nou anotedeitan and ypdupata Aativixdy yo-
paxtipwv, N avayvdpLon Wds ouvtaxtxd Aavlaouévrg npétaors, n autéduaty dibpbwon ypau-
potxdv opaludtwy arotehodv éva uxpd delyua mpofAnudtwy mou emhdovron pe uebédoug
ouvtaxtixfg TaELVOUNoTS TPOTUTWY.

Ty ontixd tadivéunorn oepooxapdy To trtdueva aviixelueva avallovtar ota uépy mou To
arotedoly: mreplyla, xopuds, puyyos, ayfiua ovupds, xiwnthiplo avotnua x.0.x. To eldog Twv
apxéYovey TpoTtinwy Tov avayvepllovtor ahhd xal 1 edpean TV petadld TV OYECEWY LROPOLY
va tpoodioplaouv Tov TUTo Tov agpooHdPoUs.

Ta ovotAuata guvtaxtudic Tagvounors tpotitwy arotcholvton and dvo Pabuideg exedepya-
olag. Xtnv npdty Pabulda avayvepllovtat Ta apyéyova tpbtuna. Lty Babulda mou axoloubet,
ue peBédoug auvtaxTixfc avdiuong, Tadivoueital 1 Souh Twv apyéyovwy npotitwy ot ula ouv-
vraxetixer] xotnyopta.

Luvendg xatd tnv Siaduacia exnaldevons extés and v napauetpued teplypaph twv apyéyovey
TPOTONWY TPETEL VO TPOGBLOPLOTOUY XL oL aYEoeLs Tou Guvdéouv Ta apyéyova TpdTuna OTIG
xaTnyoples.

O péBodot ouvtaxtixfic TagLvOUnoNG TPOTUNWY MEPLYPAPOVTAL OTO XEQPAEAALO .

4. Avayvdpian ypovixd uetafaldduevewv yeyovétwv. Mu aitepn xatnyopia npofAnudrtwy ta-
Euvéunons npotinwy oyetiletar ye ypovixd uetafaliéueva yeyovéta, dnhadl xatnyopies npo-
tinwy mou yapaxtnpilovtol and ula yapaxtnpiotxd petaBaliéuevn xpovixy axohoubia evég
aptBuol uetpioewv Tou avtixeluévou.

Taupdderyua ypovixd uetofoahhéuevey tpotdnwy anotehel B avipdmvny ouhia. H outhia nepié-
XL povigata g YAdoooag nov npogépovrat ue diagopetue] TaylTnta xatd TNV EXPOPd uLds
rpbraons f wdg MéEng. Xpowxd eEehioobueva tpdtuna anoteholy extong To GUUTTOUATA XoL
ot epyacTnplaxés egetdoeig aobevdv. O yuatpol nov mpaypatorololy dudyvwon nabfoewy xat
aobeveldv, o uepuée mepintdoerg elvan oe Béom va avagpveploovy pla acbévelr, yeketdvrog
™V Ypovixh eEAEY TV GUUTTOUATLY ¥ TOVY spyaatrplaxdy eietdacwy aabevadyv.

H pehétn autdv Tov gatvouévey elvor £va and ta tohurhoxdtepa xou Suaxordtepa npofifuata
oty emotiuy g Tadivéunorns npotinwy diéTt, extée TNg Saonopds TV TPOTUTWY TOL Tape-
uetpixol draviouatog Y& xdbe xatnyopla €xouue va AVTLUETORIGOUUE XAl TO QALVOUEVO TNG
draomopds oty ypovury eEEMEY Toug.

Tra xe@dhoa mou axolouBolv Sivetar avakutixnd tepiypagy twv uebédwv tagivéunone npotinwy
g xat Twv avrigtouywy Texvixdy exraldevang, drwg autés opadorouifnxav oe auth TV napdypago.
Xe xdbe uébodo mou mepLypdpetar dlvetar xau o avtiotouyog akybpibBuog(ol) exnaidevone ocuvodeus-
uevol and évav aplfud tapaderypdtwy tov Ponbolv otnv xatavénor g Bewplag.
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1.4.4 H yérprom tng afiomotiog ocuotiuatog TagLvounorg npotinwy

O unoloyiopds Tou opdhuatos Taglvounorns npotinwy arnotehel To onuavtixétepo xpithpio adtodd-
Ynong xdfe ouathuatog mou oxedidfouue diétL pag divel éva mogotixd uétpo Tng adlomatiog TwY
anopdoewy Tou hauBdvel.

H uétpnon tou opdhuatog exnpedletan and v uébodo taivdunong xou exnatdevorg, To ol-
volo twv napadetypdtov exnaldevons xoal 10 oUvolo TV HETPHOEWY TOU YpnotuonolobvTal Y& va
petpioouy To opdhua. Tevixd 1 aplbuntud] T tou oediuatog e€aptdtan ané o napauétpous:

Yodlua = Xy(61, B2) (1.11)

6 eivon oL TapduETpOL IOV KEPLYPAQOLY TNV exidpaan tne daduxaciag exnaldevang atny uétpnan
Tov ogpdhuatos. O mapduetpol autol eaptdvran dueca ané To o¥voro Twv mapadetyudtwy Tou
ypnotuorotobvtal otny exnaldevon xaw ennpedfovtal xou and v uébodo tng exnaidevang.

O3 elvaw oL napduetpot mou delyvouv v enldpaan mou €xouv oty uétpnan Tou opdiuatog Ta
rapadelyuata Tou ypnowwonotolvToL YauTh TNV pétpenom.

YroBétovtag 61t 1 draduxaoia exnaldeuong oxedidleton €tol date va ehayiotorotel To apdhua
g tadivéunong yia ta tapadelypota Tou Ypnowonotobvtat otny exnaideuon, N axéloubn aviabtrta
elvat Tpogavig.

Zp(61,01) < Zy(61, 62) (1.12)

Ty npdln xdbe draduxaoia extiunong twv nopauétpwv tTou cuoTiuatog Tagvéunong npaya-
toroteltan ye TNV Yprion evog menepaguévou aplbuol rapaderypdtwy exnaidevong. O axpiPBéatepog
uroloyLoués Tou opdhuatog evég ouathuatos Tagvounang npotinwy uropel va yiver uévo Gtav
éyovue otny dudbeor| pag anepibpioto apliud rapaderypdtwy.

Optouéds 1 TpdAua ovathuatoc tadtvdunone npotinwy opilovue to uéyeboc Xy(0, O) yia to onolo
n exnaidevon xai To opdAua éyovy vrodoyiotel and ancpibpioto apibuéd napadetyudrwy.

Eneldt woylet:

Nl—z)Too 9N =6

guxola anodeuevieTot 6TL:
Jim _Z,(6n,6n) = Zy(6,6)

Ano ta mapandve elvar gavepd 6Tu xée unoloyiouds Tou o@dluatog and nenepacuévo aplbud
TapadeELYUdTwY aroTeEl 61NV TpAYUATIXOTNTA Uta TPOGEYYLOT] TOV TpayuaTxol apdiuatog. Entorg
unopolpe va damatdooups bt N exnaidevon ue nenepaouévo apibud rtapadetyudtwy aAhowbvel Ty
axpifewa g uétpnong tov ogdhuatos. To yeyovés autd €xer oav ouvénela v avdyxn va Sayw-
ploouue Tg npaypatée napauétpous Tou cuothuatog (O) and Tig napauétpoug mou uToroyifovran
arndé N napadelyporta (On).

Aro ta rtopandve elvol tpogavég 6TL toybouv ot axéhovbeg aviodnTeg:
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£4(6,0) < 5,(6n, 6) (113)

E(P(eNi 9N) < 2?(61 6N) (114)

T4(ON, On), slvon 10 opdhpa Tagvéunong étav ta da N mapadelypota xpnotuonownfolv xal
Yie TV exnaideuan xat Yt v uétpnoy tou opdhpatog tagivéunong. Autf n uébodog pétenong tou
opdAuatos ovoudletar "MéBodog-C” (C-method).

(6N, ©), clvar 0 o@dhua tafivéunerng btav N napadelypata ypnosonotodviar aTny exnal-
8cuom xat anepdpiotos apfuds tapadetypdtev xpnouonotodvial yia TV UETpron Tou OPANLATOG.
H péBodog auth ovoudletan " MéBodog-U” (U-method).

Av dweBétouus K Stapopetixd otvola napaderypdtwv exnaldevons téte yia xdfe éva and avtd
Loy YoLuV oL aNoOTNTES:

5,(8,8) < Z,(0n8®,0), k=1K (1.15)

(08P, 08®) < Zy(8,08W),  k=1,K (1.16)

Ot avtiotoues avauevéueves Tés (f wéoeg Tiés) Ty avootitev Ba e€axolovBodv BéBawa va
umaxovouyv otig idieg auvBrxes.

E(%,(8,6)) < E(Zp(0n®,0)), k=LK (1.17)

E(Z,(0n®,0n®)) < E(Z4(0,08¥)), k=LK (1.18)

Yrobétovrag 6L 1) éan T TV ogaludtwy uroroyiibuevn pe Ty uébodo Te(O, On ) uropet
va pooeyYiler To BewpnTiné opdhua apod éxouus uroBéael 6TL Ta napadelypata Exouv Angbel pe
tuyato tpbmo, 161 N axbhouln tobtta tepiéxeL otatiotue] ahifela. H oxéon avth woyuporoteitor
600 peyahitepog elvar o aplfude Twy mapadelYUdTY U YproulonoloYvToL Yid TNV uétprnon tov
opdhatos.

E(Z,(8,0n"))) = £,(6,6) (1.19)

Me tnv BokBeia TG TPOGEY YOG TOL XEVAUE Xat TG Tapandve aviobtntes BAérovye 6T T0 L (oL INVE]
tou guoThuatos uropel va neplopiatel and dGo Spia:

E(Z4(O,0n)) < 4(8,0) < E(5,(0x, 6)) (1.20)

O awoétnies g eblowong SnAdvouy 6Tt To payUaTNd opdhua Tou cuaTiiuatog Taglvéunong
TpoTUNWY deV Uropel va unohoyLotel ue axplBeta ot Tpayuatiés epappoyés 6mou elvan Brabéaiuog Eva
renepaopévog aplipds napaderyudtoy. Evalloxtixd uropodue va unohoyigouyue xatd mpocéyyion
™V meployf TGV oV onola Bploxetar N mpaypatLe] T Tov opdAuatos.

O1 mhéov diadedopévor uéBodol Tpooéyyiong twv oplwy uéoa oto onolo PplaxeTal To mpayuaTxd
opdhua evée ouoThatos Tagivéunorg elval o axélovbol:
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1. MéBodoc-C. Yrohoyt{ouue to opdhua Tou ouaThuatos TagvéUnang XenowonoldyTag 6ha ta
Siabéorua mapadelypota xau Y TNV exnaidevon akhd xau yia TNV uétpnom mou cpdhuatos.
To uéyebog mou umohoyifoupe pe auth v uébodo eivar To uxpbtepo duvatd opdhua Tou
ouaTHUATOS TAELYOUNGNS TPOTORWY.

. Mé6oSoc-U. Ané yvhowa unogbvola Twv mapaderyudtwv exnaldevang unohoylfovyue Tig mapa-

uéTpoug TOU CUCTAUNTOS TaELYOUNOTG Mot XATOTLY, and to evanopelvavta napadelypata tov
dev ypnowonotifnxay atny exnaidevon, TPAYLATONOLOVUE UETPHOELS TOU apdAuaTtog Yid xdbe
olotua Eexwpiotd. To dvw éplo Tou opdhuatog tafivéunong Loolton YE TNV péon T TV
OQOALATOV.

o ouyxexpuuéva, o ouviifers uéBodot e Tig omoleg propodue va urohoyloouue To dvw bpto
TOV TPAYLATLX0Y GPSAULATOS TOU GUOTAUATOG ta&ivéunongs etvan oL axdhoubes:

(o)

®

Ataywpioués tov rapadeiyudtwy ot olvolo exmaibevons xat abvolo eAéyyou (Sample
Partitioning method). Ta napadetypoata xwpilovrar oe 3Vo ouddes, Ta nopadelyuata tov
XprnouyLonotodvTon Yo TNV xnaideuan, mou elva ouviifg XaL To REPLOOGTEPDL, KO TOL TOPXL-
delypata Ta onola Ba ypnaytonomboly yia Ty pétpnon Tov OQAALATOG TOU GUOTHUATOS
tafuvéunong (to evamopetvavra). Te auth v péBodo npener va So0et npocoyn oto aplbud
1wV TopUdELYUATOY TOL YpNOLoToLoUVTaL YLd TV exnaldevuon Tou ouotuatos. Av o
apifu6s Twv Tapaderyudtwy Tng exnaideuong elva wxpbs t6TE MopouaLdleTaL T QouLvo-
WEVO va éxouue onuavTixd A&bn xatd tov UTOAOYLOUS TV TtAPaUETPWY TOU CUGTALITOG
rafwvéunane. To yeyovég auté €xel aav Seutepeiouoa Guvénela xat Tov AavBaouévo uro-
Moyioué tng aftomiotiag Tou suathpatog mov cuvifieg epgavifetar ToAU peyahitepog TOU
rpaypatixod. H atEnon tou unoloyi{duevou Sxothiwaros afefardtnrag Suoxoledel Ty
Sradixaota extiunang s aflomotiag Tou auaTipatog Tagvéunerg.

H uéfodog daywpropod twy mopadetypdtey Bewpeitar acparfc 6tav undpye Sabéaiuog
ueydhog aptfude mapadetypdtwv exnaidevorg.

H uéodoc tov aypnoiuonolnrov napadelyuatoc (Leaving-one-out method). Av o apiBuég
TV Tapadeypdtey mou Stabétouye elvar pixpés T6TE Elvon TPOTYWATEPO VAL EQAPUOOOUYE
v uéBodo Tov aypnoiuorolntov mapadelypatog 0 omola extelel Toug axérouBoug vro-
Aoywouote: Apyixd o obotnua tadivéuneng exnandedetar ané N-1 napadetypata. To
aypnowonoinTto napdderyua Ypnowonotelta yud tov unoAoYLoUé Tou o@dAuaTtog UE duEco
anotéheopa va éxoupe dvo wévo duvatés ués, 0% opdhua oty nepinTwon 1OV 1o RApd-
Sevyua tafivourfnxe owotd xou 100% opdhua av 0 napdderypa tagivoundel AavBaouéva.
Ty id Sadixaoia eravadauBdvouue N gopég apap@dvtag x40 @opd xau éva dapope-
b Tapddelypa ano To ouvolo twv N mapadelyudtwy Tou elvar SuabBéoa. Tav telxd
opéhua uroroyileton o apiBuds TwY opaApdTLY TaELvéunomg Tpog Tov Guvolixd aplud
v napaderypdtov (N).

1.5 Xyedloopls CUGTNUATOY oLy VOELOTS

O aroteleouotixés oyedaoués ouathpatog Tagvéunong TPOTUNWY TPOUTOBETEL TNV AVTIUETOTLOT)
evog apiBuod mpofAnudtey Ta ortola ennpedfouv oNUAVTIXSE TNV ouunepLpopd tou. Mepuxd and Ta
onuavTLXéTEpa TPOPAUATA TOU UEAETHOVTHL avahuTixGTEpa oTa ERGEVA xe@dhata ebval xa T axd-
Aovfa:

1. IHoiéc elvar ot TApdUETPOL TWV AVTIXEIUEVWY TOU TPETEL VA uetpnboly andé aviixeiueva mov 1O
ovotnua avayvwpilel;
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Elaotxdinta ol Ehaotixdtnta
Teaydtnto , Teaydtnta

Ipoenegepyaoia Yiotnua
Sy

Ardoaqn

Oyxog Metpfioewy tagivéunong
Béposg Eidix6 Bdgog
Xpdua Xooua

Tyfua 1.3: Aour ouoTiuatog Tagvéunong Tou UALXOY XATAOXEVNG AVTLXELUEVOVY

KdBe avtixeipevo dabéter éva peydho mhifog yapaxtpiotixdv érwg, yedua, Bépos, oyfua,
TpayUTnTa empdvelag x.0.x. Eva ano to rpdra npofAiuata mou €xel va Aoet xdbe oxediaotic evég
ovoThuatog Tagvéuneng Tpotinwy elvon N emAoYh TV XaTAMNAOTEQWY TAPAUETPWY TOV TIPEREL Vol
ueTpd and 1o Quotxd avtixelpevo étol dote vo Beltiotornouioel Ty ailomotia tagvéunons. H cwot
emAoyH TwV TapauéTpey EAXTTOVEL enlong XaL TV UTOAOYLOTLN TOAUTAOXOTNTA TOU GUGTAUATOS OV
oyedidleL.

Av Ba 6éhape va avayvwplooupe bpia topToxdha xaw Aepubwia, 161e 00ot6 Ba frav va emhéZoupe
70 Ypdua oav exelvo 1o yapaxNpLoTXS Yvdpiopa To onolo unopel va Saywploet avtés Tig xatnyopleg
avioeyévev. Ta toptoxdha éxouy xpdua and toptoxall €wg x6xxivo, eved Ta Aeubvia eivar xitpiva.
H \don 670 npéBinua emAoyhic TwV XOpUXTNPLOTIXGY TOU PUOLXOY avTixeEvou ueTafdAheTal oTny
repintwon mou Béhouye va Saywploovue Aeubvio and pravéves. e auth v mepintworn BAérouye
67 10 Ypdua dev anotehel Théov afibmotn mapduetpo tadivéunons. H nopduetpog mov uropel vo
draywploet T 300 ouddeg aviixeévey elvar Théov To ayfua, duéTt Ta hepdwia slvan xatd npootyyion
opalpLed EVE oL uravdveg €ouy oxfia TapaLopPRUEVA XUMVBPLXG.

Aro ta nopadelypata autd yivetan gavepd 6L onuavti] enidpaan oy emthoy TV TAPAUETPWY
(xapaxneLaTXdy) mou tpoodiopifovon and To uotxé avixeiyevo Exet xar o eld0G TLV XATRYOPLGY
Tov To glotnua avayveplleL.

2. Eivar duvatév va undplet xdnoia mpoenelepyacia (uetaoynuatioués) twv uetpfocwy mou
AaupPdvovrar ané ta avuxelueva étor dote va feAtiwbel 1 aliomotia Tc Talivéunong;

Ac¢ 3olye to axdhovbo napddetypa. Eotw 6T 6€houye vo xataoxeudoouye pua unyavi 1 onota vor
rpoodloplfeL To UMx6 xataoxevhc avaixeévey. Lty ddbBeor uag éxouvue petphioeis Twv axéiouvbwv
YUpaxTpLoTIXdY: Ypdua, Bdpog, 6Yx0, oy, TpaydTNTa ETLpAVELds Xou ENATTIXGTNTA.

To ayfia Tov avixelévou ot eEAdyiotes mepintdoelg Tepléyer TAnpogopla 1 onola va oxetile-
TaL Ue 10 UAH xataoxeufi Twv avixewévoy. Tuvends auth n mAnpogopia dev elvan oxdémuo vo
xenowonowBel and to obotnua Tagivbunong.

O\ uetprioei Tou Pépoug xat Tou dyxou dev guoxetifovrat dueca ye To VAXS xataoxeurs. I've-
plloupe buwg 61t 1o etdixd Bdpog x4Be avtixewévou, mou urohoyileton and Tov Aéyo Tou Bépoug npog
T0v 6Yx0, elvar pla TOAG xakf nopduetpog Tagivéunong Tou VAxol and To onolo etvan xataoxeva-
ouévo. KdBe uhixé éyer yapaxtnpiatxd xou tohAég opés wovaduxd ewduxd Bdpog. Lo oxrfua (1.3)
diveton 1 Soun evés ouoTAUaTog TaELVOUNONE TOU UAXOD XATAOXEVTS AVTLXELUEVOY.

Ao To mapdderypa yiveton pavepd 6t toANé popés elvar amapaitnty Wwa npoenedepyaocia TV
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uetpfioewy, éTo dote va emtevyBody 3o otéyol:

1. Na aroppifouye Tig uetprioels Twv aviixeluévwy ol onoleg dev Uag npoagépouy xappuia yeriown
TAnpogopla.

2. Na yetaoynuaticovpe Tig uetphoeilg o mapapétpous oL onoleg va mapéyouv mAnpogopla yia
exelva Ta YOPAXTNPLOTIXG TWY AVTLXEWEVDY TTOU EMLTPENOUY TOV SLaXWPLoUG TOUG OTIS XATYYO-
pleg mov embupolye.

Ye npaypatixés spapuoyés To tpdPAnua tng npoenegeyaciag xou emAoyis Twy napapétpwy yivetat
nohumhoxdtepo. Tuviifwe undpyer atnv didbeon pag éva abvolo mapapétpwy xal Tapadetyudtwy and
Tic onoleg mpénel va BtahéEouue éva umoolvoho aut@y, e€auTlag UTOAOYLOTIXOV XdL OLXOVOULXGY
neploplopdv (10 x60Tog 1wV aLolnthipwy Tou AauBdvouy Tig petphioelg elvat onuavtixd oe ayon ue
70 OUVOALXS %6GTOG EVEG AUTOLATOV GUOTALATOS TagLYOUNONG).

H emhoyt Twv xahltepwv nopauétpwy xat o BéAtiatog uetaoynuatiouds toug elvon éva Baond
rp6PAnua Tou éyouye vo MiGoUUE XaTd TNV Xataaxeul onoloudfnote suothuarog Tagivéunong npots-
nwv. AucTuyds To TpbPAnua autd éxer otevi oxéon xat we v pébodo taglvéuneng mov Bu entheyet,
We dueon cuvénewr Ty avdyxn allayic g uebodou tagwéunong 6tav uetafidhlovye xau Tov TpéTO
UROAOYLOUOY TOU TAPAUETPLXOL SLaVIoUATOS TWY TPOTUNWY.

H npoenefepyaotia twv uetphocwy mov ovoudfeton xon Staduaata eZaywys tapauétpwy, anotelet-
Tan a6 3Yo pépn: MV emhoyy TV Tapauétpwy xou Ty encepyacia toug. Ot puéBodo tpoenegepyaotiag
TRV TapauéTpwY TEPLYpApovIaL 0To Xepdhato 6.

3. Iowd eivar n nAéov xatdAAnAn uébodoc tadivéunons avtixewévay;

To npbBAnua eivar va Bpodue ula uébodo encepyaoiag Tou napauetpxod Saviouatog 1oV dyve-
otou mpéTUTOU X 1) omota va to Tafivopel ot wla (tnv w;) ané N xatyopies (2 = {01, w2, ..., ON})
avtxelévey emhéyovtds v pe xdnolo xpithiplo BedTioTonoinong.

TToMhég uéBodor éyouv npotabel xau ypnowonololvton ofuepa ue emtuyio oe SapopeTixés epap-
woyég Tagvbunong tpotinwy 6mwg elvan N enegepyaoia Quauic YAbaoag (tagivéunon owhiag, emfe-
Balwan ophnth), tatpued Sudyvean, Texvnt épao, cuathuata acpaletag, ot cusThtata Tagivéun-
ong otéyov e radar, sonar f péow unépuBpng oxtivoBoliag x.0.x. To uyeydho miffog twv pebédwv
tafvéunang xa emPBeBatwong mov éxouv avarntuyBel petatpénovy suviifing to Tp6BAnua xataoxevc
evée ouathatos Tadvéunorng xupleg ot tpéPAnua emloyhg xa TpocapuoYhs xdrotag Undpyousag
uebbéBou TaELvbunomg TpoTOTWY OTIG LWBLULTEPSTNTES TG EQapUoYTS.

1.6 Toa nepleybueva Tou palbfuatog

Yxonbg tou pabfiyatog elvan 1 tepiypagh Tov onuavTixétepwy ueBédwv xataoxeuns autoUaTOY U1
yavév ol onoleg tafivopodv avtixelpeva. Xe x80e xe@dhaio Twv onuelhoEwY neptypdgetan xat ula
oudda uefédwy taflvéunors mpotdmwy. Alvetaw ula ouvontie emaxémion twv Pacxbtepwy Tpo-
BAnudtwy mov mpénel va avtiuetonioel o oxediaotic evés cuaThuatog Tagivéunong 1 emPBefaiwong
npoTinWY WS XaL TwV aviiotolywy Aicewv tou unopel va 3daeL €10l GoTE Vo EMTUYEL TO WUXPOTERO
duvatéd apdhua tagivéunons.

Mo ouyxexpyiéva, oto eT6UEVO Xe@EAato avaklovial ta cuothuata taglvéunorg mov xernaeLyLo-
nowoby unoBéoelc mou €YOUV VA XAVOUY UE TNV XATAVOUYH TWV TPOTUTWY GTO YXGPO Ty UeTphoEwY.
TMawté tov Aéyo autd ta cuathuata To ovoudfovue douxd.
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Yo xepdhato 3 uehetdvrat Ta ovaTiiuata tagivéunang tpotinwy tov Teptéyouy ot xémnota Babuida
Toug UROBETELS TOV EXOUV VoL XAVOUY UE TNV GTOXACTLXY GUUTEPLPOPE TWY TPOTUTWY.

L1o xe@dhato 4 yehetdvrar un Ypauuxd ouotiuata taglvéunong mpoTtinwy mou anoTteAouvial
ané Siaouvdedepéves un-ypaués unohoyrotixés Hovddes. Ta ovotiuata elva yvwatd ue 1o dvopa
veupwixd dbxtua.

1o xepdhato 5 mepLypdpovtar Ta ouvTaxTiXd guoThiuata Tagvéunong mpotinwy xau divovra
UeptXéC amb TIG OMUAVTIXOTEPES EQApUOYES TOVG, 6mwg elvan 1) quvtaxtixd avdluon npotdoewy, 1)
avtéuaty dbpbwon opaludtwy %.0.%.

Tto xepdharo 6 divovron ou wéBodor mpoeredepyaciag TwV petprigewy mou Aaufdavovtal and To
TEdTUTO XaL o TEYVLXES AVTMETAMONS ToV TpoPAfuatos g emAoyis TwY xakiTepwy TAPAUETPLY.

Y10 téhog xdfe xepahatov divetan évag uxavoromtixés apiudg Aupévey xat dhutey tpofinudtwy,
n perétn Twv onotwv Ponbd otny xatavénen twv Bepdtev mou avantiyBnxav xat anotehodv évayv
odny6 v TV mpax T epapuoy Twv uelédwy.

H Bifhoypapia mou dlvetar oTo Téhog Twy onueidoewy elval éva avioréynua twv Théov npdoga-
TWV EpYaoLdY oL avagépovtal ot tpoPAfuata xu ot cusTAaTa AUTOUATNG TagLVEUNOoTS TPOTURWY.
Tautéypova divovtar xor xdmowa ypriowa Buhia yio extevéotepn uerétn twy avixelévoy tov Biyo-
VTOL OTLS ONUELDOELG.

Tia v xaAUTepn xatavénon twv uebédwy tagivéunang xa exnaideuong mou napouvotdovrat ot
enéueva xepdhaa dtvoviar napadetypata ukoroinong otnv YAdooo npoypaupationod OCTAVE. H
YAbaoa mpoypappatiopod OCTAVE extedel pe anhé tpéro mpdfelg mvdxwv xat yevxdtepa apib-
unTxols urohoyiapods xat totdlel mokd ue v MATLAB. Eivow 3iabéoiun oe ddgpopa Aettoupyxd
ouoThuata, xau unopette va v Bpelte ye anonymous ftp oty diedbuvan " ftp.che.wisc.edu” otov
@éxeho ” /pub/octave”.
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