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Teyviyin Nonpooovn

TOYUTATA TOV OYTHOTOS Kt 1) AROCTROT) TOU Q0 TO EHR0AI0, £V GaV TUPIUETPOS
eEo80v T YOViE KETQ THV oo APEMEL v OTPLWEL 1O O Y1 Vi QEOPUYEL TO
epndtio. No opiotodv AexTikég Twég Yo avid To tpie ueyédn (my. Speed =
{LOW, MEDIUM, HIGH}), o1 aviigtolyeg SuvapTIOEIS CUYYEVEWS KOt TEADG, VI
SietorwBovv pepukol ooapeic Kevoveg ol oroiot Bu mupdyovy cav arctéAEcua )
yuwvia oTpopig 6.

Dynpec Epmadio
X \ amoorean .{ v
Ladll - g

-~

Taxumic

2\

KEDANAIO B

Mn ZupBoAikéc MéBodoi

H mpociyyion m¢ enefepyasing ocupfdrov omv TN, n onote mopovcidomxe ota
TPOTYOUREVD KEGRAaI, EXEL pukpy napeABdv alha kot pepika cofopd dhvra npo-
papaza. Eva onpfoho and povo tov Sev vaodniovel tirota, aAld aroxTé xanowo
vimue pdvo otov suvdedet pe ahio oopBoia. Emmieov, 1a ovopata twv copféiov
emAfyovias HE TETOIO TPOTO WOTE Vi EXCUV VoML T tovg avlpomovg. Mpaxnkd
etvor addvato va ypagel oupPorkog kMBIKNG MOV VO avomaploTd MANPEKE KO B
oogivelr pio povadia) aroyn Tou xoouov. Zvwibag a npoypappata erelepyasiug
SUUPoRoV FPNoIORoOYY Wia Epapkt} Soun Kol 0 pMyEViopog OTOV TupTva 10V
TEpOYpapHatog £xel idikeg rAnpopopies yia v enelepyooia tovg,

Qotdoo, o1 puoweg Siepyacies e AEToVPYOLV HE QUTO ToV TpoNo. INa napdSery-
10, otov avBphmvo eyKEuAo SEV UTIAPYEL KATOIOC YEVIKOG punyaviopds eEAEyyou tov
AETOUPYIOY KOV EMTEAODY TO Supopu Tpfiuard 1ov, EVE 7] YVOOT] KOl oL pryavicpol
emeCepyaoiog mg Sev eviomiloviol o8 ouykekpiyEva oTjiEia Tov. 'ET01, T0 OVOpd THE
pntEpug evag avBpamon Sev eivon anoBnxevpivo OE Vi CUYKEKDIREVD KOTIOPO, ODTE
URApYEL EVO GLYKEKPUIEVD THNPQ TOV EYKEQADy 7ov ve Swyewpiletm avmiv my
minpogopie. Aredey cvtod TOU WOYVPIOROY sivin T OTt wpEg tomxig BAdfeg
otov EYKEPuAO ToU evBpdnov Sev rpoxalov aNHAEE CUYKEKPILEVOV TATIPOPOPLGV.

Me Paon mv tekevtaio aapampnon, n TN yopilerat oe §bo katmyopisg, m Zup-
Boduc kay my Mn-Zopforum TN.
ey H Zvuforuey Teyvnmp Nonuoovvn (symbolic AT} rpocopoubver 1ov TpOTO OKEYTG

Tou avlpamov, ypnowonowviag wg dokeg povadeg ta oupfora. ‘Eva chfolo

umopet va avanaptota pig Evvowr 1 pia oyeon avapeca oe Evvoeg. Mapadeiynara

aumg g Karryopiug lvat ot spepuoyéc me TN nov ypnowuonowhv avatapa-

CTAGY YVBOTG UE AGYIKT, KavOoveg, mhaiour, KATL
By H My Zupfoliey Texvyny Nogpaaivey (non symboelic AT nposoporever frokoyixeg

Siepynoieg, onwg t Sudikasic EEMbng tov aildv 1y ™ Asrrovpyia tov EYKEQa-

iov. Mopodeiypata tErowwv TEQVIKGV ATOTEAOGY Ta VEUPWLVIKA SikTua xou ot vE-

veTikoi gAyoptBpot, rov Ba eferaotody oy cuviyeia qutod Tov kegalaiov.
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Neupwwvikd AikTua

H 1xovomta tov avBpanov ve oxepietal, vo Gopatar xal va emduer rpofhipeta
evioniletm oTov eyképald tov. Onwg sivar yvwoto wro m Biokoyie, n Sopuay pova-
ba tou eykepdhov tivar o veppavag. ‘Evag Tumxog Pokoyixoe veupavac (Zynua 5.1)
OROTEAEITOL @70 0 sua mOL AnOTEAEL TOV mMupiva tOV, TOUg Sevdpites LECW TwV
ontoiwv AapPdver ofpatae and yETOVIKOUG vELPOVES (oTjuein £16680v) Kot Tov déova
mov etvar 1 £Eodog tov vELpmVE Ken 1o pECe oUvBeong Tou pe Ghhoug vevpavee. Ee
k@B Sevipim) vrapyer éva arEpoehiIoTe Kevd Tov ovepdlovia sivayry. O suve-
YEIG LEGH ynpikayv Sidtkaciwy emrayivouy 1) emPpadivovy ) por nAEKIpIKDY
POpTiV RPOG 1O Gopa Tov vEupmva. H Kkavimte pabnomg kot pvnumg 0w Tapov-
otdlel o eYkE@aAog ogefheTr oV KOVOTHTO TV CuvEWEwY va petefdiovy Ty
CYOYIHOTHTE T0UG. Ta NAEKIPIKE OTIROTE IOV EWGEPYOVIAL OT0 Cu PECE Twv SEV-
Sprrirv cuvbualoviat ki av to arnotéiecpa Eenepvd kanowe nipt xetogiiov 1o oipa
Sradiberen ue ty Ponfisia tov GEova mpog GAACUG VEUPGVES,

[
Zuvdl.pm; K

Impu

(}/\

Zynua 5.1: Averapiaornar Bioioyikol veupove.

szﬁ;:itag

Afovag

O eyxépuiog evog veoytvvrtow avBpmnov anotekeitiet ano nepinoy 100 Soexa-
TORPUMa VEVPOVEG Kabe Evag and tovg onolovg cuvdietat ie reptrou 1000 dikoug
VEUPOVES. ADTO TpoyaTORotEiT téow touv abova kdBe vevpdva otov Ongio Kata-
Liyyouv womBpor SevBpiteg @hhwv vevpdvov. Aebopivou ot kdle tétoir odvdeon
nepraapPavel ko pin oUveyty, TPOKLETEL 6Tt vRagYoVY Tepinon 100 tpioekatoppiple
guvaye o1 oroieg xm ennpedlovy v Aertovpyia tov eykepdlov. Eivar mpopaveg
on xdbe npoondbewd va avitypagpel 1) Sopr Kat i AEITOUPYLL TOV EYKEPAIOV GE TETOIR
KAipaxo eivin afdvat. Zmy npaypenkomra, T poveéha ta oxola xaraskevalovio
neEpAopBavouy pepIKEg PIAMAEES TEXVIITONS VEDPIIVES, EXOUV TO TOAD £vE EXOTOHD-
PO TEQVITEG CUVAWELG KL Aapoug1alony nold TEPIOPICUEVT] AEITOUPYLIKOTTA.

Av Kat 0 ypovog anokpion)g Ty IoAoyIKiv vevpavev eivan g taEng 1av yikio-
gtV Tov BevTEpoALNTOL {msec), evioniowg o EyKEpaiog Eival ot Béon va Aapfdavet
ROADTAOKEG GROPACEL, EXTATKTIKG ypriyope. Kata pie amoyn, avtd opeiketa: oto
OT1 1| LIOAOYIOTIKT] IKOVOTATE TV EYKEQGROV kit 1} nAnpogupia mov nepéyer elvat
Swpopecpiva ge dio tov tov oyko. podkatw &niadn v éve mapdiinho kai xata-
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VEIpEVO DEOASYIOTIKG olomie, Avtd To yepoxinplonikd eival xou 1o Kumoatepo
®iviripo mow and v embupia va poviehomomBel o avliphmyvog eyxépodog pe ta
TEQVITTG VEDpwIKg dikToa.

5.4.1 Movrého TeyvnTol Neuptwva

O tepviproc veupaves (&rﬁfr‘cia! neuron) eivar fve wroloyioTikd poviEdo o pépr Tov
onoion avniotoyiloviat dpeca pe auta tov foloyikol vevpove. Dreg arencoviletm
oo Eyfipa 5.2, évac texviytoc vEDpOVOS BEETAL XATIOW onuaTa E16550D Xo, X1y ey Xn
10 OR0IR, o8 aviidEaT) HE TOVG RAEKTPIKOUE AOAROTS TOV EYKEPIAOD, QVTIGTOL(O0Y OF
cuveyeic petaPhntéc. Kabe tétoo ofjua awoddov perafidietm and pma wan fapoug
w; (weight) o pdhoc TS onoing givel avhiotoog mg obvaymg tov fiokoyied eyie-
pdlov. H mypiy Papoug umopel va eival Benks | apvRniky, OF GVOIOTOIC ME THY
emrayuviky 1 emBpadvviua) ertovpyia g sovayng. To oiya Tov TEQYNTOL VEL-
pisve yopileTar oe 550 pépn, tov afporony (sum) o onoiog npooBETEL 1@ EATIPEAGHEVE
oo 1o fipn onpaTe sioobou Kat RApAYEL THY HOCOTNTR S, KOl 1) oUVEpINaY EVEDYO-
roinoyc Ty katwplion (activation 1) threshold funcuon), éva g ypawuxd eiktpo 1o
onoto Swapopodver v el T tov aijparog eEobov y, o sovapmon pE ™Y
rogdIa S.

S=Xwx {i=1.n)

Luvapmon
ABpaioTig Evepyomolnong

Efodog

Tpa

Xn

Tyfua 5.2: Moviého texvntol veupova.

Z1o Tyfpa 5.3 mapovcidloviol TPELS TUMKES REPUITMGELS Y1O TT) CUVEPINOT E-

VEpRYOTOINOTS:

s H fBnuancy (step) covapmen {Tyijpa 5.3.0), n onoia Siver oty £E0d0 anotéhe-
opa (cuvijBug 1) pove av it mov vrokoyilet o efpolwtig sival HEYCADTEPR
ano pia ol Ketegiion 7.

» H ouvapmon mpdonuov (sign) (Exmua 5.3.8) 1 onoia Siver omv EEodo apvituch
(1 Betu]) mhnpopopic av 1y TRy Tov wekoyiler o aBpoothg sivar pkpotepn (B
pEYaADTEPT) Gnd pie ips katwghiov T,

* H oyuoaidic (sigmoid) suvapmon (Iynpa 5.3.7) 1 onoie cxppaletat ano
YEVIKT OyEon:
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b(S)= !

j -+ ems

OOV a Eival Evag CUVIEAESTHG pobmong tig tyurnrag petafacng petald Tov
St aoupnToTikoy Tyay. H arypondg couvapmion eivon enpoeving yiati wepé-
FEL 1T} YPOPEIKOTITR 6T0 VEVPWVE, KQTI OV £ivel arapuimio om HOVIEADTOINGON
LT} TPOLLELCDY PUivOpEVEY.

@(8) o(5) 4 O
A a
1
+1 e ———— +1 i +1
\ ay .
s S A -
e ' .
o A o
Kotwehl T i Katwgdr T .
- ay>ay

o} Bapancd ouvapinen B Luvéptqng epoejuou v} DiypsnibAg guuaptnen

Iyiua 5.2: Tpogikes TapaoTacelg GuvapTHGELY EVERYOROINGAG.

O tewmroi veupaveg divouv m Suvarémta vionoinong amhov adyefpixoy ou-
vapthoewy, L0 Zypa 5.4 nopovordlerar T VAOTOINOT) ME TEYVNIO VEUPWVR TWV
ioyikmv ovvapmioEmy AND, OR xm NOT. o napadberyna, oty vionoinoy tou
NOT yproioncigitn: ooy CUVAPTICY EVEPYOTOMONG T Bnpatka] ouvepine)} He
katoght T=-0.5. (1 npeg ewddov pmopovy va kopaivoviar ard 0 (wewdic) ewg |
(aAnBEc). Av 1 eicodog tov vevpwva eivar O tote mohkamiacaldpevn pe o Bapog
we-f Biver S=0. H T aven Eenepva to katoght ov -0.5 ondte omyv eEodo napaye-
a1 |. Emyv meptntmon mov n pn £10680v elvan | 1oTe S=-1, tipn nov PplokeTon

KaTw Tou Katwehiov -0.5, pe anotélespa vo repayetatl ot ESobo 0.
w=i W=y
X: kS g )
) .
T 1.5 T=0.5 T=.05
X2 X5
w=1 W=

AND OR NOT

Tynua 5.4: Yionoinon AOYHwY CUVOPTIOERY HE TEYVATE VEUPWVE.

5§1.2 Teyvnrd Nevpwvikd Aikrua

Ta wyvyrd vevpwvixd Sixrva (artificial neural networks) 1) mo omda TNA, eivan ov-
otfipata enekepynoiag Sedoptvav xov anoteErobvial and eva mARbog TEXTGY VEu-
plvev opYRvOREVEY of Sopgq TapOpoEg HE autég tov avlphmivoy eykegdion. Zu-
ViBerg Ot TEXYNTOL VEDPMVEG EIVE OPYQVIHEVOL GE [ig OEIPQ ON0 OTPMNATA If ENITEST
(layers). To npiyto ano quta ta exinedu ovopaletm exinedo e100dov (inpuf layer) ko
ypiowonoEitar i v weayoyn dedopévov. Ta otoyein tov Snhadh dev eivat
OUOIOCTIXG VEVPGVEG, YiaTi SEV EKTEAODY XAMOD LToAoyiopd (Bev gxovv Bapn gigo-

N3
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dov oUTE CUVEPTICEIS EVERYONDINONG). LN CUVEXEL, PROpOLY VI DIAPYOLY, Npoat-
PETIKG. Ve | MEPIOCOTEPN evdidueca 1f kpupa exincda (hidden layers). Tékog uxo-
hovbel eva enincdo efodov (oulpui layer).

O veupaveg TV Slapop@y GIpOPGTOY PNOPEL VO Elvat TAAPHIS 1] HEPIKRG GV~
dedepevor. Thipws oovdedeuevor {fully connected) gvan exeivol o1 oroior guvBiovim
e Ghoug TOUG VEUPWVES Tov Emopsvoy emntbov. e kife dhiy nepintoon ol vevpm-
veg givi pgpeag govdedepévor {partially conmected). Otav dev vidpyouvv ouvbéoe
peTEEY veupmvay EVeg emuEdov Ko vEupwviov nporyolpevoy emnagdou (Gtav dnia-
&t 1y por) thypopoping sivar ag xetenfuvong) Ta TNA yepaxmapilovie og dixtoa
e amdi} opoddnyen (feedforward). Ty avriber| nepintwor, kebohg kot ot nEpi-
ntwon ovvbicswv penld vevphvay ibov emrédov, o TNA yapaxmpilovial wg
Sixroa pe avarpopoddmony (feedback i recurrent).

e Kpugé Emminezlo

Yo

Wsy
1 1]
@ Wag
Ve
wry
Wiz

Iyaue 5.5: Nopadesypa nhipag Sioguvdepévor TNA ariig tpopodotnorng.

Eminedo EiodBou

Ewfmedo EE6S0u

Zro Lynpae 5.5 ropoveraletar Evo nupddevypa evag mAfpwg Saavvbepivou TNA
arAng Tpogobotnong. TEplypaeTal o1 GUVEYEWR T} CUHREPPOPA TOU VEUPGVE 5
Katd 17 Asrtovpyia tov Swcrmov. C vevpdvag § Séyeret tpin opeta ewddov and
toug tpelg veupove (£, 2 kot 3) tov emnEdov e1odbov. Ta oHpatl autd TPOROIO0L-
v oo e Papn wys, wos xat wis xa afpoilovem and tov abpolon) tov veuphve 5.
Z17 oUVEYEWR, TO OUVOAKS onipa and tov abpototh Séxetm my Spdon g cvvapmong
EVEPYOROINOTIG TOV vEVpMVE 5 Kot 10 WOTEAECHN GTEAVETIL OTOVG VEVPOVES & k1 9,
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H Aertoupyia v vrokoutwy vevpovev eiver tapopowe. Zvvoyiloviag, to TNA oto
Zmpa 5.5 Séyerar T onpara 106800 X, X7 xu x; {Sdvoopa e1o08on) Kat HETa ano
eowtepiky) erelepyacia mapayet oy ££080 To oRpeta py Ko py (Srdvoopa eEGBov).

Zmv REPITIHOT} VEVUPWVIK®Y BIKTLMV LE avatpogoditnoT 1) mapanave agpLypa-
1) dwgoponowitm xebog o vrokoyouos twv Sapdpey peyedov yiverol o &o
enavelapBavopeva otadia, 1o npdto otddio vroioyiloviol Ta ueyEln mov agoponv
ocvvdéseg andkig tpogoddmong koL oto Bevtepo yivovim ol unchoyopol 1 wig
ouvdEgel; avatpopoBOTnonG. AV Kal OF OPIOHEVES EPITHOEL 1a SiKTLA [HE EVETPO-
podGoT eval TOAD YPTiCLULE, OTNV TAEIOWTIpIN TGOV EQAPHOYOY VEUP@VIKGY SikTi-
wv yposponootvea: dikrua anlic tpopoddmong.

5.1.3 Mdadnon kat AvdakAnorn

Ta TNA npayparonoobv 800 Pfooikég Aetrovpyieg o) pafnon kot myv avaxinoy.
Mafnan {learning) eivar  hedikaoio g Tporonoingng m¢ TwRg v Bepav tov
Sucrvow, aote Sofiévrog ouykekplpivoy Siaviiopatog £10680u va mapaylel ovykexkpr-
pévo Swwvuona eE6Sov. H Swadikaoia oot ovopdletol extong kot exxaidevoy {train-
mg) ou TNA, Avaridnon (recall) eivan 1y Siafikaoia tov vnokoytopov evég Siavoopa-
105, £E650V Yo suykekpipevo Sidvuopa eroddov km Tpég Bapav.

O yevikdg tponoeg HE TOV DROIC YIVETOL T} TporoncinoT tev fupayv evog TNA ratd
v exnuideuoT) Tov, EMTPENE T Swaxpiony tPAV E1dbdv pddnong ote TNA. Tm pa-
Bnoy vro exifileyn (supervised learning) oo Bixruo Sivovtar [evyapa Sevvopatmv
e1wodov - embounmig eSodov. To TNA, pe my tpiyovon kataotooT Papov, Tophye:
pia EEpdeo 1 omoitt opyikd Swegeéper axd mv embuunt) ££ofo. AvTh v Swpopd ovo-
paletm opddua (error) xur BAoEl auTig kabog ko svig akyopiBuov exraidevong
yvetet ouviiBog 1 avorposappoyh Tov fupov.

Im Ballucloynuévy pabnon (graded learning) v £Eofog yapoxmpiletar oc “Ko-
AR N "eoual® pe Baoy g oplpnnkn khipoke ko e Bépn avarpooapudlovio pe
Biom wuto o YEPaKTPICHD.

TEhog, oty pabnony rwpic enifioym {unsupervised learming) v anoxpion ov &i-
KTwov Pogiletm oty iKAVOTITA TOU Vi QUTO-OpYavWVETML HE Bdon Ta Simviopata
ewodou (ry,. dixmoa Kohonen). Aven n eowTepiRy 0pyavaor yYivETal £101 GOTE OF
SUYREKPLEVO GLVORD ElCOSmvV va ovndpo 1oyupa £VOC CUYKEKPIHEVOS VELPOVAC,
Térowa cuvola elgéboyv, avrioTow oy 68 EVVOLEG KOt YOPAKTPICTIKG TOU APCYHATE
KOV KOGHoY Ta onoin to TNA wakeltm va paben

Imv mpaln, oug neprocotepeg eqapuoye; TNA ypnowyorowizm pdabnon wvie
enifieym, yia mv onoie vnapyouv apretol akyopdpon. Lrov alyépibuo nov Bacile-
1 stov kavove dékra (Delta rule learning), v Swwpopd petadd wpoypotikdg kot
emboprtng e£680v ehayiotoroieitar pécw ag dadikacieg EAUYICTOV TETPAYOVEV.
Zrov akyopibpo avaotpopng petddoonc Aaboug (back propagation) n petoafoln twv
Bapav Pacilerat orov vrokoyiopd mg cuveisypopag kals Bipoug oTo quVelKS G-
pe. Ty aviaywwiotiky pafnon (compeiitive learmng), o1 TEYVTOL VEUPMIVES Tuva-
yevilovial, Xatd KGrow 1pono, Hetall Toug Kut HOVO EVTOS IS T} HEYRADIEPY Qro-
kpram of Sobeton eloodo tpononowet ta fapn tov. Tékog, omy wyaia ualyen {ran-
dom learning), ov perafolic ota Papy ewcayovim tuyeia kot avidoya pe 10 ov Y
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£Eodog Bednubverat 1y o pe Pdon karmon mpoxeBopiopive oo o 4pRoTy Kpithpma,
o1 getaBokéc autéc voBETOUVIOL T} aROppinTovVIaL.

§.1.4 Booid XapakrnpIioTiKd

Yrapyovv 1égoepa yepaxrypioTika mov eivon dppnkre cuvBeepéva pe ta TNA.
AvTd gvon

+ Hwovonita toug v pobaivowy péoa napederypatov (learn by example).

¢ H dvvatémte Bemprioig tovg of ketavepnvn pvipn {distributed memory) xm

Mg PViHT ovoYEToTC (associative memory).

* H peydin toug avoyn oe opdipara (fault-tolerant),
¢ H wavomrd 1oug Y10 aveyveopior tpothney {pattern recognition).

Av xar ta TNA Bev given 1o pévo gvotipata pe kavotta pdbnong péon tapo-
derypdrmv (Bh. oxenxd xepdimo), EVTabTolg SLoKpivovIal Vit TV IKAVOTYTE TOUL Vi
opyavvouy v mhnpopopin Tav dedopfvay E10680v o8 YPHoILES HopPEG. Avtig Ot
HOPPEG QIOTELOUY oV ovoie £ve poviElo mov avameplord 1w oyfon mov Ve
petald Tov SeSopivev sisddov kat eEdbou,

O yopaxtipopog tov TNA ©g katavepnpévi uviun, myalel and 1o 6T 7 TA)-
popopia mov koduonowiv eivin xatavermuévn ot 6ia ta Bapn mg ovvleapoloying
toug. Ta 1ov {610 Adyo 1o TNA yepaxmpitovial kot wg pvnpesg svopénong. M
uviipn ovoyiniong aaobnkedel thnpoyopia cvoyetiloviag anobnxevpivae dedopdva
ustags touvg. H avaxinomn mg minpogopiag yiveter pe foon to Repeydpevo xar éy
m BiedBuvor), ommg Sniadh cvppPaives ko pe tov avBpomve sykiparo. H maparive
opydvinoT, kaver opropéva eidy TNA va eiver mokd avexnxa oe pxpooddayéc oo

ofipate agddon, Sniadh sival ot BLom va napayouv Ty cwoth £8080 axdpn KL v 1o
debopeva ewoddou etvar Afyo Sagopenixd N won eA .

Ta TNA &yovv peydhy avoy oe Sopuka opddpota. Avid onuaivel 6T 7 xak)
AerToupyia 1) 1 KETOOTPOGN EVOG VELpaIva f) kAo cuvBEcEamVY SEV £ivon Kavi} vo
dtapaier onpavnka v hertovpyie 10ug kabds, dnee avapipbnxe, 1 TAnpogopin
70V £owrAgiony Bev elvan eviomopévy oe cuykexpévo oruelo 63Aa Bdyom oz ko
10 bixtoo. Mevixd, 0 péyedog tov ogdipatog Aoyw "Sopkav astopav” givar oviio-
YO TOU MOC0CTOL TOV KATECTPAPUEVHY Guviioeay. Avto xaver ta TNA xat ouyke-
KPIHEVA TIG VAOTOOELG TOVG GE KUKAGMUA, 160ViKA Y1a ¥pHioT) GE QUTORATICHONE IOV
8o doroupymoowy og avrifoer ouvbikeg (my. Sompe, ydpouvg pe padwvipyea,
rebio payng, Kin).

Tedog, To TNA gyovy efmipetda) avomta avayvepiong npotiney xadhg Sev
emmpeafoviel and eAlum f/xm pe BopuPo debopéva. And ) omypn mov dva TNA
exmmdevtel oTo va avayvepilen cuvdikeg ko KOTROTAGEI, analteitar évag pdvo
xoxhog hetroupyicg toug yia va Tpoodlopicowy pia CUTKEKPILEVH XUTROTACT.

5.1.5 Aiktua e ArrAn TpogoBornon

Ta TNA pe andij tpopoddmor (feedforward) givin 1) mo artkt] ROPOH VEVPGVIKOY
Suctbov. Ze ovtd vrapyer Eva exingdo e1gdSov, Eva exinedo ebé8ov kot tpompeTika,
£va 1) NEPIOCOTEP evBidpeaa, kpupd eminebo (Tyfpa 5.5).
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AUD Eivar ta BEHOTU TQ OTOLQ QVOKBITOUY OV DACTONOT TeV VEUPWVIKGY &1-
KThmv Tou tOrov auiok. To mp®TO apopd oty pdafyey, dnhady tov TPOTO WE TOV
oToio 10 BikTvo exmmbevETar Tio va Exgl my embupnTi ovunepwpopd, Lta dixrve
amhig Tpopodénong ypnoonowotvial uEboSot nabnong pe exifleym, o onpave-
KOTEPES @il Tig Onoteg eEeTalovTal ot GUVEXELD,

To Bevtepo Bépa apopi oy torodoyia tov Suctbov, Snhedl 0 moow KPLEG
eminebu o £xEL 10 SikTvo Kot and nooovS vevphves Bu anoteleitol To xabe extedo.
o mpenet edd va avagepBel ot Exovy mpotubel wAyopiBLOt 01 0TOioL UTOPOYY VA
Snuovpynoony o toroioyie TNA Baoe tov 1068wy kat Tov EmBupntav eE6dwv,
onwe yio repdderypa o ahyomBuog Upstart xou o adyépidpog Tilling.

Tric napuypipovg wov okoAovBobV TRpoLCIGETal UpYIKE T} ™0 QAT LOpeY
SiKow omAfic Tpopoeddmong mov ovopdleton perceptron kafig Kol ¢ OEOVDUOG
akyopiBpog exnaidcvomg. I auvexei tapovotaboviar §90 dhAot yveotol akyopib-
o exnaibenong TNA, 0 xavovag AEATa Kat 1} ovagTpoen petddoon Adbovg,

Perceptron

To perceptron giva: 1 mo amAf] Tonokoyie Sirbov pe amhi) POPOSHTNON KL UAOTE-
ALl 10TOPICE te TPATY TPOCEYYION TEXVITAV VEUPOVIKGOY Stktbwv. Tlpokettat ov-
CIEOTIKG Y10 £va Kot HOvVaBiKO TEXVITO VEDP@VE, OJOI0 HE QUTOY oV anekoviletal
oto Tyipua 5.2 kol 0 O7Moiog XPNOLRONOE! WG cuVApTNeT Kategriov m Prpatia)
ovvapmon. H pdfnon oto perceptron ouvistatal 0TV EMAOYT KATAAANAGY TILGOY
Bapiv £to1 @ote SeSopévov evog Blaviouatog ewddov va mapaybel v embupnth
£Eodoc, Tpokeral SnAndN yia wa anan popen pabnoeig uao enifieym. O akyombuog
uezafolng tov fupev Exel vg e£NG

1. E@v yio th OUyKeExpilpeévn ticodo nupayetot 10 e BURNTO oroTEAECRD 1OTE
e yiverat xopie petcpodn.

2. Bav 1o cnotéheopa givar 1 Eve Ba énpenrc vo giva: O, TOTE petovovian ta
Bdpn tev Evepydv ypappav [EXEivVE nMov o10 QUYKEKPLEEVO MPOTIIG EXOUV
cigobo 1) mota puo tipn d, 1 oneiac ovopdletal puépoer padnong {learnaing
ratae) .

3. Eav to anotéhecus civer 0 eve Ga £npeng va eival 1 tote avidvoviar ta
Bapn Twv EVERpYOV ypopiiv Kota d.

"Eva perceptron e /1 ypeppis e1codon umopel va Bewpnbel 0T avaropioTe EVe
vrepeminedo n-/ Smotacewy tov Saywpilel Ta Sivvopate £wo6tov ag 8B0 opddeg,
tonoBervias and ) pia pept oo rmupiyovy EEodo | kot omd Ty @Al oow mpa-
vouv 060 0. [MpofAipate Twv onoiav oL TIHEG £15080u-£EG500 UMOHKEVIQL OF TUTO0
Tov kavova ovopdlovim ypauuxwe diaywpioipa (linearly separable) xu arodeucvi-
ETat AT propody v poviehonowmBooy e ¥phion perceptron. Anhady, pete aro TErL-
PEOHEVD ¥POVO EKTEGEVOTIG KOl EQOCOY 1} CUVAPTICT KOV cuvdésr mv £igodo HE MV
£EoB0 givel ypajkdg Sleymplopn, EREPFETHL cuYKALOT] TOU perceplron.

Tro Sympo 5.6.0 aneikovileTor YPagIKG 1) EVVOLL TOU YPURUIKGG Blaxtpioiion
yie myv cuvapmon AND n onoia pmopei va poviedoroBel jig percepiron {Iyfipa
5.4). H gubeia £ yopiler 1o Levyipie e10oSov-eEaboy oe dvo meployes. Mavew xal
et g £ Ppiokovial avta o gxovv EEodo | Kl KATW-MIOTEPD GUTA o0 EYOUV
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gEodo 0. Extog ano to AND, to perceptron ivan o€ 8Eov) va POVIEAOROIICEL KOl THG
oroEdelg hoyikeg mideg OR xat NOT (Zynpa 5.4).

Tpogavig, vrapyovy ko xpofiuata ota ool T Levyapta ewwobov-eLodov
Sev givan ypaptikag Sraywpiotpe. Tétow rpoPiipata dev propovv va poviehonom-
Bouv e perceptron Kay anaitobv tr xpron TNA pe gviuaueon kpugd emnede. Ka-
oo apdderypa tétolag cvvapmang eivar 1 XOR, g omnoing o Pn-YpapKkde da-
yopiotyog yepaxTipag oxewoviletat 610 Lxhpa 5.6.5.

X3 X3
i T 52 i ml
o
: - =1 .
0 {GE—-———P _[I:EJ JUE; >
0 . 0 T

{a} (B

Tynue 5.6: (1) Zuvaprnon AND (ypappixig Sywpicyn) Kot
(B) ovvaptnan XOR (pn ypapuag Siaywpioyn).

Kavoévag AfAra
O xavovac Jéiza (Delta rule) arotehel yevikeuos) tov ahyopibuou exnaiSevang Tov
perceptron, pe TV EVVOLD OTL UWOPEL VA EQEPHOCTEL KAl OF aiie THNA ta onola opwg
emigng Sev Exouv Kpupa exireda. H Asrtoupyia Tov glyombuov meEptypa@eTal oMy
CUVELELD.

"Eotw 6t ot Eve TNA 1) OUVEPTROT EVEPYOROINGOT MRIPVEL IPRYHETIKEG THIES,
onwe yin naphdeiypa 1 oiypoeldng cuvaptnon:

glzl=

[N

Tote 1 ££060g EVOg VELPHVE | HTLOPEL Ve VAOAOYIOTEL BasEr g gyEOTG:

n
ai = g * (Zlv_;a‘r)
1=0

o0V a, eivar 1) ££050g Tou vevpava « Wy to Bapog g guvleong / kat a) 1 icodog
(06 TOV VELPWVE TOU RPOTTYOUREVOY EMTESOY.
H petefokn tov fapovg w, vnoioyileral and tov TORG:
W=,y —de g —aja,

onov g, etvanl 1 £5080¢ TOU VEUpMVE, g EivOL 1) embBuunm £EoSog, w, t0 Papoc ™g
govbeang J, a, 1 sigodog 7 xat d o pubpog pabnong. To GUVOMKO CPIANE, TOV CNOTE-
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gt Kon fva PETPO TG andoTaomg and mv embvunT Ketdatacn, vrodoyilerm ard
TOV TUTO:

Err = Z (a‘ —a)l

] —

Av xat o okyopuog avrog anotehet Pektimon exeivou mov epuppuolerar ot
perceptrons, 8ev propel va eguppootel oe Sixtva ta onoida £X0vV xpuot eminedo,
enedi yia kaBe vevpova ApERE va sivar yvao| pe axpiffera n £Eodog tov, kam mov
BEV Elvot Suvatd o1av VIAPYOUY Kpupd Exiredo.

Avaorpoen peradoon Aaboug

H avaotpopn uetadoon idBovs {back propagation) anotelel TV mO YVOOTH pegodo
exnaiBELOTE VEVp@VIKGY S1cTomv toAkov exnméduwy, H facw 1Bén sivar va xabopt-
otel 10 "mocootd” Tov ouvolikol ogdiutog mov avaotowst ota Pfapn tov xdbe
veupdva. Me qutov Tov Tponro yiverm Svvaro va vmoloyilovat ot Swopbbaelc oTa
Bipn Tov KEBE VEVPGOVE EEYMPIOTA, EPAYHA OV EiVAL GPKETE TOATADKO Y10 T0, KpU-
wa exdneda xodog n é£odog Tovg ennpedlel modholg VEUPHVES TALTOYPOVLE.

Tm avaotpogn perddoot) tov AdBovg vmoloyiletat apyikd o coOAANT Y@ TOUG
vEVPGOVES TOV ErmEBon EGB0V HE TPOTO TAPOLOID HE EKEIVO TOV KAVOVR Aékto. To
opdApa mov vrokoyileral xproonoteital yie va LIOAOYISTOUV Ta ooy oo
1ekevTaio KpUpPEVO Eminedo. T ouvéreta, B Sdaoin ennvakapfaveral avadpo-
Kk mpog 10 npete eminedo. Me Paon dnkedh m sadoon tov opaiuatog Tpog e
miow (back propagation), yiveton évag vroloyispds TG CuvElSHOpag KABE Bapovg
TV veuphvoy oT0 oAxe opddiua. Katomv 1 sedlpcta mov vroloyismxay yia
TOUG VEDPMVES TOV KGBE EMMESOL YPTICIHOTOIOVVINL YL Vit yerafdiiovv a Bapn Tou
K& VELPWVE LIE TPOTO OHOL0 E EXELVO tOV Kuvova AfAta. H Sndikacia enavaliop-
Bavetar péypt T0 GPAIIA v TAPEL TR OTE OpL AVORHG 70V EXEL BEoE1 0 ypriotng. Ot
pafnpanxol THROL VIOAoYIGHOY, Eivar apketd ToAbThokot kat Sev mapatifevia £bm.

H 6An Sadikasia propsi va BewpnBel sav e avalimorn 10v oAkoy EATYIGTOD
MG CUVAPTTIANG TOD CPEANATOS, T ON0iC EYEL 0AV TUPAPETPOVG TIG TIHEG TWV Papav.
H 516p8won mov yiverat ke Hopd mpoomadel va EABYICTONOWOEL 10 OPEALT ohe-
YOVTAG Vel KOVEL EKELVES TI RAAGYEG TEOU QAIVETAL YO TO HEWMVOLY TONIKE. Etval dnjAa-
89w evalfan tHrow avappiynon 1opov. Y napyovy 101000 Kl AENUTTWOELS DOV
éva SikTuo 7oy exmmSeneTar pe outh 1 jéfodo Sev anodider Te evapevopeva. flpo-
KEITaL 0 TIC TEPUTTMOELS OOV TO SIKTLO MEQTEL O TomKd edayiora (local iR
Kaum oty wapalis tEAEiwg (nenvork paralysis).

Ty TpoTn REpinTOoY, EPOKEITHL Vi sYYEVR abuvipia g avalimong avappi-
s dopou va Ppel 1o ohiko £hayioto, dnhady 1o Savuope twv Bapodv ya T0 07010
EAOYIOTONOWwItaL TO oedipe. $1m SEUTepn HEPITTOGT, 10 VEUPLVIKG SixTVo NEQTEL OF
oticwn Katdotaoy yiet £vo 1) REplocotepa Papn Exouv otaBepd vyniig andAVIEG
TiEC Kut Sev TpORONOLOVYVTAL oRpavTIKG of kae Siopluc. Na my anoguy avtmy
1oy avemdvuNTOV KaTaaTacemy £xovy tpotabel Stapopec mapadlayeg 100 Bacikon
aryopiBriou.
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£.1.6 Neupwvika Aikrud JE Avarpogodornon

Extoc ano Ta dixtua ok tpopodomang { feedforward), vrapyovv kal 1@ dixtue pe
avarpopodomon {feedback/recurrent), @ onoin nepiéyouy Bpdyous omy cnwﬁsu_un‘-
Aoyia Twv vevpovav (Zxfue 5.7). Abyw v Bpoxwmv, ot VEUPAOVEG O10 Simu avtd
napiyouy of KABE kbrho AELTOLpYiag grotehéspata oy eEoprdviat &1 HOVO ano
mv £E0B0 TV VEDPRVEY TOV TPOTYODUEVOD gmnéSoy adda ko and myv éEodo o0
£QUTOD TOUC KOTd TOV TPONYOLHEVO KDKAO Agrtoupyiag 1} onoia aroSMKEDETRL TPO-
SOV,

Tyipa 5.7: MopaSerynn Bpoyov ot okt suvBETpokoYin VEUHOVOY.

H npocdijxn Bpoywv oty cuvBeopoloyia TV veuplovev mpopavidg aubaver my
mokvmhoxémrta tov TNA. Ze avnotabuopa. 7 rAnpogopia and tOV TPOTYOUHEVD
KOKAD AEITOVPYIaG MOV TAPEYOVY, ERLTALOVEL TV exmaibevon ov TNA, fonda modiég
(POpES CTIV QIOQUYT] TRV TOTKEY ghayioTov Kol emhioy at0TEALL £vaL GPKELDL TE-
PIOPIGREVO EIBOG PVIHTIG TOY TPOTIYOUHEVEY QIOTELEGNATYV TOV GUOTIHATOG. Tam _
exnaiteven TNA pe avatpogodomon ypnotponoizal goviiBug it Topurddhayl me
pefosov avastpogng Siddoong haboug,

Ine mepaypapovg nov akoiovlov napovoalovial §bo yveotd dixtva pe ava-
tpogodome, ta dlktua Hopfield xat ta Sixva Kohonen.

Aixrua Hopfield
Ta dikrva Hopfleld elvat ioeg 0 Mo yvOUTOS TOTOG Suctonv P avorpogoddmon
(Tynua 5.8). Le avta, kdfe vevphvag GUVBEETIL LE GAOUG TOUG LIOAOIIOUG vl Ot
covbioeg uerakd tav veuplvey vt apoiBpopes Kol EYOLY CURMETPIKG Bapn
(wi=wji). Ohot ot VEUDEVES AErTOUpYOUY TOVTOYpOVE OOV eisodor kot £Eodor tov
Suctoov. OL veuplveg sival arhol perceptrons UE GUVEPTNGT) EVEPYRTOINORG TN OU-
vaptnan mpoofpon xat é5odo -1 7 1. Yroloyiopol EXTELOUVIOL pOVO OT0 eminedo
Hopfield, xaBag ta eninedo sio6Bov kat £G5S0V anhd Sampoby Tig THHEG £156800 Ko
eEddou, avtiotoya.

H exnaidevan evog Sixriov Hopfield Basilgrar oty peraPfols mg Tpng tov Pa-
plv COREEVIL PE T OYECT):

Awy = (2 - 1) - (2o% - 1}

Gmov T X; K X; Exovy Tipeg 07 1. Emathéov, LRApYEL CUPETPiE 6T PETABOAEG TV
Bapamv, Snhadty Awy= Aw;.

ATIO TN OYEOT) DROAOYIGHOD ™G HETaPOATG TV Bup@v Ko T1g BUVATEG TIHEG TWV X
mpoxhRTEL 6Tt to Phpn evioyboviol oy T £E080g £vog vevp@va givon ida pe TV
£i0060, £vi Srxpopenika eEnoBevovv. ADTO TV TEAIKE “yaBaiver” éve ixroo Hop-
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field etvm éva 1) nepocdtepa ano 1a Swvoopeta 106800, AUTO ExEl Gav amoTEAEspY
0 dixtuo vo Aeitoupyel cav pvipn ovoyéniong. Karda ) Asitoupyie g avakineng,
v xabe Saveope £68dov 10 Sixtuo Ba woppomicel oto "xoviivetepo” Bunvuopu
URO TO CHVOLO TV SIEVUCUET®Y UE T0 OR0iN EXTUSEVTIKE,

Q Q O
£ 'y
Xy X3 X3 *n
w ( w Emmedo Hopf;eiam
Wi Wi Win
% hat 2] Wan

i: Wzt
War Win
Wiy Wny
) Emm:ﬁo Ewab6Goy

Lyfqpua 5.8: Torohoyia Suwctvov Hopfield.

H Aerovpyin evog Sixmoov Hopfield xata m) pdon g mvincdhnong etven 13 oxo-
Aoubn:

1. Aivetor oto Sixwwo gve Sibuona froddou lavaBeon tipev -1 f 1 ce xaBe
vedpive Tou Siettou),

2. Ynohovilera: n 2{odog rou xaBe veupova pe TR oxeon:

n
a.y. wa,
40

3. E4v to nopandave GOpotous eival BETiXO tote 5 emiBunnrg tipg sEéSov tou
veupova eival 1 evo otnv avyiBein nepinteon -1,

4. Eav o1 smiBupnreg tipeg rfdlou civor iSi1e¢ pr 11¢ TipEC nou anoboBnxav
oToug veupoveg oto Phipa 1, tote to Sixtuo rivol o 1ooppomio xat ol
TLREG noU Exouv oL veupbveg givoel n £ioSog tanotéhropa) tou Sixtvcu.

5. Eav 1o Sirtue Sev rivol o 1gopponia 1o1f perofdiiovict ol TLREQ noy
napouoidiouv Siapopiq. O ahhaysg pnopodv va yivowv zite cuyxpova,
Enhabi va abhdiowv Sheg o1 Tipgg TV "npofhnuatiziv' veupavev, q
aoyyypova bnhodfi va ohhdlel n iR Tveg povo "npoBhnpet ikod! veupova.

6. B bialixooia enovodopfévetal and to Bhipa 2.

O saporive uryavopoc ovaxAnang emTpine: os éva dixtvo Hopfield va avaxa-
Asi TO CWOTO MPHTURE URG AVTA 1A OROIX £E1 EKREISEVTEL va avayvwpilel, axdpe kot
otav 1} eicodog aepigyer Bopufio 1 eiver eMunng.

NY
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Afkrvo Kehonen

Vo 1o Sixrva 0V THPOVCIXGTIKAY HEYDL TMPQ, YPTICIHOTOIOUY Yiet Ty Exnaibeuon
toug peBédovg paBnome vrd enifieyn. To mo yopuxmpioniko iowg mepddaypa
Sixtoov 10 onolo ypnowonoel palnam yopig emifieyn eivat to Bixtuo Kohonen,

‘Evt dikrwo RKohonen umoteheitanl and eve mAfBog veupmvoy, ot onoiot Eival 1o-
TOBEMEVOL OF KETOLX YEMLETPIKT) TOTOAOYIR .Y, EXINESO, ogaipa, torus, xin. Kabe
veupavag eival cuvbedepEvog péow Bopov pe mv eigodo mov amotedsital and M
atovein ko hapPavel Eva Thpeg aviiypago tov Slavdouatog s1o6dov tporotomuE-
vou ane w fapn. Emmdéov vrapyovy cuvvdéoelg perald tov vevpwveoy tov ihov
emmESoy Kal peAote HE TETOL0 TPOAO (IOTE 0L KDVIVOL VEUpOVES va ennpedalovim
feTid £vEy Ol MEPLOGOTEPD OMOUCKPDOHEVDL ODBETEPT 1) Xat apvnrikl. N w Sebo-
uevn eioodo, 0 vEupévag Tou onolov Ta cvvBetikd fdpy siver mo "kovid” o ooy,
emAbyetar kot petafaiiel wa Papn tov £tol diote va Ty rAnowaler axopn neproco-
1epo. Eriong, Advw g cuvBeoucioviag, petafidiioviar xat ta fdpn otoug vEupEVEC
#ov Pptokoveal otny QUeEST) YEITOVIG 1OV ERAEYUEVOD VEVPGVE £T01 OGIE XUL QUThY
1 £Eobog va mAnmaler myv eicodo.

Mégw autav tov Swudixeoiey aviayoviciod xat yerwviaong Snuovpyetton dvag
"yapTRC" naved STNY YEWRETPIKT Tonokoyia Tov Sikrlou o onoiog avmcummpi{',st mv
KT YOpWORoinon 1oy 81068ov oto dikrdov. LuykekppEveg REptoyEs tov yapn (ob-
VOAQ QMO VELPEHVES) OVTIIEPOCSMTEUOVV MU mxs:cpapqu xhaon/kanyopia tov £l
gdbmv tou dictbon. Téoo 1 perafol Pupdv v veupdvev 600 Kot to péyebog g
YEITOVUIG HEWOVOVIUL LE TNV Tp0dD 1OV YPOVOL £mG OTOL @TEGOUV OE EOAD HIKpEG
Tipcs, onoTE o Sixtvo Bewpeltar eknaidevpévo. ‘Eva exnmbevpévo dixtwo Kohonen
umopet va ypnoponomdel yia va katardlet otoysia of mn and T xunyopleg now
11 Exovv oyuaTIoTEt.

51.7 Egapuoyéc TNA

Ta TNA Eyouv ypnoworomBet oe mhibog spuppoydyv, omwg elval o oYedwopog
evepyewov {planning), o ypovompoypoppatiopdg (scheduling), n Sayvoon dabov oz
GOpUYOpIKES EMXOVIVIES, T) CVaYVOPICT] broYpagdv, 1 PpayvrpdBeopn npdBleym
Tp@y petoywy, KAn. Exiong, to aepioodtepe ouyypove APOYPAUPATE ONTIKNS OVa-
TVOPIOTS YOPUKIAPEY YPNCIOEooUY vevpovika Sixrva. Emndéov, vevpmwvixa §i-
KTV ZPTCIHONOIOOVIN: KUt OF URDAOYIOTES MOAGING ov SEYOVIUL EVIOAES YEIpO-
Ypagpa.

Ta tehevtata ypovie e TNA ypnoiponotovviat SE cuoThpata eéyyov nov Baat-
Lovrur oty aoapt Aoviky (neurgfuzzy sysfems) pe KOO poAD TOV VIOAOYIONG THG
CUVAPITOTG CUYYEVELIS.

‘Eva yvwotd epropkd obornpae mou kavel ypiion TNA eivat 1o PAPNET 1o onoio
kavel dayvaon ot aroterécpata "ot Marmvikdieoy”. Min yrporompévn sikova
pikpookonton diverat oav eloodog oto veupwwikd diktvo to onole aovahapfdaver va
xpivel av vrapyer avopakia f 6y To ovompe emrayghver onpavnki m ypovefopa
sradikaoia efétaong wv dedoutvov Tov TE0T und avlpwro ediko.

T dtkmua Kohonen éxouv yprowonowmBel pe emruyio o8 apoypappara vrayo-
PEVOTIL.
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FeveTikoi AAyopiBpos

H pion £xer évav mokd wyupd payaviopo eEEMEng v opyaviopay, mov Pacilerm
otov axdhovBo xavove TG PUOIKNG EMAGYNAG: OL OPYaVIoHOi MOV BE pmopouv va
empocovy oo nemPdiiov toug reBuivovy, eva ot vadhomo moliamhocic{oviu
utow g evarapaywyns. Ov amdyovor mapovadlony pikpée Siapoporomosic amo
TOLG EPOYOVOLG TOUG, Evid auvilBaE VTEPIGYDOLY QUTOL IOV CUYKEVIP@VOLY Ta Kali-
TEPO YOPAKTNPLOTIKG.

Av 7o neptfaidov peraffadietar pe apyoig pubyuovs, ta Sapopa eidn uropovy va
eEedicooviat otadaxd dote va npocsappdlovial ot avtd. Av dpeg oupfoov paydai-
g5 uetaflohic, aprketa eifin opyaviopmv Buo cfopavictody. Lropadixd, cupfaivovy
Toyaieg HETOAAGEELS, aitd TiC onoies o1 MEPIGOOTEPES O8TyobY Ta pueTadiaypéva (1o-
ua oto Bdvaro, av kot eivar mBave, mokY oravia GUKg, Vo 08nyicovy o Shpwoup-
vin veérv "xadbTEpOV" OpYOVioUGY.

H 8ewpio mg ebéhigng (evolution) Eyer ypnowonowfel oe pia Kemyopia akyo-
pibuwyv emiiuong mpofinpdrwv, mov ovopdlovior yevenxo! alydpifum (genetic
algorithms). H ewsoyayn tav odyopifiuay avtiv eyive 10 1958 and tov Friedberg, o
onoiog entyeipnoe va ouvbudoer Kkpe apoypdupata FORTRAN, ©0T060 Ta Tpoypap-
HOTe TOU TpOEKLWOV TS MEPICOOTEPES @OpEG dev wyrav extedéowa. O Holland 1o
1975 £Bwog véa GEnen oto ypo, ypnoponmmviag cepés bits ya va avanopasts-
ogl Aetovpyieg, pe Tpomo TETown Mote kabe cvvBuaopdg bits ve eiver we Eykopn
Aettonpyia.

H piiocogia twy yevetikav alyopibpov stvan 1y ekig Apyixt Snuoupysitet pe
Tuyaio Tpono Eva civoro P amd vroyngeg Aoelg tov npofiiuates. Eivar onpava-
ké v toviotel eBo 6T 10 opyIkd avTd oUvoLo amepTICETM atd ADGELS OL ONOIES Eival
g M T0 TAEioTOV 1N anodekTeg (Y. Bev eivon Eyxupeg, Sev etvar Péhnioteg, ¥hm).

‘Eotn N 10 7Aifog twv otomeiov tov guvdiov P Ot Miogig avtég Bubuoioyodvim

axd a govapmen karteddniooyrag (fitness funciion). H BaBpoiéynon toug cvviota-
1AL OV avaIoToi oY of kABe vroyhp Avony evag apiBuoy, o orolog Snhavel my
EYYOUTNTO THG VHOWYN QAL 1T anodextic AVOTG ©¢ Mpog Kanowe arodext. D1 cuve-
YEWL, QN6 Tov apyko minBuopd oynuartifovea: N/2 (evyopa Oyt anapaima jovasd-
kiv yovimv, Btvoviag peyakirepn ApotepmoTITa gtig mAfov katd@dAnhes Adoew
Kabe (evyapt fevpepover {mates), Blvoviag Bie vesg Mgl 1ovg amoydvous
{offsprings). O viog whnBuopds P anoteleital ane 1o cOvoro TV QIOYOVEY KM
osuviibwg aroredet Beltiwon tov mponyovpevoy manbuspot. H &wdixacic emava-
rapBaverm yia 1o vio mAnBoopo P, sve ;o mo coviBiopéveg cuvBAKkes TEppaTIGHOY
g ival 1 ebpeST) piag TEREWG AooTg e Paoy ) cuvipmon keToAAnAomrag Ko T
oliyxhion Shev tav Mboewyv oe pue. H yeviks popeR Evag yeveniot akydpiliov givin
7 enG:

1. Anproupynoe évav apxixd manBuops P, pe N unodfiptes Abaeic.
2, Ynokédyiee v karvalhnlotnra xéafe hdenc.
3, Qoo o nhnbuonsg P Se ouyxhiver oe pila hion:

Enavédnpe /2 popéc 1o axdhouba fhupata:

a. Enélele $0o hiori¢ ano tov nhnfuope P
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B. DuvBlaoe Tig 500 Avoeig yia va Bydheig SUo anoydvoug.
y. Ynoddyior tnv xatohAnhdtnia tev Sdo anoyovev.
4. Eiohyayr toug Sdo anoydvoug otra uio mhnbuopd.

O yevenikoc aiyopiipoc extedel uia avalfymon oo yOpo OV VoY @iny Aoe-
@V, HE GTOXO TV EDPECT) KATOWE AVCHG 70V HEYICTONOIEL 1] CUVAPTHCT] KaTHAANASs-
tag. H avaffimon avm etvat mapdhinin, xebog oe xabe vroyngux Adan propet
v exteheatEl Eexmpioth avelimon. H pébodog me avalimong pmopel va Bewpnet
cav avappiyjon Adpov (hill elimbing), xafog yivovim pkpic addeyés ong vroym-
@iEc ABTEIg Tou TATBLoNOD Kat smifyovim mavie ol kahdtepeg, fhoe g sovapy-
ong ketdiniomrac. H avolfitnon emxeviphveto ong EEPIOCOTEPD KaTGAinleg
MoEL, Y@pic opwg va ayvoobvial oL urdhowutes, kabdg viapye mavia o kiviovog vo
noyevtet i Sedaoia of romxs peyioto (local maximum),

Yrapyouy téosaepa Poowd SEiaTo OV oPOPOLY THY EQRPLOYY T@Y YEVETIKAV
ahyopiBuwy oy extivon npofinudimy: 1) avenepdoTaot v ANCEWY, T COVAPT-
o7 xeta)AniotnTag, 1 EmAoYT 1oV [euyapiev xou i Sdikecia g avaNEpayeYis.
Autd avontiooovim o1T) SUVEXEL.

5.2.1 Avamapdoraon YmownRguwyv AUOEWY

v xKhOGIKT TPOCEYYION TV YEVETKGV akyopiBpov, kale vioyfpa hoon avome-
piotatal yE pia sopfolooeipd (string) evog nenepucpévoy akedfntov. Kabe oroyeio
mg ovpfolecepdc ovopdletar vat yovidto {gene). ZvwiiBug 1 ovpfolosaipa avoge-
pETOL Koy OOV ypwudswua (chromosome), Savelldpewn dpoug and 1) foloyia. Ero
npaypanikd DNA 1o gAgaPnrto gyet piiKog 1E00EpH Xat QROTEAELITOL and To oToEin
A, G, T xm C (adenine, guanine, thyminge xo Cytosine), £vi GTOVG YEVETKODG o6~
pBuovs yprowponmeitm ovviibog 1o Svadd adgdfrto, onote o1 cvpPfolooeipig
ovopalovia km bit-strings. Qotdoo vAAPYOLY NEPUTTHSEL; YEVETIKGY chyopibpoy
OV YLMCUOAOLCDY MO CUVBETEG HOPYLEG EVAIEPATTcTC.

Tto neploagdtepn mpoPinpara o Aboew neprypagovial pe perafintéc Sagopmv
timwyv Sebopdvary, enopdvag 1 Siadikecia mg xwdikonaineng neplhepBave T peta-
TPOTH Tary Tepdy authyv tev uetafAntov ong avriotoyeg Svabkég. Na napdderyna,
av ja Avon neprypaoetar omd 2 peraPintéc, pia boolean pe nyf 1 xat pia short
integer yte Ty 73 (01001001y,), 1 xadixonoinon fa anmzovse 9 bits ko 1o napa-
yopevo bit-string 8a fizav to 101001001,

Z17 YEVETIKT, TO GUVOAG 10V ARPUETPOV TOU QVANAMICTAVIOL QRd EVO CUYKE-
KPUIEVO 1pBROCHLN avepépovial oav yovirwmos (genoiype). O yovotunog rephap-
Piver dheg exeiveg ig TAnpogopieg mov eival onapaiTYTEG Yia TV avanapdotasT 1oV
opyavicpob, 0 Orol0 anotehsl 10 pavorumo {(phenafype) 1OV {POHOCHUATOG.

5.2.2 Yuvaprnon KaralAnAdrnrag

H covapmon xarellnddmrag Séyetar wg £16050 Eva YPOPOGNY KUl EMOTPEQPEL Evay
appo mov vrodnidve: 1o mdoo watdAinio sivar. To nedio muev wg cuvaptmong
xaradiniomnTog elvar ooviiBug 1o Seompa Tev Tpaypanikay apiBpav axo to 0 0g
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10 I, av ki avihoya pe my vhoroinon auto da propovoe va Sugeper. Tuym | vrto-
SnAdvelL 6T T0 CUYKEKPIEEVD Xpopocwpa eivas TEheto, SNAadth wavonotel Gheg Tic
npobrodéceig tov mpofAnpatog xal amoTeEALL amodekT) Avan. O Tpénog viomomang
mg owvaptnong BEfar eEaptata ano 1o exactote npoPinpa,

Aviioya je t0 EpOPANE, N KUTAOKEDY g CUVAPTIONG KeTeAANAOTTAg UAopE
va gival gno arhiy, cog efapenika rodomiors. H davikn cuvapmon katarinhom)-
tog Ba mpénet va givon cuveyng ko povotovr, 01000 quto onavia cuuBatvel (sav
ovvifiawve, Bo apxodoe g ankly avalimion evappiynong Aogou yie va fpelel 1
Béknom Avom), orote gute mov emORTEITRL Eivan 1o CUVEPTIGT KOTUAANAGTNTOG
mov Bev Exst MOAAG TOMKG HEYIOTA T £VU AROUOVIIEVD OhiKD PEYIOTD,

O yevIKOG KavOvIg OTHV KQTUOKEVT THY cmvc'xprqong KOTEAATAQT TS Eiven OTL
QT APETEL Vi avTIKaTORTPILE peodotikd v afin Tov ypoposeuatos. Qotooo 1
Evvowr mg afiag evog ypopoocopatog dev eivan navee WSwitepe ypiops. Na ropd-
Sewypa, o npoPinipata BEATIoTONOINGNG JIE REPIOPIOHOVS DAAPROVY TOAAE YpwNO-
ooputa, Snyhady roddeg vroyneles Avoeg mov napafidlovy meptoplapoug, apa 1)
abie towg eivar pndevicn. Kiaoowo mopdderypa civar to apofinua me Snpovpyiag
TOU WPOADYIOD IPOYPANRATOG, OOV o1 aifiovoeg kmt o1 Mltokovies APENEL va Kata-
VEUNBOUV OTO TUARIR, JE REPLOPIOUODE Onwe Ot pua aibovon 1) évag Bidioxwy Sev
uropet v ovvbebel myy ida dpa pe 500 SiepopeTikd TPRpaTN. LE GUTH ™V REPITTm-
OT] T} CUVAPTNON KTTAATIAOTRTOG dev mpénst vo exgpalel oy Iowtnta mg Avomg,
aMid 1o maco xovia avm fpioxetel o8 e Eyxupr Avor. ‘Etot vnoloyileral o apd-
1og TV TEpopIcpwY mov xupafialel i Avom Kot yivEral o EKTiPeY Yia THv Tpo-
oraBeta 7oL unmeteltas Yo va Stophubei.

Mg @AAn mpogeyyion wov akolovfeitar ROAMES QOPEG Eivil aUT TS TpoGEYYI-
orikne ovvapmons keredAnonrtag (approxmmate fitness fimciion). To kplowo 0fuu
sivar 1 embupnty axpifea g cuvapmong KeteAANAGTTOG Kol IO UROAOVIOTIKS
KOoTog Mo SewpEitat anodextd yia pia cuvapmon katahinhomrag mov Sivel evle-
fopevwg aprote arnoteieopora. Eav lowmov vrapyovv Sediciueg Sto cuvapmoeg
KeteAdnAomytae, e axpifific Ko pa IpocEYYIGTIK, 010V Opw 1) akpiiig £xet Se-
KOMAQOL0 XpOVo UIOAOYIOUOD URO TV TPCOEYYUITIKY, EVIEZOMEVIC VI GUPEREL 1
FPYOT] THG APOGEYYIOTUG, apov oot} Ba emipeyel v MpaylaTonoinoT Sexamha-
oI MOCOTHTOG vroAoiopdy (dnAadn avanapaywynv) otov {Bio ypovo, o oyeon Le
m ypovoPopa cuvaptomn.

5.2.3 AlaBikaoia ETAoyng MNoviwy

H diadixaoia emioync yovéwy oyetiletal ue my anddoon mbavotytwy emoyng apog
ovenapoyeyl ot pékn evog nAnbuopod vroyngiov Avcsev. Katd 1 Sadikaota
GUTH, KOAOIOL YOVEIG PE VYMAR THpr) g ouvopTioT KataAinAomeag eviéyetay v
EMAEYOUV TPOG QVOIIUPOYWMYR MEPLOCOTENES ond plt Qopis, evih xAmOI0L yoveic pe
FopnAT katardniomra gvieyetat va unv emdeyovy xebddkov.

Kara  dadikaoic sTADYNG, pyIKe Ol DROWIIPLES AIGEIG EVIYPRpOVID: GE 1a
dedopevy (evyapaparos (maiing pool). H belapeviy aut tyer péyefog ico pe tov
apyxd mAnfuopd, ko og authv evoypagovier pEAn TOu epykod MAnduouon, pe
mMBavoTHTO AVEAOYT 1T1¢ KETAAANAOTITAC TOUC.

N9
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Mo my entoyn tov gpoposepdtey tov 8o aviypapovy oty dekapevn Levya-
PURATOG ¥PTCUIONoIUYVTAL BpRETEG TEYvikes. Mia amd nig mo cuvnBopéves eivmn 3
ey viky] Ti¢ povlétag, 1) oneia cuvoyileTal oTe axdiovda Piuata;

1. flapoyetar vo &Bpoiopa dhov tuv Tipov aliohdynong tev unoyngiov Aoeev,
EgTw 5.

2. EmtAeysTal gvag tuXmios aptOpodg n, and te 0 pexst to S, xpuoiponoibviog
gquvaptnon opotdpopyng Kotavopng yia tn Snpioupyia tev tuxaluv aptSpov,

3, Enavalnn;ixﬁ cietafetal xGfe unoyngpia AUon xat [ Tipn tow npoot (Betal
or fvav xotayxwpnti K.

4. Av n Tipn tou K yiver peyodutepn § ion Tow n, § Aion emthéyetal xal o K
pnsevi{eta:. Dinv avridern nepintoon extedecitat naky to 3.

5., Av Bev pyr1 emiheyel LRQUONCLOTIEGS opifpog unodmpiov Adceuv extehrlTo:
o 2, cAhiog o odyépiBpe teppatiles.

Eival pavepo and tov napenive aiyopidpo 0T KETOES BIoyTQES ADCELG propel
va EMAEYOUV MEPIOCOTEPO amd pin gopéc. Meta v oloxklipwon mg rtependve
Swdikuoiag, ano ta pékny mg Seapevig Cevyapopatog npovpyodvim fevyapa pe
TUZIHO TPORD Kt Ot BRGYOVOL TOU TPOKUITOUY AOTEACUV 10 VED TAnBuous.

G tpdrog emioyng Twv yoviwy mov fa (Evyopmoouv enmpedlel onpovnikg TV
anddoor) tav yEvEUKGV ohyopifpov. Avo mpoPfinpaza mov eppovilovim cuyva
OTOUS YEVETIKOUS adyoptBloug Kat 1 otola Bopody v OVEPETWMOToUY e TPOTO-
noinoy mg hadikaciag emioyig, sivan 1 npdwpn cbykdion (premature convergence)
sat 1 apyny abyxdion {siow convergence). Me tov dpo "giyichion” evvoolpe T Ent-
KPATHOT EVOC YPMPOTOUITOE 1} KPRV HEpeAday®v 10V, O HEYALO TOCOOTO o1ov
mAnfuouo.

Me &vav arodotikd YEVETIKO aiyopiBuo, o minbuopdg Bo npénel peTd ané apxe-
g enavelyelg v guykhiver pog to ohko piyvioto. H chykdion aut) agopa cite 10
KOADIEPS OTOLEID OV TARBUGUOL T 10 pEGO Opo autov. Eva yovibo Bewpeita om
£7EL ouyihivey, ovav éxet Ty D tpn oto 95% twv ypopocswpdtey. Evag mindy-
cy10g Bewpetton o1 £xE1 ouykAivel, otav dAe 1a yovibid Tov £xovv guykAived

Kata myv npowpn ohykhion, o mnbuopdg noky yplyopa cuykhiver yopom anod
KOO0 YPOPOGHHE, TO 0N0t0 OHLG anoTEAEL TOMKO HEyioto. To anotélecpus etval va
My propel nhEov o yeEvenkog wAyopifuog va EEQUYEL and outd 1o TOMKG PEYIOTO,
rupa povo pe 1 Shadikacta mg perdilalng (avapipeto Topukitm), 1o onoio opmg
£yEL mpaxTikd pmbevikd] mbavomra va oupPet. To puivdpeve avtd eppavileto o
TEGIRTMOELG MOV 1) guvapmon katadinhomrag eppavilel Tohd amdTopeg psmBolsg
Kl EVIOVO TOTIKE HEYIOTE KOl UTOpEi va aviperwmotet pe §vo tporoug. O xpdtog
Efva 1] @REIKGVION g CUVaPTOTIS KaTtoAAnAhoThtag ot pia vie guvapmon, Myotepo
andtopy (fitness remapping). O 3eviepog eivin 0 xuloplopds ehdpotey Kol péye
oWy Optev, GO0V QPOPE TO TOOEG POPEG EXAEYETML £V YPOUGOLI TPOG avanapa-
vYY OF KaBe xixho ovavimong o0 tAnbuouoy.

H apyyj otyrchion eivar ovolaonixd 1o expifdg aviifero puivdpevo g rpowpTng
obykhomg. Katd autiy, uetd and éva peyGho apBpo enavadiyewy, o tinfuopnde
eEokoioulet va unv éyetl ocvyxiiver. To powodpevo swpcmﬁsrm otav 1] ouvapImon
karadlnhomrag fyst pikpig kAloew, e anotEAopn Ta pEVIOTE KOt 1O EMGROTE TNC
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va Eyowv pixpeg Siaopic. H Abom eivar km mdl 1 auEKoOVion TS SUVEPTeTE OF

Hie VEQ, T) OROIE TPETEL Vi EYEL O EVIOVES SIOKUUAVOELG.

Tékeg pia gvoddaxtiki tpooEyyion oto Bépa g e£EMERG Tov rAnfvopob givar i
pn avavewan ohoxkinpou tov mArSvopot o xale veEwvia, aldG Eve BEPOVS auToU.
Opilerar o3¢ yaoua yevewv (generation gap) 10 TOCO0TO 1OV ¥PUHOCOUATOY KA
YEVIGS ROu avaved@Brxe, Tpog 10 cVVOLS TOV YpOHOCHUATEY, ZTOVE TUMKENG YEVE-
TiKOUG ahyopibpovg o ouvieheamc avidg wovtal HE ™ povada. Qotoco 1 vEo taoy
eivar 1 avavenon pipoug Tou TANSuoRoD K pdloTe, 6TV MO AKPAit HOPET HOVO
b0 pekdvy. H péBoBog avey ovoudlerar péfodoc pepnoig avavéwong {steady-state
replacement).

H uéBodoc me pepixic avaviwong npoceyyiler mo nodd omy EpaypanKOeT|IL,
apol exket ouvomapyowv ravia of xanow Pobpd o Sugopenxég yevedg, Mddota
divetal 1y SuvaTOTNTH OTOUG BMOYAVOLS VA QVIRT@VIGEOUV TOUS YOVEIS TOVG, EMKpa-
THVIOG KoL AL O KHADTEPOS.

Ynapyouv §io Bépata oV MPOCEYYION TG MEPIKNG avavieong: og fu emde-
yobv o1 yoveic mov 8o [evyapmoouy xm nég 0a emieyel wodpiBpog apBuds yoviwy
Tov Ba QIOYWPTICOLY, MOTE VI QPTICOVV YOP0 Mo 70vg anoyovoug. Ot mpoceyyiceg
1o grorovBodvral etvan o axdrovdeg tpeig:

*  Emhoyn tov yovéav mpog avarepayweyl ke mbovornia avahoyn pog Ty Katak-
ATAOTITA TOUS KOt TUxaia eMAOY] T@Y YOVE@Y ROV Ba aIOYwWPHoOLV.

«  Emboyh Tev yOVEQV POC QVEROPOYOYT TUX0IC KU1 £MAOYY TOV YOVEQYV 70V Ba
anoywpioony g MEaveTHTE avNoTPOQLE avaioyn TPOC TNV KotaAinioThta
TOUG.

+  Emdoy twv yovéay apog avarapaywys pe mBovomra avaioyn Tpog TV Kotek-
InloTyIa Toug Ko ERTAOYY] twv yovéwv mou Bu aroywphoovy pe mbavémta a-
VOO TPOPEIG EVEAOYT XPOC TNV KOTAAATAOTITA TOUG.

5.2.4 Avarrapaywyn

Avoropoyeyrn elvmr i Madikacta Snpwouvpyiog bo amoyovey amd Bde yoveic-
ypopechopate, H avarepoywyl pRopel va yivel pe Siapopes TEYVIKEG, 1) OHavTIKG-
TEPY and TG OROIEG Eival O oLVBLROpRO; TG diaaTatpwon (Cross-over) Ko MG pe-
raldadye (mutation).

Kara m Swotadpoon, yie xade [euyap emheyntvov YOVEQV EMAEYETML BE TU-
yoio tpomo Eve onueio daorabpwong {cross-pouir), 1o onolo eivon Evag apBpog N,
and 1o | péypl o pixeg L twv bit-strings. Me faor 1o onpeto Seotatpwong, ond
&0 yoveic A ku B mapayovrm 800 ardyovor pe tov e&ig tpono: O 1pdtog andyovog
Snovpyeitar ano e mpdte N yovidw tov A xai ta tEhevtoic L-MN tov B, tvi o
SebTepog Anmoupyeizon amod 1o tpmta N yovidw tov B kot 1a teAevTain L-N 1ou A,

‘Eote via mapabeype o1 yoveig A=D11001 ke B=110010 ko oniteio Swaoradpw-
ong o 4. Ot 8vo andyovor Be givar o1 : 011010 ko 110001,

H petaddaln exteleital 0TOUG QNOYOVOLG IOV TLPAYOVILL NG 1 SlacTabPLET).
Me Bdom pia modo prkph mbavéta, kabe cvpuPoko twv bit-strings Tov anoydvey
CAalen apm.

Mo mapdderypa, totw évag minbuopdg fov anoreleitar and Ta Ypupochuata
mov Beiyver o [ivaxeg 5.1, Sy 3" euijhy 10v mivaxe poivovion of Tpég g cuvdp-
tong katedAniomag yia kibe ypoptcnue, evé atnv 4" poivovion o mBavOTTES
EMAOYC APOC AVaREpaydYT KABE Ypuposhpatod, aviypéves oto Siaompa {0, 1]. Ot
ngés mg 4% omiing e kG YpOUOCWEUO TPOXURTOVY oD TO AOYO TG KOTUA-
AnhoThzag Tou ypmuooaueto Ipog o GBpotoun tov xoteddinlomtey dhev Tev
pouosGuaToY tov TAnbuouon. ‘Eota 6n 1o anotékecua g Suukactag emloyis
eivin 10 [A,B,B,[] ko e Levyapio mov oympotilovrar tugaie eivar ta (B,A) ko
{B.I). Qg onpeio hinotadpumong tov npkton Levyapold emiéyerar Tuynia 10 4 evd 10
yie 1o 8ev1epo T0 9.

TMivaxag 5.1; Napadetyua nAnbuopod YpOEQCHMEETHY,

Yrrowngiee bit-string Tips ouvapTaong MiBavdrnta swikoyhg
Adogig xaraAAAGTHTaS
A 600110010141 8 0.32
B 111040101100 ] 024
I 001110101001 [ 0.24
A 111011011100 5 0.20

Tr Swdwosia e avanapayayig oxaypeest o Hivaxag 5.2. Zm ypappi "Aw-
cradpwon” gaivetar 1o arotéleapa mg SacTavpwong, evd ot ypapp “*MetdAiao-
En" £yer exteheotet kot petdddaln. Ta cdpfole mov eivar éviova tuntpdva oy
TEpTTET Ypaypf Eivat uTd Tov eMMpeacTHKAY ano ) petdAhaln.

Nivexag 5.2: Avenapaywyn ypupogupdroy

Foviag 1| (B) 1116-10101100 | (B) 1110-10101100 | (B} 111010101-160 | (B} 111010101100

Toviag 2| (A} 0001-10010111 | (A) 0004-10010111 | ([} 004110101001 | (1) 064110101-001

Atoyovog 1% 2% ki 4%

Araoralpwen| 1110-10010111 0001-10101100 111010101-001 001110101-100

Merahhabn| 1110-10010111 0004-10101100 111110101-001 001110101101

And to meparave gaiverat ot ) fiactadpwon eival 1 MO SHUAVTIK TEXVIKT Y@
Tpiyopn egepedvror dhov Tov yhpov avelRmoarng. And Tyv @A mALUPA ) HETAAAT-
En mapEyer ma moAY jxkph mbovomyte Toyaicg avalirgong, efuoguliloviag, £ote
Kol P eretpoedayion) mbavomta, om 6Aa o onjela Tov y@pov avaljmaong Exovv
mBavoTTo ERIGKEWTC.

6.2.8 NMapadeiypara

Im cvvixewe rapovoaleal 1} avnpetomon pe yeverikods ahyopibpong §Ho ardov
npofinpatey, g Bipeong 1oL HEYIOTOV wiag apBunTiKig CUVEPTIONS Kat TOL TPo-
PAnuatog rov mhavediov aointd.
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Evpeon peyiorou ouvapriong wiag peraBAntig
‘Eotw 1 ap@unmky covapmon jhag petafinme:
JixyEesin(10mx0)+1.0
TS OTOiEG 1} YPOPIKT Mupaotaon oto Saompa [-1, 2} paiverm oro Lyhpa 3.9.

0t UJ&M

Iyfpua 5.9: H ypagikn tapactacn g suvapiieng fAx)=x-simn{10mx)+1.0
ato Swornua [-1, 2]

To npdPinua mov tifezan eivat ) £UPECT] TOV UEYIGTOV TG TUPATAVE CUVEPTIIOTS
oto Swompa [-1,2). H evnpetomon tov npofinuatog avtod avaivtikd (Sniadh
unBeviouég RpoTIg mepay@yoy, KAL) eivar SOokoly kat Sev éxgl va waver pe tov
oxonrd autod tov fifiiov. Tm cvveysw o npoBinpa Ba avupetomobel ue ypion
YEVETIKOV ahvopiBpwv.

Ta my evarapeotooy 1wy apdipav o ypnoporomBet o erhy dvadiky kodi-
xoroinon. Edv i emBuunt expifew givin 6 Sexadca ygia, ypeidlovior 22 Svadi-
k& ynopia yia myv avanapactaon 3-1.000.000 epdpav oto dwompue [-1,2], nan
2*1<3.000.000<2%. H avuotoiznon petald tov Svadikov ap@pav (byy,bp...bg) km
v Tpoypanikay ombuwy oo Sieotque [-1,2] propel va yivel pE oV AOPIKETO
Tono:

3
P
0710V x* 0 Hekudueog apbyog Ao avTicToyEL ot Suadixn evanepdoTaoT.

H ovvipmon xaradlkniomtag elvar 1 idu 1 cuvipmon fix) epoppolopevn atov
npoypetikd opdpd tov cvniotoyel o kabe ypouoccwpe. H dedwagin Snpoupyiag
100 apyixot mAnfuopoy eivaot @iy, EVE O TEYVIKEG ¢ SWoTRUPLONS Kol TS PE-
i habg etval dueca epappooipeg ot otogsia o Mnfvopod. Tehxd Ppioketar
én 1 owvaption nepovoidle peyeto na x=1,85, 1o onoio avustoyEel oty Tipg
A1.85)y=12.85.

x = -f+xt

22\
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Mperer ve onueuebel e8a 611 nodic popic ot epoPfhnpate ueyoTorninong apb-
HaTikwy ouvepTlocy BE yproiloroEita ) anky dvadik xodwonoingy, aiia di-
Aeg Mo aMOTEALGPUTIKEG, Onwg 0 kmddwug Gray, Katd tov onoie yertovikol apiBpol
SunpEpouv Kata £va povo bit omv avanepastacy g,

To mpofAnua rou frAaveésiou mwAnr

To mpofinua tov tigvodioy nwlnm] cuvicTatal OV EUPECT] MG GEAPEC HE TV
oMo Evag TWANTHG TPENEL VO REPUCEL Go BAEG Tig TOAELG EVOG CUVEAOY TOAEDY Kal
VO EMOTPEYEL OTTV Upyua], GOTE va EXEL TO JMIXPOTEPC Juvatd KOOTOC, OMOE QUTO
exppalerm xabs gop (Y. ypovog, yphipate KAL),

To npéto 8epn rov TiBETAt Y1 TV GVEHETOMOT] TOV OVYKEKPLEVOY Apofinpa-
T0¢ 1L YEVETIKOUG akyopifBpoug eival np popon tav ypopoosapatov. Av kot péypt
T@pa topovclaginke 1 kodikomoinon v ypoposnudey o dvadika Swevbopara,
odkic qopig wioBeTobvial EVOAAIKTIKES GVUREPUUTAGEL;, Orwg Suvdspote oxe-
priov, Siviopara ovpfoiov N akopn km acAvdidoTazol mMvaKeg. Ly Repirtoon
Tov pofhipateg Tov TAavédiov rwint cvwnbileto 1 ypion Saveouatmy okepai-
v apilpov umfkoug loov pe 1o aAfbBog v tékewv. ‘Etoy, nia napdderypa, eve ypo-
udowpo Ba gxer ) poppi] v=(ilz...Ix), OMOV iy, B, ..., Iy € F.n xat il yim j2k.

Yotept 6A0 TV EMAOYT] TG KedikonoinoTg, dnovpyeito o apikag nAnbuopog
YPOUOCWATEY raipvoviag £ve Tuyoio olbvolo amd cuvbvaopolg Tev adiswmv. H
af10koynon oV YpoposouaTey eival ardi Swbikesia, apod axmret anka Ty Tpo-
obeom tov empEgoug KOOTWY Yo T7 pEtaxiviion Hetold Tov YELTOVIKGY TOAEmY, pE
T7} GEMDE MOV QUTEG REPLYPIPOVICL GTO YPOHOCHUT.

To Sevtepo Déun nov Tiferat Elval 7} EPUPROYN TOV TEYVIKAY THG SCTHOPLATG
kat mg petaiialng, ot onoieg Sev propolY VI EQUPEOCTONV UE TOV TPONO MOV £YouVV
nopovaicotel, Tpaypen, o po tétow Aspintwan ano m dwdixasia g avarapa-
YYY)g LOPEL VI MPOKIYPOLY UN-EYKDPE YPOUOCHUNTE, G KL DIAPYEL 10 EVDEXD-
HEVO [t OAN, Vit eppavioTet S0 gopig e Eva ypwpdoopa. [a my aviipetmmon
avtoD Tov RpofiRpatos vrdpyovy 5o Suvaromes: Eite votepa and kabe avanapa-
Yoy va EAEYYOVIOL OL GROYOVOL Kot vi embtopBavovim 0o YPOUOsERT Eival un-
£yKOpa 1 VO YPITLHOROIBOUV TPOLOROIHEVEG TEXVIKES StaoTaipwong Kot peEtdhia-
Ens, ot emoieg va Sivouy mavio £ykupa ypoposheta. Zm coviyew 8o napovclaote
1} devtepn SvvaromnTo.

M mpomy oxeyn Bu finav va ﬂpuypatmtomem avangpoywyn oy axo Levyn
YpOPoTHRaTEY, 03Ad ard pepovopiva ypeposepata. e tapaberypa, avnpetabi-
TOVIOC HEPIKEC TOAEIG EVOG YPWHEOCHILITOG KATIANYOUUE RAVTE O EYKUPO Ypoio0om-
pa. Qotooo, éxct anodeyBel on 7 ypfon evog povo yovea nia T dnuigupyia £vog
aravovoy Oyt 1ovo Sev odnyel omv ovykhon tou wAnbvonod oto PEAnoto ypwud-
owta, CAAG guyvd Sev nopdye 0DTE Kav KOAG (POLOGHUNTA,

H 80vaun twv yevetlkov ahyopilpov npokvrtsl and o) Slactaipoot YovEwy HE
vynAf T kateriniomtog. ‘Exovy Aowmov npotadet Sipopeg napaiiuyig daotan-
pwoeng yia 1o 7pdfinpe tov mhavobiov rekn) (cAkd xam yia diia Tapopowe mpo-
BAfiuata), pe ex mov onoiwv eivin 1 eENg: Apyikd emAiyovim 800 tuyaieg axoiov-
Bizg yovibinov iSiov pikoug and xdfe ypopoocwpd, E0Te 01 akéAovbeg:
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m={12314567}189)

P4 5211 876193)
omou ta gipuPora | meptopifovy T emhieyeioeg uxoioudicg. S suvexsia Snpovpyei-
TEL 1] GPYKT] HOPET] TWV QIOYOVEY KPRTOVIEG Hovo TG EMAEyEioes axohovBice ko
QpVoVTRG KEVES g vrdhoueg BE0eIC:

=X xx|456Tixx)

or{xxx}1876|xx)

1y cuviyeln, Eexvirviag oo 1o SEVTEPO opforo | tov evog Yovea, ot TOREL ToU

alhov yovéa avmyphgoviar otig (Si1gg DEcE, REPOLEINOVIOS GUTES MOV LRAPYOLY
761, Mokig yeplaouy o1 Béoeig oo tEhog 1) oupmhnpmon ovveyile ano my apy). Na
repaderypa, yie 0 svprkipoon twv 8EcEwY Tov aroyovow oq, fa AngBovv vEdyn T
OTOLLELD TOV YPOUOGHHUATOS Py HE TT) CEIPQ:

934521876
AQmpGVING Opag Tig TOXEIS TOV 118N VIEHYOLY OTO 0, AMOUEVODV 0L
93218

AVTEG GUUTANPAVOUV TIC BECEIS TOU YPOUOCAHATOS 01, LEKVOVIOC QHECHT HETH

10 7. Tehkd o1 5o undyovor eivar o eEfg:
0;=(2 18{4567193)
or={145)1876192)

Ooov agopa m Stadicaaie mg petddialng ket mpokeiévon vo obnysi o fyxupe
ypoposouata, avty cuviiBec Taipver T poper m¢ aviperdfeonc Yo yarovikov
nohewy.

Téhog Ba npénet ve onpewwbet o1 Eyovv npotalei todkeég evalioxnikes wwdiko-
TOWOELS i 10 RPOPApa Tov Thavodiov TwAnTH, KATOES £K TWV OROILY EMTPETOVY
udlota TV EPEPHOYT TOV TEXVIKGY TG SlooTanpmons ko g peTdiialng axpifiag
OMG TEPIYPAPIKAV OTIC TPONYODUEVES EVOTITES,

5.2.6 ArmroreAeopanikdTnTa Kei ATToB0TIKOTRTA

O Holland o 1975 firav o npwtog mov £8ecE ua TEKppopévn eERyNon via o mdg
ke viori o1 yeveTixol ahydplBpot Aettopyovy, pe 10 Jrwpnua twy aynudrwy (schema
theorem). Mo mv katavonon tov Bewpnpatog Bo SoBolv apyikd pEpKol OpojoL
Gewpavrag oTt To alpdfno 010 onoio mapioTdavovTol Ta yovidur gival To Svadike
{0,1}, tote éva oyfjua (scheme) elval Eva ¥poUOCcELHA 7OV Snuovpyeital and 10
argdfinte {6, 1, #}, omov 10 copPoho # vrodniiver onowdimote Ty, "Eva ypops-
oo AEYETRE OTL REMEYEL £va ayfjpa, Eav o Sio oupPolocepic tovtilovim yia 6ha
1o fuagopn and 1o # otovgete tou oyfpatog. Mu nupdderyua, o ypoudowpa 11001
wEmEYE o oyfjpate #1048, 1H00#, #0011 o 1#E#].

Opiletal wg rady (order) evoc oyfuareg 1o aAndoc tev oupfdlov nov cival fa-
gopo ano o #, Opilerm wg wikog (lengrit) evog oyniatog i andstacy ey 500 MO
eLatepiav p-# copfdiov. Ma e npoavagpepbivia técoepn oyquarta, ot TaEeig
toug Eiven 2, 3, 3, 2 ko 1o pikg tovg 2. 4, 3, 5 avrigtotya.

anao
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O Holland Bewpet 011 17 vymAf Tipn xatehiniotntag evog YpwRocRURTOS opeile-
01 GO YEYOVOS OTL ouTd mEpIEyet "Kodd" oyfjpata. EmAZyoviag via avarapaynyh @
ypoposhpete je vynhl T keterinlomytag celdvoupe v mavoTnta emKpaTy-
oTjg TV KaAGv oynuatey otov mAnfuops. To Bedprpa tav oymudtev xabopila on
anediboving mbovomTo avanapaywyng oIf YpOHOCHEATE avaloyn Ipog ™V Ko-
wAniomid Touvg, @ "kahd" opfjpate twyydavovv exfenixé avEavopevov apiiod
ovorupaywy@y ong endueveg yeveeg. Eniong xabBopifer én o aplegmg TV SYRPaTov
Ta Omole PETeQEpOVIL QRO YEVER OE yEVED givat g tafng Tov N, dmov N 10 péve-
og tov maBuopod. H edeviaio 1B10mye avapipetar ko oG dupeoog Tapatlnliouos
{implicit parallelism) xm Bewpeitm wg 7 EERYNON Na TV ERGTEAEGPATIKOTHTA TOV
yeveTikev ahyopifpmy oty exilody tpofinpatoy.

To Boockotepo epdTUa MOV EYEL UMQCYOANGEL TV EMTTHHOVIG] KOWOTNTA OF
oxéon pE TOug YEVETIKODS whyopifuoug sivar 1o nag mpénet va xwdixorowmbel dva
apofinpa, dote i avopethmot] 1oy UE YEVETKODS ahyopifpovg v elvan aroSotuay.
Mia xoht} KBIKomotnon APEASL vt £YEL TIC TOPUKATE 1010TITES:

s T oyenikd yovidio va giva YEITOVIKE OTO {POHOCHUATE.
»  Novmapyes ukphy alnlerxibpaon yetasd v yovibiov.

Zyenika yovidia eivin qutd to onmoio cvvBvacpiva emmpedlovv T cuvapmon
kotalinkomrag. Avtd onpaivel én m cuvaption kotedinlomreg Sev efaprdrm
and kaBe £va yovibio Eeympiota, akda ond cuvBvacpovg autdv. Edv 6ia ta yovihia
frav aveEdpmta petald toug (1 \WSavua) REpinTeoT), 10TE 1§ exikuam evg mpofipa-
to¢ Ba avayotav omy emiivon N avebdpmrov vrorpofinuaray, srov N o apifipde
oV yovibiov. Zmv npaln, autd zov cvpfaiver sivon 0T vIapyer pepid eiinieni-
Bpaorn petld twv yovibimv. e auth v nepintmon, o anobotikl kedikoxoinem
Bo sixe o oyenka yovidlo xovid, Smunovpyodviag KEAG oynpata 600 10 Suvardv
HIKPOTEPTS TaENG wot puxkpdtepoy pixovs. H Snpovpyia xohdv oxppdtov jukphc
taEng xat uixovg avEdver v mbBavémra emBieong Toug kota ™ pdon mg do-
graupwong ot hadikacia mg avenapoywyns.

Te mepintworn mov undpyer 1oyupn aiinienidpacn petakd tov yowibiev pag
xebiconoinong, jte amotédsapa va py eiven Suvan) 1y tonoBEmoT oyenk@v yowidi-
wv of kovrveg BEoeig kot 1 Snpuovpyin pukpiv oynpatay, Tote § anddoon Tov yeve-
ko alyopiBuov eivar apgifors. Ze avtiv v nepintmon npénet eite va emyetpnbet
evaikoknikt xmdikonoinon, emiiyovras Sopopenikeg peETafANTES T\ TV avarapa-
OTROT TOU PIVOTVOV 1) v eyretaierpfet 1) 5EQ g pfiong yevenkov aiyopibumy
yia TV EXIAUOTR 1oL RpefAnuarod.

5.2.7 Egappoyig
Napovoidloviay o1} CUVEYEW HEPIKEC OVTITPOCWTEVTIKES EQUPHLOYES TV YEVETIKOY

aiyopiBuov.

Etgpegon peyiorng nipis apibunmikwy guvapTRoswv
Mpoxeizn yix v mo koka peERETRPEVY EQopuoyl oV yeverxmv giyopifpav. H
EDPEAT TOV PEYIOTOV pag ouvaptnong Sev eivir xabérov edkodn vidbeon ya ov-
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vaptijoerg toAkwy perafAntov, oi onoteg Epgavilouy aguvexelEs, Oopufo, xhr. To
FAsovémun Tov Epavilel 1) egappoyn Toug of guTa 1@ Tpofinuata eV OTL N
guvipmon KatahinAomTag sivar bedopevn,

Emeiepyauia sikévwy

Ot yevertkol ghyopibjiot ¥pToIHOROWUVIRL Yid TV OQVOYVOPST EPOTUREY, OnE
GKLUEG, EMUPAVELEG, UKOUM Kt GVTIKEIHEVD, OF YN@LOMOIRUEVES EOvES, To amoTEre-
OUa TUTHG NG EREELPYHGIOS BACPEL va amoTEAECEL T fom v Ty Wipwky opaat).

uvduaonkn BeArioromwoinon

Mpbrerton yia 1o Khaoowko tpoBAnpa Katavopng TopwVY 6t BpacTptotIes, jie oKo-
76 ) peyiotoroinon Tov opilovg 1 tv EAdTwon tov koostovg. Ta wpofinuata
autig TNg Kamyopiag tapevsidlouy cuvbvacticn Ekprén Tov xpov avalimong, ug
mpoc 1o péyefog tov mpoPAnpatos, pe arOTEAECHA O EAEYLOG OAOV TMV LIOYTIPLOY
Aoeov vo givel adivatoe. To mo yv@otd rpdfinpu oumg ™G Kamyopiag sival
aUTo Tou mlavédiov mwdnt (traveling salesperson), onov otéyog Elval i EBPECT] TH
svvropdtepng Sadpopig yie ™y eniokeyn evog cuvolov rokeav. O yevenikoi akyo-
pOpoL propotv va Sdcovy of -avto 1o tpdPinua modkeg Miseg kovia o BEAnom.
"Eva 6Aho mpoPAnua eivay 1 anofijxevoy kifwriwv (bin packing) ko apopd mv £v-
pear) tov BéAnioTov tpomov anobikevong evog apBuov xifutiov oe AEPLOPIOHEVD
ybpo ko Exel peyiAn mpoxmkn onpacia om Popnyavia. Avakoye mpofiipata
gpgavilovial wm om oyedicon VLS wuxkondrev. Tédog oy xotyopla nutiv
TV EPUPUOYEY EVIRCCOVIOL KMl Ta TPOPARHOTE XAQIGUEPITROD EQYATILV (fob-shap
scheduling) ko karaoxeus wpokoyiwv mpoypapudrwy (funetabling).

Xyediaon

O1 yevenixol whyopiBpor pmopoby v xprcionomBody o} oyEbiacT] KATAGKEDMY Kul
eEapmHaTOY, OROG LY. YEPUPES, UNHOVOA0YIKE EEAPTRHAT, OKOV CNTODHEVD UAGpEL
Ve givon TOG0 T} EUpEDT] g ABoT, 000 Xat 3} BeAnictonoinoy mig. Ot ahyopiBpor
prropotv vo Sokipdosouy cuvBuaoiong xar 18éeg oy o avBpomvag voug S Ba boxi-
uals moté, Sivoviag eviote TPWIOTURN GROTEALTHATA.

Mnxaviki) paénorn

1o ovoTipata pRavIKAg HaBnong o1 YEVETIKOL ahyopiBpos HropobY Vi Zpoio-
romBovy vie T avaxdioyr kevovoy if.then... H mo yveot epeppoyn elvar auti
TV gueTHpGtwY Kapyoponoinone (classifier sysiens), WOTOCO 01 YEVETIKOL GAyOpB-
1ot éxovv yprioionomBel kat g8 tayvide, entiuoy AaPupiviwy, kabog kot ya noke
TIKEC Kitl OIKOVOIKEG QVOAUCELS.

Pivetan pavepd Aommov 611 ot YEVETIKOL ahyOptBlOL £X0VV EQEpHOSTEL GE dapopa
rpoBinuata g TN kot Wwitepa o apofiipote Pedtictonoinong. e opiopeva
TPOBA{IATE Te GNOTEAESHATA YTV TOAD KUAQ EV® OF GAAX EPKETA NOYONTEVTIKG.
Navewg, drog ko 1@ TNA £T01 Kal oL YEVETKOL ahyopiBpiot UAOTEAODY EVAV EUKOAD
Tpono exiAvong npoBAnpatey pe pEYEAN SVaTOTTE TPOCAPHOYNS. Kapoxtpiotike
givar 6Tt 10 oyoAhio Tov Denker on "ta vevpwvikd diktva givar o debiepos kaddtepog
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TPOTOC yHu Vo KavES ondirote” EREXTABNKE UE 10 "t o1 yevericol alyopiBuol civai o
witog"

528 Tevetikog Mpoypappatiopdg

O yeverog mpoypoupanauds (genetic programming) | TTL etvon pia exdu mepimro-
o7 TV YEVETIKGOV CAYOpiBpwv, GILOV 0TOYDG EfVaL 1} AVTOUETY KOTROKEL RPoYpay-
peT@v VIoAOYIoTGY, L6 aUT) TV REPIRTOAT, OL VIoyTipeg AoElg gtov ekehcoope-
vo 7TANBLGHO Eivin POYPPATE VADAOYISTOV ovTl bit-strings.

To apoypappate mov Swgetpilerar o [Tl avanepotdvay pe SEvipa mov avm-
atorzovv gto 8évBpo cuvrakmikhg evilvong (parse tree) tov mpoypippetos. Kabe
KAROT] CUVEPTIOT)Y GVRRAPLSTATEL PE Evay Kopfo tov SEvipov ku T opisuata g
He Tovg xopfovg-anoyovovs. [Ma napdderype, o Lynpa 5.10 tapovawle 1o Sévepo
GUVTIAKTIKNG aviluatig SeBopevg eptBin TG TIpRoTaoTE,

sin[x}+\/x1+y @/@

Lynpa 5.10: M éxppaon ke 10 SEvBpo cuvigkTIkTg avikuong TS

Ma mv avipetomon evog npofAnpatog e xprion [T1 8a npenel vo opiotovy
npiTe. 6Aeg ot cuvapmoe oy Ba ypnoonowfody, kabde Kul T TEpHATIKG GUK-
Boke (peraPintéc s otabepés). Ity cvvexaa o akyopiieg tov I extedel pia
eEEMKTIG avalfiTeT] 010 XMPo TOV TPOYPEUHATEY ROV UITOPOUY VO KOTQUKED-
GTOOV e 1o cuptfora ROV opictHKraY (CUVOPTHCE KIL TEPHATIKG).

Oniag xat JE TOUG YEVETIKOUG aAyopifuoug, Exot ko otov FTT vidpyet evag miy-
BuoOE VROYRPInY ADOEWY, 10V OTIV CLYKEKMUEW) RepinteoT) eivan ta Sévipa. Xe
xa0e emavihnym o dhyopiBpog emiyet kamote and evg e Sévipa kol epappdlel i
TEYVIKES THE BIOTUDpwoTS Kal thg uetdMakng v my apayeyn véwv. O vnoloyi-
opoC Mg kataAAniomrag yivetas ouviBag pE epapuoyT Tov eEeTalopevoy rpoypap-
{ETOC OF £va peydho odvoho anod Soxpaotika dedopéva. H myf tov emotpépe eiva
o apiBiog Tov emTugnpevav Sokxipav,

H Swotnbpwern epappsletm emhiyoviag, ne Tuyaio 1pono, iva vrodtvipo tov
gvoc yoveo xot avrikafotdviag To pE éve umedévipo tov GAhow. To Zynpa 5.1
Seiyver Eva TapGdeype SecTavpwong Onov ot KouPot je Eviovn ypappn anotehodv
70 OTRELD SlevtalpHang.
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Zyape 5.11: Napadeiypa Siaoravpurong oTav YEVETIKG TPOYPAHUATIONO.

Mapaderypa yevenkod mpoypappariopod

O sza ipnoonoinoe tov [T g pie xwhnBépa apofinpituv. ‘Eve yopacmponxsd
mmaﬁ;w;m rapovaialerar omy covegeta. Fro npéfhnpa avtd vmapyouy ¥ xdfo pe
T ‘ypg;mum:’ N, E, 5, R, V, U, L, A ket 1, eve tpanély kot pia otoifa. Apyika, pepr-
Kot 'K'UB{H Bpioxovm AGVH o010 Tpanill, £vi kanowol Ghlot &yovv tomofempBel o
moEBa. O EMUIPENTEG KWVIIOEIG eivor 1 petapopd £vog KOPov and v Kopugn 1N
th?tﬁug oT0 "cpam-:!;a Kol 1 aviiotpopn Sadicaoia, Snlhadh 1 ustaxivion evég kifon,
ano. 1o 'tpumz’gl oty xopuptl g otoifiag. Lroyog tov npofliparog eivar 1 tonobé-
man v kOPuv om otoifu pe tEtolo tpomo, wote va oynuatiletar 1 Afkn
"universal” (Zynpa 5.12).

G .Koza av?mge gvav aiyopilpo [T pe oxond my aotoparn dnpovpyia evog
Ct?L'YQplBj.kOU ’sm?wsqg o npofinpatog autow, mov St Ba ebeprato amd my appiki
kataotaoy. Oneg VGUf,lBD.i.VEl HE GAEC TIg eprppoveg g TN, 1y emdoyn ™mg avanaps-
otacTg tov apofifpatog Exel koTakvTik anpacic yie Ty anddoon tou chyopifuov.
Ta weppanxd cdpfola tov emAfymrey TEMKR Eiva ta gEAS:

CS: To ovopta tov koflov mov Ppteretat gty kopupd] e otoifag.

TB: 8 ncﬁ‘ﬁor, Tov PpiokeTal 6To WIADIEPD GNUE0 TNg oToifag, Tia tov onoio o
ibtoc km GAot Ooot Ppickovial and kaTw 10v £xovv T arom B,

= NN: O Anpém}g khfog mov mpénet va torofetndei nave and to TB, dniadi 10
MPOTYOURLEVO YPRpUG e AEEnc "umiversal™ peta o TR.

s g et e o b
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o [w [w]m [=l<][~]z]=]
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Tuxaia apyikr XOTA0TION

Tehwny kaTdoTaOn

Iyfua 5.12: To npéfinue tov Koza

O ouvapTioElg now emAEyTKay eivai ot

o (MS x): Av o xbfoc x Ppicketas oo Tpamily, petaxiveitat o otoife ket 7 ov-
vipman emopeper AAmBEg, thhdg emotpeger To Heudis,

o (MT x}: Av o xifoc x Bpioketar ot Kopugh ™ o10iflag, peTaxveito 610 Tpa-
7E0 et 1) cuvapmoT emctpiper AinBég, odimg emoTpepEL Yeudic,

o (EQxy): Av x=y emotpioet Aknés, ahhiig ematpeger Wevbée,

s (NOT x): Av x=AAn0éc emotpéper ‘Yeudis, alhubg emotpiger Andeg,

« (DU xy): H éxgpaon x enavahapfdverat péypt 10 Y va EMOTPEYEL Adnbéc.

Ma mv vhonoinon mg ouvapong emhoyig, o Koza xetacksbaoe 166 Sugope-
TiKEG apyikég TonoBeTioetg Twv kiBuv. Emiong, wg apyxdg mnbuopdg emhiymxe
Eva covoho 300 Tuyaiov mpoypappdtov. Tekd pera ano 10 yeviég 0 ovOTiHG
TEpUATIOE TN AE1TOVPYin TOV EMOTPEPOVTIRG TOV EETG ahyopiBpo-AuaTy:

(EQ (DU (MT CS) (NOT CS)) (DU (MS NN) (NOT NN)} }

H Avon anoteheitar ano §6o enavaAnrrkeg cvvapricey, DU. H nphm adetdler
) atoifa ko tonoBetel Toug kOPovg oto tpamélL (MT CS) &wg dtov va pnv DEAPYEL
@Mhog omy otoifa (NOT CS). H Sevtepr yepifer otadaxa m otoifa pe tov Kotdh-
Ao x0fo (MS NN) fag 6tou v pv vrapyer xavéveg xifog oto pantly (NOT
NN). H Subiasio entovelapPavira Eog 6tov yivowy xet a do ioa (to xabéve
ainfic).

Ta anoteréopata mov EhoPe o Koza ano toug ohyopiBpoug n0v KOTROKEDRCE
fitay evBoppuviika of apketic nepurreoes, Béfou, n emmuyia tov akyopiGpov I
kaprat oe PeyEAo Pobpd and Y aVaTapRcTacT) Kail 10 GUVORD TV Soximv Tou
ypioiponotel 7 cuvapmon Katadinlomeag. Mae gvtdv o royo £vo pEYGAO TUTHG
g £pevvag otov I'TT aoyorsital e TOUG TPOTOVG AVANAPACTIUGTG KAt EMAOYTG Soxa-
Hiv xat apyikol thnbucpob,
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BifAioypagia

To Piprio [Russel, et al. 1999] cuPabiver oe Bénota Epuppoyng T@v TNA yut mpo-
BAeEym k@1 avayviplon) TPOTHRLY EVe nepdAinia napovcidlel K BEpata YEVETIKGY
diyopifpov. Mokt xeko kot evavayvooto fiiiio yio TNA kot avayvapion TpoTunwy
givar ko to {Bishop, 1995]. Tékog, pin cvyypovn Kot MEPIEKTIKN REPLYPa@H) TV
vepvikav Sikrowov vaapyet oo fifiio [Tsoukalas & Uhrig, 1997]. Zto idwo Piffkio
KUADRTETEL EXTEVOG KOL 0 CLVSUACHOS TWV VEUPWVIKGY SIKTO®Y UE T aoapt] ov-
CLI|LTa.

"o neprocotept epfaduvor grovg yEveTikevg alyopifuovug npoteivovias e Pr-
Biln [Michalewicz, 1995] xat [Mitchell, 1998]. Ewbwotspo, v dtpate yevenkov
RPOYPRUPOTIONOY onpavnikd Bewpeitat o Sitopo Epyo tov Koza [Koza, 1992] km
[Koza, 1994].

Aokioeig - Epwrioeig

1. No neprypoget Evad teVITOG VELPEHVAG.

2. Ne neprypogel 7 péBodog avaotpopng petidoang Adbovg ya myv exnaibeuon
veupevIK@Y Sixthov nolkov emnédav.

3. Na avapepfodv T faoika TO0TIKG XOpUKTPIOTIKG IOV xapaxmmpilovy ta veu-
puviKa dixtva.

4. T eivar 1o ypopupxog Swyopiowe wpofinpete; Ty sifovg veupevixd diktua
QIULTODVTHL Y10 TV iAo ur-ypapikoe Swuywpioipev npofinpdtny;

5. Na popebei ) onjpacia Twv Spwv yevoTeTes Kul ganvotonog o fokoyia ko va
BiconoioynBei n emoyn Toug oTovg YEVETIKOUG ahyopiSuoug,

6. "Eotw 10 rpofinpe N-Poodiscay oto oxdkl. Ne enthubel pg ypiion tov yeven-
kv ahyopifpwv. Tuykexpipiva, va kodikoromBel to apdfinua, dniabdh va ne-
piypapouy ot petefintéc tov mpofAfUatog Kal T GUVAPTIOT KATTAARAOTTOS.
U GUVEREWD VEL YiVEL DAOTIOINOT OF KAROWE YAMOOO HPOYPRELPATIONOD Kot va
Aofei. Na reipoponotette pe Sigopeg KodKoaomoE Kol TRPUUETPOVG TOV TA-
yopiBuov emiivong,

7. Nt KotuoKeLaoTEL TPOYPQRa OE OROSHNOTE YAMOOT MPOYPUHUATIOHOD YiG
™V EUpEST) UE £QUpROTT TEvetiKaV adyopifumv tov peyistov TG cuvapmeong
Fxy=esin(10mx)+1.0 oo Suempa npaypenxoy apfpov [-1, 2], To mpoypappa
va EIvaL TEPEUETPOROMOUL0 WG TIPOG TO HIKOG THV (POIccONaTey, 10 néyedog
tow apykod Mnbugpod, Ty mbavotre perddielng kot tov apBuo tev enave-
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Awewy mov ekTeAE No eKtEAEOTEL Y10 S1GQOPEG TIMES TOV MUPTUETPOV KAl VO
OYOACTOUV TO QROTEAECPOTE.

3. No koTooKEvQoIEt APOYPAppa CE ONONSNROTE YAMOOU RPOYPOUMOTITHOV Tid
v eniAuon pe epappoy yevemkmv alyopiBuwv tov npoPiipatog Tou Thavo-
Stov nwhnm. Na yivel epappoyt ot npoPinpe pe 50 wdlew.












































