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Xpovika peraffaAAopeva
TIPOTUTIO

Eicaywyn

[Ipétoma. o omoio. yopoktnpilovior oamd pio kabBopiopévi ypoviky UEeTABOAN
Tapovoldovtal cvyvotata oTic avOpdmiveg dpaoctnprdttec. Iopadeiyporta téTolmy
TPOTOT®V VILAPYOVLY TOALG OTMG 1| OWALG, 1 OVTIANYN KIVOOUEVOV OVIIKEILEVOV, 1)
YPOTTN YADGGA, 1| €£EMEN CUUTTOUATOV OCOEVEIDY, TOV PLGIKAOV Kol EPYAUCTIPLOKAOV
petpioemv o€ acbeveic, N LeTafoAr Tng ovouaoTIKNG alog LETOYMV K.0.K.

Ta xpovikd HETOPAALOUEVE TPOTLTO, OEV UTOPOVV VO AVTIUETOTLGTOVV GOV TOL OTTALL
TPOTLTO. TOV EYOVLUE MO HEAETNOEL S1OTL KOTA TIC OLPOPETIKES EUPAVIGELS TOVG
TAPOLCIALoVY eKTOC amd TNV SGTOPE TMOV TOPUUETPOV TOVS GTOV YDPO TOV
peTpioemv Kot pio dtouomopd (StopopeTiky ypovikn e£€MEN) oto medio Tov ypdvov.
Olo  T0.  mapadeiypoto  mov  avoeEpape  yopoktnpilovior  amd  ONUOVTIKY
dapopomoinon oty TaydTTo. EEMENG TOVG 6TO MEGIO TOV YPOHVOV, T.X. KOTOLOG TOV
Braletar va pog avoyysiiet £vo, onpovTIKO LNVOLO TPOoQEPEL TIg AEEEIS Le LeYaADTEP
TaydNTo. omd TV ovvion TPOMO OWAio. TOV, LE GULVEMELD TO (QMVILOTO OV
amopTilovy TV oAic TOV Vo £X0VV LIKPATEPN SEpKELOL.

Tpeic eivar ot onuavtikdtepol PEB0SOL TPOGOUOIMONEC TPOTHTWMV TOV LETAPAAAOVTOL
otov xpovo. Ot pébodot ypovikhig evbuypdyuong mov Poaciloviol oe TEYVIKES
SVVOLILKOD TPOYPOUUATICHOD, TO OTOXOOTIKG HOVTEAQ LE KLPloPYo TO LOVTIEAO
Markov ko1 to kpoppévo poviélo Markov, Kol To avoTPOQOSOTOVLEVE VEVPOVIKA
diktva. Xto mhaicto Tov padnpoTog 6o, SMCOVHE PEPIKE EICOYMYIKE GTOLYELD OO TIC
HeBASOVE OV YPNGILOTOLOVUE OTAY TOEIVOLOVLE TPOTLTTOL OV YopaKTNPilovTol Kot
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0mo UETAPOAEG TMV TPOTHIMV GTO TESIO TOV YPOVOUL.

Amokpamnkeég pEGodoI

Ac Eexiviicovpe amd évo amhd mopddetypo. Eotom 6t £yovpe oty d1dbson pog 6Ho
axolovbiec mopatnpioemv dvadikdv opiBucdv, v 00111 kar v 010101. O
aKoAoLBiec avTEG £0TM OTL EKPPALOVY VO KaTNYOPieg YeyovoTmvy TV @1 Kot v m2.

Eoto 6Tt pog divetor 1 akorovbio yeyovotwv 0111. And mola katnyopio yeyovotov
£xel mapayOel  TopatnpovUEVn akorovbia.

Apyikd mapatnpodpe o0t ypeoldpacte pio pébodo pétpnong g andotacng 0Ho
YPOVosEPOV. AV glyape oty didbeon pog pio cuvaptnon n onoio vo vroloyilel To
péyeboc D(00111,0111) ko Tnv D(010101,0111) 1€ M Katnyopia pe v pukpdtepn
amoéotaot ond 1o Ayvmaeto mpotumo Oa fTav pia BEATIoTH Ado.

H evpeon g ovvorikig amdotaong tov ueyébovg D(a,b) omov ab eivar
ovpPorocEpEC 0BAipETOV PAKOVE OTTOLTEL TNV YVAOON TOL KOGTOVG GVTIKOTAGTOONC
TopeUPOANG Kot Kot dtorypoaeng yio Kabe éva amd Ta. cOUBoAa.

Eoto Aowrdv 611 givar yvmotd 6Tl To KOGTOG aVTIKOTAGTUOT G TOL cLpPoAo 0 omd To 1
Kot To avtifeto, ¢ avTikatdotaong tov 1 and 1o 0, gival 1. Eniong yvmpilovpe 611 10
K60T0¢ TapEUPOANG Ko dtarypopnc svuforov eivon 0.5.

2UVETMG TO TPOPANLUA TOV KAAOVUAGE VO, ADGOVLE €ival 1) 0PEST] TOV EAGYLOTOV
aplOpoD GTOLYEIMOMV LETACYNUATIGUMV LIE TOVG OTOIOVE LUTOPOVLLE VAL LETOPOVLE amd
v pio cvpPorooepd oty devtepn. o va VTOAOYIGOVE TO GVVOAMKO KOGTOG AVTAOV
TOV UETACNUOTIGUMY YPNCILOTOLOVUE TIC TEXVIKEG TOL SVVOLUKOD TPOYPOLULATIC LoD
ol omoieg Olvouv OaVOOPOUIKES OYECELS VTOAOYIGHOL TTNG OULVOAKNG OmdOGTOCNG
oLUPOAOGEPOV.

AUVaUIKOG TIPOYPAHHATIOHOG

Eotm 611 6éhovpe va vroroyicovpe Ty andotaon D(aa,...a.,bibs...by) 6mov a; ko b
gtvar  ovpPora, evd yvopilovpue TG omoothoelg TV D(ajas...ax,bibs...by),
D(aja;...a,bibs...byy) xor D(aja;...a1,bibs...by.). Xpnowonowbdvtag v apyn tov
EMIYIOTOV KOGTOVS, 1) CLVOALKT] 0mOoTOoT diveTon Omd TNV oXEon:

D(aya,...a, ,bb,..b,)+d (a,)
D(aya,...a,bb,..b,)=miny D(aa,..a,,bb,..b ) +d(a,b)
D(aya,y...a,,bb,..b, )+d,(b,)

Amd v avodpopukny oyxéon PAémovue Oti, ov €yovue omnv Odbeson HoC TIC
apLOENTUKEG TIHEG TOV KOOTOLS TMV OVTIKATOOTACEDY TMV TOUPUUPBOADY KOl TMV
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dypoe®dv ovUBOA®Y UTOPODLE VO VTOAOYICOVUE TO GLVOMKO HEYEBOC TNG
0mOOTUONG CLULPOAOGELPDYV.

Ac d0VLE, Y0 TO GLYKEKPLUEVO TOPASELYUO TOL HEAETALE, T®MG Ppiokovue TNV
ovvolkn amootacn. Eotw 6t1 yvopilovpe 10 KOOTOG TOV HETOCYNLUUTICUOV
oVUPBOA®V Kot Yl XAPN OTAOTNTOS TMV DTOAOYIGUMVY BETOVLE TIG AKOAOVOES TIHEG:

dp(*), mapepPolr] | da(*), droypaen d(0,*), avtucat. | d(1,*), avtikor.
0 1 1 2 2
1 1 1 2 2

Eoto Aowmov 611 6EA® va vmodoyicm tv cvvolii andotacn D(00111,0111).

Kotaokevdlovpye tov mivake mov okolovOei, tomobetdviog To oTOuEid TOV
SVUPBOAGY OTNV TPATN VPO KO TPATN GTHAN AVTICTOLY0 X WP VO COUTANPDOGCH TO.
oTolyEln TV dVO TPATOV KEADV. XTNV GLVEXELD CULTANPOVE TNV SEVTEPT VPO
Kot OTAAN HE TNV avtictoyyn abpoloTikn amdcTacn oav To Gfpoloua KOGTOLG
ToPAUPOAGV KoL Sy poap®V avTioTolyo Y1l Tig ovpforocelpés apyiloviag dmmg sival
QULOIKO Ue oLVOALKY amootaot 0 Yo o otovyeio (1,1) tov wivaka. To amotédeopa
TOV VTOAOYIGUAV 7OV KOV® Y10, TO OCLYKEKPLUEVO TOPAOELYLO. KOl Yo KOGTOC
TP PoAng Kot dtoypaeig ico pe v povada sivot 1o akdAovbo:

2V ovvéyelo katd avéavouevo aptbpd onimv, 1 avéovopevo apldud Ypouudv, 1
av&ovopevo aplud SevTEPELOVIMV dAYMVIDV, YPNCLUOTOIMVINS TNV OVOOPOLIKN
oxéoNn EKTIUNONG TNG GVVOALKNG OTOCTOONG, CUUTANPOVE® T VITOAOLTO, GTOLYEIR TOV
wivaxo. Metd v copmAnpmon 0o £xm To 0kdA0VO0 ATOTELEGHLA.

0 0 1 1 1
3 4 5

o
—_
[\

—_t =] = O
AW N =
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H ovvolun andotacn D(00111,0111) givar ion pe to aptBpd mov Ppicketot 61O KATM
de&1d tetpdymvo, dnaadon D(00111,0111) = 1.

Me v de. uébodo vroroyiCovpe kol v ovvolkn omdotoaon D(010101,0111)
KOTOOKELALOVTOC TOV OTIGTOLYO TTivaka,

0 1 0 1 0 1

0 1 2 3 4 5 6
0 1 0 1 2 3 4 5
1 2 1 0 1 2 3 4
1 3 2 1 2 3 4 5
1 4 3 2 3 2 3 4

H ovvolun andotaon eivar D(010101,0111) = 4.

Emedn woyder 1 = D(00111,0111) < D(010101,0111) = 4 10 dyv®oTto TPOTLTO
tagvopeitol 6T TPOTLTTA THG TPATNG KATIYOPiog SLOTL EYEL TNV IUKPOTEPT] 0OPOLCTIKT
0mO0TOoT 0T TO TOPASELY L TTOV SLOOETOVLLE.

Tevikdtepa oV TEPinTOON Kotd TV 0moio SabEToVpE TOAATAG ToPAdETYLOTOL OVEL
Katnyopio N Ta&vounon TpayHoToTolEiTal Le avalnTnon ekeivng g Kotnyopiog Tov
S100£€TEL TO TPATLTIO TO OTOT0 TAPOVOIALEL TNV LKPOTEPT ATOGTAOT).

Hapdbeiypa. Eorw du 51adérovpe 1a akéiovda napadeiypara 5o kamyopicv ovprBoiooeipav
0 ka1 1:

Q, =[0101,1010]

Q,=[000.11111)

Mag biverar 1 ouvpiBoioceipd 0011, oe mowa kamyopia nporvnwv da mpv raivojtjoere
yvwpi{ovia¢ on 10 K6o10¢ 1WV freraoxipranopwv eivaz:

d(*) dy(*) d0.%) d(1.%)
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EUpeon TOU BEATIOTOU HOVATIATIOU HETACXNHATICHWYV

Av B€hovpe vo, Bpode TOVG HETAOYNLOTIGHOVS e TOVG OOI0Vg 0dNYOVUAGTE GTOV
VTOAOYIGLLO TNG GLUVOALKNG EAGYLOTIG AOGTAONS TOTE XP1OLUOTOLOVLE TOV TTIVOKE, TTOV
&yovpe Kotookevdoel. Ymoloyilovpe o PeAtioro povomdatt epopudloviog v
KO oLON avadpoLukr oyEon:

D(x' =1,y")
(x"i1, ¥ ) =argmind D(x" -1, y" = 1)
D(x"1,y" i —1)

Onov D(x',, y'y) elvar To Tepiexdpevo Tov keAod (X, ¥o). Apyikiy T B4Tovpe O
Khto 6e£16 keAl Tov Tivaka. Omov (X, V) &ival ot PEATIOTEC GUVIETOYUEVEC TTOV
&xovv Bpebei Tnv ypovikn oTryun t.

XPNGLUOTOIDOVTNG TOV TIVOKO TOV TPOTYOULEVOD Tapadsiypatog ypopatilovus 1o
HoVOTdTL Tov B TPOKVYEL amd TNV OVOIPOLLKT) GYECT EKTIUNONG Tov PBEATIOTOV
LLOVOTOTION LETOGYN LOTIOUAOV

| W B W O
| B~ | &N

Amd 10 amoteréopota PAEmOVUE OTL TO PEATIOTO povomdTtt amaptiletal omd dHo
TaPEUPOLEG KOl TEGTEPIS OVTIKATUOTACELS.

Hlapdéerypra. I'a o mpdrumo 1ou mponyouvpievou mapadeiyprarog 10 omoio éxel v pIKPOIEPI)
andoraoi) Bpeirai 1o aviioroixo Béinoro provondn peraoxnpariopidyv.

EKTIigNON KOOTOUG HETACXNHATICHWY AVTIKATACTACNG, TAPEUPBOANG, Siaypapng
CUHBOAWYV

T"o Tov VTOAOYIGLO TG GUVOMKTG OOGTAUOTG CLULPOAOGELPDY Kl KUTE CUVETELD, KO
Y10, TOV VTOAOYIGLO TOV BEATIGTOV LLOVOTOTION LETAGYTLOTIC LDV PN CLLOTOMCOLE TO,
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pey€tn kdotovg To omoia Bewprcape OTL glval YVmOTAL.

2TIC TEPLOCOTEPEG TAOV EPAPUOYDV Ta dedopéva avtd gival Yvootd 1 vroioyilovtol
ave€apmto (amd TNV QOO TOL TPOPANUATOC). XOPAKTNPLOTIKO TOPASELYLO
OTOTELODV TO, GUGTIUATO AVTOUATNG OLOPOMONGC CPUALAT®Y. L€ QLT TNV TEPITTOON
Katnyopieg Tpotdimmv gival ot AéEetg Tov dtopbmTh KEWEVOL (£xovpe Evo TapAdeLy Lo,
avé katnyopia mpotdmmv, TV opboypaeikh ypapn ¢ AéEng). To mpdPAnua mov
npénel vo, Avoovpe givar va dopfwbel n AéEn mov divetan (my. M AEEN "gortitic"
npénel vo tavoun et oty katnyopio wov mepiéyel v AEEN "eortmtig"). To ko6oTOg
TOV UETACYNUATICUAY OVTIKATAGTAONS, TapoUBoAng kot dtoypapig cvoyetileton pe
™V ovxvoTNTO TOV A0BDY Kol OTMG eival VOIS To KOGTN aVTA Vo eEapTdvTol o
TOV TPOTO TTOPAYMYNS TOL KEWLEVOL. AV TO Keipevo xetl mapoyOel e mAnKtpordynon,
T0 K60T0¢ avtikatdotaong d(1,1) sivar peyddo 816t TOAD SVOKOAN O AVOPHOTOG TOV
TANKTPOAOYNGE TO Keiplevo umopel va umepdéyel to TAKTpo 1 pe o TANKTpo i SOt
OVTE VOl OTOLEUOKPVUGUEVO, GTO TANKTPOAOYLO. XTNV MEPIMTMON OUMC KOUTE TNV
omoin To KeieVo amoTeELEL TNV ££000 GLOTNLOTOG OMTIKNG OVAYVADPLONG YOPOKTIPMV,
T0 KOGTOG OVTIKATAGTAONG YiveTal TOAD LKpO 610TL o1 yopaktipeg 1 kot i podlovv
TOAD Kot glvar mBavdV TO0 GVOTNHO, OTTIKNAG OVOYVAPLONG XOPOKTPMV VO KAVEL
AavBacpévn Tagvounon.

Av dgv yvopilovope To peyédn kdotovg aArd Swobétovpe poévo Eva mANBog amd
TOPOOELYHLOTO, UTOPOVUE VO, EKTIUAGOLHE TNV OpOUNTIKA T KOGTOLS TOV
HETAGYNUOTIOUADY EAUYICTOTOIMVTOS TNV 0OPOIOTIKY TOVG amdoTaot. AnAadn £0T®M
ot draBétovpe N opadeiypoto cupBOAOCELPGV:

Q={r,7m,y,.... 7Ty}

E@apuélovtog akdAov00 tov EXOVAANTTIKO OAYOPIOUO UTOPOVLE VO EKTIULGOVLE THV
OpLOENTIKY TN TOV KOGTOVG TMV UETOCYNUATIGUOV, EANYIOTOTOLOVTAS TO aAKOAOVOO
abpocpa

DZZD(ﬂ'j,ﬂ'j)

=]
AXlyop1Bpog Extipnong k66Toug HetaoynLoTIo UGV

Apyikomoinon

TomoBetd apyikéc TIES 6TO0 KOOTOC TOV UETASYNUATIOUDV. Ot TIHEG OV EMAEY®
pmopet vou eivor Toxodeg oA Yio TNV ToOTEPT] GVYKALGT TOV EMAVOANTTIKOD TN LATOG
TOV OAYOPLOHOL TOTOBET® Gav KOGTOC OVIIKATAGTUONG TV T 2 KOl 60V KOGTOC
Topaforng Kot dtoypaeng T T 1.

Enavainatiké tuqpo tov alyopiOpov. o «dbe éva amd ta N(N-1)/2 (edyn
ovpporocepdv and To Topadeiypata mov dabétm vwoAoyilm To BEATIOTO LOVOTATL
LETOOYN LOTIGULDV.
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Emtavampocolopiopog Tov KOGTOVS TOV PETAGYNUATICUAV. ATO T0 GOVOAO T®V
BéltioTmV peTtacynUaTIopdV vToroyilm v cvyvotnta eppaviong kdbe evog amd
aVTOVG. AT TNV GLYVOTNTA ELLPAVIOT|C VTOAOYI® TNV avtioTolyn ThavoTnTa.

Mo ke petaoynuotiopd mov dev eupaviletol £€0Tm Kot pio eopd ota PEATIOoTO
LLOVOTLATIO LLETACYTLOTIGUMV, DTOOETH GLYVOTNTO ELPAVIONG EVA.

H véa extipnon tov K66TOVG TOV UETOCYNUATIGUAY TPOKVITEL OO TNV OVIIGTPOOT
TOV THUVOTTOV ELPAVIONG:

d(x.y) = (p(x,y)) = %

omov Ns eivar To TAN00C TV PETAGYN LATICUMV.

Eleyyog o0ykiong. Av ot vEoL DTOAOYIGLOL TOV KOGTOVG TOV LETAGKNLOTIGUMV £XEL
drapopomoindei oNUAVTIKA amd TV TPONYOVLEVN EKTIUNGT TOL TOTE Ol VEES TIUEG TOV
KOGTOVG OVTIKAOIOTOOV TIC TMOAMEG EKTIUNGES KOL TO EMOVOANTTIKO TUAMO TOV
alyoptopov emavarapPavetar, SopopeTicd o aAyop1Opog TeppaTilet.

Hapdbeiypa. Eorw én Giadéovpe 1a axéiovda mapabeiypaia
2, ={0101,1010, 000}

Yionoujore 1ov aiyopidpio extijione¢ 10v K6010U¢ 10V LEIQOXI|PANOpGY [IOVO yia v mpoiy)
emravd i) rov aiyopifpio, déroviac oav apxikij exripiyon ng npé¢ mov Givoviai orov akéioudo
mivaka

() dy(*) d(0.%) d(1.%)
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2ZTOXOOTIKG CUCTHATA

Ta otoyaoTiKd cveThpoTa dtokpivovTal Yo TNV oTAGTNTA TOVG Kol TNV TEPLYPOPIKT
Toug okpifelo. Xe ovtifeon pe To VELPOVIKA OiKTLO, GTO. OOl OV UTOPOVLE VO,
TPOCGOIMCOVLE EVO. TANPEG PLVOIKO VOO OTIS OTOOEPES TOPAUETPOVS TOV SKTHOV,
OTNV TEPIMTMON TV GTOXACTIKOV GLUOTNUATOV KAOE TOPALETPOS TOL UOVTEAOV
avtuiotoryel oeg plo mBavdTTo. TOL TEPLYPAPEL OGTOYXOOTIKT] OCLUTEPLPOPE OE
HIKPOOKOTIKT] KALOKO.

H 7miéov ami) oTOYooTIK TEeplypa®r YPOovikd HeTABOAAOLEVOV  QOIVOUEVOV
enttuyydvetar pe Tic oAvoideg Markov.

To povréAo Tou Markov

"Eotm Lowmdv 6t £xovpie pio, Ty 1 OMOL0 G€ TAKTH YPOVIKA OL0GTALOTO TapaysL £va,
ovPoAo TO omoio avikel o€ évo TEMEPAGLEVO 6VVOLO N cvUBOL®V, £0T® TO:

Q= {a], ay ..., aN}

IMa vo umopodue vo 1oyvpiotode 0Tt Yvopilovye TNV OTOXOOTIKY GUUTEPLPOPE TNG
mmyNg Bo mpémerl va gipacte og 06om vo vroloyicovue TNV TOAVOTNTA TOPAYOYNS
OTOL0LGONTOTE AKOAOVOI0G GLUPOAWV.

(=D~

v mAoV OmAY] TEPINTOOTN KATE TNV OOl KPATAUE TNV oplOuntiky T Tov
TOUVOTTOV 6€ €va Ttivaka TILAV, TOTE 1 LV TOV OToLTEITOL Y10 VO TEPLY PAYOLLE
TANPOG TNV TNYN Y0 WRKoG axoAovbiog M cupBorwv, sivatl:

M
ApiQubsrapapétov = N'

i=1

Av vmoBécovpe Aomov Ot BEAovUE Vo TEPLYPOYOVUE TANPMG TNV GTOYOOTIKN
CLUTEPIPOPA P0G TNYNS M ool Tapdyel TE0oEPA SLOPOPETIKE GVOUPOAN e HEYIOTO
pfrog 15, Ba ypewotodpe pviun m omoio Bo mpémel va amodnkever 357.913.941
TPOLYUATIKOVG aptOpods peyding axpipetog agov ot avtiototyeg mbavotnteg, Ha vl
pucpoi apBuoi.

Eniong ypewldpocte £€vav  Tepdotio oplOpd  mopodElyHATOV €T6L MOTE VO,

EKTIUNCGOVLE e KAVOTOMTIKN oKpifeta Tig TOavOTNTEG TOV HOVTEAOV. TOGO pEYAAOC
ap1Opdg TapaderypdTmv oev pmopel vo pedel e0KOAO OTIC TPUKTIKES EQPUPHOYES.
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A 10 amAO avTd TopAdelyIo QoiveTal OTL XPEOONOOTE io. KOAVTEPT TPOCEYYIoN
Yy v emilvon Tov TPoPANUATOS £€TGL DOTE VO EANTTMOCOVUE TOV APLOUO TOV
TOPUUETPMV TTOV YPELALETAL 1] TPOGOLOIMGT TTOV EMLYELPOVLLE.

Ac vmoBécovpe Aowmdv OtL 0 obufolo to omoio mapdyetar v ypoviki oTiyul t
eCaptdrar uoviya amo ta coufola wov moapiyays n Iy tic K mponyodueves xpovikég
otyués. To oOpPora Tov Tapryaye n TNy o€ Toperbdvia ypovo peyorvtepo tov K
glval 6TOYOOTIKA 0LCVGYETIOTO LE TO GVUPOAO a..

Aopavovtag voyn TV TopuTave vTobecn 1 TOUVOTITA TAPOUYDYNG OTOLUCONTOTE
axorovbiog cvuformv pe pnKog peyaivtepo tov K pmopei va amdomombei mg e€ne.

H apyucn mbavotnta ypapetor:
playa;s...ag) =pla;a; ... asy) p(as | a; a; ... as.y)

To ovpPoro ag efaptdtor poviyo oamd v oakoiovbic Tov K mponyodusvev
oVUPBOA®YV, CLVETMG 1) deVTEPN TOAVOTNTO ATAOTOIEITAL OE:

p(as | a;da;... as_]) =p(aS ‘ asg.p ... aS_])

Av avTIKoTooTooVHE 0TV €£I0MON TOV OmMAOTOMUEVO Opo Kot ETAVOAGPOVLE THV
0o Sradkacio yo TV TPATN TOAVOTNTA TOL YIVOUEVOD, TOTE 1| TBOVOTNTA p(a; a; ...
ag) amlomoleitol oe:

S
p(alaza3"‘aAS‘) = p(alaZGB"‘aK) Hp(ai | ai—Kai—KJrl"‘ai—l)
=K +1

Amd Vv mopomdve eficmon yivetal KoTtavontd OTL LITOPOVUE VO TEPLYPAYOLLE
AN POG OTOLOONTOTE GVUPOAOGELPE TN TNYNG XPNOLUOTOLMVTAS TOV KOAOVHO aptOpd
TOPOUETPOV:

K
ApOpos Hopapétpov =D N’ + N**!

i=1

v N odpporo Tnyng kow M pikog akoAovdiag copformv:

H BeAtimon mov emeépapie 610 HOVIELD ERIKEVIPOVETOL GTO YEYOVOG OTL 1] UVIj TOD
OTOUTEITOL YLOL VO, TEPLYPOWOVUE OTOLOONTOTE COUPOLOGEIPE OEV ECoPTATOL TAEOV OO TO
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WITKOG ™S aALG povaya oo to ujkog e otoyaotikic eCaptnons K kau tov opiQud twv
ovufioiwv N. To oNUOVTIKO 0TO ENITEVYLO LG 001 YEL OTO GVUTEPOUCLN OTL LITOPOVLLE
va  vroloyicovpe TV mOAVOTNTO TOPAYOYNS 0molaconmots  GUUBOAOCELPAG,
avegoptitov punkovs. H mpocopoimon mov metvyape ovopdletor poviélo Markov K-

Ta&Nne.

‘Etot oto apBuntikd mopddetypo mov Bécape, av vmobécovpe OTL M TAEN TOL
povtélov Markov givor mévte (K=5) tdte pe v yvoon 4437 mbavotitov [mopovpe
VO VTTOAOYIGOVLE TV TOUVOTATO TPy MDYNE OTOLGONTOTE GLUPOAOGELPAC.

H extipnon tov mboavotitov kdbe poviélov omd mopadsiypote Umopel va
Tpoypotomombel  €0KoAM VIWOAOYILOVTOG TIG OVTIOTOWEG OTATIOTIKEG GLYVOTNTES
EUPAVIONS AKOAOVOIBYV GLUPBOAWMY Ao TAPOSETYLOTAL.

Hapdbeiypa. Eotw én Siadéroupe 1a elij¢ mapadeiypara ané §vo Sapopenkéc myée G, kai
G; dvadik@v ovpiBoiwv:

0, =[10101, 010101, 001101, 01010 }

£ = [ 00001, 1000000, 0000, 00010, 111111 }

1. Ymodéroviag on o1 akoiouvdice ovpBoiwv nmpoépxoviar and myyée Markov npay¢ rdéne,
unoloyiore n¢ mdavouieg 1ov mijpouvg proviéiouv, kai talivopieiore mv axkoiouvdia 00100
vrroloyi(oviag n¢ deoprevpiéves mdavonieg p(00100[G,) kar p(00100]G,).

2. Av evowpardoere mv akoiouvdia mou ra{ivopujoare ora mapabeiypara ¢ myyij¢ 1 omoia
v mapdyer pie u)v preyaiviepy mdavomjia kair eknaibevoere {avd ro proviéio n da ovpibei
oy mdavomia napaywyij¢ ¢ ovpiBoiooeipde; Adore pria eijynon kar emBeBaidore mv
npoBieyij oag.

To Kpuppévo povréAo Markov

[ToAAéc popég To TpoPfAnate Tov cuvavtdpe dev eival 1dco amAd. ®6pvPog o omoiog
opeUPAIAETOL OTO UETPNTIKE pOG OPYOvVe OAAOLDVEL TIG METPNOELS HOG LE
OmOTELECO TO, SEQOUEVA LG VO LNV OVTIOTOL(OVV GTO TPOYUATIKE GOUBOAN TMV
TYDV.

INa va yivel katavonto to TpdPAnua Bo ddcovue Eva TOPASELYUO TOV OTOTEAEL ol
o TEePITAOKN KATAGTAGN TOL TPONYoLLEVOL Tapadeiypotoc. 'Eot® Ot ot mnyég
oLUPOAOGEPDOY TTOL TTEPLYPAYOLE BpicKoVTol EYKATEGTNUEVEG GE SOPLPAPO O OTOI0C
oTéAvel unvopaTo, og SEKTN 0 omoiog eivar TomoBeTnpévog oty I, YroBétovpe 61t ot
axolovbiec ovuBoiAmv OV TOPAYOVTOL GTOV S0pPLEOPO TPOEPYOVTAL OO TNYEC
Markov wpdtg taéng. O dopvedpog ekméumel TO OvAdUKE COUPOAC AN
aTHOGPaLPtKOC B6pLPOC Ta TOPULOPPDVEL. YTOOETOVTAG OTL 1) GTOYUOTIKY SLaOIKAGTI0L
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TapaUdpP®ONG sival ypovikd oustafAnty kol e€aptdtor povéyo and o cOUPBOAO TOV
EKTELITEL O HOPLPOPOS, UTOPOVLE VO, Bpovie oLl TNy eEEMELYE G0 TO OTTOI0 GTOV
déxtn g I'ng avayvopiomke cav B, B>, ..., fs;

To evdlopépov aTd TPOPANLK, TO 0010 Eival TANPESTEPO Y10 TPAKTIKEG EQPOPLOYES
0T1g omoieg VIhpyel 00pvPOC TOV CAAOLDVEL TIC UETPNOELS Lag, £xel Avon. H Avon Ba
glvar mMNpNg av Ue TV yvoon Tov TOUVOTATOV TOL HOVIEAOD UTOPOVLE VO
vroAoyicovpe v mbavotna p(h,, fa ..., Bs).

Ac Egpuyoupe Alyo amd TO TOPASELY L0 KOl 0.G TPOCTOONCOVLIE VO, OVTILETMTICOVLE TO
TPOPANLLOL GTNV YEVIKOTNTE TOV.

"Eotm Aowmov 6t éxovpe pia nyn Markov K-tdéng. To odppora tng mnyng ta onoia
dev glvar AueGH TOPATNPNOUA KOl OVOUALoVTaL KPLQEC KATAGTAGELS TOV LOVTEAOD,
petaoynuatiovior og pio dtopopetiki akolovdio couformv 1 omoio eivar dueco
TOPOTNPNOUN Kat Y1owTo Tov Adyo Ba ovopdletor akorovdia mapotnpoemy.

ZymMua 4.1 Zynmuotikh TopdoTtacT Tov KpLUUEVOL poviélov Markov

Av howmov Q, = { a;, az, ..., oy } €tvar to. N ovuPoira tg myng, xon 4 = { B, fo ...,
LB} gtvor to. M oo ufora mapoatipnong tote Kavovtag Tig akOAovheg vToEcelg:

0 H oakolovbio. copférmv g TNYNS N TOV KPUEDOV KOTOOTACE®V UTOPEL Vo
pocopolmdel pe pia wnyn Markov K-taénge,

O og KGbe ypovikn oTiyun 1o oVUPoro TNng KPLENC KatdoTaong mopdyst &vo
avTioTolY0 GVUPOAO TOPATPNONG,

O 1o ovuPoro mapaTpnong eEuPTATOL GTOYXUGTIKE LLOVO OO TO OVTIGTOLYO GVLUPOAO
TOPOTPNONG OTO KPLPS eMIMEDO TNG 1O10.G YPOVIKNG GTIYUNG,

O T0 OTOYOGTIKE YOPAKTNPLOTIKA TOV LOVIEAOL TPOGOUOIMONG TAPALUEVOVV YPOVIKA
apetdpinTa,

o¢ Oovpe av UTOPOVUE VO VTOAOYIGOLHE TNV WOAVOTNTO TOPUTRPNONG HioG
axolovbiog ovpPformv, kol T €idovg mBovotnTEG Ypeldloviar o Evav TETOL0
VIOAOYIGLLO.

H mbavdmra mapatipnong piag axorovbiog Kataotdoemy gival:
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(BB, By) = Zp(ﬂlﬂz-"ﬂs |a,a,..ag)pla,a,..a;)

aydy..dg

omov R eivar o apOpdg dlwv twv mbovdv oxolovbicdv S ooufolwv aro xkpopod
EMITEDO.

Ao Tig VToBEGEIC TTOV £XOVUE KAVEL Y10, TNV OTOYXOOTIKY aveEaptnoio Tov GUUBOLOY
OV TTOPAYOVTaL 6TO KPLPo emimedo (akoiovdia Markov) n oyéon amionolgital oe:

(B B;--Ps) = Zp(ﬁlﬁz---ﬁs |a,a,..ag )p(al)Hp(ai la,_y)

a\da,.dg

I'vopilovtag emiong 6t M mopatipnon 7ov AQUPAVOLHE TNV YXPOVIKH oTiypn t
e€aptaTorl 4ovo omd TV KPuen KOTAGTOOT Yio TNV id10, ¥poviky oTiyun, 1 OEGUELLEVN
mhavoOTTe oAomoteiton m¢ e&Ng:

R

pBfeB)= Y, [1pBe lapta)] ] pia, 1a,)

ayay..ay k=1

Ao v tedevtoia oyéon PAEmOVLE OTL LTOPOVLE VO DTOAOYIGOVLE TNV TOOVOTITO,
euPaviong omolaconmote cvuPorocelpds By B ... Ps Yvopilovtag €va memepacuévo
oVVOAO TBAVOTTOV. B0 AEpE OTL £YElL OPLOTEL TANPMG 1 OTOYAOTIKY] GLUTEPLPOPE.
piog dlepyaoiag mov TPOGOUOIDVETOL Ue EVO KPLUUEVO povtého Markov otav etvon
YVOOTE To. 0kdAoLOa peyE:

A=(m A B)

omov, © = p(ay), i=1,N, givar N mBovoéTTO EKKiviONG TNG depyaciog LE TPMTO KPLPO
ovppoiro 1o a;,

A=[p(aja)], ij=IN, eivar 1 mBavotTo vo cupuPel 0 kpLPd yeYovOS a;, VO TV
TPONYOVLEVT XPOVIKY oTryun) £xel cuuPel To yeyovog a;, Kot

B=[pBila)], i=1,M, j=1,N, eivoau 1 mbavoémta vo. cuuPei n mapotipnon f;, evd mv
i3 ypovikn oty £xet cuuPel To KpLEO YEYOVOG a;.

H onpavtikn cuvelspopd tov kpuppévov poviédov Markov Bpicketon 610 yeyovag ot
pHe TEMEPACUEVO aplOUd TOPAUETPOV  UTOPOVUE VO TEPLYPAYOVLUE  YPOVIKA
petafarropeveg diepyocieg ol omoieg dev givarl dpeca mapatnpiolues. Avtifeta ond
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7o amAO povtédo Markov 610 omoio TPEMEL Ol TOPATNPNOELS TTOL AAUBAVOLLLE Va gival
YOPiG CEAALOTO, 1| OUTAY OTOYUOTIKY OlEpYacio. TOL KPLUUEVOL poviélov Markov
UTopel Vo TPOGOUOLDGEL ¥poviKd petafoiddpeva yeyovota Ta omoio dgv eivat
petpnolo pe akpifeia otov dEktn. O@dpvfog 1 GTOYAUCTIKOC LETAGKNUATIOUOS TOV
YEYOVOT®V, €lval HEPKEG TEPWMTIMOES KATO TIC Omoieg TO OpyKd OLVOLO
TOPOT PNOEDV TOPALOPPAOVETAL OO OTOXAOTIKO KavAAL. Ot GUVONKES TPOGOUOIMONG
IOV €160YEL TO KPUUEVO HovTého Markov Ttouptdletl o€ ToALA poviKd, LETOPAALOEVO,
TPOTLTO. e GLVETELD, WOlaitepo To TeEAELTOiD YPOVIK, VO TOAAATANGIALOVTOL Ot
EPOPLOYES TOV LOVIEAOL GE GLGTIHLOTO TOEVOUNGCNG TPOTUNTMYV, OMMS M OAlW, 1
OTTIKI] AVOYVDPLOT OVTIKEWEVOV, 1] 0TPIK OLAyvVMON, 1 OVIXVELGT KIVOVUEVMV
OVTIKELLEV@V K.0.K.

YmoAoyioHOg TNG mMOAVOTNTUG MAPATAPNONS

O opBpdc TV TPAEemv OV UTOLTOVVTOL Y10, TOV DITOAOYICLO TG TOAVOTNTOG iog
axolovbiog mopotnpicemv €ivar oyeTikd peyddog. Me v Ponbeio TEYVIKDV
SVVOLILKOD TPOYPOLUUTICHOD UTOPOVLE VO EAATTIMGOVUE TIC apPOUNTIKES TPALElC
dpaoTIKG, €106yovVTag TNV 0BpOoloTIK) TOvOTTA aL(7), M| omoia opileTor vo gival m
mOavOTTA VO AAPOVUE TIS TapaTNPNOEL S, fa, ..., i KOL TNV XPOVIKY OTIYUN ¢ OTO
KpLEO emimedo vo. Exel cvpPel N KOTAOTOON A

a(i) = p(Br.pz...p a;)

H dpaotiki peimon Tmv DTOAOYIGU®Y 0QeideTal otV 110TNTO TG TOUVOTNTOG (i)
va voroyiletar pe Tnv Pondela T avadpotkng oyEong:

a,(i)=p(B,1a)} a,(j)p(a, la,)

AVOADTIKG 0 DTOAOYIGHOG TNE TOOVOTNTOG TapaTHPNONG Hiog akolovbiog yeyovdtmv
B1ba....Bs, dtvetar and Tov aryopiBuo (forward procedure):

AXly6prBpog
Apyikomoinon

a(j) = =play), j =1,N
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Eravainatiké tppe tov alyopiOpov. Ymoroyiletar yio t=1,2,...,S kot i=1,N, ot
aKOAovOec mOAVOTNTES:

a,()= p(B, 1a)Y. 4, ()pa, ,)

TeMko6g vroloyiopds. H mbovotnto mapotipnong g akolovdiog £,,5,...,Ls, dlvetar
omd TV oxéon:

P(B By Ps) = Z_:as(j)

ATIOSEIKVDETOL OTL 01 VIOAOYLGLOL TTOV amoutodvTon efvar ™G Tdéng tov N? S evd av
xpnoipomombei n ox€on wov mpokvTTEL 0md TOV ahydpOpo Viterbi n tdén peyébovg
TOV oVTIGTOLY®OV VTOAOYIGUAY avépyetal oe 2 S NP,

YTMOAOYIOHOG TWV KPUPWYV KATACTACTEWV

"Eva. moAd gddoyo epdTnpo, T0 0moio £xel TOAEG TPAKTIKEG EPAPLOYES, OVAPEPETOL
Kol TV SUVOTOHTNTO VO VITOAOYIGOVLE TL TPOYUOTIKG GLUPOIVEL 0TO KPLES eminedo
dooUEVIC TG 0KOAOLOIOG TOPATNPNCEDY KOl TMV TOPAUETPOV TOL UOVTEAOL. Mia
dapopeTikh] katnyopio mpofinudtov tafivounong mpotdmmy pmopel vo. AvBel
avayvopiloviag v akoiovdio Tov Kpueodv katactdoemv. H Avomn éxet dobel ue tov
alyopbpo Viterbi.

[leprypdpoviag to0 gpdINUO TOL TiBeTOU, OVLGLOOTIKG (MTApe vo. Adoovue TV
axorovtn egicmon:

(ay,a,,..ag)=argmax p(a,a,..as | B, fS,...05)

ada,..dg
1M omoio. 1oodvvaplet Le To okdAovOo KpiLTipLO:

plaa,..ag | B f,..Bs)
(ayay,..ag) = argmax = argmaxpl(a, a, ..ag, f, 5, .. Bs)

aja;.ag p(ﬂlﬂZﬂS) aya;.ag

AxolovBdhvtog TNV 10 TEYVIK TOL OKOAOLONMGOLE Y10, TOV VLTOAOYIOHO TNG
TOAVOTNTOG TV TAPATNPNOEWDY, opilovpe TV akdAoLON TOGOHTNTO!

0,() = max p(aa,..a, =a, B f,..Bs)

apdy..dy
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Evrola amodetkvietal 6Tt 1oyvet 1) akoOA0VON avadpopikn oyéon:

5 (i) = (B | @) max 5, (j)pla, | a,)
Me v Bonfeta g avadpopkig eElomong, 11 GVVOALKY TBUVOTHTO VITOAOYILETOL OO
Tov aAyopibpo Viterbi:
AlyoprBpog
Apykomoinon.

5ui) = m = pla).j = 1N

Enravainatiké Tpipoe Tov aiyopibpov}. Yroroyilovtal yia 1=1,2,...,S kot i=1,N, ot
0KOALOVOEC TOGOTNTEG:

5,(0) = p(B, | a) max 6., (j)p(a, | a,)

(i) =argmax o, ,(j)p(q,|a,)

1<j<N

Apyikég vroroyiopdg g PEATIOTNG KPLOPNS KaTdoTaong oe ypovo S. H xpoon
Katdotoon ax(S) mov peytotomotel To KpiTnplo eivot

& =argmax o (i)

Y0LOYIGPOS TOV KPUQPAV KATAGTHGE®V. O VTOLOYIoUOC TOV KPUODOV KOTACTAGEDV
TPOLYUATOTOLEITOL OO VYMAOTEPES TPOG YUUNAOTEPES APOUNTIKES TIHEG TOL YPOHVOV.
2VYKEKPILEVO OKOAOLODVTOG TNV OVAOPOLIKT GYECT):

&= l//rwlézﬂl
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ywo Tég t=8S-1,5-2,..., 1 vroloyilm v mAéov mhavn akoiovdia KpLE®OV KATUCTACE®DY
dedopévng e akolovBiog TapuINPHCE®V Kol TOV TOPALETPOV TOV LOVTEAOD GOV:

(abaZ;nwab) = (af]) ag, ag, ..., afh)

H exnaideuon Tou Kpuppévou povréAou Markov

Eivor yvootd 6t omowdnmote péEBodog tafivopnong mpotvmmv pmopel vo TOYEL
OmodoYNG Kol gVupeiag YPNONG O EPUPLOYES AV VIAPYEL AAYOPOLOS O OmOi0g V.
TPOodoPiLEtL TIC TAPAUETPOVS TOV HOVTEAOD OO V0L GUVOAO TTOPUOELYUATOV.

O VTOAOYIoUOS TOV TAPAUETPMY TOV KPVUUEVOD LOVTELOL Markov amd Topatnpioelg

Sdpopormoteitar avaroyo pe To €id00g TG TANpogopiag mov givar dabéolun. XTig
EMOLEVEG TOPOUYPAPOVS TTapoLSIdLovTal 600 dapopeTikol alyoptOpol ekmaidevong ot
omoiot epapudlovtat otov:

1. etvor Swbéorpoc apOude mopadetypudtov yio. to. omoia yvopilovpe kot v
aKOAOLOi0 KPLPAOV KOTOUGTACEDY KOl TNV AKOAOVOi0 TOPUTP|CEDV.

2. elvan dwbéopog apdudg mopoadetyudtov yio o omoio yvopilovpe povo v
aKoAoLOia TOPUTPICEMY.

Eivar mpogoavég Ott otnv mpdOTN TEPINTMON UTOPOVUE VO  EKTIUNOGOVUE TIG
TOPUUETPOVE TOV HOVTIEAOD v akoAovBicovpe TNV HEBOSO GTOTIOTIKNG TPOGEYYIONS
TV TOOVOTHT®V. Apyikd voAoyilovpe TIC GLYVOTNTES ELPAVIONG TTOV AVTIGTOLYOVV
oTIG TOAVOTNTEG TOV HOVTEAOL KOl OTNV GLVEXELD, VTOAOYICOVLE TNV GTATIOTIKN TOVG
mBavotta. ['vopilovpe 6Tt avEavouévov Tov aptOpoy TOPASELYLATMY 1] GTATICTIKT
EKTIIMON TOV TOUVOTIT®V TOV LOVIEAOD TPOCEYYILEL AOVUNTOTIKG TIC TPOYUOTIKES
mOavoTNTES.

Ilapdéerypra. Eniyeiog 6opugopikds aradpog ebdpoug iapBdver oijprara amé 6vo dopupdpoug.
Ilpwv a6 mv amooroiij kdade prpviprarog o dopupdpoc oréiver pia kwdiki) akoiovdia buadikdv
ap1dpdyv dnidvoviag mv ravidmyrd rouv. 0 npdrog oréiver v akoioudia 000111 kai o beviepog
010101.

H apréopaipa mapaproppaver 1o oijjra bivoviag orov emiyeio oradpo yia rov nparo opugpopo

n¢ akoioulliec mapampijoewv {001111,100011,010011) evéd yia r1ov bediepo Sopupopo
karaypdenkav ta ofjpara {010101,011101,110101}.

1. Mnopeite va mpooopioioere )y Sabikacia exkmopmije kar Afjpie oijjraroc pre éva
kpuppévo proviéio Markov;
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2. Ymoioyiote ni¢c mapapéipouve 1wv kpupov proviéiwv Markov yia 1o oijpra ravidujra¢ mov
exnépnel kade 6opupopog and g mapamypijoeis rov emiyeiov oradpov.

3. 1leidog 6opupopog exnéper av idBoupe oijpra ravidujiag ro 000000 ;

H enilvon tov Tpofifipotog g ekmaidevong givatl Suvokordtepn dtov dev yvmpilovpe
TNV 0KOAOLOIR KPLE®OV KOTOOTACEWMY. L& AT TNV TEPITTM®ON VAPYOLY dabEctuot
dvo aiyopibpol. O mpdtog ovopdleton Baum-Welch ko PBoaciletar oty emioyn
eKeVOV TOV TOPAUETPOV TOV LEYIGTOTOLOVV TNV THAVOTNTA

/
2y =max [ p(O, | 2)

k=1

omov Oy, O, ..., O, givor 1o, I Topadeiypato TG EKTOIOELONE TOV AVTIOTOLYOVV o€ [
aKoAovbiec mapaTHpPNoG.

O odedtepog olyopiBuog ovopdletor segmental k-means woi vmoloyiler Tig
TOPOUETPOVS TOV KPLUEVOD HovTéEAov Markov AVVEL e emavOANTIIKO TPOTO TV
gkicoon:

I
10(’) = arg max(H max p(O,,a, | 1))
i k=1

[MTepapatikég ouYKPITIKES PeAETEG EXOLV deifel Tt Ko o1 300 AVoelg divouy TOAD KaAT
axpifelo. omv exmaidevon. O segmental k-means aAyopiOuog &xel amiovotepn
alyoptOuKn vAomoinon, topovstalel Ayotepa TPOPAUATO KOTE TOVS VITOAOYIGHOVE
Kot €lval ToyOTEPOG TNV TAELOVOTITO, TOV TPUKTIKAOV VAOTOMoe®mV. H khpta artia v
TAEOVEKTNHATOV OVTAV givar 11 BepeMdONg apyn Tov aAydpduov mov Paciletor oe
pio S1mA emavoAnmTiK dtadikacio BeAtiotonoinone. Eival diaitepa dSNUOQIANHG 6TIG
TPOKTIKEG EQPOPLOYES.

¥to. TAaiclo Tov pobnuatog o meptypayovpe pdvo tov oiyoplbpo segmental k-
means:

AkyéprBpoc.

Apywomoinon. Emiéym pe toyaio tpdmo Tig mapapéTpous Tov HoVTEAOL. t —> 0.
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)\‘(0) = ( 7 A(O) B(O) )

Ta emdpeva 600 PripaTo Tov ahyoplOpov emavaiapPdvovtot LEYPL Vo, tkovorotn el 1
GLVON KT TOL KPLTNPIoL GVYKALONG.

Evpeon g BérTiong akolovOiog mapatnpriosov. ['o kdbe pio omd Tic axorovbdieg
mapatnpnoewv Ppiokm v avtictoyyn akolovbic.  KPLEAOV  KATUOCTACE®MV
YPNOIHOTOLAOVTAS TIS TAPOUETPOVS TOV povtéhov A kot tov akydpiOuo Viterbi.

XraTioTiky]  ektipnon wopapitpov. [vopiloviog v kpueh  akoiovbio
KOTOOTACE®MY Kol TNV avtioTolyn akoiovbio. mapatnpioemv yio kGbe mapdderypo.
TPOYDPOVLE GTNV CTOTIOTIKY EKTILNGCT TOV TOAVOTHTMY TOV LOVIELOL.

"Eleyyog ovykMons. YTapyovv TOAAG KPITHPLOL LE TOL OTTO10, LITOPOVLLE VO LETPTICOVLE
Tov Bobpd axpifelag VIOAOYIGUOD TMV TOPAUETPOV TOV HOVTEAOV. Meptkd amd avTd.
gtvan To akdrovba:

Yroloyilovpe TV mOOVOTNTA VO TOPATHPTICOVUE OAA. TO, TOPOSELYLOTO EKTTOIdEVONG:

1
P(1) = p(0,0,0;...0, | A =T | p(O, 1)
k=1

Av 1 oyetikn dtapopd TmV TOUVOTHT®V YioL 600 dladoytkd PApota yivel LkpoTepn
oo £vo KaTOOM TOTE 0 0AYOP1OLOC TeppaTileL:

\P(1) - P(t-1)|/P(t-1) < Thr

Av kotd v dtadtkooio. EKTIUNONG TOV KPUE®OV KUTAGTAGEMY TOV TAPUIELYLATOV
mapaTnpNOel OTL 1 arxoAovbieg avTéG ival axkpPdg 1d1eg Yo OAC TO TOPASELYLOTO, [LE
TIG EKTIUNOELS OV £YVAY OTO TPONYoVUEVO Pipa, TOTE 0 aAYOPOLOg TeppaTilEL dOTL
N OTOTIGTIKN EKTIUNGCT TV TAPAUETPMV TOV HOVIEAOL OV akoAoLOel Bo pag ddoet
aKpIPOS TIg 101G TOPUUETPOVG,.

Mmropovpe eniong v TEPUATICOVUE TO EMAVOANTTIKO TUNUO TOV OAyOplOpov otav
TOPOTPNOOVUE OTL 1 OYETIKN HETAPOAT TOV EKTIHOVUEVOV TOOVOTHTMOV TOV
HOVTELOL €ival aptOUNTIKE TOAD pkp.

Hlapdéerypra. Mmopeite va amaviijoere ora epwujpara mouv oa¢ édnykav omv mporyouevi)
dokior orav ev yvwpi(ere noid eivar i) npaypankij akoiovdia dvabdikdv apidpdv mov oréiver




ANATNQPIZH ONDPOTYNAQGN 11

kdde dopugpopoc;

Na idBere undwn on amd rov npwro dopupopo éxouvv inedei 1a elijc ofjparta avayvdpione
ravionjiag:

{00111, 1000111, 0011 }

eve amo rov beurepo bopupopo mapampijdnkav ra elij¢ orfjprara:

(010101, 011101, 0101 |

Hapdbeiypa. Eorw én éioupe va npooopoidieoupie puoikd parvépievo pe éva Kpugpo poviéio
Markov. H akoiouvdia kpu@ov karaordoewv mepiypdeerar amé réooepa ouvpiboia, evd 1
akoioudia rwv napampijoewv anoreiefiar and 6éka ovpiboia.

1. 1léoeg eivar o1 eieudepe¢ mapdpeipor mou npémel va vnoioyicouvpie kard v 6iabikaoia
)¢ eknaidevong.

2. Av 8éloupie va vionoujooupie éva ovompa ralvopmone 6éka kampyopiov, kdde pria rwv
omoiwv mepiypdperai oroxaotikd amo éva kpupiprévo poviéio Markov pre ra xapakujpionkd
nou dwoajie 1j61), vnoioyiote 1ov xpovo mou amaueita yia va ralivopndei pia axoiouvdia
20 mapampijoewv pre  pKpovIIoloylonuko ovoujpia 10 omoio £xer 1a axoiouvda
Xapaxupionkda:

Iloiiamiaciaopidg 500ns, npéodeor) 180ns. Oewpeiore apeiniéo rov xpovo avddeone ntjc kai
OUYKPIOI]C.

To ouveXEg KpUHpEVO HovTéAo Markov

X TOAMEG TEPUTTMGELS 1 AKOAOLOI0 TOPUTNPGEMY TOV AAUPAVOVLE GE FLOKEKPLUEVO,
StoTnuaTe, eV £xel TEMEPAGUEVO TTEdIO TIHMV, OAAE GUVEYEG. Xe AT TV TEPINTOO
UITOPOVLE VO, TPOCOUOIDGOVE TPOTLTO, TTOV HETOPAAALOVTOL GTO YpOVO Le TNV Porfeta
TOV GLVEYOVG KPLLUEVOL poviélov Markov.

H povadikn dagpopornoinon mov mopoatnpeitor oe oxéon He TO dokpttd HOVIELO
gvtomiletal oTic MOOVOTNTEG TaPATHPNONG OedOUEVIC TG KATAGTAONG GTO KPLuPoO
eninedo. X0 daKPLTd HOVTEAO QVTEG O TTOUVOTITEG EIVOL SLOKPITES EVD GTO GLVEYEC
LOVTELO YPNOLUOTOLOOLE piol GuvapTnon mokvotntog mhavdtnrag yio kdbe kpven
KOTAGTAON).

Ot aiyopiBpol pe tovg omoiovg vmoAoyilovpe tnv mBavotnto piog okolovdiog
nmapatnpnoewv (forward procedure) 1 v akoiovbio TV KPLE®OV KATAOCTACE®DV
dedopévng g axorovbiog mapatnphioemv (Viterbi) mapopévoov ot idiot Ko otV
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TEPITTOOT TOV GLVEYOVG LOVTEAOD.

my 0éon TV TOOVOTITOV TOV KATUOTACEMY GTO EMIMESO TMV TOPATNPIOEMV
TOTOOETOVE TNV OPOUNTIKY TIW] TNG CLVEPTNGNG TUKVOTNTOG TOOVOTNTOS Yol TNV
0éom mov mpocdiopiletar omd To SAVVC LA TG TOPTIPTONG.

H dwgpoponoinon mov vrdpyet katd TNV €KTOiOELOT) TOL GULVEXOVG HOVIEAOV
EMKEVIPMVETOL GTOV TPOTO UE TOV 0moio LITOAOYILOVTOL Ol GTAOEPEG TOPALETPOL TNG
GLVAPTNONG TLKVOTNTOG TOAVOTNTOC.

To tig meprocdTEPEG GLVAPTNOELG TLKVOTNTOS TBAVOTNTOG YVopilovue TG oYECELS
IOV GLVOEOLV TIG POTEG Ue TS otabepés mapapétpovs tv. Etol Aowmdv and o
TopadetypLoto VTOAOYILOVE PYIKA TIC GTOTIOTIKEG EKTIUNOELS TOV POTAOV YOLUNANG

TAENC, KoL 6TV GLVEYELD VTTOAOYILOVUE TIC OTOOEPEC TOPALETPOVS TOV GLVUPTICEDV
TOKVOTNTAG TOAVOTITOG.

llapdéerypra. A¢ 6ovpie oav mapdberypa rov emiyeio opugopixo oradpé mov iapiBdver ofjpara
andé 6vo bopugipoug. I vwpi(oupe on o mparo¢ Sopupopoc oréiver v akoiouvdia 000111 kar
o dedrepoc 010101.

0 déxuyc orov emiyero oradpo iapBdver avaioyikée npée bivoviag yia rov prev mpaio 6opupopo
ti¢ akoiouvlieg napaipijoewv

{(0.2,04,0.9,08,0.6,0.7),(1.1,0.1, 0, 0.2, 0.5, 0.9), (0.1, 0.9, 0.2, 0.4, 0.7, 1.0) ]

yia rov dedrepo Sopu@opo kareypdpoav ra oljpara

[(0.9.0.8.0.3,1.1,0.1),(0.2,0.9, 1,0.6, 0.5, 1). (1.0.8,0.1, 1. 04, 0.7) |.

1.  Mnopeite va npooofioidoere myv Sradikaocia ekmopnij¢ kai Ajypi¢ oljjiarog pre éva ouvexée
kpoppévo provicio Markov vmodéioviagc on o1 ouvapujoei¢ mukvomprag¢ mdavomrag
akoioudouv Kavovikij karavopj;

2. Ymoioyiote ni¢c mapapéipouve 1wv kpupov poviéiwv Markov yia 1o oijpra ravidujra¢ mov
exnépnel kafe Sopupopoc and ng mapaujpijoeis rouv eniyeiov oradpou.

3. 1leidg 6opupopog exnéper av idBoupe oijjra ravidujrag ro 000000;

4. IHoiog 6opupipog exknépmer av AdBoupe otjpa raviourag ro 000;

Ilapdberypra. Ilowd da eivar  andvijor oto 1pito epdujpa 10u nponyovpevou mapadeiyparog
av vnodéoere on 1) ouvdpujon nukvorpra¢ mdavonjiag akoioudei u)v pIywviKi] Karavoytij;
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Ilapdberypra. Oéiovpie va karaokeudooufie éva avioparo 1AIPIKo H1ayvwoliKo oUotjfia yia jria
aoléveia X yia wmv omoia yvwpi(oupe and mapampijoeig on mnapovoid(er v axéioudn
oupepipopd ovpumepdrwy. Lovijdwe oug 1pei¢ npwreg npépes exdijiwone e aodéveiac
napovod(eiar nuperd¢ pre préon upj 38.5 kair draonopd 2. Kard priéco opo ng emopeves 6vo
npépec mapampeirar pria vgpeon pre péon npj deppokpaociag odparog 37.1 kai 6raomopd 0.9.
2o relevraio orddio my¢ aodéveiag ) priéon deppokpaoia avidverai oe 38.1 pre raomopd 0.3.
I'vwpi(oupie ont  péon depprokpacia evog uyiove avdponmou eivai 36.5 pre 1aomopd 0.5.

Lo voooxkojicio eo1jx8ny dvipwinog yia rov onoio yvwpi{oupe 6n ng¢ reieviaieg emd qprépec
napovoiaoe ujv akéiouvd axoiouvdia eppokpaocidv:

37.3,37.3,37.0, 36.5, 37.8, 36.9, 37.8, 37.1

Av vnodéoere on o1 akoioudiec depprokpaocidyv yia vyieic ka1 aodeveic avipdnouve prmopovv va
npooopoiwdovv pe §vo Hragpopenxd kpuppéva proviéia Markov, prmopeite va Srayvdoere av o
davlpwmnog¢ eivai vyuj¢ 1j aodevije;

NeupwVIKA SIKTUO KOl TOSIVOHNOT) XPOVOOT EIPWV

‘Evag amd Ttovg mpdTovg epevvinTéC Tov GLVEAAPE TV 1060 OTL Ol EYKEPUAIKES
Aettovpyieg exTEAOLVTAL OO GTOLXEUMOES VTTOAOYIOTIKEG LOVASES TTOL ovopdlovTol
vevpmveg eivor 0 Ramon y Cajal (1911). [Meipdpato mov Eytvoy 6Ty GLUGLOAOYIN TOV
VELPIKAV KVTTAPWOV £0e1Eay OTL 1) Agttovpyio, TOVG UTOPET, GE ATAOTOMUEVT] LOPPT, VO
TPOCOLOIMOEl Ue PN YPOUUIKOOS TEAECTEC MOV OEYOVIOL ONUATA omd  Evav
TEMEPUOUEVO 0plBUd €166dmV Kt drabétovv povdya pia ££0do. H eykepoiikn ovacia
TOV EUPLOV OVI®MV OTOTEAEITOL OO EKATOLLDPLO, S10GVVIESELEVOV VEVPOV®V TO. OTTOT0,
OTOTELODV £VOL TOADTAOKO Kail IoYVPE LN YPALLKO VELPmVIKS dikTvo. ‘Exetl amodetyBel
OTL 1] YVOON TOV KOGUOV CLUGCMPEVETUL GTNV VAN Tov diktvov. H tomoloyio tov
Spépet onpovtikd ot EpPro dvto Kot eivor avti 1 ool divel kot o SloPOPETIKE,
YOPOKTNPLOTIKE avTinyng TV epedioudtav tov tepipdiiovioc. "Exovv mapatnpndel
TOGOTIKEG OAAGL KOl TOLOTIKEC OLOPOPOTOCEL, OTO €100C TWV CLVOIEGEWMYV, TOV
unyoviopd emelepyocicg oNUATOV Kot TO TANDOG TOV €600V TOV VELPIKDV
KUTTAP®V. [0 TO TOV AOYO KO TO VELPLKE KOTTOPO £XOVV OLLad0ToMmOEl Gg Evav Lkpo
aplOId KoTNYopLdV, AVAAOYO, LE TOVS UNYOVICLOVG AELTOVPYING TMV.

H vrdpyovca teyvoroyio. Oev emTPENEL TNV TPOGOUOIMON] TMV TOAVTAOK®OV
EMEEEPYAGIOY OV EKTEAOVVTOL OTO VELPLKA KOTTAPA. 'EYel amodeydel Opmg 6Tt amiéc
TPOCOLOIDCEL; TMOV VELPIKAOV KLTTAP®V, TOL MEPLYPAPOLY TO. PaCIKd TOLG
yvopiopata, oOivouv EVIVIMOINKE OTOTEAECUOTE GE  EQUPUOYES  Tavounong
TPOTOT®V, TPOCEYYIGEMV AMOKPLONG GVOTNUAT®V, TPOPANLOTO OVTOUOTOL EAEYYOV,
K.0..

Kabe vevpmviio diktvo amoteAeitar amd 5106vvOEdEUEVEC VTOAOYIOTIKES LLOVASES TTOV

ovopdlovtal vevpdves. Kabe vevpdvag petaoynuotilel To didvoouo 166300 TOV
divovrag pio povayo £€0d0 1 omoio cLVOLETAL e E16OO0VE GALDY VELPOV®V OTMC
paiveral kot oto oynua 4.1.
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2o 4.2 Nevp@vog Kot TUTTKT LoPPT| VELP®VIKOD S1KTHOV

MEeAETEG TOV AVOPEPOVTOL GTNV PLGLOAOYIOL TOL VELPIKOL KLTTAPOL £det&av OTL 1
€€000¢ omoteAel €vov W YPOUUIKO UETACYNUOTIOHO ToV €100dwv tov. Ot
TPOCHOLOLMTEG TTOL Ba, TEPLYPUPOVY ATOTEAOVV TTPOGEYYLOT) TOV LETUCYN LUTIGUAOV TOV
TPOLYLLOLTOTOLOVVTIOL GTO ECMTEPIKO TV PLGIKAV VELPIKADV KUTTAPMV.

Ot onuavTIKdTEPES TPOGOUOLDGELS EIVOL VITOAOYIOTIKG OMAES Kot amodidovy Tovg
Boctkovg UNYOVICUOVG EVEPYOTOINONG Kol EKTOIOELONC TOL ELOLKOD LOVIEAOL
KOVOTIOIMVTAG  TOL  YOPAKTNPLOTIKA TOL  YvOPICHOTO TOL  TEPLYPAPNKOV  GTO
TPOTYOVLEVO ESAPLO.

Ol eploodTEPEG TPOGOUOLDGES TTOL €YoV Tpotadel PoacioTnkav oe HEAETEG TOV
TPOTOL AELTOVPYIOG TOV VELPIKAV KVTTAPWOV GTO QLOIKO TOLG TePPEALov. Ao TV
OTAOTIOIN 0T TOV TAPATPNOEDV TNG PLGLOAOYING TV VELPIKMDY KLTTAP®OV TPOEKVOLV
To. dudpopo. pobnuatikd poviéAa. To onpaviikdtepo kal T TALOV amid HOVIELO
TEPLYPAPEL TNV GUUTEPLPOPE EVOS VEVPIKOD KLTTAPOL UE SVO TEAEGTES, EVOV YPOUUULIKO
Kot £vav [N YPOULLKO oL eivat cuvoedeévol e GeLpd, OTMG QUIVETAL Kol GTO G LLO.

O YPOLLLKOG TEALECTNE TAPIOTAVETOL GOV TO EGOTEPIKO YIVOLEVO TOV SLOVOGLOTOG TG
€16600V L€ TO SLAVOGLLOL TNG LVILNG TOL VELPOVAL:

N
xX=ow= Zo,w,
i=1

O un ypoppukog teleotng eivarl pion pn ypopuky ovvépmmon g €£660v Tov
YPOLULKOD TEAEOTN:

o =fx)

H €£060¢ Tov ductvov cupPoAriletarl pe To 1010 Ypappo e To omoio cupPoAileTon Kot m
£16000¢ ToV vevpdVva, S10TL 1 ££000¢ TOL veEVPOVA gival £i0000¢ 68 GALOVE VEVPDVEG.
H ovvdpmmon tov pn ypoppukod TEAESTH aKOAOVOEL TO. YOPUKINPIGTIKA TOV
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olypoed®v (sigmoid) cuvapticemv To onola etvar Ta akdAlovba:
Eivan avovcea covaptnon
Vi, xo € 9 x> x = flx) 2f(xy)

"Eyel memepacpéva amEPOCTIKG OpLa

lim f(x)=a,a € R — {—00,+0}

lim f(x)=5b,b€R —{—o0,+o0}

Eyxe nedio opiopov 10 cOVOA0 TOV TPAYROTIKAV aplOpu®V Kol €100V @paynuévo
nedio Tipndv. H 1316t to. avTi] TpokOMTel ooy OmOTEAESUA TV 600 TPONYOVUEVOV
TEPLOPIGLADV.

£ 9% > [ab]

O1 TAE0V S100E00UEVOL GE TPOKTIKES EPAPUOYES YPOLLLKOT VEVPOVIKOT TEAECTEG Elvar
ot akoAovOOL:

ExOetikn owyposidnc. H ovvdptnon avti omoteiei tov mAéov Siadedouévo
YPOULKS VELPOVIKO TEAECTI):

f(x)= ;,a,b eN’
+

—ax+b
e c
YnepPoriki] epamropévn.

ax —ax

e —e
)= ema e

IMapdro mov dev LVILAPYEL TEPLOPIOUOS Y10 TOV TPOTO LE TOV OMOI0 OPYOLVAVOVTOL Ol
CUVAYELS TV VELPDV®V, VIAPYOVY LEPIKES OUASEC SOLMY Ol OToieg £xoVV peAetn el
EKTEVECTEPO KO €IvOLl OLTEG Ol OMOIEC YPNOULOTOLOVVTOL GVYVOTEPO O OLAPOPES
EQUPLOYES.
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Zynua 4.3 Nevpoviko diktvo evog emmédov kot Nevpmvikd dikTvo TOAADV EMTESDV

Nevpovikd dikTva evog emmédov. ATOTELEL TNV TAEOV AT TEPITTMON OPYAVMOONC
gvOC vevpmvikoy diktvov. Ot €i6odotl Kabe vevpdva CUVOLOVTAL LIE TIG OVTIGTOLYEC
£16600V¢ ToL SikTVOY Kot 1) ££080¢ KAOE vevpdva, amotelel Kot ££0d0 TOV diKTVOV. X
LEPIKEG TTEPITTOOELS BEmPOVLE OTL 0 KAOE vevpdvag Exel Kot o, emimAéov €i6odo N
omoio cuVOEETAL e pio €16000 oTabepPNG GTAOLNG.

Ta dikTvo eVOG EMITESOL VEVPHOV®V YPTCLUOTOLOVVTIOL CVVIOMG G ATAG TPOPAT LOTOL
1011 £xovv 600 GoPupd LELOVEKTNLLOTOL.

Av vroBécovpe 0TL To oVOTNO TOV BEAOVLE VO TPOGOUOIDGOVLE £xEl N €16600VC
kot M g£6dovg, TOTE TNV KAADTEPN TMV MEPMTOCEMV (OTav KABE vevpdVIG EXEL
CUVAYELS TOV GLVIEOLV OLEG TIG ELGOO0VGS) TO GVOTNUA TPOocopoimong Exet (N+1)M
Babuotvg elevbepiag, yeyovog mov meplopiler TV wKovOTNTE TOL OIKTOHOL Vo
TPOCOLOIDVEL TOAVTAOKEG OLOVUGLOTIKEG GVUVAPTNOELS. O TEPLOPIGUOG QVTOS OTNV
TPAEN Wopel vo, EEmepaoTel ENEKTEIVOVTOC LIE TEYVNTO TPOTO TO SLAVLG O, TNG LGOS0V
omote av&dvovue Tavtdypove, Kot Tovg Pobuodc eAevbepiog TOL  GLOTNHHOTOC
nmpocopoionong. H eméktaon ovti umopel va emitevydei 6tov cvuvovACOLUE LE
YPOLLUKS 1) 1N YPOULLKO TPOTO TIC 0pYIKEG E1GOO0VE TOV GLGTNLATOG.

O 3e0TEPOC TEPLOPIGHOG £XEL VO, KAVEL LIE TIG TEPLOPICUEVES OVVATOTNTEG TOV SIKTVOV
OTNV TPOGOUOIMON TMV L1 YPOLULK®OV YOPUKTNPLOTIKMV TG CVVAPTNONG oL BEAOVLE
VO TPOGOUOIMGOVE. LVYKEKPLUEVO LITOPOVHE VO dovpe OTL kdBe £E0dog pmopel va
EKPPACTEL GOV GLVAPTNOT TOV dESOUEVOV €160V 6NV EENG LOPPN:

Om = f(z xiwmi)
i

H ££o0d0¢ 0,, Umopel va. TPOCOUOIDOGEL TV TPAYUATIKY ££000 TOV GLGTILOTOC LEGH
oG TEPLoPIGUEVOY  duvatoTTtOv  ovvdptnone. Klaoowd mpofinue  tov
TEPLOPIOUEVMV SVVATOTITOV TMV VEVPMVIKDV SIKTO®V EVOC EMMESOV GTNV TOEIVOUNON
TPOTOT®V OMOTEAEL Kol 1] ASVVOLIO GOOTNG TUSIVOUNONG 1N YPOLLLKE S10Y®PICIILOY
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TPOTVTTMV.

HoAverineda. vevpovika diktva. [Ipocbétovtog Eva 1 TeplocdTEPU KPLPE EMITEIQ
pmopovue vo avéNoovpe ameptoptota tovg Pabuovg ehevbepiag Tov veEvPpmVIKOD
SkTvov. XovNnng TokTikn €lval ol vevpdveg KABe emMMEGOV VO CLVOEOVTOL UE TIC
€E6d0v¢ TV veEupdvmv Tov Ppickovial 6To TPonyovLeVo ninedo. ‘Otov 0 VELpdVOC
GVVOEETOL LLE OAOVG TOVE VEVPADVEG TOV TPOTYOVLEVOL EMITEGOL 1) GVVOEGT OVOUALETAL
TApnG SL0QOPETIKA OVOUALETOL (epiki].

Kotd v didpKeto. Kmaidenong Tov veupmvikoD SKTHOV 0V KATOL0G GUVIEAEGTIC
Bapdmrag cvvoyng Tapel TV T Undév, TOTE To YEYOVOS avTO 160dVVAED e TV
S10KOT GVVIEST G TV VELPOVMV J10TL OEV LETAPEPETOL TAEOV TANPOPOPIO OTd QLT
™mv ovvoyn. Xty wpdén Aomdv To SiKTvo pmopel v ePQavifEl apYITEKTOVIKT
AN POLG GVVOESTC OAAG KOTA TNV SIAPKELN EKTAIOEVONG KATOEG CLVOEGELG LTOPEL Vo,
OmOKOTOVV, YEYOVOS Oyl OTAVIO GE TPOUKTIKEG EPOPLOYEC.

2y ta&vounon mpoTimtmy £xsl amodelybel OTL évo dIKTLO TOL AMOTEAEITAL OO
vevpmveg perceptron S0 eMIESWMV (VOGS KPLEOD Kol TOV EMTESOL ££600V) LITOPEL Vol
TOLIVOUNOEL GMOTA YPOUUIKG KoL [N YPORLUKE SaypiclUe KaTYOpieg TPOTOHTMYV,
EVO éval JTKTLO TPLOV EMTESMV VEVPDOVMOV LTopel va TaEIVOUNCEL CMOTE KATIYOPIES
TPOTOT®V 1] YPOLLUKA Sloy®piclleg mov emmAéov Ppickovial o SLOPOPETIKES
YNG10eC GTO YHPO TOV PETPTICGEMV.

[Tolverinedao, vevpovikd diktva €yovv ypnoipomombel pe emttvyio onv oyedioon
TOADTAOK®V GCLGTNLATOV TAEIVOUNGNE TPOTOHAWY KOl KAAVTTOLY TNV TAELOVOTITA TOV
EQAPLOYDV TAEIVOUNGN S TPOTOTMV LE VEVPMVIKE SikTVa. AV GTNV £16050 TOL SIKTVOV
To omoio £xel Lovo pia €ic0d0, TomofeTnOOVY Sy LATOANTTNUEVE GNUATO, OL0KPLTOD
xPOVOL KaTh adEOVGA. YPOVIKT GELPA TOTE TO dIKTVLO AELTOVPYEL GOV Eva LN YPOLLILKO
oiAtpo FIR (oynua 4).

yMua 4.4 Nevpavikd diktvo ToAAGOY emmEd®V cov un ypopukd eidtpo FIR

AvoTpo@odotovueve veupovikd diktva. Otav vdapyst £6Tm kot pio dtadpoun LEGH
¢ omoiag, EEKVAVTOG 0 Vo VELPOVA Kol LEGH TOV GUVAWYE®MY Kol KUTE TNV popd.
gvEPYOMOINONG TOV SKTVOV UTOPOVLE VO ETOVELBOVLLE GTOV VEVPDVO EKKIVIIONG, TOTE
TO VELPOVIKS diKTLO B AEyETO AVATPOPOSOTOVLEVO (recurrent).

Tomiko TapAdELY Lol AVOTPOPOSOTOVLEVOD VEVPMVIKOD HIKTVOV SIVETOL GTO GY LKL TOV
0KOAOVOEL.
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N1 >

Zyfua 4.5 Tomikn| popen avaTpoPOSOTOVEVOD VEVPMOVIKOD SIKTOOV

H opytextovikn oot mpocdidelt 010 veLpoVIKO dikTvo  KAmow  1dtaitepal
yapoxtnprotTikd. Ot ypovikég kabvotepnoelg divouv v dvvatdtnta 61o SikTvo Vo
TPOCOLOIDGEL YPOVIKA LETURUAAOLEVD TPOTLTOL.

To mhéov 6100€d0LEVO VEVPMOVIKO STKTVLO CLVEXDV TILAOV £166d0V Kot ££600V gival TO
TOAVETINEdO perceptron. Mio, TUTIKT HOPPI TOL OIKTVOV @OIVETOL OTO OYILO.
Amoteleiton ATO VELPOVESG TOL TOTOL perceptron ot 0woiol S1UBETOVY EVOV YPOLLIKO
Kot £VaV LN-YPOLLLLKO TEAESTY] GVVIEDELEVOVG OE GELPAL:

o=fy)

To diktvo amoteleital omd TePlocdHTEPES TV HVO OUAO®V VELPOVMY perceptron Tov
ovopdlovtor kot emimedo Tov diktvov. ‘Eva 1 meptocoTEpO. KpLEA  EmimEdQ
eneepydlovtal ta dedopéva e166d0V Kot TO eMinedo ££000V TEPIEYEL TOVS VEVPDOVEG, M
££000¢ TV omoimv glvar TanTdypova Kot ££060¢ TOV dKTHOV.

H ovviing obvdeon tmv vevpdvmv perceptron evog emmESOL TEPLOUPAVEL GUVAYELS

IOV GLVOEOLV KAOE VEVPAOVA e OAOVE TOVS VEVPDVES TOV TPONYoVUEVOL emimédov. H
ovvdeon avti ovopdaletal TAnpng (full connected) kot ypnoiomToOLETOL GE TEPIMTTOGELC
OTIG OMOieC OV LITOPOVLLE VO, OPICOVUE EK TOV TPOTEPWOV TNV KPP TOTOAOYio TOV
dwktvov. H yevikn avtn Tomoloyio KOADTTEL Kl THV TAEOVOTNTO TOV EQAPUOYDV.

H evpeio d14600m Tov TOAVETINESOV d1KTOHOVL perceptron oQeileTor e dVO KVPIMC
AdyovG:

1. H woyopn molvmiokdTTa Kot [N YPOUKOTNTO TOL OIKTOOV UG TOPEXEL TNV
duvatoéTNTA VO TPOCOLOIMCOVLE [E IKOVOTOMTIKY okpifelo. cvveyeic n
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YPOULUKES SLOVOCLOTIKEG GUVOPTIOELS.

2. O oiyopbpog exmaidevong LMS diver v SvvaTtoTTO VTOAOYICUOD TMV
oVVTEAEGTAV PopdTNTOC TOV GLVAYENOY amd mopadeiypoata. H duvatdmto avth
LLOG ETTPETEL VO, YPTCLUOTOLCOVUE TO SIKTVLO GE TPUKTIKEG EPAPLOYEC.

[pdypott omd o 1985, dtov 0 Werdos oty didaktopikn Tov daTpifiy TopovGiace
TV OpPYIK HOpeT| €VOS OAYOPIOUOL €KmaidEVong TOL gAoyloTOmOlEl TO UEGO
TETPOYDOVIKO GOAALO TG TPUYUATIKNG At TV emBupn Ty £€£000 TOL SIKTVOV KOl TOV
apyotepo TPe T0 Gvopo omisBodpopky dtddoon tov cedApatog (backpropagation of
error), UeyAog aplopdg Epyacidv oL aPOPOVGHV TO TOAVERINESO dikTVO perceptron
TOPOVOIACTNKOY O €QOPUOYES  TACIVOUNONG  TPOTUT®V, ALTOUATO  ELEYYO,
TPOGOUOIMOT) GLVOPTNGE®V, K.0.K.

O aAyopi0pog omo003popIKNG S1adoong TOU TCEAAHATOG

Onmg €idope ko1 GTO TPONYOVUEVO 0GP0 KOTA TNV OXedioon €VOC YPOLLILKOD
oiAtpov Wiener n puébodog g katevbuvopevng ekmaidevong LMS éxet cov 6komod v
€OPECT] TOV GUVIEAECTMOV PopOTNTOC TMV CUVAWE®MY TTOL EANYLOTOTOLODV TO WECO
TETPOYDOVIKO GOAALLO TNG TPOYUOATIKNG 0md TNV emtBuunt| £€£060 TOL SIKTVLOVL.

O idteg apyég axorovbodvtar kol 6tov aAyopBuo omeBodpokng d1ddoong Tov
OQALLOTOC L TNV dtapopd OTL 6TO TOAVETINESO SIKTVLO perceptron SV LUITOPOVLE VO,
TMETOYOVHE OVOALTIKY AVoN. [owtd Ttov Aoyo watagedyovpe otnv péBodo g
SLB0YIKNG TPOGEYYIONG TV CLVIEAESTAV PapOTNTOG TOV CLVAYE®DY KOTA TNV
devbovvon ™G ApVNTIKNAG TG TG TPDOTNG TOPUYDYOL TOL CEUALOTOS (Steepest
descent - Babvtotn Ka0080g). H pébodog avti mov gival 1 TAéov StadedoUEVN TEXVIKT
TPOCOIOPICUOY NG  KVAUNG TOADTAOK®V VELPOVIKGV OvOpAletol aAyOplOpog
omto00dpo ki 6146061G TOV CEAALATOS.

O alyop1Bpog oPeilet TV OVOUOGIO TOL GTO YEYOVOS OTL EVA KOTA TNV EVEPYOTOINOM

TOV VEVPMVIKOD SIKTOOL Ol VTOAOYIGULOL EEKIVOUV amd TOVG VELPAOVEG €1GOJ0V Kol
KateLBVVOVTAL H1050YIKA TPOC TOVG VEVPMVES TOV ££000V, VTTOAOYILOVTAG TNV TN TNG
€EOGO0V TOV VELPAOVOV GTA KPLPA EMIMEdD, 1 EKMAIdEVOT| EKTEAEL TNV OVTIGTPOON
dwdkacio. Metd v evepyomoinomn Tov  diktvov apyiler M dadikacio
EMOVATPOGOLOPICLOY TMV GLVIEAECTMOV PapdTNTOC TOV GLVAYE®DV OPYKE OTIC
CLUVAYELS TOV PPIoKOVTOL GTOVS VELPDVES ££000V KL GTNV CLVEXELDL OKOAOVLOEL O
EMOVATPOGILOPIG OGS TMV GLVIEAECTMV PapVTITOC TPOG TOVE VEVPDVES ELGOSOV.
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Nevpavog i
Wi
0 yi i
GG D

Xyuo. 4.6. Aldtaén vevpdvov otov aAdyopiBuo omcBodpoukng diddoong Tov
OQAALOTOC

v yevikh mepintmon éva moAveninedo diktvo perceptron amoteAEiTal amO Evav
apOpd KpuedV emmédwv kol 10 eminedo €£0dov MoV TEPLEYEl M vevpdveg. Xinv
KatevbuvopEVT ekTaidevon Ta ToPdElyLOTO amoTeEAOVVTAL amd (gvyn SLOVOGUATOV
€10600Vv-e£000V. Av 1 €ic0do¢ Tov dikTvov amotereital omd N €166d0vg TOTE TO
nopadeiypota sivar Statetoypéveg Svadeg Stavooudtov (a,b), a € RY, b e RM.

To ocedipo ektipnong yuw Toyoio £i6000 a ivol To TETPAYOVO TOV SL0POPAOY NG
TPOYUATIKNG €6600V TOL SIKTVOV O LE TO OVTIGTOLXO SEAVLCLL TOV OVOUEVOUEVOV
Tiudv b:

¢ =0.5(b-0) (b-o0) = o.si (b, —0,)

Agdopévov 61t suviBmg Exovpe oty 6140g0m pog Q mapadelyploTo, TO AVAUEVOLEVO
oQAAL0 VTOAOYILeTON OO TV GYEOT:

M0

M M 1
E[Z¢] = O.SE[Z(b, -0,)’]= O.SZE[(b, —-0,)’]= EZ Z(b(/ ~0,)’

Eivor yvootd 6t or mpoomdbeleg tv epevvitdv yuo. v avalitnon pebddov
OVOAVTIKOD VTOAOYIGHOD TMV GUVIEAEGTOV POpOTNTOC TOV CUVAYE®MV, Hiog ADONC
Tapopolag e avt tov eiktpov Wiener, £xovv kotoAnéel oe amotuyioa. [avtd Tov
AOYO KoTopedyoLpe otV UEBOSO TNG S10d0YIKNG TPOCEYYIONG TMV GULVIEAEGTOV
Bapdmrag Tov cvviyemv katd v dtedbvvon TG apvNTIKAG TG TNG TPAOTNG
TaPOYDHYOV TOV 6QAANaTOC. H pébodog avtn emavompocdiopilel v aptOunTikny Ty
TOV GLVTEAEGTN PapOTNTAG TOV GUVAYEDY GOUPMOVO, LIE TNV AKOAOVON oYéon:

oi=-n ox9
awljl’
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omov n eivor Kkpdg BeTikde mpoyuatikdg opBudc mov ovoudletar  pvOUdC
gkmaidevong tov alyopdpov. H efiowon pmopel vo ekppaotel cov cuvaptnon g
€EGB0L KoL TNG ECMTEPIKNG KATAGTOONG TOV VELPOVOL.:

aJ}i awlj

Av opioovpe Gov J; TNV OPVNTIK T TG TOPAYDYOL TOV GOAAUNTOS M TPOG TV
E0MTEPIKT] KATAGTACT] TOV VEVPAVO Y; (ECOTEPIKT KATAGTOOT TOL VELPAOVO gfvat M
£€000¢ TOV YPOLLKOD TOV TEAECT), TOTE:

5 __ 04 _ 0%¢ %o

I a.yi aOi a.yi

Ko

; 0
Aw, =nd, P né, —— Yy w,0, =nd,0,
» ow, ow, % »
IMa va Tetdyovpe pio avaAvTiK) £KQEPOOT] TS GLUVAPTIONG EMAVATPOCIIOPICUOD TOV

OLVIEAEGTOV PapdTnTag TOV GUVAYE®MV YMPILOVLE TOVG VEVPDVES GE SO KOTNYOPIES.

Nevpdveg e€6d0v

H apvntuc T g mapoydyov Tov GRAALATOS OG TPOS TNV E0MTEPIKT KATAOTOON
TOV VELPDVA J; YiveTaL:

5 =80 0y dO)

, aOi ayi ayz

O 1elevtaiog TOAAMAMANGLOOTIKOS Opo¢ dev givor Timoto GAAO amd TNV TPMOT
TOPAYOYO TOV N YPOUULKOD TEAESTH TOL vevpdva. H cuvaptnon emavomrpocdio-
PLOLOD TV CLVTEAEGTAV PopOTNTOS TOV GLVAYEMV Y10, TOVG VEVPDVES eEAS0V YiveTat:

> W)

i

Awij = nﬁioj = n(b, -0 )Oj
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Kpvogoi vevpaveg

H nepintmon tov kpuedv vevphvav givar EAAPPAOS TOAVTAOKOTEPT). AV VITOBEGOVLLE
OTL 6TO apEcOC LYNAOTEPO emtinedo Ppickovial K vevpdveg, Tdte N apvnTikn T e
TOPAYDYOV TOV GOAALOTOC MG TTPOC TNV ECMOTEPIKT| KOTAGTAGT TOV VEVPDVO. O; YIVETOL:

5, = = Z I Z(_ ) Zwkmom

02 ¢ 0o, 0o, K.oXgpoy, Oo, & 0Z¢p o0
do, Oy, oy, i.10y, Oo, W, kc1 Oy, 00, ,Ti

omov I etvar o apOUdC TOV VELPOVOV TOL €TMESOV TOL HeAETApE. Metd v
OTAOTTO{1 0T TV TOPATAV®D EKPPAGEDY EXOVLLE:

K
S, = %Zé‘kwm
/=

i

BAémovpe Aowmdv 6t 0 6pog & Tov vevpdva i e£apTdTan 0md TOVE AVTIGTOLYOVG OPOVG O
TOV VELPOV®V TOL BpicKovTal 6T0 AUECMS VYNAOTEPO EMMEDO KOl TOVS GUVIEAECTEC
Bapdrag Tov cuvayemy Tov cuvdéovy TV ££000 Tov vevphva. [Ipokdntel pHdAioTo
o0V TO E0MTEPIKO YIVOUEVO TOV OVTIOTOY®V dtovucpdtov tovg. H ovvdaptnon
EMOVATPOGOLOPIGLOD TMV GUVIEAEGTAOV PopOTNTIC TOV GUVAYE®DV Y10 TOVE KPUPOVC
VELPAVES yiveTal:

00, &
Aw, =nd,0, =no, —Zékw,ﬂ.
i k=1

Emedn] 0 vmoroyiopdg TV GUVTEAESTAOV O €ivol avadpopkos, omd TOVG VEVPAOVES
VYNAOTEPOV  EMTESMV  TPOG  YOUNAOTEPO. emimedo  yowtd kot 1 Sadikacio
EMOVATPOGOLOPIGLOD TV GUVTIEAEGTMV PapuTNTAS TOV GUVAYEDY GTOV TOAVETITEIO
diktvo perceptron axoAovOel ta e&ng PripoTa:

0 TomoBitnon apyikdv TH®V. Opilovue TOV pLOUO eKkmaidevong n Kot
TOMOOETOVLLE TUYOIES OPYLKES TILEG OTOVC GUVIEAEGTEC PapVTNTOG TOV GUVAWE®V.

o Evepyomoinon tov owktvov. Tomobetodye omnv €icodo Tov dkTtHoL TLYOIO
TPOTLTO O TA, TOPASELYLATO KOl 6TV oLVEXELD VITOAOYILovpE amd YounAOTEPO
TPog VYNAGTEPO EMimEdO TNV ££000 TV VELPDVOV KAOE ETITESOV.

O Y7WOAOYIGUOG TV GUVTEAEGTAOV J. AVTIGTPEPOVTOS TV POPA TMV VITOAOYLIG LDV
VIOAOYILOVIE TOVG CVVTEAEGTEG O At VYNAOTEPX GE YapmAdTEPQ EMiTESAL.
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0 Emavompoodiopiopos Tov cuvrerestdv Papitntag Tov cuvayemv. Eyovtog
VTOAOYIGEL TOVG GVVIEAEGTEC O Ko TNV oplOUNTIKY T TOV €£60mV TV KOUPOV
LTOPOVLE VO, ETAVOTPOCOIOPIGOVLE TOVG GVVIEAECTEC PapOTNTAG TMV CLVAYEDY
OAMV TOV VEVPDV®OV TOV SIKTLOV.

0 ‘Eleyyog oOykMong. Ymapyovv S1apopo Kprtiple AEYYOL TG GUYKAIONG TOL
aryopBpov. Ov ovvibelg éreyyol mov yivovtar eivon ov €€ng: Ymoloyiletar m
GLVOMKT] OOAVTN LETAPOAN TMV GUVIEAEGTAOV PopOTnTag 68 GYECT LE EVOV TOAD
kpd OeTikd apBud, to kpuripto cOyKAlong. Ymoroyiletor o HéEGOG pLOUOG
HETAPOANG TOV GOAANOTOC O0TO Tapodeiypota. Av 1 petofoin avty eivor oA
pkpn tote 0 aAYOpOuog Teppotilel. Av o pécog puBuds petaforng Twv
OLVIEAEGTMV O Y10 OAO. T TOPASELYLLOTO EIvOl TOAD LUKPOG, OOdEIKVIETAL OTL 1)
avtiotolyn HETOPOA TV GLVIEAEGTAOV PapdTNTOC TOV GLVAYE®V gival emiong
TOAD LK.

0 Eaovainyn tov alyopiBpov. Tomobetovue véo mopdadetyuo otnv €i6odo Tov
SIKTVOL Kot ETaVOAAUPAEvoLE TV dtadikacio amd To devTeEPO Pripal.

To SIKTUO XPOVIKWV KAOUOTEPNOTEWV

H avayvopion ypovikd petapfoirlopevov tpotinov pe medio Tipdv 6to N-didotato
YOPO TOV TPUYHOTIKOV aplOudv pmopel vo mpoaypotonombel pe tpomomoimpueveg
HOPPEG TOVL POCIKOD TOAVETIMESOL SIKTVOL VELPOVMV TOL TOTOL perceptron. Ao
TEPLYPAYOVLE TOL TAEOV AAG Kot SLdedOUEVHL BIKTVO, LIE TPATO TO VEVPMVIKO dIKTLO
ypovikadv kabvotepnoemv (Time-delay neural network).

i(tn+1

yfua 4.7 To veupmvikd SIKTvo ¥poviK®dVv Kabvotepoemv

H dopn tov diktdov ypovikdv kabvotepioemv divetar oto oynua 4.7. H Pacik tov
dwpopomoinon omd to moAverminedo OikTvo perceptron eviomileTOl GTOV TPOMO
TomofEToNG TV SovucUATOV €16000v. Onmg @aivetor kol omd To OYNUa, To.
davoopoto mov Tpocdiopifovrar amd v Paduida eCoymyng TapOUETP®OV KOTE TV
YPOVIKT] OTIyU] ¢ TOMOBETOVVIOL OTNV €16000 TOL VELPOVIKOD JSIKTOHOV, EVD
TOVTOYPOVO Ol TPONYOVUEVES TIUES TOV SLOVOGLOTOS TNG LGOS0V LETOTOTILOVTOL KATE,
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pio Béom KkaTd TV eopd ov delyvovv ot ypovikég kabvotepnoels. Mg v TEXVIKN)
avth vrapyet mhvta pio ypovik okoiovbic K Savuoudtov oty €icodo Tov
vevpmvikoD diktvov. To dikTvo evepyomoteitor KAOs YPOVIKN GTIYUN OV ELGEPYETOL
o010 Oiktvo éva véo dudvocspo. To yeyovdg avtd €xel ocav dGueon ovvémelo TNV
ToPOYOYN oG ovTiotolyng akolovdiog dovuoudtoy e£6500 TOL SIKTLOL.

H 16100 n tomoioyia Tov dikTvoL TEPLOPIleEl ONUAVTIKA TIG dSVVATOTNTEG TOL SIKTHOV
oV avoyvapion ypovooelpdv. H mAnpogopic mov emefepydleton to diktvo
ava@épeTal Tavta o€ K S1ad0yIKa xpoviKd SLOVOGLOTO. LVUVETMG TO OIKTVO YPOVIKMDV
Kafvotepricemv pmopet va taltvopei TPOTLTO, TO. OO0 £YOVV TOAD LUKPY SLUGTOPE.
TOPOUETP®V 0TO eSO TOV YPAHVOVL, 1| LE GAAL AOYL0L TO QOLVOLEVO OV TPOCTOOOVLLE
va avayvopicove TPEREL va Exel TavTo TV 101 xpovikh eEEAMEN. To diktvo propei va
KOAVYEL pe emTuyio TV SOCTOPE TOV TPOTHA®Y GTO SUVUGLOTIKO YDPO TOV
TOPAUETPOV TOV.

Idwaitepar emruynpévn eivorl M €QOPROYT TOV SIKTVOV YPOVIKADY KOBVOTEPNOEWDY GE
GLGTILLOTO AVOYVADPLONG POVIUATOV, 010TL 01 KATIYOopieg TAEIVOUNONG (TO GOV LT,
aKOAOVOOHV YEVIKA dVO YOPUKTNPLOTIKA LETAPACEDY GTO YPOVO TOL OTOL0. IKOVOTOLODV
YEVIKG TOVC TEPLOPIGHOVE TOL TEOMKOV Oomd TV HOPPT NG TOTOAOYiOg TOL Ta.
QOVIEVTOL KOlL TOAAG GOUPMVO YOPOKTNPilovTal Om0 OVLYKEKPIUEVEG TIUEG TOV
AapBdvetl To S1AVOGHO TV TOPALETPOV KATE TNV Bpaydypov avaALGT TOV GIUATOC
opiog kol To @oviuate wov yopaktnpifovior Amd pio Ppoydypovig SbpKelog
EKPNKTIKT] cLUTEPLPOPA 0TS o 'K, ' 'T. Lg avti TNV Katnyopio eovnUdTev £xel
petpnOet 611 M dracmopd Xpovikig eEEMENG TOV POVIUATOG givarl oxeddv Undevik.

H exmaidevon tov O1kTOOL TPOypHOTOTOlEITOL e TOV OAYOPIOHO OmGOOSPOLUKNS
S148006M¢ TOL GOALLOTOC. XVYKEKPILEVA Y10, KAOe akolovBio dtovocpdTov TibevTol ot
embountég  TwéG €EO600L KOl OTNV  GLVEXEW. €QOPUOLETOL O  oAyOpLOuOC
omo000poIKG 0184000MG 0 0Tmol0g EMAVATPOCTAOPILeEl TIC TIUEG TOV GUVIEAECTMOV
Bapdrag tav vevpdvov. To mpofinuo mov wpénet va Avbel sivarl mwg opilovpe Tic
10g0TéEC TIUEG Yo Vo £xovpe pia emituynpuévn ekmaidevon. H avtipetdmion dev gival
HOVAOTKT KOl SLUPEPEL OTIC EQPAPLOYEC.

2ta. mhoicto Tov pabnpotog Bo e€etdoovpe 00O YEVIKEC TEPIMTMOELS EKTAIOEVONS
VEVPOVIKGV SIKTVMOV YPOVIKNG KOBVOTEPN GG G TPOPANLLATO TAELVOUN GG TPOTOTTMV.

‘Eoto o611 yio v xomnyopic. ; dSwbétovue M; YPOVOGEPEC TOPAUETPIKOV
dtovvuopdatov icov pkovg K dtovoopdtov:

Vi={xult], xiot], ... Xpult] }

Av yvopilovue 0Tt 1 KATNYOPiOL OVTIKELEVOV TEPLYPAPETUL TANPOG omd K ypovikd,
0KOAOLOLOKA SlavOoUATA TOTE, LITOPOVLE VO KOTOOKELAGOVLE KOl VO EKTALOEVCOVLE
d00 €101 VELPOVIKOV SIKTOMV.

To mpdto ¢€idog Odiktoov mepapPdver €va  oveEApTNTo  SIKTLO  YPOVIKNG
kaBvotépnong K dovocpudatov Kot oplfud eE6dmv 6o e Tov aptud Temv KaTnyopLdv
oV 10 oVoTo avayvopilel. To dikTvo gkmaldeveTal TOTOHETOVTAG 6TV £10000 TOV
ductvov éva ddvouopo ekmaidevong, £6Tm To X;,/t], Kol Bempdvtag cov Weat ££060
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TOV SIKTVOV SLAVVC O TOV £YEL TNV LEYOADTEPT OPIOUNTIKY T OTOV VELPGOVO. E£OO0V
OV YpNoLoTotlEital yioo va ta&vouel o SlavOoUATO TG ; KATNYOPlog Kot LUKpn
oplOunTiky T oe Okec Tig GAkec €Eddovg Tov dwktvov. H  ta&ivounon
TPOYUATOTOLEITOL e TNV TOMOBETNON NG AYvVOOTNG YPOVIKNAG okolovbiag K
SvuG ATV 6TV €16000 TOV S1KTOOV, TV EVEPYOTOINGT TOV, 1| 0Ttoia, Bo ATodDCEL
TIHES GTOVG VEVPAOVES TNG €£0J0V KoL TNV Ta&tvopnon oty ££060 oV TaPOLGIALEL THV
HEYOADTEPT APIOLNTIKY TLUN.

To devtepo €idog ductvov meptlapfdvel aplOpd Siktdwv 1610 pe Tov aplopd Tov
katnyopidv. Kabe diktvo £€xet poévo pio €€odo. Ta diktva exmoidedovron
tomofeTdvTag otV £ic0do éva ddvucuo exraidevong, €6t T0 X;,/t]. XT0 diKTvO, TO
omoio Ba. ypnowwomonBel Yy vo oavoyvopilel to TPOTLME. TNG ©; KT YOopiog
TOTOOETOVE OOV 00T TYU] pio LEYAAN aptOuNTIKT T, VD o€ OAQ TO. GALQ diKTLO,
tonofeTovpEe oav 100t ££000 pio TOAD Lukpn) aptOUnTIK TIun.

H ta&véunon mpoypatomoleiton pe v tomobétmon g Gyveotng yPOVIKNS
axorovbiog K dtavvoudtov oty €i60do dAmV TmV SIKTO®V, TNV EVEPYOTOINOT TOVG 1)
omoio B amoddaoel TIEG oToV vevpdva TG €660V kat TNV TaSvOUNoT 6To SiKTVO
gKeivo OV maPovGtalel TNV UEYOADTEPT APIOUNTIKY TN OTOV VEVP®OVA £E6S0V.

H amif tepintoon epoproyig Tov VELP®VIKOD SIKTHOV YPOVIKOV KaBVGTEPTGEMV Y10,
TPOTLTO. 6TOL OTTOi0L YVMPILOVLE TNV YPOVIKY OTIYUN ELOAVIONG KoL TNV SLAPKELL TOVG
EUPAVICETOL OTAVIA GE TPAKTIKEG EPAPUOYEG.

Xouyvotepa, eppoviletor to eEfg NTAS TPOPAN QL

1. €bpeong Tov YPOVIKOL SLOCTNUATOS GTO OMoio ekdNAMVETOL 1 EUPAVIoN €VOC
Y€YOVOTOG, Kot

2. Vv To&vOUNoT) TOV TPOTLTTOV GE KATNYOpio YEYOVOTMV.

H Adon avtod tov mpoPAnuatog emPdiiet kot v diepevvnon g duvatdnTog
EUPAVIONS TOVTOYPOVAOVY 1 apLo1Poiic. ATOKAEIOUEVMV YEYOVOTMV. Me GAAL AOYL0 TTPETEL
VO LEAETHCOVUE TNV GULUTEPLPOPE TMV TPOTVI®V Tov avayvmpilovpe. Ymapyovv
TPOPANHOTO KOTA TO omoio, mapokolovbovpe v ypovikh e&EMEn evdg udvo
YEYOVOTOG (OTMG TO MAPASELYLLO TTOV dMCOLE Y10, TO 000 VIOBEsaE GLOTNAAL OTL O
déxtng AapBdvetl To oo SNA®ONE TOVTOTNTAG od Eva LOVO dopLPOPO, TAVTOYPOVN
EKTOUTN OV €ivorl amodekTO YEYOVAC). AVIIOETMG 0€ £V, GVGTNLO OVTOLOTNG LOTPLKNIG
Syvaong 0ev UTOPOOLE VO, OTOKAEIGOVHE TNV TOLTOYPOVN €EEMEN TOAAUTADV
000EVELDVY. ZVUVETMG G QDTN TNV KOINYopio TPOPANUATOV TPETEL VO TPOTOTOL|COVLLE
o €ido¢ ¢ TOEVOMNONG OV TPUYUATOMOLEL TO VELP®VIKO diKTvo ToOL Bl
KOTOOKEVAGOLLLE.

[dwaitepa emTLYNUEVES EQAPLOYEC TOV VEVPOVIKOD SIKTHOV YPOVIKAV KOBVGTEPTCEDV
£xovv viomomBei otV ynoelokn eneEepyacio onUaTOV Kot o€ TPOPANUATO TPOPAEYNC
YPOVOGELPAV.
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Hapddsypa. I[eprypdyte v tOomOAOYid TOL VELPOVIKOV(DV) SIKTOMV YPOVIKNG
KaBvoTEPNONG, TOV TPOTO EKTAIOELONG TOVG KOl SIKOLOAOYEIOTE TIG OMAVINGELS OTO.
axorov0o TpofAnuate TaEvOUnong TPOTHTMV.

a. To mpéPfinuo avayvodpiong g TOVTOTNTOC TOV O0PLEOPOL OTMG OLTO
TEPLYPAPNKE GE TPOTYOVLEVO TAPASELY LA

b. Xbdomua oTpikng ddyveong mov encEepydleTol To. dEdOUEVA OEKO PLGIKAOY Ko
TEVTE EPYOOTNPLOKAV eCETACEMV o€ KaONnUepv PAGN KOl Y10l YPOVIKO S1AGTN O
déxa nuepdv. To ovotua Ba avayvopiletl Ta akdAovba, voonpata: (o) Hrotitido
B, (B) Hratitda C, (y) Aowddn povomvpivoon, kot (8) o egetalouevog gival

vyG.

To dikTuo Elman

To pey@ho pelOVEKTNUO 7OV TAPOLOIALEL TO VELPOVIKO OIKTVO  YPOVIKNG
kabvotépnong evtomiletor 6to yeyovog OTL M ektiunon ¢ €£600v Tov SKTVOV
TPOYUATOTOLEITOL [l TNV EMeEePYacio EVOG 6TabEPOL YpovikoD Uikovg "mapdbupo.
Teyovéta ta omoio £xovv dlapopetikiy xpovikn eEEAMEN dev pumopovv va tagivounfovy
ue axpifeta pe 10 veupmvikd SIKTLO YPOVIKMDY KABLGTEPT|IGEMV.

Avon og avtd To TPOPANUC pmOpEl VO TPOKOWEL OV GTO VELPOVIKO OiKTLO
TOTOOETNGOVE CLVAYELS Ol OTTOIEG EKTOG OO TOVS GLVTEAECTES POpVTNTOC TEPIEXOVY
Kol YPOVIKEG KOBVLOTEPNOELS. AV Ol GUVAYELS OVTEG Aaufdvovy TAnpoeopio oo
€EGB0VC VELPOVMY TOV 1010V N KOl AVATEPOL EMTEOOV, TOTE TO, VELPMVIKE STV
ovopdlovral avotpopodotovpeva (recurrent neural networks).

O opopdg T0V TPOTOL AEITOLPYING OVATPOPODOTOVUEVOL SIKTOOL KOl Ol TOAUVES
TOTOAOYIEG TTOPOLGLALOVY LEYAAT TOIKIAIL Y1OLTO KO OTIC EMOUEVEG dVO TAPOLY PAPOVS
dtvetonr pio avoADTIKY TEPLYPOPT] TOV CTOLOULOTEPMY TOTOAOYIMDV TTOV amapTILoVTaL
0O VEVPMVEC TOTOV perceptron LE TOLE AVTIGTOLYOVS AAYOPIOLOVG EKTaidELONC.
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2ymMuo 4.8 To vevpmvikd diktvo Elman

To mo amAd avaTpPOPOSOTOVHEVO VELPMVIKO dikTvo TpoTabnke amd tov Elman. H
TomoAoYia. Tov mapovstdleTol oto oynpa 4.8. v gicodo TomobeTeitol To didvucpal
TOV TOPUUETPOV OV TPOGdlopicTnKe TNV Ypovikn otiyun t. To didvoucuo avtd poli pe
mv  oplOunTiky T Tov €60V TV VELPOVOV TOV TPAOTOL  EMTESOV,
(vmoAoyioTnKov Yo TO SLEVLUGHO. €10O00V NG TPONYOVUEVNG YPOVIKNG OTIYUNS),
omotelobv v mAnpogopic. mov  emeepydletalr To  MOAVLETiMESO  (TANPOC
draovvdedeévo) dikTvo perceptron.

loyvpilopaote 6t 10 dikTvo Elman éyxgl tnv dvvatotnto va eneéepyaotel petaAnton
UMKovg yeyovota. Ac amodei&ovpe ToV 16LPIGUO LOG.

Av opioovue oav o,ft], i=1,M, T11g M €£6500G T®MV VELPOVOV TOL TPMTOV EMTESOV,
Kot x;/t], i=1,N, 10 N-0106TAGE®V TPATLTO Yo TNV YPOVIKN OTIyUN £, TOTE Amd TNV
TomoAoyia Tov dikTvov PAmovpe 0Tt ot ££0001 TMV VELPOV®Y TOV TPATOL EMTEOOV
vroroyifovtal amd TV aKOAovOn oxéon:

o,[t] = f(ZN: Wikxk[l]-i_i I/Vikok[l_l]]

H &&iomon mov mpoxvmtetl givor avadpopuxi). Av avaAdGOLLE TOV 0po o4ft-1] Ba.
TapovLE TNV 0KOAoLON Gyéon

m=1

Oi[t] = f{iwmxk [t] + iWikf[ﬁ:wkmxm [t - 1] + f:W/{mOm [t - z]j]

Ad v eklowon PAEmovpe 6Tl 1 apOUNTIK T TV €EGOMV TMV VELPOV®OV GTO
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Tp®OTO eMinedo eoptdtol amd dlsg TS TEG TOV SOVOGHAT®OV TOL TEOMKAY OTNV
gl00do tov dktvov. H emidpaon avtn UE®VETOL KOTO GUYKEKPLUEVO TPOTO LE TNV
mhpodo tov ypovov. O Pabuog emidpaong kobopiletar omMOKAEIGTIKA OTO TOLG
OVVTEAEGTEG PapHTNTOG TOV GUVAYEMV TOL OVATPOPOSOTOVV TO dikTVLO, TOVG Wiy

To diktvo tmov Elman PAémovpe OTL Advel pe omAd TpoOmo TO TPOPANUO
eneepyaciog peydlov unikovg ypovooelpdv. BéBata dev 1o ADVEL pE TOV KAADTEPO
dvvatd Tpdmo, d10TL 1 BempnTikh e&dpTnon g TNS TS ££000V EMEKTEIVETAL GE OAQ
To. SlovOopaTo. OV TEOMKOY otV €16000, SVGKOAEVOVTAG TNV TPOCOPUOYTY TOV
S1kTVoV o€ TPOPANOTO ot ooio {NTApE Ao TO SIKTLO VA AVAYVOPIGEL KOTIYOPIES
YEYOVOT®V OV AGUPAVOLY YMDPa KOTE TNV SIPKELD SEIYUATOANYING TOV YDPOL TOV
ovpBaviov Kol €xovv memepacpévo pnkoc. Emiong 1o diktvo mapovoidlel apketd
peydAn evaictnoio o yeyovota mov topovcstdalovy pHeydn daomopd oty eEEMEN. H
gvotoOnoio oot sival BEPata TOAD LKpOTEPN amd TNV gvAIGON G0 TOL TAPOVGLALEL
70 SIKTVLO Y¥POVIKAOV KABVLOTEPOEMV.

Emiong kodd gival va xpnGLIUOToloLEe TV TEXVIKY EKTOIOELONG TOALUTAGY SIKTOMV,
éva ywo. kGBe katnyopio yeyovotmv, 0tov BEAovue va TaEIVOUNGOLE KOTIYOPiES
YEYOVOT®V OV TapOLGLALOLY TOAD LeyYAAN dtapopd e£EMENG 6TO YpoVO.

llapdéerypra. Aikairoioyijore 1ov 1o0xvpiopio: orav Jéiouvpie va karaokevdooufie ovotpa
avayvopione mporunwv IOU MePIEXel Karyopie¢ yeyovorwv mou mapouvoid(ouv peydin
diagopd ompv péon) rou¢ Sidpkera eivair kaiviepo va exknaibevooupie aveldpupra éikroa Elman
ta onoia Ja éxouv prévo éva veupwva efddou.

H exmoidevon tov Owtvov Elman omotehel mopoAlayr] tov  aAydpiOuov
omIe000pOUIKIG O1A300MG TOV GOAALOTOC. TO GLYKEKPLUEVO KOTOUOKEVALOVUE TO.
10g0Td dlavdopata g e£000V TOV SIKTVOV, EMBVUGVTOC VYNAT oTabUN €£600V 0o
oV veuphva 600V Tov Exetl deapevtel va TaEvopel Ta. TPOTLTO, TOV YEYOVOTOS TTOV
tiBevtal oty gicodo. H embount ££0d0g OAmV TV GAL®DY VELPOVOV TiBevTol otV
yanAdTepn TN O EXOVOTPOGIIOPIGHOG TMV GUVIEAEGTMV PapOTNTAG TMV VELPOVDV
TOV OIKTOOV ekTEAETOL MG EENG:

AlyoprBpog

Apywomoinon. Edv vrdpyovv M, i=I,N mopodelyloto Ypovikav oKoAovOidv
TPOTOT®V UTOPOVUE VO KATAGKELACoOVUE oVvotnue tafvounong yeyovotov N
KOTNYOPLODV.

Apyicd emMAEYOVUE TNV KATAGKELT EVOC OIKTOOV Ue TOAAEG €EOO0VG 1 TNV KATAGKELT

TOAALGV SIKTO®V, €vo Yo kaOe katnyopio yeyovotwv. H emdoyn yivetar pe v
TOPATIPNOT TOV O0POPAOY GTO YPOVIKO WAKOG OV £XOLV TO TOPASELypoTO. AV
TOPOVCIACETOL ONUAVTIKT Ol0POpPE GTI HECN YPOVIKT OEPKELD EUPAVIONS TOV
YEYOVOT®V OTIG KOTNYOpleS, TOTE £ivol TPOTILOTEPO VO KOTOUGKEVAGOVIE TOAAUTALL
diktva Elman 1o onoio 00, amoteAovvtal and Eva povo vevpava £6300v.

Opilovpe Vv Tomoroyia Tov dkTvov(®V). Ot GLVTEAEGTEG PopOTNTOS TOV VELPOVOV
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TOMOOETOVVTAL GE TUYOIES TIHEC KOVTA 6TO UNdEV AL OYL O€ aplOUNTIKEC TLUES TTOV
glvat katd oamdAvTn T KpOTEPES EVOG KOTMPAIOL.

Opilovpe Tic emBountéc Twég €£ddov Tov dikTHov(wV) o KABe Eva amd Ta
ToPOdELY LoTOL.

Eravainatiké tpfqpa tov adyépibpov. Ta enduevo tpio Pripoto tov aAydplopov
emovaAaBavovVTaL Y10 EVOV aplOId ETOVOAYE®DV.

Apyicomoinon g €£000V TV VELPOVAOV TOL TPOTOL emmédov. H €£odoc Ttov
VELPAOVOV TOL TPATOL EMTEGOVL TIOETOL GTO PEGO OPO NG EAGYLOTNG KO TNG
HEYIOTNG TIUNG TTOL UTOPEl Vo TAPEL 0 VEVPAOVAS £0J0V.

Evepyomoinon tov diktdov. Emidéyetar Eva tuyaio mapddetypo Kot 1 xpovocelpd
TOV TPOTOHTOV ToToBETEITAL dladoyikd otV €icodo Tov diktvov. o k4be véo
dtdvoo o Tov TiBeTan 6TV £16080 TOV dKTVLOL VITOAOYILoVE TNV OPLOUNTIKY TN
oL@V TV £O0MV TMV VELPOV®V.

Eravompocdiopiopog tov cvviedeotdv Papdtnrag. Emavanpoodiopilovpe tovg
ovvteleotés  PoapdnTog TOL  dikTVOL pe TV Ponbewr TOL  AAYOPIOUOL
omto00dpoIKIG d1Ad0oNS TOV GPAALATOC, YMPic va. AdBovpe vToyn TV Vapén
TOV GCLVAYEDV TTOV AVUTPOPOSOTOVV TO dikTvo. Ot GLVTEAEGTES PapHTNnTag AVTOV
TOV oVVAyemv emavompocdiopifovtal Bewpdvtag OTL 1) TANPOYOPic. OV
AapBavovy oty 16006 TOL TPOEPYETAL OIS EEMTEPIKT TN Y.

Hlapdéerypra. llepriypdyre mpv ronoioyia rov veupwvikou(&v) dikiiwv romou Elman, rov ipéno
exkmaidevon¢ rou¢ ka1 dikaodoyeiote ng anavujoeg ota axéiovda npobijpara raéivopmone
nporvnwv

1

To npoBinpa avayvdpione uj¢ ravidujiag 1ov Sopu@opou 6Mw¢e auvid mepiypd@ike oe
nponyouievo napdderypa.

Zvompa wipikij¢ Sidyvwone mouv emelepyd(erar 1a debopréva 6éka @UOIKOV Kai mévie
epyaouprakev elerdoewv oe kadnpepvij Bdon kai yia xpoviké didompra 6éxa npepdv. To
ovoujpra da avayvepi(er ta axdiovda vooijpara: (a) Hnarindéa B, (B) Hnarinda C, (y)
Aoyrdén provenupijvwor), kai (6) o e{era(oprevoc eivai vyujg.
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To dikTuo Jordan

To diktvo Jordan £yxet dopny wov potdlet pe avt Tov dtktvov Elman. Ot Bacikég tov
d10(popoTOINGELC EVIOTILOVTOL GE dVO OMLEI.

0 Ot cvvayelg Tov TEPIEXOVY TIC YPOVIKEG KOBVOTEPTOELS KOl AVATPOPOSOTOVY TO
diktvo maipvovv TAnpogopia and TV ££000 TOL VELP®VIKOD SIKTVLOL (OO TOVG
vevpmveg mov Ppiokovior oto eminedo €£0d0v). Ov cvvawyel eKTeEAOVY AmAd
LETOPOPA TN TANPOPOPIaG amd TO EMIMESO TMV VELPOVOV EAGOOV GTO EMIMESO TNG
€16000V TOL JIKTLOV.

o Ot £€£0d0L TV VELPAOVOV OVATPOPOSOTNONG OTTMG Kol TO SLAVUGLO TOL TPATLTOL
OmoTELOHV TNV £16080 £VOG TOAVETIMESOV SIKTOOL perceptron.

Or vevpdvee avatpoPoddTNong Oabétovy €MioNG KOl GUVAYEIS TOL TEPLEXOLV
KaBLGTEPNGELS KoL TPOPOSOTOVV TO SIKTVO LE TANPOPOPIo TOL £XEL VO, KAVEL LE TNV

aptOpMTIK T TG €£630V TOL VELPAOVA TV TPOTYOVLEVT] YPOVIKT] OTIYUN:

oft] = noft-1] + Oft-1]

O ovvtereoTi§ 7 glvar BeTIKOG aPOOG LIKPOHTEPOS TNG LOVAIAG.

Av avoAdoovpe TNV avadpopuk’ oyxéon o€ Opovg TOPEABOVTOV TIUDV  Oa
TOPOTNPNOOVE OTL 1) TPEYOVOA TN TNES €£600L TOV VELPOV®OV OVATPOPOSOTNONG
e€aptdtor omd TS TIHEG TV veupOvVaV £600V 68 TopeABOVTA YPOVO Kol UAALGTO 1)
eMIOPAON VT HEIDVETAL EKOETIKA e TOV YPOVO:

o,/t] = oft-1] + noft-2] + n’ o,ft-3] + 1’ o,ft-4] + ...

Eivotr mpogavég 6T 660 peyarvtepn aplOuntikh Tiun divoope oty otabepd n (mévto,
nwpénel va. givol pukpdtepn tov 1) 1600 peyordtepn Oo eivon 1 emidpaon TV
TAPELBOVTOG XpOVOL TIUMY NG €£O600V TOL JIKTOHOL GTNV OPIOUNTIKY T TOV
VELPAOVOV OVOTPOPOSITOTG.
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2yMua 4.8. To vevpwvikd diktvo Jordan

O vroAoyopog ™G €650V Tov ductvov Jordan extedeiton mg e&Ng:

AXly6prBpog

Apykomoinon. Ot £€odotl avatpo@odotnong Tibevtal e apluntikny T mov gival
Kovtd oto pnodév m.y. 0.1.

Eravainatiké tpfqpe tov aiyépiOpov. To emdpeva dvo Prpata tov aAydplopov
gnovorapBavovtar dadoykd T @opéc. Me T ocvpPorilovpe To ¥povikd LNMKOC TOV
npdtumov. t — 0.

Evepyomoinon tov dwktvov. t — t+l. To mpdtumo g ypovukig oTiyung t
tonobeteiton otnv €icodo Tov diktvov. Katd v dievbuvon evepyomoinong tov
StkTvov voAoyifovpe TV 6TdoUN TOV VeEupOVAOY ££050V.

Eravanmpoosdiopiopég g otddung e£660v TV veup@vov avatpopoddtnensg. Me
mv Bonbewn g e&icmong eravoampocdiopifovpe v otdbun €600V TOV VELPOVOV
oVaTPOPOSOTNONG TOV SIKTHOV.

H exmaidevon tov diktvov Jordan eivar axpipdg idwo pe v exmaidevon Tov SikTdov
Elman, yiovtd tov Adyo Kot dev divetor avalvtikny meptypoen tov. Idtaitepn mpocoyn
npénel va dobel oTNV EMAOYN TNG TAPAUETPOL N, S1OTL 1| TAPAUETPOG LT eMNpedlet
ONUOVTIKG TNV TOOTNTA CUYKALGNG TOV OAYOPIOHOL Kal TNV oKpifelo ovayvipiong
TOV TPOTOT®V. AV To, TPOTLTA TOPOVGLALOVY HEYAAN YpOovVIK OlbpKeln, TOTE 1)
TOPAUETPOG QLT TPETEL VO, EYEL OYETIKA LEYAAN optOumTuch) T Ot TOTKEG TIHEG TIG
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mapapéETpov Ppiockovior 6to didotnpa [0,0.3].

Enmiong moAlol epevvntéc éyovv Swmotdoet OTL 1 TaXOHTNTO GUYKAMONG TOL
OAYOPOLOL EKTTOIOEVONG EMTOYVVETOL OTAV, OVTL VO LETUPEPOVLE TIC TPOYUOTIKES
TIEC T €£600V TOV JIKTHOL GTOVG VELPAOVES AVATPOPOSHTNONG LETOPEPOVLE TIC
avtiotolyeg 1eatég Toug TIHéS. H Bektiomon mov mpoxdmtel eaptdtar amd Ty EMAOYN
KoL TOV VTOLOITOV TOPAUETPOV TOV aAYOpLOLov ekmtaidevong ommc emiong e€optdTol
Kot o 10 £100¢ TV TOPUSELYUATOV.

Ilapdderypra. Lra edopéva rou mponyovpevou mapadeiypiaro¢ vmoioyiote 1ov apidpo rwv
perabiniov mov mpémer va exknpndovv and rov aiyopidpo exnaibevorne yia 1a dikrva ronov
Elman ka1 Jordan.

Ti mapampeire;

O aAyopi0pog omo00dpopIkng Siadoong oTo XPOvo

Mio, yevua pé00d0g ekmaidevong avaTpoPOSOTOVUEVMY VEVPOVIKAY SIKTO®OV 1) 0TToia,
dev mepropiletar oe pio cuyKekpUEVn TomoAoyio dikTOov, 6TT®S Ta diktve Elman kot
Jordan, viomoigiton amd tov alyopdpo g omicBodpopukng diddoong oto ypdvo
(Back-propagation through Time).

H &&iomon mov pag diver v T €£000v Yo KAOe vevpdVa SIKTHOL OV TEPLEYEL
avaTPoPodoTHGelS opilovpe va etval o akdiovon:

o,[1= 1] 2w,0,l1+ 2 W,x.[1]

omov x;/t/, etvon n k e€mtepixn| el6080g 610 VELPWVIKOS dikTvO, KO 0,/%] elvon n ££0d0¢
TOV j VELP®VO KOTA TNV XPOVIKT] OTIY W £.

Ac dobpe TOC UTOPOLLE VO eKTOdeHooLUE £va SIKTLO 7OV TAPOLCIALEL TO
YOPOKTNPIOTIKE 7OV dDoope 1M 100d0vaun pe oWV aAYOPIOUO UTOPOVLE VO
VTOAOYIGOVUE TOVG OULVTEAESTEG  PopdIntag Tov  SIKTOOVL ETOL  OOTE VO,
EAMO(IOTOTOMGOVLE TO GOAALN TNG TPAYHOTIKAG omd tnv death £E0do Yo éva
TEMEPUO UEVO APLOUO TTOPASELY LATMV.

H teyvikn mov o ¥p1OLUOTOGOVLE ATOCKOTEL GTO VA, AQULPECEL TNV EMIOPOCT) TNG
TOPAUETPOV TOL ¥POVOL GTO SIKTLO, KATAOKELALOVTOS £V 1G0OVVOLO VELPOVIKO
SiKTVO TO 0TOi0 TO 0TOI0 dEV TEPLEXEL BVATPOPODOTNHGELS Kail YPOVIKES KABVOTEPTOELS.
210 dikTvo TOL OMUOoVLPYEiTAL UTOPOVLE ONAG VO, EQOPUOCOVUE TOV OAYOPLOLO
omiobodpopikig d1adoong Tov cedauatoc. H amoovvéAEn tov dikthov 610 Ypdvo
pmopetl vo epappootel amd v £E0d0 mpog TV €i0000 TOL SIKTVOV €iTE KOTA TNV
avticTpoen Qopd.

102



ANATNQPIZH ONDPOTYNAQGN 11

Kdabe vevpdvog Tov S1KTOOV OV 0vVATTOCOETAL GTOV YPOVO OO 7V TAVTOTHTO TOD
VEVPDVA TOV AVATPOPOIOTODUEVOD OIKTDOD KOL TV YPOVIKI] CTIYUN EVEPYOTOINGNS TOD.

[Tio ovykekpipéva, g TapaKolovtNGovE To amAd dikTvo TOV GyYfLaTOC. AToTElEiTOL
amd dVo veELpdVEG oL omoiot dExovTal T dedopévo 16600V Kat gival TOLTOYPOVO. OL
£E0001 TOV JIKTHOL. ZVVAYELC OVATPOPOSOTNONG TPOC TOV 1d10 KOl TOV GAAOV VEVPOVO,
LETAPEPOVVY LE YPOVIKT kKaBvoTépnon v otdoun e£660v oty avtictoyn icodo Tov
dtHov.

Om

~
~
NS}

Vo

O1

i1 Om it Om
@

2yua 4.9 H amoouvEMEN avatpo@odoTodEVOD VEVPMOVIKOD SIKTOOV GTO ¥POVO

Ac LEAETHOOVLE TV CUUTEPLPOPE, TOL SIKTHOV Y10, dESOUEVA EIGASOV LKOVE YPOVOD
ico pe 3. To diktvo TOL GYUATOS £ival TO 1GOSVVOLO TOL CVOTPOPOOOTOVLEVOD
dtHov.

IMopoatmpovue 6tL 10 dikTvo OwLEAvel oe uéyebog Kot OTL Ol 10101 GLVTEAEGTES
Bapdmrag Tov diktvov gpeovilovial 6 GAOVG TOVE VEVPDVEC OV TPOEPYOVTOL OO
Tov 1010 VELPOVO, TOL OVATPOPOSOTOVUEVOL OIKTOOV, OAAL EVEPYOTOLOVVIOL OF
SLOPOPETIKES YPOVIKEG OTLYLEG.

To mpoPAnuo mov dnovpysitar e Tov akyopiOpo omicBodpopukng dtddoong Tov
oQALLOTOC EVTOTILETOL GTO YEYOVOS OTL OL GUVIEAECSTEG PapbTNTag TOV JIKTHOL UETA
TOV EMAVOTPOGHIOPIGHS TOVG dev £xovv TNV 1dta aptOpnTiky Ty). To mpdPAnpa avtd
EemepviéTol OTOV GOV TPAYLOTIKA T Tov kdBe ovvieheoty Popdtnrag Tmv
CUVAYEMY TOL JIKTVOV OVATPOPOJOTNONG optotel vor eivor 1 péon Ty ToV
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OVTIGTOLY®V GLVTEAEGTMV PapOTNTAG TOL SIKTVOV LETA TNV EPAPLOYT TOV aAYOPIOLO
omte00dpoIkiG 6146061 G TOV CEAALATOS.

1. Ooca dev euminTovy OTIG MOPOTAVD KOTNyopieg mpoopilovtal yio. TV yydplo
ayopd.

Ot 0100 peg mov elvar S100EG1OL LITOPOVV Vo LETPIIGOVY 08 KABE TOPTOKAAL 6YKO,
YPOUO, BAPOC, TLKVOTNTA, VYPOCIL Kol GKANPOTNTU TNG EMPAVELOGS.

Ao 10 €100G TOV SLoY®PIGOD TOL TPETEL VAL KAVOLLE YIVETOL PavePS OTL Ba TPEMEL

va ava{NToove TPOTOVG £TG1L MOTE Vo SoKPIVOVE TO AVTIKEIPEVA altd TOV OYKO, TO
YPOLO TNV VYPACIO KoL TV CKANPOTNTO TNG EXLPAVELNS.
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