Kegdhoo 4

Nevpwvixd dixtua oty tagivéunon
TEOTUTL®V

4.1 Ewayoyn

310 xepdhato auté meprypdpoviar, xat peketdvion auotiuata Taflvéunons tpoTinwy Tou TEpLéYoUY
BraouvBeBepéves wn Ypauuxés unohoyiotixés wovades. Ta suotiudata autd anoteholy TPoGLUOLG-
OELG TNG PuotoroYiag TV VEUPLXGY XUTTAPWY TwY EUBLLY 6VTY Xat ovoudfovTon TEXVNTE VEUpLVIXG
dixTua.

Evag an6 toug mpdtoug epeuvntés mou ouvélafe v Wdéa 6Tt ot eyxepalxés Aettoupyleg exte-
Aobvtar and atoLyELddels unohoyioTueés uovddeg tou ovoudlovtar veupdveg elvon o Ramon y Cajal
(1911). Hepdpata mou éyivay oty puotoloyla Twv vevpdy xuttdpwy édeifav 6Tt  Aettoupyla
ToUg unopel, ot amhomonuévn Uopel, va tpocwuotwdel ue un ypouuxolc teleatés mou déyovian
ofpata ané évav nenepacpévo aptbub egbdwv xar Sabétouy uovdya uia éZ0do. H eyxepaiuo ovala
TV €uPwy 6vtey aroteheitor and exatouplpla Staouvdedepévev veupdvwy ta onola aroteAody éva
ToAdTAoxo xat toyLpd un Ypauuixd vevpwvixéd dixtuo. Eyel anoderyBel 6t 1 yvdon tou xbouou
ovoowpedeTan aTny pviiun tou ductdou. H tomoloyla tou diagpépet onuavid ota éufia Gvra xa
elvar aut 1 omola Blver xau T BlapopeTind yapaxtnpLoTixd avtiAndng Twv epebiopdtoy Tou TepBEA-
Aovtog. Eyouv mapatnpbel nogotixég aklld xaw molotuée Slagpopomoiioeis oo eldog Ty ouvdéotwy,
ToV unyavioud enedepyasiag onudtey xat 10 TAfBog T EL06dwy TV vevpxdy xuttdpwv. Tautd
ToV A6Y0 xon Ta veupuxd xbttapa éxouv opadonombel ot svav wxpd apud xatnyopldy, avdloya ye
TOUG Unyaviouols Aettoupyiag Twv.

H vndpyovoa texvohoyia Sev emtpénel v npocopolwar Twy tohinhoxwv encEepyaotdy mou exte-
AoOvtan ot veupixd xOttapa. Exet anodeiyBel duws 61t anhés npooopoidosis Twv VEUPLXGDY XuTTd-
pwv, Tov TEPLYpdpouv Ta Baotxd Toug Yvwplauata, Slvouv eviurnwotaxd aroteléouata o€ epapuoYés
Tagvéunang npotinwy, tpooeyylocwy andxpiong custnudtey, tpoPAfuata autduatou eAéyyou, x.a..

Ta YapaxTnpeLaTixd YVeplopaTta TRV UNYAVIoUGY TV PUOLXGY VEUpWLXGOY Sxthwy elval Ta axé-
Aovfa:

1. My ypapuxdryra. To Bacixdtepo yvépiopa twv guoxdy veupovixdv Suxtdwv elvar 6L
€ZoBog o xappula mepintwoy dev uropel va Bswpnlel 6T amotekel évav ypauuxé cuvduaoué
TWV EL6B3WY Tov.

2. Exnaidevon ané mapadelyuara. Baowé atouyetlo twv vevpwvixdv Suxtbwv elvat 1 iavéttd
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TOUG Vot EXTALBEVOVTOL UVIAGVTAG YVOOT XAl TPOTONOLOVTAS T oTotyele LvAung Tou Suxtiou.
Tlponyodueves evepyonouiaels tou Suxtiou petaBdhlouy v ouuneplpopd Tou étol dote bray
evepyorounlet and (da # opodfovia orfuata elo6dou va Sivouv e ueyahtepn axpifeta Ty
emBupoluevr é€odo.

3. llpooapuoyff. Ta guaxd veupwvixd dixtua €xouv v Suvatdtqra va adlrdfouv to dedouéva
€€680u TwY xat va Tpogapublouy TNV cuunEPLPopd Toug bTav ueydng xhlpaxag aAhayée Aay-
Bdvouv ydpa otny eloodd touc.

Avuinpocwneutixd napddetyua tpocapuoys anotelel n uetaBols g cuunepLpopds Tou Suetiou
TWY VEUPLXGY XUTTdpwY Tou Bploxovtal endve atov augBhioTpoeldy yttdva. Me allayy tou
pwTtiauol tou nepiBdAlovTog X@pou Ta veupuxd xbttapa ahhdfouy TNy andxpian Toug état hate
va peytotonotettat n Siaxpitied Toug eavétnta (n avtindn tev aviixewévey tou Peloxovron
otov mepifddhovia yxdpo). H wadixasia mpooapuoyfc paxpooxomxd ylvetar aviiqnti oe
peydhes uetaBolrés tou pwTiopol Tou dwpxel and déxata tou deutepolénTou éng évav wixpd
aptBué deuteporéntwy. Ou nepioabrepol and euds Ba éxouue mapatnphioet 6Tt eved Pproxbuacte
péoa oe autoxivnto mou xuveital, 6tav uroldue uéoa oe oxoTeLV TOGVEN apyixd Bev Slaxpivoupe
xavéva avixelpevo. Me v ndpodo Tou ypbdvou mapatnpoldue 6Tt unopodue va Staxptvouus ta
Aeuxd avrixelpeva mov Bploxovral uéaa ato Todvel 6Twg oL Saypauioels endvew ot dogalto.
Oray Eapwixd Byolue ndh ato @dg g Nuépag, Yia éva Uixpbd ypownxd Sidotnua yag Tuphdve
T0 ¢ To onolo mpLv umolue ato Tolve dev pag evoyhodoe xabblov.

4. Avroyf oe diaxonéc ouvdéoewv xai Asttoupyidy veupdvwy. H ouunepipopd tou Sixtiou dev
Sratapdacetal onuaviixd and tuxdy Siaxomh auvdéaewy 1 xat agaipeon vevpdvwy. H dibtnta
auth anotehel Baoixd yapaxtnEloTed TNG CUUTEPLPOPES TV VELURIXGDY XuTTdpwy StéTL elvan
Yvwot6 6t Suaxond g Aettoupylag Uixpdv TUNUATOY Tou EYxepdiov ennpedler ouvifing ot
Toh0 uixp6 Babud tig unbhoineg eyxepalixés Aettoupyles.

5. Ouoibtnra Aettovpylag twv vevpdvwy. Ou veupdveg mpénel va exteholdv Tig (Bteg Paouxés Aet-
Toupyieg B16TL Ta veupLxd xdTTapa Tov (Btou tinou €xouv Ty (dia puotoroyia.

6. IapdAAnAn enclepyaocia Sedouévwy. AapuBdvovtag unéyn tov tpéro cuvdeopoloylag Twv veu-
pLXOV xUTTépwY, To TepdoTio mhiboc TwV mAnpogopldy mou emedepydfovTal XatL TNV OYETLX
ueydhn xabuotépnon andxpiong Tou Puoixol xuttdpou (éxer unohoyiotel évag pésog ypbvog
anbxpiang g 1éENe twv 1073 deutepoléntwy, evéd 1) anbdxpion evég oroxAnpwuévou xuxhbya-
T0g avépyeton ot 1078 Seutepohéntar), yiveton pavepd 6Tt 0 PuOLKS veupwwixd Bixtuo enclepyd-
Ceton o Sedopéva napdhhnha yia va elvon ae B€om va emtlyeL anbxpion ot oxeddv npayuatixd
Xp6vo xau va eneZepydletat tautdypova évav tohb ueydio aplBud TAnpopoptdv.

H fewpla v un ypauuwxdy dixtény tov tposopordlouy v Aettoupyla TV vEuptxdv xuttdpwv
avantOxbnxe onuavtixd yéoa atny tedeutaia tpraxovtaetia (1965-1995) rpocpépoviag onuavrixég
BeAnwoeg ota yapaxtnploTind npocouoldoewy bnou auth epapubotnxe. Ta teXVTa veupwwixd
dixtua arotedody pia yevir Bewpla un ypapuxdy cvotnudtev xa yiauté tov Aéyo éxouy éva eupl
nedlo egapuoydv pe onuavtedtepoug Touels Ty tallvéuney npotinwy, v Yneaxy erefepyaocia
ofuatog, Tov autduato EAEYY0 CLGTNUATOV X.0.X.

4.2 O vevpidvog

Kdfe veupwvixé dixtuo aroteleitan and Staouvdedeuéves unohoyiatinég uovdadec nouv ovoudfovron
veupoves. Kdbe vevpdvag petaoynuatifel to ddvuopa e1o630u tou Stvovrag pla poviya €Zodo 1
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onola guvdéetal Ue £10680ug MY veupdvwy 6Twg galvetar xaw aTo oyfiua 4.1.

Eyfua 4.1: Nevpdvag xar tumxl Hop@h vevpwwixol duetbou

Mekéteg mou avagépovial 6Tnyv Quotoroyia Tou veupxol xuttdpou Edeiav 6T 1) €Zodog aro-
tehel Evav un ypouuxd YETaoYNUATIoNS TV e10édwv Tou. Ot npocwuolwtés mou Ha mepLypagoly
anoTENOVY TPOCEYYLOY] TWV UETAOYMUOATLONGDY TOU TPAYUATONOLOUVTAL OTO EGWTEPXS TWV PUOLXADY
VEUPLXDV XUTTAPWV.

Ou onuavtixbtepes Tpoagwuotioets elvat unoloyiotd anhés xau anodidouvv Toug Baotxols unya-
viopolg evepyornoinarg xot exnaldeuons Tov QuUOLXOY UOVTEAOU LXAVOTOLDVTAG T YAPAXTNPLGTLXE TOV
yvwployata Tou TeplYpdgnoay oto tponyoUuevo eddgio.

Ou neploodtepes npocwuoldoets tou €xouv mpotalel Baolotrnxav oe yehéteg tou Tpémou Aet-
ToupYlag TV VELUPLX®Y XUTTEpwWY 0TO0 Puotx6 Toug TepPBdAlov. Amo tnv arhomolnen twv mapaty-
ploewy NG puatohoyiag TwV veupxdv xutTdpwy Tpoéxudav ta didpopa upalbnuatixd yoviéha. To
ONUAVTIXOTEPO %O TO TAEOV aTAG UOVTEND TEPLYPAPEL TNV GUUTEPLPOPA EVOG VEUPLXOU XUTTAPOU WE
dub teheatés, Evav ypouuxd xon évav un ypauuxd mou elvar guvdedsuévol oe oelpd, 6mwg patveton
xaL ato oyfua 4.1.

O ypauutx6s TeAeoTAG TAPLOTAVETAL UV TO ECWTEPIXS YIvbuEvo Tou Siaviouatog trg eLo6dou Ue
70 didvuoua TG wviung Tou veupdva:

N
T = oW =§: o;W; (4.1)

i=1
O un ypauwxds teheotic slvan pla un ypauuuh suvdptnorn e e€6dou tou ypauuixod teleots:
0= f(z) (4.2)
H €Z0dog tou duxtiou auuPBoliletar ye o 8o ypduua ue 1o onolo ouuPoriletar xou v sloodog
Tou vevpdva d6TL 7 €Z0dog Tou veupdva eivan eloodog ot dhhoug veupdves. H ouvdptnom tou un

Yeauuwxol teheath axohoulel ta yapaxtnplotind Twv otypoelddyv (sigmoid) cuvaptioewy ta onola
elvan T ax6AovBa:

1. Eivai adéovoa ouvdptnon
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Ve, z2 € Rz >0 = f(z1) > flza) (4.3)

2. Eye: nemepaouéva anewpootixd dpia

zﬁz_nw f(z)=a, a€R—-{-00,+00} (4.4)
zlz;r_noo f(z)=b, beR-{-o0,+o0} (4.5)

3. Eyet nedlo opiopoU to 0Uvolo twy mpayuatixdy apifudy xai éxovy ppayuévo nedlo tiudv. H
WétrTa auth tpoxUntel oav anotéAcoua Twv 300 nPNYOUUEVLY TEPLOPLOUGY.

f:R = [a,b] (4.6)

M guvdpTnomn ovypoeddy yapaxtnpatixdy alvetar oto oyfua 4.2.

T T T T T T

Tyfua 4.2: Tumxd wopp ovyuoeidols auvdptnong

Ov théov dradedouévor ae mpaxTixé e@upuoyYEg Ypouuxol veupwwixol teheatés elvar ol axdroubol:

1. Exfetvaf orypoeidifc. H auvdpnon auth arnotekel tov théov Siadedouévo un ypouud vevpw-
w6 teEheath:

1
f((U) = ’"e“:"“a“;cw, a,b € IR+ (47)
2. Yrefoduxl epantouévn.
3% _ g—az +
0 = m, a€R (48)

Elvon gavepé 6L 0 unoroyioués 30o exBetixdy bpwv yia v suvdptnoy g uneBoluis epanto-
uévng xau evég exBetinol Gpou yia v exBetueh] orypoeds cuvdptnom elvan pla utoloyioting
xpovoPdpa diadixacia, N onola oe moAAég mepintdoeg (Waitepa ot mepintdaoels dixtimy oL
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reptéyouy wixpd aptBud x6uBwv) unepxalinTel Tov Xpévo UTOAOYLOROD TOU YpaLX00 TeNE-
oTh Tou vevpdva. T'iautéd tov Aéyo moAkés gopés xatapedyouus ot anhobaTepeg UTOAOYLOTIXA
ovvapThoeLs, 6nwg elval ot axdloufeg:

3. Tunuanxd ypapuudf ouvdptnon. H tunuatued ypauuxd ouvdptnern yenoidonoteital oravié-
TEP OTLG EPapUOYES BLoTL Bev amodidel afiémata TV U YpouuLt CUUTEPLPOPE TWY VEUPWVIXGY
ductdov.

%z —a<z<La

fz)={ -1 z<-a , a€R" (4.9)
1 z>a
4. Yuvéptnon dbo xAddwv:
f(z) ={ e 220 abert (4.10)
b’
5. Bnuatua] ouvaptnon:
f(z) = { (1) :ig (4.11)

6. M7 ypouuxée teheotic Tou vevpdva Adaline:

1, >0

f(z) ={ 1 z<0 (4.12)

Mapéadevyun 36 H ouvdptyoy nov 8lvetat axé Tty oyéon:

f(a:)= ;5‘%‘*&, a € R+

unopel va ypnowornoinbel oay uy yoauuixds vevpwvixds tereotys;

H ouvdptnon f(x) dev eivar adfousa Siét av unoloylooupe Ty TpdTy Tne napdywyo:

, —2z2 1 a-z°
)= 4 =
F@) (a+z2)?* a+z® (a+22)’

Bhénovue 6L 0 apBunriic elvar éva moludvupo deltepne téEng To onolo éxel mpayupatnés plles ombre xal
avilotouym mapdywyos g cuvdptnerg f(x) malpvel Betoede xan apvnuixée twée. H ouvdptnom f(z) Sev elvar adouvoa
o¢ 6)o o nedlo oplopol Tng xal cuvendg Sev unopel va elvon évag Un Ypapuxs veupwvixbe TereoTC.

4.3 Aopn veupwvixdy dixtioy

[Hapbro mou Bev undpyel meplopiapds yia Tov TpéTo UE TOV OTOlo OPYAVGVOVTAL OL GUVAYELS TWV
VEVP@VWY, UTdpyouv uepixés opddeg Sopudy ol omoleg éxouv peketnBel extevéoTepa xat elvar autéc ot
oroleg ypnowonoobvtal cuyvéTEPR ot ddPopes EPapUOYES.
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Exfua 4.3: Nevpwwxd dixtuo evég emnédou xar Nevpwvixd Sixtuo moldv emnédwv

. Nevpwvixd dixtva evde emmédouv. Amotehel v mhéov anhy nepintwon opydvweng evés veupe-

vixol Suctbou. O elgodol xdbe vevpdva ouvdéovtan pe tig aviiotolyes eto6doug Tou duxtlou
xa 1} éZ08og xdfe vevpdva anotelel xon €080 Tou uxtlou (oyfua 4.3). Te uepixés tepintdoelg
Bewpolue 6T o xdbe veupdvag Exer xaw pla emxréov eloodo 1 onola ouvdéetar ue wia elgodo
otabepric otdburng.

T 3lxtua evég emnédou veupdvev yenoluonotobvral cuvifng oe anhd mpoPhfuata diétt éxouv
3o gofapd perovexthuata.

(a)

®)

Av unoBéoouyue 611 To alotnua mou Béhovue va rposwuodoouye éxet N e6630ug xar M
eg680ug, 161e TNV xakbtepn TwV TEpinTdoEwy (Stav x4be veupbvag Exel ouvddel Tou
ouvdéouv bAeg g ELebdoug) To olotnua tposwuolwang éxet (N + 1) x M Babuodg erev-
Beplag, yeyovég mou mepLopiler Ty avétnta Tou duetlou va TpocwuoLdveL ToAGTAoXES
Sravuopatixég ocuvaptioels.

O nepropiopués autés otny npdln unopel va Zenepaotel enexteivoviag we texvnté TP6MO
T0 didvuopa 175 €106B0u onbdte avEdvouue Tautdypova xat Tous Pabuots eheubeplag tTou
guotiuarog npocwyolworns. H enéxtaomn auty uropet va emteuyBel 6tav ouvdudaouyue ye
Yeauuixé 1 un ypapuxd tpéno tig apyuxés eLo630u¢ ToL cuoTAUATOS.

O Bedrepog meplopLopds €xer vo xdver e TiG REPLOPLOUEVES duvatdTnTeg TOU SxTdou 6TV
TPoowHOlwoN TRV un YPauudy YapaxtnpLotixdy Tng ouvdptnens mou Béhovue va mpo-
gopolbaovye. Tuyxexpuiéva uropoUue va Solue 6t xdle €Zodog uropel va exppaotet
gav ouvdpTney twv dedouévwy eLabddou ot eZfc Loppx:

Om = f(z TiWini) (4.13)

H ¢€0d0¢ op, unopel va npoocwuoidast v npaypatnf €080 tou cuothuatos péow wrag
TEPLOPLOUEVELY BUVATOTHTWY CUVAEPTNOTYS.

Khaoowd npéBhnua twv Teploptouévey Suvatothtey Tey veupmvxdy ductdny evég emuré-
8ov oy Taguvéunon npotinwy anotelel xar n aduvapte cwotic TavéUnoNG LN YPauUXS
draywplowwv tpotinwy.

2. IloAvenineda vevpwvixd dixtua. TlpooBétovag éva A nepLoobtepa xpupd enineda unopolue va
augrioouue anepidpiota Toug Babuots eheubeplag Tou veEupwwxoG Bixtlou. Tuvhfing Taxtixd
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elvon ou vevpwveg xdfe emunéBou va ouvdéovtan pe Tig e€680ug TwV vevp@vwY Tou PBplaxovtal
oto mpornyoluevo eninedo (oxfua 4.3). Otav o veupdvag ouvdéetar pe 6Aoug Toug Veupdveg
ToL TponNYoluevoy emnédou N auvieom ovoudletar ANens SapopeTind ovoudletar uepixk.

Kotd v Sudpxea exnaidevorg tov veupwwixol Bixtiou av xdmolog cuvieleoths Papitntog
cOvang ndper Ty T undéy, téte To yeyovég autéd tooduvayel ue Ty draxonh odvieong Twv
Veup®vwy dtém dev petagépetar mhéov mAnpogopla and auth Ty ctvady. Ttny npdfn Aotnby
70 3ixTuo punopel va epgavilet apyitextovixh TAfipoug oUvdeansc ahAd xatd v Sidpxeto exnai-
deuong xdnoieg ouvdéaels unopel va armoxomoly, YEYOVSS Gyt OTEVLO OE TpaxTIXéC EPAPUOYES.

Ly tadvéunon npotinwy éxel arodetybel 6L éva dixtuo mou anoteheltal and vevpdveg per-
ceptron %o emnédwy (evdg xpupol xai Tou emnédou €56d0v) unopel va tafivopfoel owotd
Yeapuuxd xow un ypauud diaywplowes xatnyoples tpotinwy, evd éva dixtuo tpdv emnédwy
veup®vwv uropel va tagviuioel cwotd xatnyopies mpotinwy wn yYpauuxd diaywplowes tou
emnAéov Bploxovron ot Sagopetinés vnoldeg oo xdpo Twv UeThoEWY.

Ilohvenineda veupwvixd Sixtua éxouv ypnowtoronfel ue emtuyla otnv oyedlaon toAdnhoxwv
ouaTNUATEY TagvéunoTns TPoTUn®Y Xat XAABKTOUY TNV TAELOVETNTA TV EQUPUOYHY Tadtvéun-
ong tpoTtinwy e vevpwwixd dbxtua. Av oty eloodo Tou duxtiou To onolo éxer wévo pla eloodo,
toroBetnfoly detypatohnninuéva oriuata duaxpitod ypbvou xatd abfouca ypovixf oepd thte
70 Slxtuo Aertoupyel oav éva un yYpauwxd giktpo FIR (oyfua 4.4).

Syfua 4.4: Nevpowxé dixtuo toAAdv emnédwyv oav un ypouuixé giktpo FIR

3. Ernavarpogodoroducva vevpwvixd dlxrtva. Otav undpyel fotw xou ulo Swadpout| uéow g
omolag, Eexwvdvtag and €vav vevpdva xou Uédw TwV oUVAPEWY oL XaTd TNV Qopd Evepyo-
rolnong Tou ductiou uropolue va eravélfouue otov veupdva exxivnong, T6TE T0 veELpwVIXS
dixtuo Ba Myeton enavatpopodotoduevo (recurrent).

Tumxé napdderypa enavatpopodotoluevou veupwwxol duxtiou divetar ato oyfua 4.5.

H apyrtextovud auth npoodldel o1o vevpwwixd dixtua xdrowa Wialtepa yapaxtnpiotxd. Ot
xpovixés xabuatepioerc dlvouv v duvatdtnta oto dixtuo va tpocopotdoer ypovixd uetofal-
Adueva npbtuna. Enedy| oe autéd to xspdhato, dnwg xaw oo mponyolueva, 1 ueAétn uebbdwy
Tagvéunamng mpotinwy ylvetan yua otatixd tpdtuna Yiautd tov Aéyo xat 68 autéd To xePdAato
dev Ba yiver xaupla avagopd oty eneZepyaoio ypovixd uetaBourléuevov tpoTinwy e autd Ta
dlxtua.

Y10 napdv xepdharo yivetan eldif avagopd u6vo yia to enavatpogodotoiuevo dixtuo Hopfield
70 omolo ypnowwomoteitol yo TaElvounoy oTaTiXdV tpdTURWLY.
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Yyfua 4.5: Turuef Lopeh emavatpopodoTtoduevou veupwvixot duxtiou

4.4 Exnaldcuon veupwvixdy dixtdov

O epyaoies mou mpénel va mpaypatonounBoly xatd v xataoxevh veupwwixol Suxtdou tagivéunong
npotUnwy elvan oL axdhoudeg:

1. Apywxd npéner va oprotel 1) Tonoloyia tov, dnhadl o aplfués twv veupdvwv tou Ha to anaptilouv
XL 1) 0pYAVKOT, TV oUVAPELY, 0 Tpérog dnhadh ue Tov onolo n TAnpogopia B petaBBdleTa
gToug vevpdves. Auotuytg dev urdpyet pla yevixd anodexth uébodog n orola va npoodiopilet
™V apyttextovua Tou dixtlou ae oyéon ue To TPOBANUA Tpoowuoiwarg Tov xaioduaoTe vo
Aboouue.

2. Yrohoyiletar ou ouvteheotés Paplitntag Twv cuvddewy ol orolot ovoudfovtal xat uviuyn tou
veupwvixol duxtiou. H Siaduxasla exnaldevons uroroyiler ouvifug Toug ouvteheotés Papity-
Tag and éva givolo mapadetypdtwv. Av elvar Yveoth xat v embupoduevy é€odog téte EQap-
uéovue évav aky6piuo xateubuvduevng exnaldevong, diagopeTixd ypnowwonotodue arybpibuo
autoexnaldeuomng Tou duxtdou.

Ye autég g anuerdoelg Slvetar Waltepn avagopd oty xatnyopla exciveov twv tpofAnudtwy
ata omola xatd v exnaldevon 1 embupoduevn €Zo0dog elvar yvwoth. Abbnxe WBattepn Papltnta ae
avt v xatnyopla npoPfAnudtwy SbTl autd ouvtdue ouvibng oe TpaxTixés epapuoyés Tagivéunong
TpoTUNWY xaL emhéov 1) xatebBuvéuevr exnaidevor diver ouviiBwg ToAd xaldtepa aroteléouata and
g uebBbédoug avtoexnaidevong.

4.4.1 Auépbuon apdipatog eZ6d0u

H uéBodog 8i6pBwarng Tou agdhuatos g e5630u anotelel Ty mhéov Stadedouévn texvixnh xateubu-
véuevrg exnaidevong. Efvaw pla yewxd péodog umoloyiouod twv mopauétpwyv Ypouutxdy Xat Uy
YPAUULXDY GUOTNUATOV.
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Eotw abomua s(x, w) émou x elvar 1 eloodog Tou sustiuatos xou w eivat éva aGvolo mapauétpwy
70V oueThuatog Ty onolwv Béhoupe va unohoyioouue ™V aplBuntf Toug Tyh and napadelyuata.
Eotw 6 elvar SuaBéoiua M mapadelypata. Tomofetodue ta napadelypata otnyv eloodo tou cuoth-
uatog xat unoroyilouvue v €€odo yia xdfe éva anbd autd. Eotw 6Tt x5, = 1, M elvan ol eloodot xar
ti,i = 1, M o embBupolueveg €Zodot. To uéoo tetpaywvixd opdhua touv custhpatog (LMS) elvar:

M
Soihua = 1 3 (6 — (s, W) (6 — s(x;, w) (4.14)

i=1

H uébodog dt6pbwarg tou opdhuatog g €€68ov mpooralbel va uroloyioer To Sdvuoua w To
onolo ehaytotonolel To wégo tetpaywvixd opdiua. H Aoy dlvetar ocuviBug and v eriluon Tou
ouothuatog eZlodoewy:

00X pdAua —0

o (4.15)

L1g nepuntdoels xatd tig onoleg dev elvan Suvath v edpeon avalutuais Adong yenowonololbue
aptBuntiég ueb6doug eravarnrTinis eEhdTTwong Tou apdhuatos. Me autés Tig uebédoug eravanpoo-
doplfouue toug quvteheatéc Bapltnrac Twv quvddeny €10 dote va teTUyouue Siadoyixés uewdaelg
ToV ouvolxol opdiuatos. Otav 10 opdlua expdaletal oav To TETpdYwvo NG dlapopds g tpay-
patixhs ané v embupoduevn €50d0 tTou veupwwixol dixtiou téte o utBodog xakeltanr alybpibuog
LMS (least mean square).

4.4.2 Exraldsuon Hebbian

O veupoguaiohéyog Hebb nepiéypade tnv Sradixacio udbnorng twv vevpuxdv xuttdpwv ato Bilio
tov "The Organization of Behaviour” (1949) wg e€fg: ”Otav éva vevpixd xbttapo A Sieyeipet
guatnuatixd éva veupxd xittapo B tte pia Saducacia uetafolauot akhdlel Tnv ouunepipopd Tou
xuttdpou B étol dote 1 diéyepom Tou xuttdpou B va mpoxaheitan théov ue euxordtepo Tpéno and to
xbttapo A”.

Elvor tpogavég 611 7 Sradixaoia enavanpoadiopiouol 1wy cuvteheatdy Papitntag mou nepiéypade
o Hebb AauBdver unédn v oxéon evepyonoinang mou €youv alAnhocuvdeduevol VEUpGVES ORGTE Xat
dev ypedletar va yvewpifouue v embupoduevy €€odo tou ductiou. Tuvendg ov ouvdgeg Hebb
anoteAoly ula Siadixacia avto-exnaldevorng evég veupwwtxol cuoTAuaTOoS.

Euwcoownévre ypbvia apyotepa 1 odvady Hebb oplabnxe oav ula Siaducaoia yetaBorfs Tou ouvte-
Aeoth Bapltnrag abvadng edaptduevn and v dpaotneidétnTa Ty 300 VEup@VLY ToL ouVdfovtal ota
dxpa tng. o ouyxexpuuéva oplabmeay d9o xavéveg mov nepLypdpouy TNV cuunepLpopd uog abvadng
Hebb:

1. Otav ot veupdveg mou Bploxovrtar ota dxpa wag abvans Hebb elvat evepyoroinuévol tauté-
xpova, t6te 1 ouvdetixh T weavétnTa avgdvel. H ouvdetind weavétnTta tng obvadrg 1 orola
ovopdCetal xou x€pdog tng alvadng dev elvar tirota dhho and v aplbuntued Ty Tov avtiott-
xou ouvieheoty| Papltnrog.

2. Otav o veupdveg mou PBploxovtal ata dxpa abvadng Hebb evepyonotobvrar acdyypova, 161e 1
ouvdeTun] LravéTNTA TNG aUvadng ueLdveTar,
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Av Béoovpe pla togotue nepiypagy g daduaoctiag avtoexnaldevong pag advadng Hebb, uro-
pouye va mobue 6T n petafol Tou cuvtekeaTy Bapltntag wy; mou GUVBEEL Tov veupdva i ue Tov
veup@va j urnopel va neplypagel and tnv axéhoudn oyéon:

A’wij = H,(o;, Oj) (4.16)

6mou 0;, 0 elvar 1 otdBun €680V TV vevpdvwy i (0 Béxtng g TAnpogopiag tou cuvdéetar otV
obvaydmn) xat j (tnyh Te mAnpogopiag) aviiotoya.
H ouvdptnon H(z,y) emhéyeton ouvifiog va €xel nedlo Tyudv 1o R, yeyovég mou neplopilet tig

Buvatétnres g abvadng otov mpdto xavéva exnaldevong. H amholotepn wopeh e ouvdptnomg
exnaideuarng mov wavonotel Toug neploptonols tou TéBnxay eivat:

Ang = Q005 (4.17)

a stvon pxpbs Betinds mpaypatixds aplBuds mou exppdlel Tov pubud exraldevang g elvadrg.

To onuavuxédtepo pelovéxtnua twv guvddewy Hebb elval To YeYovég Tou xopecuol tou cuvre-
Aeati) Bapltnrag ouvddewy btav eravalauBaveta 1 Swaduxasia eravalnrrtixod eravanpoodioptopod
AoYw Badoyixdv evepyomoufoewy twv 300 veup@vwy mou elvar ouvdedeuévol ota dxpa NG olva-
¢ng. Ta v anoguyh tétowwv xataotdoswy npotdbnxe npbogata évag emnpdobetog unyaviouds
Tou ehattdver TRV augntiel Tdom Tev ouviekeotdv BoapltnTag TwV oUVEYEwY LxavoroldvTag ot
xou Tov Seltepo xavéva twv cuvadewv Hebb. O 6pog autdg o onolog eEaptdron and v aplbuntin
T Tou cuvtereott| BapltnTag e olvadng xou NG xaTdoTaoYG TOU VEUP@VA oTov onolo avhixel N
atvadn. To guoud vénua autol Tou bpou elvan ula diaducaotog agalpeans Tne TAnpogoptag Tou éyet
ouoowpeutel oty olvaydn Tou vevpdva:

Aw;j = He(01, 05) — Ha(0, wij) (4.18)

H ouvdptnon Hy(o;, wij) éxer nedlo Tudv 1o RY.

H mo amkomounuévn €xgpaon nou uropel va neptypdder tnv Simhd Aettoupyia exraldevong wag
auvadng Hebb elvon n axdroubn:

Awi; = 0i0; — Bojwi; = foi(vo; — wij) (4.19)

émov v = a/B.

H oratiotinlf npocéyyion twv unyavioudyv exrnaidevons uiac abvagne Hebb unopel va nepiypagpet
urohoyilovrag TV otatioTuel guoyétion TV eZ68wV TV VEUP@VELY Tou elvat guvdedspévol ota dxpa
™G obvagdng. Av ol veupdveg evepyomolodvTan xar anevepyonotolvtal Tautéypova, 1 cuoyétion Ha
napouatdlet Betixés Tiués, dlagopetind otV TepinTwoy mou evepyonotolvtar aclyypova, 1 cucyéTion
Ba mapouotaler apvnTixés Twéc we ouvénela TV eAdTTRON TG aplbuntuic Twhs Tou ouvieheoTh
BapVtnTag tou vevpdva:

Aw;j = aConv(o;, 0;) = aE[(0; — E[o;])(0; — E{o;])] = aElo;0;] — aE{0;]E[o;] (4.20)

H ovadn nou extelel v avtibetyn tng Hebbian diaducacstia exraideuong ovoudletar anti-Hebbian
oOvadn. H hertovpyla wag anti-Hebbian odvadng uropet va nepuypagel wg e€hg:
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1. Otav ou vevpwveg mou Bploxovran ata dxpa wag obvagre anti-Hebb elvan evepyomouuévor
TAUTOYpOoVa, TOTE 1) GUVBETLX tavdThTa TNG abvang uetdvetal.

2. Orav o veupdveg mou Bploxovtal ata dxpa wag abvadrg anti-Hebb evepyonototvion astyypova,
T67E N ouvdeTL avoThTa TG obvadng augdveto.

Optloupe oav Non-Hebbian olvadn %48 Suaduracia exnaldevong mou dev olte Hebbian otte
anti-Hebbian.

pbypapua 6 Zrarniotixif exnaibevon ouvdgewv Hebbian.

function [Classif] = HebbianOL(x,c,Repet,Alpha)
#

# [Classif] = HebbianOL(x,c,Repet,Alpha)
Hebbian Learning method

#*

Input
x: Pattern Vectors
c: Classes
HidNodes: Number of Hidden nodes
Repet: number of training repetitions
Alpha: Learning rate
Output
Classif: Classification rate using the C-method

H H RS SR

Num0fClass = max(c) ;

NumOfPatterns = columns(x) ;

x = [ x ; ones(l,NumQfPatterns) ] ;

Dimens = rows(x) ;

QutWeights = rand(Dimens,NumQfClass) - 0.5 ;
Mi = sum(x’)/NumDfPatterns ;

Classif = zeros( NumOfClass, NumOfClass ) ;

for j = 1:NumOfPatterns

Dist = 1.0 ./ (exp( OutWeights’ * x(:,j) ) + 1) ;
Rec = ArgMax(Dist) ;

Classif(c(j) ,Rec) = Classif(c(j),Rec) + 1 ;

endfor

Classif

for i = 1:Repet

Out = 1.0 ./ (exp( OutWeights’ * x ) + 1) ;

Mo = sum(Out’)/NumDfPattexrns ;

Moi = x * Qut’/NumQfPatterns ;

QutWeights = QutWeights + (Alpha * (Moi - Mi’ * Mo) ) ;
#

# C-Error

#

Rc = zeros(NumQfClass,1) ;

Classif = zeros( Num0fClass, Num0fClass ) ;

for j = 1:NumOfPatterns

Dist = 1.0 ./ (exp( OutWeights’ * x(:,j) ) + 1) ;
Rec = ArgMax(Dist) ;

Classif(c(j) ,Rec) = Classif(c(j),Rec) + 1 ;

endfor

Classif

endfor

endfunction
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TMapadevypa 37 Nevpwvixd 8lxtvo Siafétet éva exlnedo veupdvwy ££680v nou anaptiletar and 8o veupdves ot onolo
ouvdéovrar uéow ouvdgewy Hebb ue 8Uo cio68ouc (oyifua 4.6). O uif ypauuixds tedeotis twy vevpdvav Slveral ané
my oyéoy:

1
e3-03z 31

f(z) =

H ovvéeon elvar nAofpne xau va rapadelyuata exnaldevone nov elvar Siabéoiue elvat ta axélovfa:

{(1,4),(2,4),(1,5),(0,3),(5,2),(6,-1),(7,2), (5,1)}
1. Yroldoylote tig elb8ouc tou Suxtdou Srav aurd evepyoroinboly axd ta diabéoiua napadelyuara romoferdvrag
oay apyixés tuéc wir = 0.3, wiz = 0.1, wz; = 0.1, wez = 04.

2. Yroloylate ue typv orationxf uéfodo exnaldeuons twy ouvdgewy Hebb tous ouvredeatéc Papityras uetd and
40 dwadoyixtc enavalfpeis tou adybpibuou, Bétovias tov ouvtedeory exnaldeuone oty T a = 0.5.

3. Aoxiudote Tyy ovunepigopd Tou Sixtiou e SiagopeTixés apyixés Tiués yia Toug ouvtedcotéc BapUtytac Twy
ouvdprwy.

ro oyfua nou axoroulel Slvetal 7 ypaguxh poper Tou Sxtdou ato onolo onueldvovto ol oL TECOEQELS GUVTE-
Aeotég PapltnTag Twv avilotouywy ouvddewy.

02

01

Eyfua 4.6: Nevpwwxd dbxtuo ouvdfewv Hebb arotehoduevo and 3o vevpdves e£630u

Brov nivooca 4.1 Slvetal n apBuntwa) 1wl Twv ocuvieheotdy Papitnrag Ty cuvddewy xatd v Swboyun egapuori
Tou otatw ol akydpliuou exnaldevons cuvddewy Hebb. T Aéyoug owovoplag xdpou anetxovifovton o Tyuég avé
300 enavalrfidels tov ahybpibuou.

Yrov nivaxa 4.2 mou axohouvlel ivetan 1 aplBunTLY) TR T 568wV Tou Surtdou Y Tig 0xtd TS TV Slavu-
oudtwyv exraldevong.

Tapatnpolue 6T ta napadelyuata unopodv ebxola va StatayBolv oe 800 ouddec. H mpdtn oudda mepéyel ta
téooepa tpdta mpbTuRa £VE 1) SelTEPY opdda repiéyel Ta unblotna téooepa npbrura. Ta mpbtuna autd elvat pdhioTa
yeaupwud Siaywplopéva aro tny eulela mou evdver Ta onuela (0,0) xon (1,1).

Aro v pehéty tou nlvaxa 4.2 unopoipe edxoka va Sariotdoouue 6T N apywer enthoy Twy ouvteheotdy Bapd-
TNTUS TWV VEUPOVWLY ETLTPEREL TOV Slaywplold Twv npotinwy Sléti 4tav Tonobetodue oy eloodo rpbruno tng rpdng
opddag Peloxetat oe xatdotaoy ueyahlTepnc evepyorolnong o dedtepog vevpdvag. To patvéuevo avtéd ogelrerar oty
apBunTuc] Ty g olvadng tou cuvdéet v Sedtepy Ty tou Slaviouatog eoéBou pe tov debtepo veupdva (To waz).
H apunton] Ty tou ouvtedeati Bapltnrag g odvadng auldve diadoywxd (amo 0.4 yiveton 2.89) ue ouvénsia Ty
ohoéva xan auEavéuevy Ty evepyonolnorg Tou dedtepou veupdva, 6rav oty eloodo torobereltal tpbruno g npdTNg
ouddag. To npbruno autd Bétel ueyahitepn aptBuntueh Tyf oty npdty Béon tne eroédou. To (Blo yeyovég oupPatvel
xau pe Ty alvadn tou ouvdéet Ty npdty eloodo ue Tov npdto vevpdva. O cuviekeothc Papttnrag avEdvel ané 0.3 oe
11.86. Ze autég Tig dUo ouvddels BAénouue ot npdln TV e@apuoYY Tou npdtou xavéva tou Hebb: ”Otav ou veupd-
veg nou Pploxovian ota dxpa uag obvagne Hebb elval evepyonounuévol tautéypova, té1e 1 suvdetin tng ieavdtnta
avidvel”.

Trig dhheg 800 ouvddels napatnpodye pla ouvex pelwon twv ouvieleotdy Papbinrag. O pev npdtog cuvteheoTig
wiz eEAattdvetan and 0.1 oe -3.51, o 3¢ deltepog ouvteeaThic war edartdvetat ané 0.1 ot -7.16. To gauvépevo autd
ogelheta ato yeyovdg 6L btav 1o 8lxtuo evepyonotelton and To Sudvuoua et6680u 1) aplBUNTI TWA TS ELa630L XAt Tou
veupedva e£680u mou guvdel 1) atvadn €xouv Tés avilbetwy yapaxtnpioTidy, Snhadh udnhg T ewéBou e Yaunhg
w1} e§630u Tou veupdva xau o avtifeto. Tuvends ot autés Tic Vo guvddels mapaxorouBolue v epapuoYh Tou
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Mivaxag 4.1: ApBuntoc] T Ty ouvteleotdv Bapltntag xatd Tov Swedoyurf epproyh Tou otatL-

ool akybpuou extaldevong ouvddewy Hebb

[owv || wn [ wiz | wa | we |
0 0.3 0.1 0.1 0.4
2 0.340 | 0.079 0.080 [ 0.424
4 0.390 | 0.054 0.055 | 0.453
6 0.452 | 0.021 0.023 | 0.486
8 0.530 | -0.018 | -0.018 | 0.524
10 0.627 | -0.069 | -0.073 | 0.569
12 0.751 | -0.131 | -0.145 | 0.622
14 0.912 | -0.207 | -0.242 { 0.684
16 1.124 | -0.299 | -0.371 | 0.756
18 1.408 | -0.410 | -0.549 | 0.839
20 1.796 | -0.542 | -0.796 | 0.935
22 2.329 | -0.697 | -1.140 | 1.046
24 3.042 | -0.878 | -1.601 | 1.173
26 3.934 | -1.087 | -2.174 | 1.317
28 4,957 | -1.326 | -2.826 | 1.478
30 6.056 | -1.597 | -3.520 | 1.659
32 7.193 | -1.902 | -4.236 | 1.860
34 8.349 | -2.244 | -4.963 | 2.083
36 9.514 | -2.624 | -5.695 | 2.328
38 10.68 | -3.046 | -6.431 | 2.599
40 11.86 | -3.514 | -7.169 | 2.897

Sevtegou xavéva tou Hebb: ”Orav oL veupdveg nou Pploxovtat ota dxpa odvagne Hebb evepyonototvrat aclyypova,
61 1) ouvdeTixt| Weavétrta g olvadng peidvetal”.

To patvbuevo g evepyonoinong SlapopeTidy veupdvay, 6tay tpdtuna Sapopetedv oudduy tifevial oty eloodo
Tou ouoTuatog elvat éva embuuntd yapaxtnplotiné nou elvan Wialtepo ypriowo oe epappoyé ta€ivéunorng tpotinwy.
H @iétyra aute Statpeltan xaw puetd tyv exnaldeuon Hebb ) orola pddiota auEdvel tyv Siagopd tov evepyonolioewy.

Ag Boipe 1 cupfatvel 6tav Tonobetioouue Slapopetixég apywiés Twég otoug ouvtedeatéc Baplttag Twv ouvddewy.
Extehdvrag toug Boug urnoloyiopols, Ue apyxés TiéS twv ouvieheotdv Bapltytac Tov cuvddewy T wiy = 0.1,
wiz = 0.2, wa1 = 0.2, w2z = 0.4 éyoupe ta anoteréopata tou nlvaxa 4.3.

Ta aptBuntxd anotehéopata and v oxond evés ouoTiuatog Tavéunore tpotinwy Selyvouv 6t evéd ue v
apyt] emhoyh Ty ouviedeotdv Papltnrag 1o obotnua Swtnpel rdvia reploodtepo evepyornowuévo tov dedtepo
veupdva (To veupwvxd olotnua taglvéunons npotinwy éxel eEAdyloto opdlua emtuyodes tadwéunone 50%), uetd v

Hivaxag 4.2: EZod0g Tou veupwvixol uxtiou mtpwv xaw uetd tnv exraidevon ue eloodo ta draviopata

exnaidevong
| Apywna || 1 ] | 4 | 6 7
01 0.134 | 0.141 | 0.137 | 0.125 || 0.1569 | 0.159 | 0.176 | 0.157
02 0.159 | 0.162 ] 0.170 | 0.146 || 0.149 | 0.123 | 0.154 | 0.13
| Exnaldevon || 1 | | 4 || 5 7 8
01 0.004 | 0.047 | 0.001 | 0.001 || 0.999 | 0.999 | 0.999 | 0.999
02 0.404 | 0.251 ;1 0.548 | 0.434 || 0.012 | 0.001 | 0.003 | 0.007
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Yewv Hebb
| Eravéingn || w11 wi2 wn | wa

0 0.1 0.2 0.2 0.4

2 0.0983599 0.196429 | 0.207349 | 0.416376
4 0.0958321 0.190634 | 0.215433 | 0.434603
6 0.0922128 0.182031 | 0.224386 | 0.455061
8 0.087255 0.169896 | 0.234371 | 0.478215
10 0.0806597 0.1563332 | 0.245583 | 0.504634
12 0.0720661 0.131245 | 0.258264 | 0.535007
14 0.0610398 0.102298 | 0.272665 | 0.570166
16 0.0470603 | 0.0648842 | 0.289149 | 0.611101
18 0.0295068 | 0.0170937 | 0.308101 | 0.658978
20 0.00764311 | -0.0433071 | 0.329986 | 0.715142
22 -0.0193973 | -0.118875 | 0.366351 | 0.781115
24 -0.062626 | -0.212459 | 0.384826 | 0.85857
26 -0.0932057 | -0.327138 | 0.419136 | 0.949283
28 -0.142466 | -0.466112 | 0.459098 | 1.05507
30 -0.201892 | -0.632569 | 0.505617 | 1.17772
32 -0.273114 | -0.829551 | 0.55968 1.3189
34 -0.357887 -1.05986 | 0.622332 | 1.48014
36 -0.458045 -1.32603 | 0.694653 | 1.66283
38 ~-0.575454 -1.63045 | 0.777724 | 1.86832
40 -0.711962 -1.97548 | 0.872598 | 2.09797

exnaldeuon twv ouvddewv Hebb pe v otatiotin pébodo, nov exavahauPBdvetar 40 qopés, BAénouue bti o Sbetuo
autoopyavdvetal. H opydveon tou Suxtdou elvar tétowa Gote 6tav tbetar npdtuno tng mpdtng ouddag oty elaodo
evepyoroleltal nEpLOGGTEPO 0 BEUTEpOC VELVPDVAGS EVD 6Tav otnv eloodo Tibetal Sudvuoua g Selteprc ouddag tpotinwy
gvepyonolelton neploodiepo o npdrog vevpdvag. To eldyioto ogdhua Tou cuoTiuatog Tadlvéunone npdtunwy Tégtet
oo 0%.

Me auté o napddeiypoa Brénoupe 6t oL ouvdders Hebb elvar Suvatéy va Siaywploouv ue avtbuaro tpémo ta

npdrura exnoldevorg.

IIivaxag 4.4: EZodot tou Suxtlou mpLy xaw uetd tnv exnaldevon

[ Apiwa || 1 2 3 4 | 5 | 8 7 8 |
01 0.139 | 0.141 [ 0.144 [ 0.132 | 0.139 | 0.127 | 0.144 | 0.134
03 0.162 | 0.167 | 0.173 | 0.146 || 0.162 | 0.137 | 0.173 | 0.151

| Exmatdevony ] 1 | 2 | 3 [ 4 | 5 6 | 7 | 8 |
01 0.190 [ 0.169 [ 0.219 [ 0.185 [| 0.086 | 0.046 | 0.066 | 0.073
02 0.328 | 0.247 | 0.426 | 0.322 || 0.041 | 0.008 | 0.019 | 0.027
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4.4.3 Avrtayowvotixr Exraldevon

H dedrepn uébodog autoexnaideuong mou bu eetdoouye elvon N avraywvotixd exratdsuon mou eqap-
udleton ot aveZdpInTES OUddES VELPGVWY TOU BLxTlOU.

Katd v exnatdevorn ouvddewv Hebb eldaue 6t n ouvdptnon eravarpoodiopiopod tou guvieheath
Bapbtnrag g ovvadng egaptdtor uévo and tny €080 Twv VEupdVLY Tou 1 ovan cuvdéel. Me auti
v uébodo emavanpoodiopifovtal ou guvteleatés Bapltntag Twv cuvdewy xdbe popd mou evepyo-
noetran n Stadixacia exnaldevong. To uyeyddo peovéxtnua twy ouvddewy Hebb elvar to gatvéuevo
TOV X0pEGUOU TWY VEUPGYWY 10 onolo epgaviletat dtav 1 diaduxaocia exraldevorng enavalngdel toAlég
popés xau o ouvtekeathg exnaldevorng Exel yeydhn aplBuntung . e auth v neplrtwon, érwg
unopovue va tapatneficovue xat and to aptbuntd aroteAéopata Tou tponyolbuevou Tapadelypatog,
oL guvtereatég Papitnrag telvouv va rdpouv mohd peydAeg ¥ TOAD uixpés aptBuntuds Tyués.

Ye avtifeon pe v Aertoupyla exmaidevone Twv ouvadewv Hebb, n avtaywviotud] exnaldevon
enavanpoadiopllel Toug ouvteheatés Bapltntag TV ouvdewy Evég wévo vevpdva anb éva glvolo
aveZdpTNTwy ouddwy veupdvwy. AveEdptnty oudda vevpdvwy ovoudletor xdbe unoolivolo vevpdvwy
Tou Buxtdou mou mepLEyEL 6AoUG TOUG VEUPGVES oL GUVAYELS TV onolwy déyovta orjuata and Toug
{doug axpBdc vevpdives.

IIvo ouyxexpwéva, av Bewprigouue d0o diadoyixés ouddec vevpdvwv v A xau v B, érou ot
€€odoL g A ouvdéovtal uéow ouvddewy Pe Toug vevpdveg tne B téte 1 Badixaoia avtaywviotiie
exnaldevarng éxel wg &

1. Apyixéc niuésc. TomoBetolue tuyaloug Betixols mpayuatieols apBuolds otoug cuvteleotég
Bapitnras twv guvddewy xat xavowxonolobue Tig Tés Toug Yo xdbe éva vevpdva Eeywprotd,
étol doTe:

Y wii=1 (4.21)
i
Evalhactixd éxet ypnowwonowmBet ue emvtuyla xou 1 xavovixonoinor tov Euxheldiov ydpou:
2 _
Y wit=1 (4.22)
i

2. Eméyouue tuyala éva npdtuno exnaldeuorg xat ye autd evepyonotodue To dixtuvo.

3. Bploxouyue tov vevpdva j Tng ouddac B o onolog Pploxetar atnv udmhbtepn atdbur, Exel dnhads
™V unrétepn T e€6dou. Tov vevpdva autéd ovopdfovue vixnty (winning neuron).

4. Eravanpood.opilouue 6Aeg Tig quvdaets Tou vixnty veup@va olupwva e Ty oxéon:
Awj; = a(o; — wj;) (4.23)
6mou a elvon Uixpds Betinde mpaypateds aplBuds mov xabopiler tov pubud exnaldevorg tou

Suxtiou xau 0; elvar 1 €€080g Tou VEVpdVa i TOU Tporyoluevou emnédou (A) To onolo cuvdéeTan
péow g obvadrg mou Exet ouvteheoth| BaplTnTag wji UE TOV VEUPGVA j.

5. O guvtereatés Bapitntoag TwV GUVAYE®Y TOU VLANTH VEUPGVA XavoviXoTotobvTaL.

Ipbypappa 7 Avraywviotixl exnaldevon vevpwvixol Suxtiou.
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function [Classif] = CompetOLLin(x,c,Repet,Alpha)

[Classif] = CompetOLLin(x,c,Repet,Alpha)
Competitive Learning method (Sum of weights equal one)

Input

x: Pattern Vectors

c: Classes

HidNodes: Number of Hidden nodes

Repet: number of training repetitions

Alpha: Learning rate
Output

Classif: Classification rate using the C-method

# % 8H 8 HHEEHE USRS

Num0fClass = max(c) ;

Num0QfPatterns = columns(x) ;

x = [ x ; ones(1,NumOfPatterns) ] ;

Dimens = rows(x) ;

OutWeights = rand(Dimens,Num0fClass) - 0.5 ;
Norm = sum( QutWeights ) ;

for i=1:Num0fClass

OutWeights(:,i) = OutWeights(:,i) / Norm(i) ;
endfor

#

# C-Error

#

Classif = zeros( Num0fClass, Num0fClass ) ;
for j = 1:NumQfPatterns

Dist = 1.0 ./ (exp( OutWeights’ * x(:,j) ) + 1) ;
Rec = ArgMax(Dist) ;

Classif(c(j),Rec) = Classif(c(j),Rec) + 1 ;
endfor

Classif

fflush(stdout) ;

[8

for
Pat

= 1:Repet

floor( rand() * Num0OfPatterns ) + 1

Out = 1.0 ./ (exp( OutWeights’ * x(:,Pat) ) +1 ) ;
Win = ArgMax(Out) ;

OutWeights(:,Win) = OutWeights(:,Win) + Alpha * (x(:,Pat) - DutWeights(:,Win) ) ;
Norm = sum( QutWeights(:,Win) ) ;

OutWeights(:,Win) = OutWeights(:,Win) / Norm ;

#

# C-Error

#

Classif = zeros( Num0fClass, Num0OfClass ) ;

for j = 1:NumOfPatternms

Dist = 1.0 ./ (exp( OutWeights’ * x(:,j) ) + 1) ;
Rec = ArgMax(Dist) ;

Classif(c(j) ,Rec) = Classif(c(j),Rec) + 1 ;

endfor

Classif

fflush(stdout) ;

endfor

endfunction

function [Res] = ArgMax(x)
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Res = ArgMax(x)
Return the POSITION of the maximum value

H H 8B H

Num = length(xz) ;
Res =1 ;
MaxNum = x(1) ;
for i = 1:Num
if (x(i) > MaxNum)
MaxNum = x(i) ;
Res = i ;
endif
endfor
endfunction

Mapddevypa 38 Ia 1o vevpwyixs dlxtuo Tou mponyolueyou rapadelyuaroc urodoylote Tous ouvteAeotés Baputyrac
twy guvdgewy ue Ty uéodo Ty aviaywviotixifs exnaldevans. Zuyxplvare ta anorcAéouata Ty exnaldevone ue ta
avrlotolya anoteAéouara ue tyy exnaldeuan twy ouvdgewy Hebb . Iloud elvay ta ouunepdouard oag;

Apywd avadiatdooouue ta napadelypata £ral daote v exnaldevoy va exteleltal xdbe gopd ypnowonoudvtag npé-
tuna StapopeTndy xatnyopldy. Xe mpaxtixd oustiuata autd tou xdvoupe elvan va avadiatdoooupe pe Tuyalo tpéro
Ta mpdruna exnaldevorg.

{(1’ 4): (51 2)) (21 4)7 (67 _1): (11 5)’ (7, 2)$ (Oa 3)1 (57 1)}
BOewpoipe 6L To dlxtuo Tou Ba xataoxeLdooUUE EYEL VEUPHIVES HE UT) YPOUUWXS teheoTr TNy oLypoeldY| cuvdptnon:

1
e2—~0.2z +1

fz) =

TonoBetodue aav apyxés Tiée Y Toug auvteheotés Bapltrtag dAwv twv ouvdewy v Tl 0.5. T éha ta
rapadelypata extelolpe tov aky6plfo e aviaywviots exraldeuons ondte ot xdfe xoxho exrallevong éyoupe
Toug ouvteheotéq Papbtntag nou dlvovian otov nivaxa nou axohoubel:

Iivaxag 4.5: Yroloyiouds guviedeotdv Bapbtntag e tov aviaywwotixd akybpliuo exnaidevong

l ET!(!V&)\T]([)T] ” w11 I w2 I Wo1t | Wao2 |
0 0.5 0.5 0.5 0.5
1 0.148571 | 0.851429 | 0.82893 0.17107
2 0.119053 | 0.880947 | 0.838788 | 0.161212
3 0.117854 | 0.882146 | 0.838984 | 0.161016
4 0.117805 | 0.882195 | 0.838988 | 0.161012
5 0.117803 | 0.882197 | 0.838988 | 0.161012

Orwg xau oy weplntwoy g exnaldeuorg twv ouvddewv Hebb éral xat oty neplntwon g aviaywviotixic
exnaldeuoms 1o SixTuo galvetal va autoopyavdvetal xou pdhiota ot pupbtepo aplBud enavalidewv. O cuvtekeotée
Baplbtnrag Twv cuvddewy galvetor va cuyxhlvouy otig TEMXES Toug Tiués RoAG Yprjyopa.

To abotnua mou xataoxsudoape Slaywpllel Ta tpdTuna TV xatnyopudy ot Sbo ouddes ot onoleg evepyorololv
x40e @opd SuapopeTixd veupdva e£63ou.

Av eravardfoupe v Swducacla exnaldeuone pe Siagpopetinée apyids Tiée, Tis w1 = 0.1, wiz = 0.9, wy =
0.9, wz2 = 0.1 xau tov (Bio guvtekeott| exnaldevorg Ba éxouue, petd v olyXALoN 10U aviaywwioTxol akybplbuou
exnaldevorg, g axdroubes Tiués e€630u TV veupdVWY Y T TpdTuRa exnaldevorg:
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[ Apxuwa [ 1 2 | 3 ] &4 | | 6 1T 7 | 8 |
0 0.182 | 0.214 | 0.197 | 0.182 | 0.197 | 0.249 | 0.154 | 0.197
09 0.182 | 0.214 | 0.197 | 0.182 | 0.197 | 0.249 | 0.154 | 0.197
| Exmaldevon | 1 | 2 | 3 | | 56 | 6 | 7 | 8 |
o1 0.213]0.175 [ 0.217 [ 0.116 [ 0.242 | 0.182 ] 0.182 [ 0.152
02 0.155 | 0.258 | 0.179 | 0.274 | 0.159 | 0.331 | 0.129 | 0.252
(Aoxé [ 1 [ 2 | 3 [ & [ 5 [ 6 [ 7 [ 8 |
01 0.213]0.175 [ 0.217 [ 0.116 | 0.242 | 0.182 | 0.182 | 0.152
03 0.165 | 0.258 | 0.179 | 0.274 | 0.159 | 0.331 | 0.129 | 0.252

H emdovt) Tou pubuol exraldevong Sev ennpedlet, yia 1o suyxexpwévo mpdPAnua, v afloniotia tou ouotfuatog
ta€véunorg. Auté rou galveton va ennpedletal elvan 1 Tayitnta abyxAieng Tou arydefzou exnaldevang, 6nws palvetal
xat gtov enduevo nlvaxa o onolog pag Selyver Ty aplunTua) T Tev cuvieheotdy Bapitrtag v cuvddewy petd
and xdfe ohoxhnpwuévo xixho exudlnons Tou duxtiou we dha ta napadelypata.

1o ouyxexpyévo napdderyua 1) taydtnta obyxhiong ueyiotonotelton 6tav emAéEouue Tov pubud exnaldevorg oty

wwun 0.5.

l Exnaldevon pe 0.01 ” w1 | w2 l wa1 | Wag I

[ 0 o1 ] 09 | 0.9 | 0.1 |
1 0.188467 | 0.125648 | 0.151871 | 0.253506
2 0.117106 | 0.882894 | 0.888963 | 0.111037
3 0.131156 | 0.868844 | 0.880482 | 0.119518
4 0.142697 | 0.857303 | 0.873965 | 0.126035
5 0.152175 | 0.847826 | 0.868958 | 0.131042
6 0.15996 0.84004 0.86511 0.13489
7 0.166355 | 0.833645 | 0.862163 | 0.137847
8 0.171607 | 0.828393 | 0.859881 | 0.140119
9 0.175692 0.82408 | 0.858135 | 0.141865
10 0.179463 | 0.820537 | 0.856794 | 0.143206
11 0.182374 | 0.817626 | 0.855763 | 0.144237

| Exnaidevon pe 0.1 ||  wp wis | wa wWag |
1 0.188467 | 0.125648 | 0.151871 | 0.253506
2 0.146643 | 0.853357 | 0.85314 0.14686
3 0.154739 | 0.845261 | 0.848056 | 0.151944
4 0.156144 | 0.843856 | 0.847505 | 0.152495
5 0.166388 | 0.843612 | 0.847445 | 0.152555

l Exnraldevon pe 0.2 ” wy I w2 | wWo1 Was l
1 0.188467 | 0.1256648 | 0.151871 | 0.253506
2 0.117079 | 0.882921 | 0.840202 | 0.159798
3 0.117773 | 0.882227 | 0.839013 | 0.160987
4 0.117802 | 0.882198 | 0.838989 | 0.161011

| Exmaldeuvon pe 0.5 w1 wyg Wy, woy |
1 0.188467 | 0.125648 | 0.151871 | 0.253506
2 0.0468537 | 0.953146 | 0.830327 | 0.169673

Yta emdueva eddgia Ba mepypdoupe avalutixd

v uebodohoyia mou

axorovBolue xatd tny
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oyedlaor veupewxdy guotnudtey Tagvéunans tpotinwy ue xateuBuvéuevy exraldeuon.

4.5 To ypapuxd @iktpo Wiener

Eotw 6 duabétouue éva dixtuo veupdvwyv evég enirnédou 1o onolo Sev mepléyet un-ypouuLxols tele-
otés. Ot é€0doL Tou duxtiou anoteroly évav Ypauuxd cuvduacuéd twv ewwbédwyv Tou. Kdbe éZodog
Tov duxtbou dlveton and tnv axdlovly oxéon:

N
0=) Tiw; (4.24)

i=1
émov N elvan o aptBuds twv e1addwv Tou ductiou xat o 1 £€odog evhg veupdva.
Eotw d 1 emBuyoduevn €Zodog yia to mpdTuno tng eoédou: x = (z1, 22, ..., :vN)T.

To opdhua tng €568ou Loobtar ue Ty Slagopd Tng embBuuolbuevng and v tpayuatixy é5odo:

e=d-—-o (4.25)

Orav éyoupe atny diébeot| pag évav aplbud rapadetyudtwv téte opllovue cav guvolxd apdiua
T0 Wo6 TOU GTATIOTLXd AVAUEVOUEVOU TETPAYBVOU TOU OPIAULTOG:

Zobiua = %E[ez] (4.26)

Orav utoloytoTody ot guvtereatés Papitntag Tou Ypauuxol dixtiov Tov eAaytotonotel To oTaTL-
oted avauevouevo opdiua téte Ha Aépe 6T Exouue xataoxevdoet éva @idtpo Wiener. O alyébpibuog
Tou uroroyilel Tou ouvteleotég tov glAtpou Wiener awixet oty oudda twv aiyopifuwv LMS.

O ouvteheatég PapltnTag TwV cuvddewy uTtopoly va utohoyiotoly elte ue eravalnrtid elte ue
avalutied tpémo. Eueic Ba mepiypddouue v avahutixh uébodo 1 onola Biver tnv BéEATioty Adom xat
€YEL TNV UXpOTERT UTOAOYLOTIX TOAUTAOXSTTTAL.

AvtuaBiotdvtog Tig avaAUTIXES EXPPAOELG GTNY CUVEPTNOT) TOU OTATIOTLXE AVAUEVOUEVOL GPEAUA-
T0G €)YOuuE:

N N N
1 1
YodAua = §E[d2] - E[z ziwid] + EE[EZ wiwjz,-:cj] (4.27)
i=1 i:lj:l
O\ ouvtekeotés Papdtnrac twv ouvddewy elvan atabepol apipol, cuvendg oL avauevéueves Tuég
anhomotovviaL O€:

1 N | NN
Yoéiua = -2—E[d2]— Y wiE[zid) + 3 33 wiw; Elziz;] (4.28)
i=1 i=1j=1

=

H edpeon tov Tudy tov ouvieleotdv Papltntag Tou EAAYLOTONOLO0V TO GTATIOTIXG OVOUEVO-
uevo opdhua urohoyifovtar ue v uéBodo tou ehdytoTov Héoou teTpaywWxol opdiuatog (LMS),
Tpoxntouy dnhadl and v Aoy Tou axdrovlou cuothuatos eElohoewy:

0 . _
%Etpakya =0 (4.29)




120 KEPAAAIO 4. NEYPSOINIKA AIKTYA XTHN TAZINOMHXH IIPOTYIIIN

Avtixabiotdvrag Ty avalutixy €xgpacn Tov opdhuatog EOUUE TO TEAXG Ypouud cloTnua
e€lodoewy, To onolo cuvavtdta otnv BBhoypagpia o sav olotnua eiodoewy Twv Wiener-Hopf:

N
Y w;E[zizj] = E[z;d] (4.30)
i=1

O 6pog E[zid] exppdlel Tnv 1epocuay£Tion Tng eLobdou e v emBupoluevy €Z0do, evd o 6pog
E[ziz;] elvaw 1 autoouoyétion g ewo6dou.

Hpéypaupa 8 Yrmoloyioubs twv ouvreAeotdy Tou ypauutxol ?Mrpou Wiener xau vroloyioude tou
gAdytoTov xar uéyiotov opdAuato Tou avtiotiyov yYpauuixol ouatiuatoc talivéunons mpotimwy
dUo xatnyoptdv.

function [Rc,Ru,Rep] = Wiener(x1,x2)
[Rc,Ru,Rep] = Wiener(x1,x2)

Input
x1: Pattern Vectors for the first class
x2: Pattern Vectors for the second class

Cutput
Rc: Correct classification rate using the C-method
Ru: Correct classification rate using the U-method
Rep: Pattern vectors on each class

# HH B S

NumDfP1 = columns(xl) ;
NumDfP2 = columns(x2) ;
Rep = [NumOfP1,Num0fP2] ;
TotPat = sum(Rep) ;

Rc = zeros(2,1) ;

Ru = zeros(2,1) ;

if ( rows(xl) != rows(x2) )
printf( "Error im vectors x1, x2\n" ) ;
endif

x1 = [x1;ones(1,Num0fP1)] ;
x2 = [x2;o0nes(1,Num0£fP2)] ;

C-Error

# % %

di = ones(Num0OfP1,1) ;

d2 = zeros(Num0QfP2,1) ;
d = [d1;42] ;

x = [x1,x2] ;
A=x=*x;

B=x %4 ;

Weights = A \ B ;

for i=1:Num(QfP1

if ( Weights’ * x1(:,i) >= 0.5 )
Rc(1) = Rc(1) + 1 ;

endif

endfor

for i=1:NumOfP2

if ( Weights® * x2(:,i) < 0.5 )
Rc(2) = Re(2) + 1 ;

endif

endfor
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#

# U-Error

#

d1l = ones (NumQ0fP1-1,1) ;

d2 = zeros(NumDfP2,1) ;

d = [d1;d2] ;

for k = 1:NumOfP1

x = [x1(:,1:k-1),x1(:,k+1:Num0£P1),x2] ;
A=3x%x;

B=x*4d;

Weights = A \ B ;

if ( Weights’ * x1(:,k) >= 0.5 )
Ru(l) = Ru(l) + 1 ;

endif

endfor

dl = ones(Num0OfP1,1) ;

42 = zeros(Num(fP2-1,1) ;

d = [d1;d2] ;

for k=1:Num(QfP2

x = [x1,x2(:,1:k-1),x2(:,k+1:Num0£fP2)] ;
A=x*1x;
B=x*d;

Weights = A \ B ;

if ( Weights’ * x2(:,k) < 0.5)
Ru(2) = Ru(2) + 1 ;

endif

endfor

endfunction

Moapédevypa 39 Ofdovue va xaraoxevdoouue ypauuixd ovornua talivéunons mporirnwy 8do xarpyopidy aro ta
axdlovba mapadelyuara exnaldcvorne:

-Ql = {(1: 1), (27 2)7 (17 0)1 (0’ 1)}

2= {(_10! —10)7 (—91 -9)1 (—81 _9)1 (—91 —'10)}
1. Xpnoworotdvrag to abiotnua eliodocwy twv Wiener-Hopf unodoylate touc ouvtedsotés BapUtyras twy ouvd-
Yewy.
2. o6 elvat to eAdyioro opdAua tou ouatfuaroc talivéunons rov xaraoxevdoare;

BOa xaraoxeudooupe éva Ypauuxd clotnua Tagvéurnone tpotinwy to orolo Bo Slabéte. dlo e€6doug. O £Eodot
8o mpocopoudbvouv TG auvaptioeic dudxplong Twv avtlotolywy xatnyopudv. Opllouue enlong 6t 6tav oty eloodo
tlfetan mpdTuno TNg TPdTNG xatnyoplag N tpdtn €€08og va Slvel Ty 1.0 xon v Sevtepy; 0, eV btay oty eloodo TlbeTar
npbruno g deltepnc xatnyoplag ToTE oL emBULOUUEVES TUYIES TPEREL VOl AVTLOTPEQPOVTAL.

Me Bdom Toug reploplopods tov Béoaue, Ta napadelypata g xateuBuvduevng exraldevong ylvovral wg eic:
2 ={((1,1),(0,1)),((2,2), (0,1)),((1,0),(0,1)), ((0,1), (0, 1)),

((—10, _10)1 (1» 0)): ((_97 —9)) (17 0))7 ((—Sa —9)’ (1’ 0)), ((_97 _10)7 (17 0))}
O bpoL twv ouvtedeotdv e ypapuwois efloworg yid v rpdtn xatnyopla, Bdoet twv aplBuntxdv dedouévev
TV napadelypdtwy, utohoyllovtal:

415 —435
Elziz;] = ( —-43.5  46.0 )
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Tt tov mpdo veupdva éyoupe Elzid] = (—36.0,38.0)7. H enlhvon e ypapuuxis elowong dlver toug effic
ouviekeotée Bapltnrac: (—0.179104, 0.656716)7.

EnavahapBévoviag toug (Sloug unoloylopols yia tov Sedtepo vevpdva éxovpe Efzid] = (—4.0,4.0)7 xa. emhdo-
vtag 10 olotnua Twv eElodoewy £YOupE Toug cuvieheaté Papltrtag (0.597015,0.477612)T.

Z1ov nlvaxa nou axoroufel dlvouue Tig e€630ug TV veupdvwy Yia xdBe éva and ta mapadelypota exnaldeuarng.
Tapatnpolue 6t av oplooupe cav xpitiplo Tagvéunong Tov veupdva mou Repléyel Ty ueyahdtepn aplBunti] Ty,
t61€ T0 GUoTUA IOV XataoxEvdoae Exel EAdYLoTO apdiua 0%.

Iivaxag 4.7: Eloodog xou €Z0dog ypauuxiic npoowuolwons ocuvaptioewy dudxpiong

| Ipétuno || EZodog tng w1 | EZoBog tng wz || TaZuvéunon |

1,-1 -0.836821 0.119403 w1
2,-1 -1.67164 0.238806 w1
1,0 ~0.179104 0.597015 w1
0,-1 -0.656716 -0.477612 w1
-10,10 8.35821 -1.19403 w2
-9,9 7.62239 -1.07463 w2
-8,9 7.34328 -0.477612 w2
-9,10 8.1791 -0.5970156 W2

4.6 Ilolueninedo dixtuo perceptron

To nhéov dradedouévo vevpwwixd dlxtuo ouveydv Tudv elc68ou o eE630v elvar To molveninedo
perceptron. Mua tunixd nop@t tov dixtou gaivetar ato oyfua 4.3. Anoteheiton aro vevupdveg Tou
TUntou perceptron ot onolot dtafétouv évav ypauuxé xor évav unypauus tekeotr ouvdedeuévoug
oc oelpd:

N

Y= wit; (4.31)
j=1

o= f(y) (432)

To 3ixtuo anoteleitar and nepioodtepes Twv dVo ouddwy veupdvwy perceptron tov ovoudlovrat
xou enineda tov dixtlou. Eva 1| nepiaodrepa xpupd enineda enelepydlovrar ta dedopuéva eta6dou xat
1o eninedo e£68ou mepLéyer Toug veupdves, N €Eodog Twv omolwy elvon Tavutdypova xow €§0dog Tou
duxtdov.

H ouvifing o0vdeam twv veupdvwy perceptron evég emrédou nepthaufdvel auvddelg mov cuvdéouy
x40e veupdva ue Ghoug TOug veupdveg Tou mpornyoluevoy emnédou. H olvdeon auti ovoupdfeta
nAfpns (full connected) xou yprowonotelton o neputtdoels oTig onoleg dev unopolue va oploouue
ex Twv Tpotépwy TNV wxpyBr| Toroloyila tov Sixtdou. H yevuh auth tomohoyia xokdrter xat Ty
TAELOVOTNTA TV EQAPUOYHDV.

H evpela 31adoom tou molueninedou duxtdou perceptron ogeihetar g€ d%o xuplwg Adyoug:

1. H woyupr] mohumdoxdtnta xow un Ypapux6tnta tou duxtdou uag mapéyel v duvatdtnta va
TPOCOUOLOTOVUE e txavomontixh axpiBeia ouveyels un Ypouuixés diavuouatixés ouvaptioes.
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2. O akydpiBuog exraldevang LMS 3lver tv duvatdtnta unohoyiouod Twy ouvteeotdy Bapitntag
Twv ouvddeny and napadelypata. H Suvatdtnta auth Wag emiTpénel Vo XpYOLLOTOLGOVUE TO
dixtuo oe mpaxTixEs EQapUOYES.

Tpdypatt and to 1985, 6tav o Werdos otnv dudaxtopuxy tou diatpPh mapousiace tny apyueh
wop@t| evég ahydpiBuou exnaidevarng mou ehayiatonotel 1o péao TETPAYLVIXE GPIAUL TNG TPAYUATL-
xf¢ and TNy embuuoluevy o030 tou duxTlou xau Tou apydtepa Trpe To Gvoua omialiodpouxt| Biddoa
Tov o@dluatog (backpropagation of error), ueydrog aplBuéds epyacidv nou agopovcay To RoOAUERi-
nedo Suxtlo perceptron mapouvoidotnxav ot eQapuoyéc Tagtvéunang mpotuinwy, autéuato Eheyyo,
Tpocwuolwon cuvapTicELY, X.0.X.

4.6.1 O alyéptBupog orieBodpouixyic duddoorg Tou opdiuatog

Onwg etdaye xau oto mponyoduevo eddgpio xatd v oyedlaon evég ypaupxol @ihtpou Wiener
wéBodog tng xateuBuvbuevng exnaldevong LMS éxel oav oxond v ebpeot Twv ouviekeotdy Papi-
™Tag TV ouvddewy Tou ehaytotonololv To péco TeETpaywvixd opdiua TG mpayuatieis and v
emBuuoluevy £€Zodo tou dtxtdou.

O (Bieg apyés axohoufobvton xat 6tov akybpibuo omobodpowxis diddoang tou opdhuatog ye
v Stapopd 61 oto moluerinedo Bixtuo perceptron 8ev umopodue vo meTO)oUUE avautixd AdoT.
Tawté Tov Aéyo xatagpedyovue otny uébodo tng diadoyinfis mpocéyyiong Twy cuvteheotdv Bapltn-
Tag TY cuvddeny xatd v SievBuvon g apviTunis TG TS TPATNG ToPAYGYOU TOL oPdhuaTog
(steepest descent - BaBdtatn xdBodog). H uéBodog auth nou elvan n mhéov Bradedopévn texvueh npoo-
Stoptopot Tng uviung ToAOTAOXWY VEUpWWIXGY ovoudieTtal akybptBuog oniaBodpoutxis diddoang tou
opdALaTOS.

O alybpiBuog ogeiler Tnv ovopasia Tou gTo YEYOVHG 6TL EVG xatd TNV EvEpyomoiney TOV VEu-
pwvixol Sixtiou ot unohoyiopol Eexivouy and toug veupdveg elabdou xat xatevBivovtan Sadoyixd
Tpog Toug veupdveg Tou eE630u, uroroyifovrag Ty Tt g £§630u TV veupdvey ota xpued eni-
neda, 1 exnaideuor extelel Ty avilotpogn Sducacia. Metd v evepyomnoinam Tou duxtdou apyiler
7 Sadixacia eravanpoodioplopod Twv cuvtekeotdy BapdtnTag TwV cuvddewy apyxd 6T cuvddelg
nou Pploxovtor otoug veupdveg e£630v xau atnv ouvéxeta axoloubel o enavarpoodiopioiés Ty ov-
vieAeotdv PapltnTog TPOG TOUG VEUPWVES ELadBou.

Wi
(Nevpdvag 1} % X + Y w@igmoid}ﬁkthupévag k)

Tyfua 4.7: Avdtagy vevpdvwyv atov arydpliuo omabodpounnis Siddoang tou opdhpatog

Ly yewxr nepintwon éva mohueninedo dixtuo perceptron amoteleitar and €vav apiBud xpu-
@&V emmédwv xon To eninedo e£630u mou mepyel M vevpdveg. Tany xatevbuvéuevn exnaidevon Ta
rapadelypata anotehodviar and Ledyy davuopdtwy e1o68ou-e€680u. Av 1 eloodog Tou duxtiou aro-
'csbehou. ané AN/! elo6doug t61e Ta nopadelypata etvan Sratetayuéveg duddeg dlavuoudtwy (a,b), a€
R™, beR™.
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To opdhua extiunong yia tuxaia eloodo a elvar to TeTpdywvo TV Bagopdy Tng mpayHoTLXhg
e€630u Tou BuxTlou 0 uE To avtioTolyo Stdvuoua TV avauevéuevey Twdy b:

. 1 T 1 & 2
Todhua = §(b -0)f(b-0)= 5 > (bi - o)) (4.33)
i=1

Acdopévou 6T ouviBug éxouue otnv Bdbeoh uag Q mapadelyuata, To avauevéuevo opdiua
urnoAoyiletar and tnv oxéon:

E(ZodAua] = —E[Z (bi —0:)*] = 5 Z E[(bi — 0:))’] = ZE (bij — 0i5)° (4.34)

i=1 1—1_1 1

Eivow yvwotd 61t ov npoordbetec twv epsuvntdv Lo v avaliton ueb6dou avadutixol uno-
AoyLopol twv guvteheatdv Bapitntag Twv ouvadewy, Wwds Aione rtapbuotag ue auth tov @lAtpwy
Wiener, éyouv xatalfgel oe arotuyia. Tavutd Tov Aéyo xatagelyouue oty wébodo tng Siadoyuxis
npoaéyYLong Twv ouvteeoTdy Papitntag TV guvddeny xatd v dtevBuvern g apviTucis Tyg
™G TPMTNG Topaydyou Tou opdiuatos. H uébodog auth enavanpoodiopilet tnv aptbuntueh tyud tou
ouvtekeot Bapitntag Ty cuvadeny obupuva ue v axélouln axéon:

0XpdAua
Aw;j = —n—7F—— .
W5 n B (4.35)
6mov n eivan wixpbdg Betinds mpaypatieds aplBudg mou ovouddetan pubuds exnaldeuong tou akyéd-
ptBuovu.

H eZiowon uropel va exppactel oav auvdptnon g e€630u xou NG EOWTEPLXNC XATAaTAGTG TOV
VEUpQD VL

Awss = —p 02 PIA 4.36
Wij dy; 6w,] ( )

Av oploouye oav §; v apvntud] Tl ™G TapaydYou TOU GPEMINTOS WG TPOG TNV EGWTEPLXY
xotdoTaon Tou vevpdhva y; (Eowtepuxy xatdotaan tou veupdhva elvat 1 €€080g Tou YpapuLxol Tou
teAeatt), T6TE:

5; = __32(pd')\ya _ 0XgbAua 9& (4.37)

p{+ 1

s 0
Aw;j = nb—— I y né; G Ek WikOk = nb;0; (4.38)

T va tetdyovue ulo avahutin Exppaoy g oUVEPTNHONG EXAVATPOGBLOPLIUOY TV GUVTEAEOTHOV

Bapltnrag Twv ouvddewy ywpllovue Toug veupdves ot 0o xatnyoples.

1. Nevpodveg e€6dov.

H apvntued T tng napaydyou Tou 6QAMIATOS G TPOG TNV ETWTEPLXY) XATAGTAGT] TOL VELPHOVY
(8;) ylvetau:
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0X gaiua do; 0

8 = — LT S0 = (—(b; — 4.39
i d0;  Oy; (—( 01))6y1f(yz) (4.39)
O tehevtaioc noAanhaoiootixds bpog dev elvan tinota Ao and TNV TPATN MAPdYWYO TOU U7
Ypapuuxol teheoty Tou vevpdva. H ouvdptnomn eravanpoodiopiopold twv ouvtekeotdv Bapdtn-
TAG TWV OLVEYPEY Yo TOUG veupdves e&6dou yivetar:

Aw;j = nbjo; = n(b; o,)oJa fyi) (4.40)

2. Kpugol veupdves. H neplrtoorn twv xpupdy vevpdvwv elvan ehagpds molunhoxétepn. Av
unoBéoouye 6Tt 010 auéows vPnrétepo eninedo Bploxovian K vevpdveg, tote 1 apvntixed T
NG TAPAYAYOU TOU GYIAUATOS WG TPOG TNV ECWTEPX XaTdotaon Tou veupdva (&;) yiverau:

_0Xpdlua 0o; Do 32<pdkya Oyr _ 0Oo; HZgoaAya 8
8o; Oy Oy = Oy o Oy 2:: o oa {: WkmOm
(4.41)
émou I elvar o aplBuée twv vevpdvwv Tou emnédov tou peketdue. Metd tnv arlonoinen twv
TRPATAVE EXPPACEWY €YOVUE:

5=

5, = 2&- Z ak’wk, (4.42)

'kl

Bhénoupe Aowndv 6t 0 Gpog & Tou vevpdva i egaptdton and toug avticTtoryous 6poug § Ty
vevpdvwv Tou Bploxoviat oto auéows uniétepo eninedo xat Toug ouvteheotég Baputntag TWV
ouvdewny Tov cuVdEouy TN £Z030 Tou vevpdva. Ilpoxintel udhioTa AV T0 EGWTEPLXS YLYOUEVO
Twv aviiotolwy Stvuoudtwy Toug.

H ouvdpinom enavanpoodioptopol 1wy ouVTEAESTOY Baplitntag Twy cUVEYPE®Y Yia TOUG XpUPoUs
veupdveg ylvetat:

Aw;; = ndjoj = noJ » Z S w4 (4.43)
Yi o

Eneidf o unoloytopuds twv ouviekestdv & elvar avadpoutxds, and toug veupdves unhdtepwy
emmédwv mpog yapnhbtepa eninedo yiavtd xou N Stadixaoia Enavanpoadloplolol TwY GUVIEAEGTOV
Baplinrtag twv ouvadewy otov tokueninedo dlxtuo perceptron axolouBel ta €€ Prhpata:

1. Torobétnon apyixdv tudy. Opilouue tov pubud exnaideuong n xat tomobBetodue Tuyaie ap-
xés Tiés atoug ouvteheotés PapltnTag TwV SuVAPELY.

2. Evepyornoinon tou dixtbou. ToroBetodue atnv eloodo tou dixtdou tuyaio mpétumo amd ta
nopadelypata xar oty cuvéyelwa vrohoyifouue and younhétepo mpog uPnAdtepo eminedo TNV
éZ0d0 Twv veupdvwy xdle eminédou.

3. Yroloyioude twv ouvtedeotdv 8. Avrtiotégovtag TNV @opd Twv UToloYiou®dv uroloyilouue
Toug ouvTeEAeaTé & and udmhdtepa oe yaunhbétepa enineda.
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4. Enmavampocdiopiouds twyv ouvreAeatdy Bapltyrac twv ovvdgewy. Exyovrag unohoyloet Toug ou-
viedeatés & xau TV apBuntin] T Tev e563wv Twv x6uPwyv uropolue va enavarpoadioploouue
T0U¢ GUVTEAEGTES PaplTTag TV ouVAEnY GAwY TV VELPGOVLY Tou Stxtdou.

5. Eleyyoc olyxAions. Yrdpyouv dtdgopa xpitripia EAEyyov tng oUyxhong tou alybpfuou. O
auviiferg éheyyol mou yivovtan elvou ot €€

(o) Yroroyiletar v auvohuxf| anbéhuty petafors twv cuvtekeotdv Papitntag o oxéon ue évay
TohU wipd Betixnd apiBud, To xpLtipro olbyxhiorg.

(B) Ymoloyileton o uéoog pubudg petaBolrvs tou apdhuatog ota tapadelypata. Av n uetaBold
avTh elvar tohd wxph Té1e 0 alybpiBuog Tepuatie.

(Y) Av o péoog pubuédg petaforfs Twv guvTeAEoTAV & Yia 6Aa Tar torpadelypata etvan TOAD -

xp6g, arodeixvieton 6Tt 1) avtiotouyn uetafol Twv ouvieleotdy Bapltntac TwV cuvadewy
elvar enlong moAd uxpn.

6. EravdAngn tov adydpibuov. ToroBetoldue véo napdderyua otny eloodo tou duxtlou xat enava-
AapBdvouue v Sraduaoia and to dedtepo Brua.

Mpéypappa 9 Yroloyilovue tous auvredeotéc PapUtnrac vevpwvixol Sixtlov e veupdves TUmou
perceptron xai éva xpu@d eninedo. Kdbe veuvpdvac Sialéter avvayn n ormola ouvdéetar ue oralbeplf
eloodo 1.

function [Recs,Sums] = M1pEbpiLBias(x,c,HidNodes,Lr,Tr,Step)

[Recs,Sums] = MlpEbpilBias(x,c,HidNodes,Lr,Tr,Step)
Back-propagation of error. One hidden layer with bias inputs
Input
x: Pattern Vectors
c: Classes

HidNodes: Number of Hidden nodes
Lr: Learning rate
Tr: Training epoches
Step: Classification accuracy and Estimation Error
after "Step" training cycles
Cutput
Recs: Correct classification rate using the C-method
Sums: Error Function

#H H BB USRS SR

NumDfClass = max(c) ;

NumDfPatterns = columns(x) ;

x=[x; 0.5 * ones( 1, NumOfPatterns ) ] ;
Dimens = rows(x) ;

Rec = zeros( 1, Tr/Step+l) ;

Sums = zeros( 1, Tr/Step+l) ;

HidWeights = rand (Dimens,HidNodes+1) - 0.5 ;
OutWeights = rand( HidNodes+1, NumDfClass ) - 0.5 ;
HidOut = 0.5 * omes( 1, HidNodes+1i ) ;
HidDelta = zeros( 1, HidNodes+1) ;

Out = zeros( 1, Num0fClass ) ;

QutDelta = zeros( 1, Num(fClass ) ;

mr =0 ;

for m = 0:Tr

Nxv = floor{(rand() * NumOfPatterns ) + 1 ;
Xinp = x(:,Nxv)’ ;

for j = 1:HidNodes




4.6. IIOAYEIIIIEAO AIKTYO PERCEPTRON 127

HidOut(1,j) =1 / ( exp(-(Xinp * HidWeights(:,j))) + 1) ;
endfor

for j = 1:NumDfClass

Out(1,j) = 1 / ( exp(-(HidOut * OutWeights(:,j)) ) + 1) ;
endfor

Desired = zeros( 1, Num(fClass ) + 0.1 ;

Desired(1,c(Nxv)) = 0.9 ;

OutDelta = ( Desired - Qut ) .* OQut .* (1 - Qut ) ;
HidDelta = HidOut .* ( 1 - HidOut ) .* ( OutWeights * QutDelta’ )’ ;
OutWeights = OutWeights + Lr * HidOut’ * OutDelta ;
HidWeights = HidWeights + Lr * Xinp’ * HidDelta ;

if( rem( m, Step ) == 0 )

mr++

Rc = zeros(Num0fClass,1) ;

Sum = 0 ;

for i = 1:NumOfPatterns

k=c@) ;

Xinp = x(:,i)* ;

for j = 1:HidNodes

HidOut(1,j) = 1 / ( exp(-(Xinp * HidWeights(:,j)) ) + 1) ;
endfor

for j = 1:Num(fClass

Out(1,j) =1 / ( exp(-(HidOut * OutWeights(:,j)) ) + 1) ;

endfor

for j = 1:NumQOfClass

if (k==3)

Sum = Sum + ( 0.9 - Qut(1,j) )~2 ;
else

Sum = Sum + ( OQut(1,j) - 0.1 )°2 ;
endif

endfor

Rec = ArgMax(Out) ;

if (Rec ==k )

Rc(Rec) = Rc(Rec) + 1 ;

endif

endfor

Sums (1,mr) = Sum ;

TotRec = sum(Rc’) ;

Recs(1,mr) = 100.0 * TotRec / NumOQfPatterns ;
printf( "%5d %15.4f %8.6f\n", m, Sum, Recs(l,mr)) ;
fflush( stdont ) ;

if ( TotRec == Num(fPattexns )

return ;

endif

endif

endfor

endfunction

Tupédevypa 40 X1nv neplrtwoy xou YpnoluorooUue oav uy Ypauuixé teAedty 1wy veupdvay Ty oiyuocidf ou-
vdptyoy unodoylote tnv avalutixlf éxppacy tne ouvdprnons enavanpoodioptouol twy ouvieAeatdv Bapltyrag twy
ouvdewy oe €va noAuerninedo dixruo perceptron.

H rpdtn nopdywyog Tou ur) ypauuixol TeAeoTy Tou veupdva Yt TV aLypoeldy cuvdptnon elvau:

;%f(y) = )1 - f(u)) = o(1 = o)

AvtixaBiotdviag v ayéon otV ouvdpTnoT enavarpoodloptonol Ty ouvieheatdy BapdTnTag twy cuvadEwy Y
Toug veuphveg T e§680u £xouye:
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8 = (b — 0i)oi(1 ~ 0;)

Aw;; = no;d; = noj(bi — 0;)oi(1 — 0;)

Avtlotouya, 1 ouvdptnon enavanpoodloplopod TV cuvteheotdy BapbtnTag TwY ouVEdEwY Yia TOUS XpUPols vEu-
pdveg yiveton:

K
8 = 0i(1 - 0;) Z Srwii

k=1

K
Aw;j = no;8; = nojoi(l — 0;) Z Sk Wei
k=1

Hapédevypa 41 Av o up ypapuixde tedcotifs twy vevpdvwy elvat y ouvdptyoy ty¢ urepforixifs epaxtouévys uno-
dorlote tpv avadvtixf éxppacy ti¢ ouvdptnons exavanpoodiopiauol Twy ouviedeatdy PapUtytac Twy ouvdgewy evig
noAvenlrnedov Sixrlou perceptron.

H npdtn napdywyos tne unepBoludic egartouévng elvaw:

j—yf(y) = (f@W) + V{1~ f@) = (0 + 1)(1 - 0)

Avtixaflotdvtog ™y tapandve oyéorn oty cuvdptnoT Exavarpoadioplopol Twy cuvieleotdy Bapitnrag Twv ou-
véewvy yia toug vevpdveg tng eE68ou €xoupe:

6; = (bi — 0;)(0i +1)(1 — 05)

Aw;; = no;8 = noj{bi — 0i)(o: +1)(1 = 0;)

H ouvdpnon eravanpoodiopopol tov guvteheotdy Bapltntag Twv ouvddeny Yia Toug xpupols veupdveg ylvetar:

K
8i=(os+1)(1—0:) Y Swis

k=1
K
Aw;; = no;j8; = noj(oi + 1)(1 — 0;) z S Wi
k=1

4.6.2 Beltdoelg Tou alybptBuou ontebodpouxiic diddoong tou cpdiuatog

O alyépifpog omaBodpouuxic duddoorg tou opdhuatog egaoparilel v abyxhoy oe éva tomxd
eAdytato onuelo pe Ty évvowa 61t 10 onuelo autd, mou opllet Eva alvolo TLudY Yia TOUG CUVTEAESTES
odvadrng tou dixtbov, eEaoahiler v ehdyioty T Tou opdhpatog Thg embupoduevng and v
rpaypatxd €080 Tou Sixtdou yia onotadinote wixpr) wetaPoly xdbe ouvieheath Bapitnrag Tou
duxtiou. To yeyovég avtd Bev pag eEaopalile. BéBata xat To ouvolxd eAdytoTo To onolo opifeTan
oav 10 gYvVoho TOY TV GUVTEAEGTAY BapdtnToag Twy ouvddewy Yia o onolo oroladfirote petafoly
TV cuvteheotdy Bopltnrac dlver ueyardtepo opdiua.

Mévo a1y repintwon xatd v onola uropolue va eZacpahicovyus tny Urapkn evés Lévo tomxd
ehdyLotou onuetou (1o onolo Ba elvan TéTE X guvolixd ehdyroto) Ba elyaue abyxhion tou alyé-
pBuov oty embupoduevy Aoay. H ouvbipen auth dev umopel va e§aogahiatel oty nepinTwon tou
roAveninedou dixtvou TUTOL perceptron.
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Etvar enfong onuavixd va emonudvouye 6t havBaauévn emhoy tou pubuod exnaideuang €xe
cav arotéheopa dUo avtibetind ouuBdvia. Av o guvtekeathg exnaideuang €xel ueydhn apibuntuag
T 161 LUndpPyYEL nEpinTLON Vo UNY ETLTUYOULUE oUYXALGT] Tou akydpilou oe xdroto Tomxd eEAdyioTO
onueto Tou opdAuatog ahd va tapatnerioouye xatd Ty Sidpxela g exnaideuarg Tahavidoels Yipw
ané éva f| epioodtepa Tomxd ehdytota. Ot tadavrdoelg autés eivar ueyahltepeg 600 peyarirepn
elvor xon 1 apBunton] Twh Tou puluod exmaidevong. Avtifeta, av emheyel pxpds ouvtereotrc
exnaidevong t6te N olyxhorn mbavéy va arnaitel Tohd peydho aplBud eravalfdewv. Xe avth v
nepintwon o akybpBuog ot pepuxés teployéc LeTaBdhel ue TohG yaunioig pubuoig Toug ouviedeotég
Bapdtnrag Twv cuvdewy, ue dueon guvéreia Ty avinon tev Prudtev tou akybplfuou uéypet v
tedueh a0yxhon. Tautéypova avgdvetal xou N mbavétta abyxhong Tou akybpiuou ot éva Tomxd
eAdyLoto anueio To onolo dev dlvel wxpd apdiua.

Ye auté 10 eddgLo divouue uepixés xpowues odnyies Yo To mwg Bu Behtidoouyue Ty anbddoon Tou
aiyépiBuov omafodpopurc duddoang tou apdiuatos.

1. Ta napadelypata npénet vo emhéyovrton ue tuyalo tpémo. Mia xadf otpatnyud elvar va ava-
SatdEoupe ue Tuyato tpéro Ta mapadelypata o xatédmy va epapbaouue o xuxhue Siadoyh
xpfomns Twv Tapadetypdtwy atov akybplbuo.

2. Ou unohoyiopol Tou ahyépLbuov avagépovton 610 opdiua ToU tpoxUNTEL and v Tonobétnon
evég wévo mapadetyuatog otnv elgodo Tou duxtiov. H ouvdptnon opdhuatos mou ehayieto-
nowelton avagépetan ato gryaio o@dhua tou oplotnxe oav TNy dagopd tng embupoduevng
ané v npaypatxy é€0do yia éva uévo mapdderypa. Av ehayiotonouvjooupe TNV cuvdptnom
opdlpatog mov opiletar oay TN Yéon Ty Tou oTiyaiov opdiuatog ota Stabéaia tapadely-
pata exnaidevong, 16te mpoxdnTouv ot (e avadpouuxés eElodoelg xau 6hot oL unoloyiauol
TpayuatonolobvTaL and T aviloTolyes avapevoueves Tiués, epdoov Tonobetnlolv 6Aa ta wa-
padelypata oto dlxtvo.

Auth v napalhayh tou akyépibuou arogedyel oe onuavtixd Babud ta tomxd ehdyioTa, ahld
anattel xpovoPbpoug unohoyiouols Subtt Y xdbe éva Phua enavanpoodloplopol TV GUVTEAE-
otV Papdtntag aratteltor 1 Torobétnon 6hwy Ty dlabéowy napaderypdtwy oto dixtuo. Xe
nepuntdoeig xatd Tig onoleg To veupwwxd dlxTuo tepiéyel ToAAS enlneda, €xoupe ueyddo apbud
veupdvey xai dtabétoupe ToANE mapadelyyata, n tapadiay Tou akyépibuouv mou mpoteivouue
elvar oty pd&n avepdpuooT).

Tuvortixd, N otatiotxy exBoyr tou alydpibuou omobodpounis duddoang Tov opdhuatog Exe
w¢ eZc:

() ToroBetd apyixés Tués yia Tov pubud exnaidevang xaw Toug ouvteheatés Bapbntog TwY
VEUPOVW®V.

(B) TonoBetolye éva napddetyua oTtny eigodo Tou Suxtdou xa urohoyifovpe v TpaypaTLXl
Tou ¢€030 Y TNV Tpéyouoa exTiuNoY TV ouvTEReaTdY BaplTtHTag TV VELPGHVWY

(y) Katé v aviiotpogn @opéd unohoyilouue toug auvteheatés 8.

(3) Eméyoupe To embuevo mopddetyia xon exavarapBévovue to alybpifuo and to dedtepo

B

(e) Otav ToroBetiooupe 6Aa ta apadelypota uroloylfoupe Tv uéon Ty Twv ouvteheotdy
8 x46e vevpdva. Me v BorBeia g uéong ks 8 eravanpoadiopifouue Toug ouvtedesTég
Bapbtntog TV VEURHVGLY.

(o7) EMéyyoupe v ouvBien odyxhiong. Av dev emiteuyBel olyxdon o akydpibuog emavalap-
Béveton and tnv apy.
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. Iewpdpata éyouv delZet 6L 0 apBuds TV vevpdvwy rou anaptifovv x4be eninedo Tov veupw-

wixoU duxtdou mpémel va peldvetan xabds npoywedue and v eloodo npog Ty €£086 Tou. H
apyrtextovixr) auty telvel va peidaet Tov aplBud twv tomxd eAdytotwy Tou duxtdov.

Kol emAoyh v apyiedy TOV TV cuvTEAEoTOV Bapitntas TwY vevpdvey elval uixpol tpay-
uatixol apiBuol atnv nepoyy tou undevég. O aplBuol autol dev npéner va npooeyyllouv v
T Tou undevéds.

. H apiBuntued iuh Tou pubuol exraidevong (n) emiéyetan ouvibug eunetpiid. Tuvihbug ow Tiués

Tou eZaopaiifouv xakf Taydtta olyxhiong xat arogebyouy Tig Tahavidoels Yipw arnd Tomxd
Pértiota elvon Betuxol mpayuatixol xovtd oty yovéda.

Zuviibwg o mapdyovtag & YL TOUG VEVPWYVEG Tov Teptéyovion gt younhdtepa enineda AauPdve
uxpbtepes aplBuntixnés TLués. Luvends xahd Ba ftav o pubuds exnaldeuong va €xel ueyahitepn
aptBunTied T Y Toug VEUPOVES TV YAUNAOTEPWY ETLTESWLV.

H odyxhan tov alybpifpouv emBpadlvetar onuaviixd e v abgnor Tov aptbuod Twv emnédwy
Tou duxtdou. T'autd Tov Abyo npénet va Blatnpolue tov yaunibrepo aptBub emnédwyv ato dlxtuo
v T0 ®p6BAnua mou xahoduacte vo Abooupe. Av elvor arapaltnro uropolue va avfcouue
Tov aptfud Twv vevpdvwv ata 1d1 undpyovta enineda. Av to opdhua dev perdvetal xotd Ty
embnunth Th t61e pénel va doxwudooupe va npocliécouue éva eninedo veupdvwv.

O emBupolpeveg THég Ty Tapadetyudtwy dev Ha tpénel va guurintouy e Ta anelpootd Spla
g atyUoeldols ouvdptnong, alkd npénel va Pploxovtar wéoa oto nedlo LAY Trg.

Kalé Ba firav va emhéZovpe évav un ypauuxb Tereoty Tou va uxavonotel T cuviixm:

f(=z) = - f(2) (4.44)

Eyet napatnpnfel 61i otig nepioodrepes Twv neputtdoewy o alydpBuog "uabalvel” ypnyopbtepa
btav o un Ypauuxds teAeothg uxavornotel TRy napardve oyxéon. Tumxd mapadeiypa un ypou-
uxoU veupwvixol TeAeatt mov ueavonotel auth TV ouvBhxy elvan 7 cuvdptnon tng urepPoiudis
epantouévrg.

AuvZnuévee Buvatdtntes anopuyds Tomixd eAdyLotwy onueiwy Tapousidloviar av ot xdbe veu-
pva npootebel pla abvadn 1 onola éxer otabeph eloodo (ouviBwe emhéyovtan ol Tiuég 1 4 -1).
H enéxtaon tou diaviouatog e16680u Tou veupdva €xer cav ouvénela TNy adinom Tev Baubudy
eAeubeplag Tov uetdou xou motedetal i auth elvon 1 xdpra antia eEAdTTwoNg TG TbavéTnTag
alyxhong oe Tomxd eEAdytato onuelo tng GuvdpTtnone Tou apdhuatos.

Mta €8umvn teyvuer abgnomg g Taydtntag exnaidevorg Tou duxtbou ouviotatal atnv aveddp-
™t (avéd veupdva) adZnen Tov guvteleat extaldevong 6Tayv 1 tpdty TapdYwWYOS TOV CPdhu-
T0¢ WG TPOS TOUG GUVTEAEGTES BapltnTag TV CUVAYE®Y TOU VEUPHVR TUPAUEVOUY OUOOTIUES YLL
évav apiué Sadoyixdv enavarfiPewv tou akybpiBuou ue dragopeTtied napadelypata. Avtifeta
Grav éyouue gorvéueva alhayfs tpooruou (mbavy Grapln gawvouévey Takdviwong Yipw and
xdmoLo tonuxd eEAdyLoT0) 0 ouvtEAEO TG ExtalBevong TpENeL val EAXTTAVETAL.

Ye mohlég eapuoyés éxet mapatnenbel Behtlwon Ty yapaxtnpiotixdy odyxhong tou arys-
pliov btav atnv guvapTnoY Enavanpocdioplool TwY GUVTEAESTOVY PaplitnTag TV cuvddewy
npoatebel xau évag otabuiouévog 6pog mou mepéyer v uetafol touv ouvteleoth PapdTnTog
mou mpoRABe and v epapuoy Tou akybpbuou ato tponyoluevo rapddetyua:
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Aw;;(t) = néjo; + mAw;;(t — 1) (4.45)

Auth 1 mapaddayh tou alydpibuou tng omobodpouuxrc duddoang Tou opdiuatog ovoudleTal
momentum-term.

O aptBuds Twv epyaoidy mou ueAeTolv Ta Bewpntind npoBifuata xoL TRV CUUTEPLPOPL TOU ahY6-
pLBuov g omeBodpouxric duddoong Tou agdhupatog elvar ToAG paydhog oty Siebvi BBloypagpia,
yeyovég mou emBeatdver TRV onUavTLXGTNTA TOV EQaPUOYEY Tou Tohueninedou Suxtyou perceptron.

Mopddevypa 42 Kataoxsvdote obotpue talivéunons rpotinwy 8Uo xatnyopidy ue éva nodueninedo Slxtvo percep-
tron 1o omolo éyet tpels veupdves oTo mpdto xpuwé enlnedo xat uovdya évay vevpdva e6dov. Ado nopaldelyuara ané
xdfe xarpyopla elvar Siabéowa, ta 21 = {(0,0),(1,1)} xat 22 = {(0,1),(1,0)}. Oewpelore b1t bAot ot vevpdves
éyouv gav un Ypauuixé veupwvixd teAcotif tyv otyuoetdy auvdptyoy.

Enedy 6éhouue ot pla ££0do va avayvwplfouue 3o xatnyopleg aviuxetévey npénel Vo Xataoxevdoovpe évay
xavéva (e tov onolo B mpaypaTorolotye TV Talvéunen TwY tpotinwy avdloya pe Ty Ty tou Bu AapuBdvoups oty
£Z080 tou duetiou.

Eotw 671 Oéhoupe ta mpbTuna TG Miag xarnyoplag va AauBdvouy v i 0 oty ¢€odo Tou Suctiou evad ta npdTuna
e Sevtepng xatnyoplag va AapfBévouy Ty s 1.

Tuvende to napadelypata g xatevBuvbpevng exnaldsuong nalpvouv v popy puag woing XOR:

{((0,0),0),((1,1),0), ((0,1),1),((1,0),1)}

Enedy npéneL v anogiyoupe va Bégouue oav enBupotueves Tyuég e£68o0u ta bpla g oLyuoetdols cuvdpTtnorg, o
emfupolbpeves Twés Twv topadelyudrwy tporonoolvial wg egfg:

{((0,0),0.1),((1,1),0.1), ((0,1),0.9),((1,0),0.9)}

H ta&ivéunor enttuyydveto ge v torobétnon oty eloodo Tou dyvwoTtou TpéTuroy, Ty evepyonolnot tou Suctiou
xow v Suaduaola taivéunorg 1 onola efetdlel v aplBunTtua) Ty g €€68ou Tou Sucrbou:

1
lo—-01 <|o—09=>2z€ <« o<§=>z€.f21

Aaufdvovtag unéPiy Ta oG TOU XAVAUE YLd TNV CUMTEPKPOPE tou akydpiBuou trg omofedpopuais duidoorg Tou
opéhuaroc, emhéyouue tuyaloug pixpolc tpaypatixols apllipols xa Toug Bétoupe oav apyixés Tyés oTOUG GUVTERE-
otéc Paplinrog TV ouvddewy tov anoteholdv cuvolxd Y& 6Ao to Blxtuo 3 X 2+ 3 x 1 =9 uetafintéc. Endéyouue
oav ouvteheot| exnaldevang Tov apiBud 0.5 xoan Sahéyoviag tuyale ta nopadelypota epapudfoupe tov arydplbuo
exnaldeuong eravanpoodiopllovtag Toug ouvteheotés Baplitnrag xdbe gopd mou evepyonololje to dlxtuo.

Hapatnpoltue 6T 0 akydpibuog Sev Selyver va ouyxAlvel tapbéro tou ta Buata enavélndng tou arydpbpou avgd-
vouv onuavtixd. To opdhua dev yeidvetal ota emBnuntd enlreda xat to Slxtuo dev xatagépvel va Tadivournoe cwotd
6 ta mapadelypata exnaldevong. H péyiorn afiomatla tou cuotiuatog tafivéunorng nou pudlope dev Eenepvd o
75%.

Hapatnpotpe extong 6Tt 0 ahy6pbuos dev ouyxhlver axdpa xau av avgfcoupe ta fipata tou ahydpfuov. To
enduevo Phua pac mpémet va elvar n EAdTTwon Tou puBuol exraldevong yia va Solue av 1 Tux6y ueydhn apluntung
Ty tou pubuod exnaldeuong elva xat 1 avtla tng un olyrAorg Tou akybplfov.

Tvo oyfiua 4.9 Bhénouue To péoo opdhpa Tou akybpdpou exnaldeuvong ue pubud exnaldevong 0.1. Ta anotehéopata
nou natpvoupe elval tapduola e ta nponyotueva SL6TL To uégo opdhua tapapével ota (S extneda xal v emtuyla e
taivéunone Sev unepPalver néh to 75%.

Egéaov pe tv adhayti tou pubuod exraldevong dev Bedtudnue 1 noubtnra exraldevorng tou cuotfuatog Tagvéur-
ong xatalaBalvouue 6t npénet va auRoouue Toug Babpoie eheubeplag Tou duetiou npocdétovtag ouvddels. Yrdpyouv
tpels dagpopetixée texvixég pe T onoleg uropodue va enttiyovpe adZnor tou aplBiol Twy ouvddewyv. H mpdin Te-
vt auEdver Tov aplfud v cuvddewy xatd toobtnra lon e Tov aplBud Twv veupdvwy tou duxtiou npogbétovtag
ot x4Be vevpdva pla olhvady mov guvdéetal ue otabept eloodo mou éxer aplBunre] T 1. Me v dedtepn Texvin]
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Pubuée exnaldevong 0.5
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Tyfua 4.8: Méoo opdhua tou ahybpibuov onoBodpouuxc Stddoong tou opdhuatos v tp6BATUa
xataoxeufic ousThuatog Taglvbunong 3o xatnyopldy xau pubué exnaldevorng 0.5.

Pubuég exraldevong 0.5
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Brjuata tou ahybpibuou

Tyfua 4.9: Méco opdhua Tou akybpibou omabodpouunic 81ddoomg Tou opdhuatos pe cuvteleaTH
exraidevong 0.1

avEdvoupe Tov apldeé Twv veupdvwy ota Stdpopa exlreda. H tedeutala teyvua] éxel 180 xpnowonounfel oto xepdhato
a7o onolo neplypdgpovral Ta Souixd cuatiuata Tagvéunong xa. avapépeta oty exéxtacy Tou Saviouarog eoédou
UE GUVAPTAGELS MOV TEPLEYOUY M) YPAUMIX00E ouvBUaouols TwY oUVSTWEGY Tou Slaviopatog e.o6dou.

Le auth TV doxnon Ba auERooupe xatéd évav Toug veupdveg E650U TPOTONOUBVTAG AVAYXAGTIXG Xa TNV TEXVLXT
tafwéunone. H tafivéunom mpayuatonoieltal eéyyoviag mods and toug 8Uo veupdves Pploxetar oty udmiérepn
otéBur evepyonolnong:

01 >0, =>xTEN

To xpLtiplo takLvéunang tou Bécape elvan Blo ue autéd tou yenolonololy oL ouvapthoels Sudxplong Bouuxdy ou-
otuétey. Suverde UnopolpE va LayuploTolpE 6Tt 1) Sopi Tou Suctiou Looduvapel pe éva Sopwd oloTrua Taglvéuneng
TPOTORWY ToU TEPLEXEL UN YPupLKés ouvapTioels Sudxporg.

Ta rapadelypata exnaldevong petatpénovial étol date 1 embBupoluevy é€oBog va elvan 0.9 yia Tov vevpdva g
xatnyoplag ot onola avixel To tpéTuro xa 0.1 yia Tov vevpdva g dAAng xatnyoplag:

{((0,0),(0.9,0.1)), ((1,1), (0.9,0.1)), ((0,1),(0.1,0.9)), ((1,0),(0.1,0.9))}
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Yo véo lxtuo o aplBuée Twv ouvddewy avEdvel xau yivetan 3 X 2 + 3 x 2 = 12. AoxwpdZovrag Ty oupunepupopd
Tou ahyépiBuou exnaldevong npoaBétoviag Tautéypova X Tov 6po momentum pe puBuods exnaldevong n = 2 xo
m = 0.5 PAénoupe 61t 1 ohyxhion Tou ahybpibioy enttuyydvetal ot TOAG pixpd apiBuéb emavalipewy. Le 70 neplrou
eravalidels Tou ahydpiBuou emtuyydvoupe aglomotia tagivépnons 100%.

Ot ouvreheatés Bapltnrag Twv ouvdheny yia Toug Tpels veupdveg Tou xpupol emtnédou petd and 200 enavalideis
Tou ahybpiiou éyouv AdfeL Tig axdroubes Tuég:

{(—3.079, 0.484604), (—3.25359, 0.570598), (2.88307, —0.465273)}

O 3¢ ouviekeotée Bapltntas Twv ouvddewy Yix Toug 8Go veupdveg g £€6B0vu éxouv Tig TIES:

{(3.0407, 3.58521, —2.36929), (—3.24589, —3.41236, 2.38413)}

Av tornofetioouue ta Saviopata eobdou Twy mapadeiypdrwy oto Slxtuo xal To evepyoroujoouue Ba AdBoupe
otoug veupdveg eE680u Tig TLuéS Tou Blvovian otov wivaxa nou axohoubet.

Mivaxac 4.8: Etoodog, éZ080g, emBupoluevy €€odog xar xpithplo Tagivéunong

[ Tpéturo || EZodog duxtéou | Emubupodpevn EEoBog | TafLvépnen |
{0,0) € w1 0.826004, 0.17411 0.9, 0.1 w1
(1,1) € 01 || 0.922083, 0.077366 0.9, 0.1 w1
(0,1) € w2 || 0.139699, 0.861543 0.1, 0.9 w3
(1,0)€ @ || 0.172002, 0.828438 0.1, 0.9 e

Pubuég exnaldeuong n=2, Momentum m=0.5
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Tyfiua 4.10: Méco opdhua Tov akybpibuou onebodpopxis 3uddoang Tou apdhuatog e tov tpoobe-
Tx6 6po momentum.

Mopéderypa 43 Nevpwvixd olotpua ontixifs talivbunone yapextifpwy taltvouel ta 8o mpdra Yypla (1 xai 2).
K0 eixdva anotedelron ané Sibidorata Asuxd if padpa onuela Siaordoewy 5 x 4. Eyouue otnv didfeolf uag éva
napddeiyua ané xdfe Ypplo, dnwe avtd nov ancixoviloviat oto oyfua nou axoloubel:

Houd elvar 3 aptBunrixf tplf rwy ouvtedeotdy Papityras twy cuvdfewv ot orolol unopoly va tagtvopoly oword
e exnatbevéueva Pypla, Scdouévou b1t to Sixtuo anotedeltal and éva xpups enlnedo to onolo Exet téoocpic veupdives
xat to enlnedo €£60ou to onolo Exyet dUo vevpdveg;
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Tyfhua 4.11: Ontuef anewxdévian napadetypdtoy tov Pnelov 1 xa 2

Ty 4.12: Ontoof anexdéwion dyveotey Pnelev

Ztnpv ovvéyeia talivousfote ta oyfuata xov axolovfody.

Apywxd oxedidloupe tnv Sopt tou noluenineSou duerdou perceptron. AauBdvovtag unédy Tic odnyleg mou 360meav
xataoxevdfoupe éva 3lxtuo mou éxel oo xpué enlnedo Téooepls veupdheg xau oo entredo e£630u SUo veupdveg. To
dudvuopa ero68ou anotedelrat and 20 Biadueés Tuues, boeg xon ta onuela xdBe mhawolov. Me Bdoet autd Ta otoiyela, o
aptfude twv ouvddewy Tou Suetdou elvon 20 x 4 +4 x 2 = 88.

Ta rapadelypata exnaldeuons elvar 800, éva yia xdbe pla xarnyopla. OL cuviatdoec Tou Staviouatog eiaédou
€xouv tnv Ty 0 tav o onpelo elvar Aeuxé xaw 1 6tav To anuelo tou nepLypdgetan elvat padpo. T onpela g evcbvag
OUpWVOVTAL atd ERGVE TPOg TA XATK XaL and aplotepd npog ta defud, we efiic:

= {((07 1,1,0,0,1,1,0,0,0,1,0,0,0,1,0,1,1,1, 1)7 (0'9’ 01))}

2 ={(1,1,1,10,0,0,1,1,1,1,1,1,0,0,0,1,1,1,1),(0.1,0.9))}

TonofBerdvrag Tuyaleg apywés Tués atoug ouvtereatés Baplhtntag epapuéloupe tov ahybpubuo onobodpouunic
dudBoong Tou opdhuatog e pubué exraldeuong 2.0, onbte envtuyydvouye pla taydtatn ovyxhion érwg galvetal oto
oyfua 4.13.

Metd v Swadixacla exnaldevorng tagivopolue ta dyvwota tpdtuna e Ty wéBodo avalitnorne Tou veupdva mou
éxeL v "héov evepyorolnuévy éZodo.

Ta téooepa npbTuna xatd atfovca oewd arewxdworg Ba taglvounfody otig xatnyoples tou mlvaxa 4.9:

4.7 Alxtuo axTIVIXGOV CUVIPTACERY

Yrdpyer pla raitepn opdda veupwuxdy Suxtiwy ta orola ovoudfovror dixtua axtivixdv ouvapth-
oewv (Radial Basis Function networks - RBF networks). Ta 3ixtua autd arotehodvrar and éva %xpUpo
eninedo xou éva eninedo vevpdvwy e£6dou. H ovouasia toug ogelhetan 6T0 YEYOVOG TNG AVTLXATS-
OTAOYS TOU Ypauutxol TEAECTY TOU URAPXEL GTOUS VEUPGBVES TOL xpugod emrédovu. O un ypouuxés
teheatc elvan pla ouvdptnom mou Tepyey Exgpaoy g Yevireuuévng Euxdetduag andataong tou
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PuBuég exnaldevong 2.0
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Tyfua 4.13: Méoo opdiua Tov arybpfuov ontobodpouixiic duddoong tov opdhuatog yia tov uro-
Aoyioud twv cuvteheatdy Bapltntag Ty guvddewy ousThuatos ontxis Tagivéunons tev ¢neley 1
o 2.

ITivaxag 4.9: Eioodog, é€080g ot tagivéunorn twv nopauoppuuévey ontixd Yneloy

| Opéturo || EEoBog tng @i | EEoBog g w2 || TaEuvéunen |

1 0.890299 0.109883 w1
2 0.117867 0.882141 w2
3 0.147734 0.853502 w2
4 0.557962 0.445615 w1

Stavbopatog eta630u UE To avtioTolyo Sdvuoua Twv GUVTEAESTOV BapdTnTag TV GUVAPELY TOU VEU-
pdva. Ou veupdveg e£630v dev Srabétouy un ypauuixd teheath xat ytautd to Aéyo exteloly povdya
éva Ypouuxd yetaoynuatioud twv eE63wv Twv VEupdvmy Tou xpupol emmédou.

H ouvéptnom uetagopds autod Tou duxtiou Looduvapel Ue Tig YEVIXELUEVES AVTIVLXEG OUVXPTATELS
anbpaeng nov €xouy A tepLypagel oto xe@dhato 2. Tautd 1o Abéyo Slveton oe cuvtopla 1 Saduixacia
exnaidevong and napadelypata nov npaypatonoteiton ye avalutixés eiodoels ato entnedo E6dov.

H ouvdptnon nou dlver v oyéon wag e£630v Tou duxtdou e TNV eloodo xar Toug cuvteheoTég
Bapitntag Twv ouvdewny elvar n axbélovbn:

0 =§: w;G(x, q;) (4.46)
i=1

omou X elvan 1) eloodog Tou ixtlov, q; elvar éva ané N otabepd onueia oto Yhpo Twv TpoTitwY,
xay wy, 1 = 1, N elvor ov ouvtekeotéc Papbtntac evég vevpdva eZ6dov.

To npéfinua tng xateubuvéuevng exnaldeuvarns tov dxtéov axtwxdyv cuvapThioewy uropel va
exgpaotel wg e€fg: Aoouévou evég aplfuol mapaderyudtwy exnaldevang Bpeite toug ouvreheotés
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Bapitnrag Tev ouvdewy Tou ehayLotonotoly 1o u€ao opdhua NG EmBULOVUEVTS and TNV TpaY T
€€0d0 tov duxtlovu.

H edpeon twv ouvtedeotdv Bapltntog xdbe vevpdva arotelel pua avedptntn Abon. Av oploouue
oav b Tnv embuyoluevy €Zodo xdfe veupdva, To uéoo apdhua tTng ntpoowuolwang yia M napadelypata
elvau:

M N
Tgadua = (b— Gw)T(b-Gw)=|b-Gw] =) (b;— Y w;G(x,q))* (4.47)
j=1 i=1

6mou b = (by, b, ..., bar)T 10 Bidvuoua Ty embupoduevey eE63wY, xaw W = (wy,ws, ..., wx)T o
auvteleatés Bapitntag Tou vevpdva. To G neprypdget éva alvolo otabepdv aplbudy:

G(x1,q1) G(x1,q2) ... G(x1,aqn)
G = G(x2:q1) G(x2’q2) G(x2,QN) (448)

Goara) GGxa,a) .. Glxaan)

H LMS Adon divetar ané tnv e€lowon:

B%Egoélya:O = GIGw=G"™ = w=(GTG)"!GTb = w=G'b (4.49)

O nivaxag Gt ovopdletan Yevdoavriorpogog nivaxag e G 36T 1 diadixaoia urohoyiouod
¢ EYEL OO OVTY YAPAATNPLATIXG UE TOV TPOTO UTOAOYLOHOU TOU avTloTPOPOU EVOG TETPAYWWLXOY
Tivaa.

Ané v Mior mov neprypddoue BAénouue 6L oY TEPIRTWOY TWV SIXTOWY AXTLVIXGY GUVIPTHGEWY
unopolue va Bpodue ue avahutixd tpbéro toug ouvieleatés Baplitntag twv ouvddewv. To yeyovég
avté anotehel cagés theovéxtnua anévavtt otig Yebbdoug exnaideuorng Tou nolueninedou perceptron.
Erniong éxetr anodeuyBel 6Tt tar Sbetua axtivix@v ouvapTHoE®Y UTopoly Vo TPOCWUOLOGOUY UE TNV
embBuunth axpiBeia onotadrnote ouvey dravuouatieh cuvdptnan.

e npoPMuata xataoxevis ocvotnudtey tagvéunons tpotinwy ta dixtua axTvixdy uvepTh-
oty yproionoodvrol TAEov guyvétepa and to mohveninedo perceptron dubT. o akybplbuog exmal-
deuang €xeL oA pixpy unoloyioTixh toAurhoxdnra.

Mpéypappa 10 Yroroyioude twv ouvreAeotdy PapUtnrac vevpwvixod dixtdov RBF.

function [Rc,Rep] = RbfRnd(x,c,HidNodes)

[Rc,Rep] = RbfRnd(x,c)
Random Weights in the first Layer
Input
x: Pattern Vectors for the first class
c: Classes
HidNodes: Number of Hidden nodes
Output
Rc: Correct classification rate using the C-method
Rep: Pattern vectors on each class

#H 8 B HERREES SR
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NumQfClass = max(c) ;

Num(fPatterns = columms(x) ;

Dimens = rows(x) ;

MaxVal = max(x’) ;

MinVal = min(x’) ;

VarVal = (MaxVal - MinVal)’ ;

MinVal = MinVal’ ;

HidWeights = rand(Dimens,HidNodes) ;
for i = 1:HidNodes

HidWeights(:,i) = HidWeights(:,i) .* VarVal .+ MinVal ;

endfor
Rep = zeros (NumOfClass,1) ;
G = zeros(NumDfPatterns,HidNodes) ;

#

# C-Error

#

for i = 1:HidNodes

for j = 1:NumDfPatterns

G(j,i) =1 / ( sum(abs( HidWeights(:,i) - x(:,j))) + 1) ;

endfor

endfor

A = inv(G’ * G) * G’ ;

OutWeights = zeros( HidNodes, 0 ) ;
for i = 1:Num(fClass

for j = i:NumOfPatterns

if (c(j) = i)

b(j) =1 ;

else

b(j) =0 ;

endif

endfor

OutWeights = [ OutWeights, A * b ] ;
endfor

Rc = zeros(Num(fClass,1) ;
for j = 1:NumOfPatterms

k = c(j) ;

Rep(k,1) = Rep(k,1) + 1 ;
for i = 1:HidNodes

Ho(i) = 1 / ( sum(abs( HidWeights(:,i) - x(:,j))) + 1) ;

endfor

Dist = Ho’ * DutWeights ;
Rec = ArgMax(Dist) ;

if (Rec == k )

Rc(Rec) = Rc(Rec) + 1 ;
endif

endfor

endfunction

137

TMopddevypa 44 OFfdovue va xataoxevdoovus obornua talivéunanc Sididoratrwy mpotinwy tpidy xatyyoptdy éyo-

vias oty Sidfeolf uac ra axdlovba napadelyuara:

o= {(0'5, 0): (1'5: 0): (o, 0'5): (17 1)}

2 = {(0;0)7 (01 _1)1 (_1) 1)7 (—1)0)}
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23 = {(1,0),(1,-0.5),(1,-1),(1.5,-0.5)}

Yroloylore tous ouvtedeotés PapUtnrac twv ouvddewy vl Sixtiou axtivixdy ouvaptfocwy xat extiufate to
eAdyioto opdiua tou ovotfuatos talivéunons nov xaracxeudoare.

Onag éyouue 3el xat otnv Bewpla Tou xegadalou 2 1) éEodog xdbe vevpdva anotelel ula npooopolwon g ouvdp-
morg Sudprong yia x&be pla and g tpels xatnyoples npotinwy.

Apyxd Ba mpénel va emhéovpe evav aplfué onueloy oto ydpo twv mpotinwy xal va oplooude TNy popgl TS
ouvdptnong G(.). Tagelc xavéves yia 1o nws Ba npénel va oploovue autd ta ueyédn Sev undpyouv. Tevixd Bewpeltan
xal emhoyy ta onuela autd va elvar xovtd otig TWéS TV TpoTinwy TV mapaderypdtwy xat o aplubs autdy Twv
onuelwv npénel va augdvel étav undpyel LOYVEY ETXEAV(Y TWV TPOTUTWY TWV XATNYOPLOY GTO YOPO TWV UETPHOEWLV.

OplZouue avlalgeta tnv ouvdptnon G(.):

1

Gl = g+t

xoun ta ax6houba révie onuela otov xdeo twv yetprocwy:

Q= {(07 0),(-1,0),(1,-1),(0.5,-0.5), (1,0.5)}

O ouvtereotég Papitnrag twv ouvadewv xdbe veupdva npoxintouv cav v yovadua) Aoy evés Ypauuxold ou-
otfuarog, and ta tpéTuna TV tapadetypdtwy exnaldevong xo tig avilotouyes embupodueves g e§68ou nou elvan
1 yia Ta rpéTUR TOU AVAXOUY BTNV XotTyopla xat 0 Yix ta wpdTURA mOU avixouy o dhkeg xatnyoples.

0.8 0307 08 0333 1.0 05 0333 05 05 0.444 0.333 0.285

0.307 0.137 0.444 0.166 0.5 0333 0.5 1.0 0.2 0.190 0.166 0.133

GT =] 0444 0444 0235 0.2 0333 05 0111 0.166 0.5 0.8 1.0 0.666
0.8 0.444 0444 0.285 0.666 0.666 0.181 0.285 0.666 0.8 0.666 0.5

0.666 0.666 0.5 0.8 0444 0235 019 019 08 0.5 0.307 0.444

O ¢evdoavriotpogog nivaxag Gt elvaw:

-0.27 -024 143 -0.01 129 -0.77 -0.06 -0.75 -0.74 -0.67 0.71 0.27
-0.15 007 -036 005 -045 020 043 113 0.1 01 -0.16 -0.05

Gt=| -093 011 076 013 024 -08 012 -016 -0.67 -031 154 0.83
1.38 -021 -167 -0.74 -068 18 =029 029 102 114 -151 -091

-0.07 0.5 0.05 084 -034 -044 0.08 0.03 04 -014 -0.23 013

I Tov npdro vevpdva ta rapadelypata exnaldevorng elvan ta axdrovba:
{((0.5,0),1), ((1.5,0),1),((0,0.5),1), ((1,1), 1),
((07 0)1 0)1 ((01 "1)’ 0)1 ((—11 1)’ 0)) ((—17 0)’ 0)’ ((11 0)’ 0)’ ((11 _0'5)a 0)1 ((1’ "'1)1 0)1 ((1'5) _0'5)70)}
ondte oL emBupolpeveg éEodol elva:

b: =(1,1,1,1,0,0,0,0,0,0,0,0)T

O ouvteheotés Bapltnrag Twv ocuvddewy urtohoylovtar ard v oxéon:

wi = Gtb,; = (0.894205, —0.399421, 0.0775641, —1.24777, 1.33348)7

T tov Bedtepo veupdva ta napadelypata exraldevorng elvar ta axdiouBa:

{((0'51 0)70)’ ((1'51 0)’ 0)) ((0, 0'5)a 0); ((1: 1)70)1 ((070)’ 1)1 ((01 _1)1 1)7 ((—17 1)1 1)) ((_11 0)) 1)’

((1’ 0)’ 0)1 ((17 _0'5)’ 0)1 ((1’ "'1): 0): ((1'57 —0~5); 0)}
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ondte xa oL emBupoipeveg éZodol elvan oL eEfg:

b2 = (0,0,0,0,1,1,1,1,0,0,0,0)T

O devdoavrlotpogog nlvaxag napapéves o (8iog. O guviedeotés Baplityrag Twv ouvdewy yia tov dedtepo veupdva
unoloyllovtan aro tnv oyéon:

wy = GTb; = (—0.296934, 1.31657, —0.650708, 1.1692, —0.670198) T

I tov tplto veupdiva ot emBupodpeveg Eodol elvar:

by = (0’070)01 0,0,0,0,1,1,1, l)T

O ouvtedeotés Papltnrag Twy cuvddewy ya tov Tplto veupdva uroroyllovion aro v oyéon:

w3 = G b = (—0.429196, —0.0230214, 1.40181, —0.256063, 0.16657)T

To eMdyroto opdipa Tou suoThiuatog Taglvéunong TeoTinwY Tou xataoxevdooue utohoyletal, Ue Tnv tonofétnon
oty eloodo tou wtiou Twy TPoTinwy Twv tapadelyidtwy, TNV evepyorolnon Tou Suetdou xau v talivéunon xdle
evég ané autd oty xatnyopla exelvy nou £xel Tov théov evepyornoumuévo veupdva e£650u. Trov nlvaca nou axohouBel
3lvovran oL éZodoL tou Buxriou RBF xo v Sadixacia tafivéunong twv rpotinwyv.

ITapatnpodue 61 pévo éva npdturo tou aviixel otny Tpltn xatnyopla tafivourbnxe AavBaouéva, oav rpdtuno tou
avixel otny mpdty xatnyopla. Tuvende To eEAdyioto opdiua Tou ovotiuarog Tagivéunong elvon 1/12 x 100 = 8.33%.

Mivaxag 4.10: EEodog 3utlov RBF xat tagivéunen twv npotinwv exnaldevong

Tlpétuno 1 2 3 4 5 6
EZobog 1 0.5177 | 0.5889 | 0.6682 | 0.9572 | 0.4811 -0.166
EZodog 2 0.3669 | -0.1261 0.379 | -0.2112 0.626 0.5868
EZobog 3 0.1787 0.485 | -0.0542 [ 0.1935 | -0.0701 | 0.3471
TaZiLv/on w1 w1 w1 @1 w3 (273
Katnyopla w1 w1 w1 @) w2 w2

Npétuno 7 8 9 10 11 12

EZobog 1 0.1341 | -0.0418 | 0.6409 0.0519 | -0.1124 | 0.2227
EZodog 2 0.5719 1.266 0.0328 0.0429 | -0.0563
EZodog 3 -0.0136 | -0.0454 | 0.4442 0.8047 1.1354 0.7548
Taguv/on w2 w2 w1 w3 w3 w3
Katnyopla w2 w2 w3 w3 w3 w3

o
-
w0
]
(3]

4.8 To dixtuo Hopfield

H 3our tou dixtdou Hopfield gaivetar oo oyfua 4.14. Anoteleitar and éva uévo erinedo vevpdvev
T0 omolo elvon tautéypova eloodog xaw €€0dog Y to dixtvo. H éZ0dog xdbe vevpdva ouvdéetal e
cuvdelg Le 6houg Toug dAhoug veupdveg xon dev SlabBétel olvayn mou va cuvdéer Ty éZodo ue v
eloodo Tou (Btovu vevpdva.

Ou N vevpdveg Stabiétouv dlo teleatés Tou ouvBéovtal oe oelpd Xon REPLYPAPOVTAL OO TG axb-
Aoubeg ahyeBpunés exppdoeis:

N
Yi =Z W;j05 (4.50)
j=1
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z—l ON

Yyfua 4.14: Turueh woper duxtiov Hopfield

0= { +, ¥y 20 (4.51)
-1, y<0

To dixtuo Hopfield anotehél tnv mo amhy popeh enavatpopodotoluevou vevpwwixold dixtiou.
H Boaou] 3€a tou duxtbou ouviotatar oty xataoxevy veupwwixol dixtiou 6To onolo ta TpwTH-
Tunta TV Xatnyopldy Bo arobnyedovrar o xokddeg Suvauxol. Otav To dixtuo éyel oupuetpixols
ouvteheotés Bapltnrag (wij = wji) téte unopel va arodeyBel i undpyouv onuela oo xdpo twy
XATAGTAGEWY Tal Oonola AVTLOTOLYOOV OE EAGYLOTA EVEPYELGV, Ta onola xahoUvrar xat EAxueTtés Tou
duxtbov. Amodewxvietar enlorg 6t btav tornobetioouue ula Tuyala apywef xatdotaorn oto dixtuo
xat urohoyioouue Siadoyuxd tig e€630ug tou dixtlou, N teEhueh TR adyxhiong elvar évag and Toug
eAxUOTéS Tou duetlov.

Evépyewx tou duxtbov Hopfield oplletar vo eivan o axbéhouBo apBuntixd uéyebog:
N N
E =ZZ W;;0;05 (4.52)
i=1j=1

H Swduxaoia evepyonoinong tou duxtiou aroteleltan and tig axdrovbeg evépyeres:

1. Tnv toroBétnomn tou Staviouatog tov dyvwotov npdturou otig e£68oug tTou dixtbou. Ta dia-
viguata elo6dou €xouv Sladuxés g, Tig -1 o +1.

2. Tnv petagopd tng ££630v Léow TwV ouVaPEwY EravatpoPodbTnong ot ELa630us Tou duxtlovu.
3. Tov uroloyloud TV véwv e£63wv Tou dixtiou.

4. Tov ékeyyo g oUyxhiong. Av n xatdotaor twv e€6dwv dev allder, téte 1 olyxhion Tov
duxtiou €xel mpayuartonownBel, SiapopeTixd eravarauBdvoviar oL unoloyiopol ané to devtepo

Priua.
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H duadixacia enavarposdiopiopot 1wy e€68wv tou Sixtlou umopel va yiver o ue acdyypovo
tpéno. Me auth v pébodo emhéyoupe pe Tuyaio Tpémo Evav veupdva xon axorovBolue tnv Siadt-
xaaia uroloyiauol g véag £€630u xaL NG eravatpopodsTnons The ELe6dou Tou duxtlov.

Yy nepirtwon xatd v onola or guvteheates Bapdtntag Sev elvan oupuetpuxol téte dev umopst
va e€aopahiotel 1 alyxAian tou duixtdou. Yrdpyouv BéBaa mepintdoels oTig onoleg tapbro mou ot
ouvteheoteg PBapitnrag Sev elvon ouuuetpuol To 3ixtuo guyxhivel ot edxvats Tov.

H exnaideuen tou duxtdou emtuyydvetal ue v atatiatied €x3oom Tou xavéva tou Hebb. Xpnat-
pomol@yTag Tig avauevoueves Tég Twv M mpwtétunwy Tou arobrxedovro ato dixtuo unoroyifouyue
Toug ouvteAeatés BaplTnTag TV VELPGVLV:

N
1 (m)yp.(m) ;£
N Z I; m Tj m y ¥ 74.7 (453)

wi; = m=1
0, i=3

Onou z;(™) eivar 1 i suwotdoa Tov Blaviouatos ToU m TPWTETUTOL ToU BENOLUE Vot arobnxed-
gouue gt eAxuatt tou duxtlou.

To npéfAnua nov tifetan o auth v wopet Tou duxtiou, otny onola 0 aplBuds TV VEUPGVWV
toovtaL we Tov apliud Twv BlacTdoEwy TwY TPoTUTKY, Elvar o TepLoplouévog aplbuds TpwtdTunwy Tov
uropouv va arofnxeutolv oto dlxtuo. Eyel unohoyiatel 6t Bedniwpévor alydpiBuot exraldevong
elvar oe Béon va arobnxedoouv xar va avaxarégouv ue emtuyla uéypt xar aplBué tpwtétunwy tgo
pe Tov apbud Tev veupdvwy tou dixtiou. Xe mpaxtixés epapuoyés ouvifwg anopedyouue auto to
Tdvew 6pLo avEdvovtag TEXVNTA TS SLaoTdoELS TOV SLaVIoUATOS TWY TPOTUTWY.

Metovéxtnua eriong anotelel to yeYovds 6T dev undpyel tpbérog va oplooupe évay unyaviopsd
TAPUUGPPWONG TWY TPOTUTWY XAl VO EVOWUATOOOUUE TOV AvTioTPOPo UETAOYTUATIONS 10U OTNV
draduxaoia abyxhong tou Suxtiou.

H unoloyiotix molumhoxdtnra tou Sxtiou uéypl va emitevyetl v odyxhion elvan exiong éva arnd
Ta Letovextiuata tov akybpiiuou oe alyxpion ue v Abon tou tolueninedou perceptron, Twv RBF,
xaL TV Souixdy 1 6ToYAGTIXDY CUGTHUATLY.

Ta onuavtixd avtd perovextiuata elvar v awtla g petwuévng ypions tov duxtbou Hopfield ot
TpaxTxés eQupuoYEs.

Heéypauua 11 Yrodoyioude twv ouvteAeatdy Bapitnrac Sixtdov Hopfield ue tyv acbypovy uéfodo
EveEpYOToinonNS TWY VEUPGBVWLY.

function [Rc,Rep] = HopfieldAsync(Pr,x,c)

#

# [Rc,Rep] = HopfieldAsync(Pr,x,c)

#

# Input

3 Pr: Prototypes Vectors

# x: Pattern Vectors for the first class
# c: Classes

# Output

# Rc: Correct classification rate using the C-method
# Rep: Pattern vectors on each class

#

Num0fClass = colums(Pr) ;
NumODfPatterns = columns(x) ;
Dimens = rows(x) ;
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Rr= 3 * Dimens ;

if ( rows(Pr) != rows(x) )

return ;

endif

Weights = Pr * Pr’ ;

for i = 1:Dimens

Weights(i,i) = 0 ;

endfor

Weights = Weights / Num(fPatterns ;

#
# C-Error Asynchromous mode
#

Rc = zeros(Num(£fClass,1) ;
Rep = zeros (Num(fClass,1) ;
for j = 1:NumOfPatterns
k= c(j) ;

Rep(k) = Rep(k) + 1 ;

Out = x(:,j) ;

Inp = Out ;

while( 1)

Ag = 0 ;

for i = 1:Rr

d = floor( rand() * Dimens ) + 1 ;
Out(d) = Weights(d,:) * Imp ;
if ( Out(d) >=0)

Qut(d) =1 ;

else

Out(d) = -1 ;

endif

if ( Inp(d) != Out(d) )
Inp(d) = Out(d) ;

Ag =1 ;

endif

endfor

if (Ag == 1)

break ;

endif

endvhile

Rec = 0 ;

Cut’

for i = 1:NumDfClass

if ( Pr(:,i) == Out )

Rec = i ;

break ;

endif

endfor

if ( Rec ==k )

Rc(Rec) = Rc(Rec) + 1 ;
endif

endfor

endfunction

Mopddevypa 45 Ofdete va xataoxcudoete odotpua ontixfs ralivéunone yapaxtfpwy faoi{éuevo oo 8lxtuo Hop-
field nov va avayvupllet ta téooepa mpdra ypdupara tyc EAAyvixfc vidooag.

Yrodoylote toug auvieAeatés Bapityrac twy ouvdewy xar ralivouclote to ayfuc 4.16 :

KataoxevdZoupe ta npwtétuna Siaviopata tov tpbxetta va anobnxeutody ovo dixtvo. Tta padpa onuela Slvoupe
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Yyfhua 4.16: Ontudh anewdwon dYVeoTou Ypdupatog

Y T 1 evéd ota Aeuxd Slvoupe Ty T -1. Bapdvovtag ano endve npog To xdtw Xat and apotepd npog ta dekid n
tooBtvaun SlavuopaTue] tapdatasy Twv Ypaupdtey elvat ) axéiouly:

A=(1,1,1,1,1,1,-1,-1,-1,1,1,~1,-1,-1,1,1,1,1,1,1,1,-1,-1,-1,1,1, -1, -1, —1,1)
B=(1,1,1,1,-1,1,-1,-1,1,-1,1,-1,-1,1,-1,1,1,1,1,1,1,-1,-1,-1,1,1,1,1,1,1)
r=(@,1,1,1,1,1,-1,-1,-1,-1,1,-1,~1,-1,-1,1,-1,-1,-1,-1,1,-1,~1,-1,-1,1,-1, =1, =1, 1)
A=(-1,-1,1,-1,-1,-1,1,1,1,~1,1,1,-1,1,1,1,-1,-1,-1,1,1, -1, ~1,~1,1,1, -1, -1, ~1,1)

Arno Ta Suviouata exnaldevorng unohoylfouue Toug uvteleotés Paplttas Twy cuvddewy. Sty ouvéyewt Toro-
Betolue 1o dyvwato tpbTuNo Gav apyix xatdotaoy e568wy Tou Buctiou.

X =(1,-1,1,-1,1,1,1,-1,-1,1,1,1,~1,-1,-1,1,-1,1,1,1,1,1,-1,-1,-1,1,1,1,1,1)

Evo oyfjua rou axolouBel dlvoupe Tig €5680ug yia xdbe éva Briua Tou olyypOVOL ERAVATPOOBLOpLOLOY TV EEGBWY
Tou Suxtdou. Brénoupe 6t uetd ané téooepa Briuata 1 £€08og ouyxhlvel otov exAucth Tou Ypduuatog B.

4.9 Avpéva Ipofrjuata

MpéfAnua 4 To dixtuo Adaline elvat éva vevpwvixd 8lxtuo to onolo Stabétet poviya fva enlnedo vevpdvwy ot orolo:
neprypdgovrar and tic axélovlsc ediodosig:

O ypauuixés telearifc

N
y= E WiZ;
i=1

ouvBéeTan e oelpd ue évay uy ypauuixd teleoti:
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Txfua 4.17: Taivéunon dyveostou Ypduupatog e to dixtuo Hopfield

— 1, y>o0
°‘{—1, y<0

Yrodoylote ue tyv uéfodo LMS ula exavadprrixyf Siadixacta uroloyiouoy twy ouvtsieatdy Bapvtyrac twy ou-

vdgewy and rapadelyuara.

MpéPrnua 5 Karaoxsudore oUatque talivéunone npotvnwy ddo xaryyoptdy ue 8{xtvo nov nepiéyes vevpdves Adline
and ta axdélovba napadelyuara exnaldevorne:

o = {(11 1)’ (27 2): (17 0); (01 1)}

2 = (_101 '—10)1 (-9: _9)1 (-81 -9)’ (—9’ _10)}

IToi6 elvau to cAdyioro opdAua tou cuotuaroc tafivéunone mou xataoxcvdoate;. Suyxplvare ta anoreAfouard
oag e autd mov mpoxUrnrouy and to veauuixé pldtpo Wiener.

IpéPAnua 6 Oflovuc va xaraoxevdoovue ovoryua Tastvéunans rpotinwy Tpidy xaryyopidy ue éva 8{xtvo Hopfield.
Awabérouue tpla rapadelyuota and xdfe xatyyopla:

= {(11 1, 1,1, 1)) (1; 1,1, ~1, 1); (1) 1, -1,1, _'1)}

2 = {(1) 1) 17 —1: -1)1 (1) —11 1: —17 —1)1 (—17 _1) —11 —'11 _1)}

2 = {(=1,-1,1,1,-1),(~1,1,1,1, 1), (~1,1, 1,1, 1)}

Yrodoyelote toug ouvredearée Bapbryrag twy ovvdgewy xai otyy ouvéyea Bpelre 1o eddyioro opdlua Tou ou-
otfuaros talivéunone nov xaraoxsudoare.

Pvoploupe 6t oo Sixtuo dev Hmopolye va arofnxetoouue TEPLOOGTERA MpbTURA and TR dudoraon tou Suavs-
ouatog tTou rpotinoy. Apyixé ac ayvoriooude aut Ty duanlotwon xat ag npoonabfcouue va anofnxedooupe 6ha Ta
rapadelypata oto Slxtvo.

Xpnoworoudvtac 6ia to npbtuna uroloylfoupe touc ouvteheotés Bapltntac twv cuvdyewy:

0 3 1 -1 1
3 0 3 5 3
w= 1 3 0 -1 1
-1 5 -1 0 3
1 3 1 3 0
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v ouvéyewa tonobetodue Ta npétuna exnaldevone oto dbxtuo, evepyonoiotue to Sbietuo xar e€etdloupe Tov
ehxuoT] g obyxhone. Me v Suducacta auth) B urodoyloouue To erdyLoto opdlua Tou ouoThuatog tagwvéunong.

Erov nivaxa mou axoroubel Slvoupe o npéTuno el6é80u, To rpéTuno GlYXMOTG Xarl v ta€ivéunon vy xdfe éva
ané Ta mpbTuna exnaldeuong.

Mivaxag 4.11: Edyioto oQdAua ouoThuaTOg tavéunane Baoiouévo oo dlxtuo Hopfield

[pdruro
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Bénoupe 6t yia 860 npéruna exnaldevong to 8xtuo Sev ouyrlvel oe eAxuoth o onolog ovunepapBdvetal ota
TpéTuna exnaldevong. Auté to patvéueva tapousidletal btayv npoonafolue va anoBnxedoouye ato Slxtuo nepLoobtepa
TpéTuna and Tig Juvatétnteg Tou. Eva dAho pawvéevo Tou Tapatnpolue elvat n olyxhion Tou Buctlou ge e\xuoty
Biapopetind ané autév mou Tlhetar oty eloodo tou Suctdou.

Hopéra autd napatnpotue 61t o eMdyLoTo opdiua Tou ouoTijtatos Tafivéunong rpotirwy mou xoavoeoxevdoaue
elvar 4/9 x 100 = 44.44%.

Tt va edtuboouue tny anéBoon Tou custiuatog propolye elte va ueldoouue tov apfud twv npotinwy mou
anofinxedoupe oto olotnua, elte va enextelvoupe to Sudvuoua xdfe npéTUTOL A Var XPnowonoficouue xa. tic Sbo
TEYVLES TaUTEYPOVA.

Le auth v doxnon ba enextelvoude o Suldvuoua TwY tpoTiNWY npoobétoviag tpels vées Slaotdoeic.

H npdtn enéxtaon tlhetan 070 -1 av 010 olvoro twy apyxdy napauétpwv Tou Tpétunou ureptepovy oL tpég -1. H
Sebtepn enéxraon tibetar 010 -1 av oro clvoro WY TPV TPdTWY Tapauétpwy Tou TPGTUROL UTEPTEPOLY oL Tység -1.
H tpltn enéxeraom tibetan -1 av oo otivolo twv TeUSY TeAeutalwy tapauétpwy Tou Tp6TUROL UTEPTEPOUY oL TuuéS -1.

IpooBéroviag Tic véec CUVLGTHoES T Slaviouata exnaldevorne yivovrau:
'Ql = {(1) 17 1; 1) 1) 1) 11 1): (1) 17 17 —1) 11 1; 17 1)7 (11 17 _11 1’ _1) 11 1» "1)}

.Qz = {(13 11 17 _17 _1: 1) 17 -1), (1) —17 1) _17 _1) —17 17 _1)1 (_1, —11 —1) _11 _11 —'1) _1) _1)}

'03 = {(_1’ _11 17 —17 _1» "11 —11 —1)1 (-1; 11 11 1, —11 11 17 1)7 (_ly 11 1: 11 1) 11 11 1)}

Xpnowuonoubvrag 6Aa ta npbTuma urodoyl{oupe Toug ouvteheotéc Bapbrnrag twv ouvddewy:

0 3 1 -113 35 -1
3 0 3 5 3 9 7 5
1 3 0 -1 135 3
w=] "1 5 -1 0 353 5
1 3 1 3 031 7
3 9 3 5 307 5
5 7 5 3 1 70 3
-1 5 3 5 75 3 0

Me vov (Bio Tpéro uroAoylfoupe o eAdyioTo opdAud Tou ovoTiuatog Takvéunone. Ttov nivaxa mou axolouBel
Slvouue o rpbTuno £10680v, T0 mpéTUTo OUYXAONG Xat TV Sadixaala Tofvépunons v xéle éva ané 1« npéTuna
exnaldeuorg.

Tra véa aplbuntod anoteléouata
npdTuna exnaldeuone.

BAénouye 6t yia bAa ta napadelypata éyouue o0YxAioY ot xdnolo ané 1«

Hopéha autd rapatnpotue 6t to eAdyioTo ogdua tou ouaTiuatos Taflvéunong tpoTinLY Kou Xataoxeudoaue
dev elvon 0% arra €xoupe R téooEpa mpdTUN Ta onolal Tagivouobvtan Aavlaouéva. To eAhdyLoTo opdlua tapayuével
4/9 x 100 = 44.44%.
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Mivoag 4.12: EXdxioto opédlua ousthuatog TagLvéunong ue enéxtaoy Tou daviouatos Twy npoty-
nwv a1o dixtuo Hopfield

llp6tumo 1 2 3 4 5 6 7 8 9
LoyxAon 1 1 1 1 6 6 6 1 1
Katqyopla || @1 |1 | @1 | w1 | @2 | ws | @2 | @1 | 1

H outla napayéver o ueydhos apués twv mpotinwy mou Béhoupe va arofnxetooupe. Evd éxoupe Shxtuo mou
TEPLEYEL OXTE veupdveg Béhouue va anofnxelboouye evvéa npdruna oe LodplBuoug eAxuctéc Tou Sixtlou.

4.10 Alvta IlpofAduota

Aoxnon 15 Kataoxevdote ootnua taéivéunone Sibidorarwv TpotUnwy 8o xarnyopidv drav elva
yvwotrd ta axélovfa napadeiyuara exraldevong:

'Ql = {(101 0)1 (15: _1)1 (0705): (1’ 1)}

(2 = {(010): (01 -1), (-1, 1)7 (1:0)}

1. Yrodoylote tous ouvtedeotés BapUtntac Twv ouvdgewy evoc SixTlov axTivixdy ovvapthocwy
10 onolo Siabétet 8bo xpugolc vevpdvee onuela xat vroloylote To eAdyioto opdAua Tov ouoTiuatoc
tagvéunone mpotinwy.

2. Avérote Toug xpugolc vevpdves o Téoocpeic xau utoroylote Favd To véo eAdyioro opdiua
Tou ovotifuatoc talivéunons. Ti mapatnpe(te xau nw¢ umopelte va duxatodoyifoete ta aptGuntixd
anoteAéouara;

Aoxnon 16 Enavadfate tyv Adon tyc npoyyosuevye doxnone ypnoworoidvrac tic eiodoeic Wiener-
Hopf. Auxaiodoyifote tic diagopéc twv anoreAcoudtwy oto eAdyioto opdAua twv ovathuatwy Tali-
VOUnons mpotinwy rov xataoxevdoarte.

llwg umopette va feAtidoete ta anoredéouata Tou ypauuixod ovotiuaroc taéivéunons npotinwy;

Aoxnon 17 Ilpoorabeiote va edarrdocte to eAdyioto opdAua Tou ouotiuarog tadivéunonc rpo-
Tnwy rov xateoxsvdotnxe ue v Pofbeia tov Sixtdov Hopfield oty ity Avuévy doxnon.

Aoxnon 18 Kataoxevdote obotnua tafivéunonc Sibidorarwy mpotUnwy 8Uo xatnyopidv ue tnv
Bolffera tov Sixtiov Hopfield 6tav ta napadelyuara exnaidevang éyovy v poppl eloodoc-éodoc
uag miApc XOR.

Aoxnon 19 Yrdpyet Siagopd oto eAdyioro opdAua touv ovotifuaroc taéivéunane mpotinwv mou
oyedidoare yia tnv mponyolusvy doxnon av ot veupdvec Tou Sixtiou evepyorowolvtat aolyypova;




