N
N

Mn ypoppukég nébodot feitiotomoinong —

EeMKTIKOL KOl YEVETIKOL adyoprOpuon

YNUEUDGELS 6TO TAOIGIO TOL LaBUOTOC:
BeAT16TOTOI61] GUGTNUATOV VOUTIKOV TOPOV

Avodpéag Evotpatiadng ko Anuntpne Kovtooyuaving
Topéag Ydatikav [Mopwv kat [eptfairovtog

EBviké Metoofio TToAvteyveio

AbnMva, 2004-2007

EvoALOKTIKES OLOTUTAOGELS TOV TPOPARATOS
un ypoupkig peitiotonoinong

O TIsvui) dwutvmoon:

min/max f(x) = f(x,, x,, ..., X,)

X,
S.t. gj(xl, Xy ooy X”) >, <, = O, ’Yl(lj = 1, ceey k E(Pu(‘[(')g X(Dpog
xmin < x < xm yi=1,...,n (medio opopov)

O Mop@pég oTo)IKNS GVVAPTNOIG:
=  Movodidotortn 1 ToALIAGTOTN
»  Mze ocvveyeic 1 Oyt petafAntég eAEyyov
= Kvupm (Hovadikd akpdtato) 1 un kuptn (ToALomAd akpoTaTo)
= Me avoAVTIKN 7| UN AVOALTIKY 1010 EKPPOOT) KOl TOV TOPOYDY®V TNG

= Me apueAntéo | GNUAVTIKO POPTO VTOAOYIGHOV (GTOYIKEG GUVOPTNOELS GE
TPOYLOTIKES EPOPUOYES TTOV OTOTIUMVTOL LEG® TPOGOUOIMGNC)

O Mopoég mepropiop®v:
=  Evoouotopévol oTn 6TOYIKT cLuVAEpTNoN

= [ledio optopov = dpta petafAntdv eEAEyyov

A. Evotpaniaong kou A. Kovtooyigvvns — Mn ypogyurn peltiororoinon — Eéeliktiol ko yeverikorl alyopibuot 2
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Tomkég popeég yopwv avalntnong
X2 4 Kvptdg, ) I‘\ Kvptdg, un
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xzmin = - -1
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xlmin xlmax
Mn kvptdc, Mn kvptog,
1 ovveXns X ] - K1 CLVEXTG
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H évvola g em@avelog amokpiong

®¢om axpotdTov

[Teproym «ovyévor

@0.2-0.22
0o0.18-0.2
m0.16-0.18
m0.14-0.16
00.12-0.14
m0.1-0.12
@0.08-0.1
m 0.06-0.08
00.04-0.06
00.02-0.04
m0-0.02
@-0.02-0

Kabe eiowon z = f(x,, x,) = otabepd
ovopdletor 1oooTaOpikn g f
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Beltiotomoinon yopic TEPLoPLoHovS

‘Eocto cvuvaptnon f(x) opiopévn 610 R” mov givan cuveymg o€ OA0 T0O TEdI0 OPIGHOV TNG
KoL EYEL CLVEYEIG LEPIKEG TTAPOYDYOLS deLTEPAG TALems. Kdbe onpeio undeviopov tov
dravdopatog Khiong g cvvdptnong, dniadn kabe onueio X* ya to omoio:
VAX") = grad f(x*) =0

ovoudletar eT@opo (stationary). Av H(x) etvar 1 i vro-opilovca Tov £6610voD
UNTPAOOL TOV TPOKVTTEL LE OPOIPEST] TWV 11 — i TEAELTOU®MV YPOUUDV KOl GTNADV, TOTE:
" av H(x") > 0 yo kdOe i (BeTikd opiopévo pnTpdo), TOTe T0 X £ival TOTIKO EAGYLOTO:
" av H(x") # 0 ywo k66¢ i kou sign(H,) = sign(—1)’, tote 10 X eivor TOMKO péyroTo-
" av H (x7) # 0 kot dev 1oyvet Kapio omd TIg TOPATAVE TEPTTAOCELS, TOTE TO X efvat

onueio céhag
" av H (x") =0, dev pmopei va vap&el GoUTEPAGLOL.
2TV TEPINTMON TOL 1 GLVAPTNON EVOL KVPTH, 1 f EYEL LOVASTKO GTAGLLO onpeio mov
avTioTol el 6T0 OMKO aKpOTATO VNG (EAAYIoTO N} LEYIGTO). Katd cuvénea, av pua
oLVAPTN O IKOVOTOLEL TV avaykaia cuvOfkn VAX") = 0 kot v kaviy covOikn
KUPTOTNTOG, TOTE TOPOVGIALEL LOVOSIKO (OAIKO) AKPOTOTO GTO GNUELD X .
Av 1 cuvdptnon elval pn Koptr, T0tE £(EL TEPLGGATEPA TOL VOGS GTAGILA oNpEia, KabEva
amd To ool popet var etvot Tomikd ELAYIGTO 1) TOTIKO UEYIGTO 1 onueio oéhag. Mia
T€TO10. GLVAPTNON ovoudletal ToAvoynpoTiky (multimodal).

A. Evotparniadns ko A. Kovtooyiavvns — Mn ypoyuukn Peltiotonoinon — Eehixtixoi ko yevetikoi alyopiOuor 5

Tomkd ka1 OMKA OKPOTATO,

Tomwo ehdyoto (x,7, x,") =
(0.618, 0.371), f*=-0.003

YAV, v' V.' J
WO
ORI

57
8P P:%y 0,054
A . 0.1

T A
2
NSemee

OMko ehdyioto (x,%, x,") =

OMKO gAdyloTO (0.314, 0.705), f/*=-0.011

(xl*’ x2*) - (09 0)’f* =0

Sxp, x,) = 0.5(1.1x, — x)* + 0.5(x;, — 0.5)(x, — 0.5)
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BeltioTomoinon pe mePLopiopovs

‘Ecto cvvapmon f(x), pe k epropiopods mg popeng g(x) = [g(x), ..., g(x)]" < 0.
To onueio x* givar 1 oAk gEldyiot VoM TG [ €QPOGOV IKAVOTOLEL TOVG TTEPIOPIGLOVE KOt
eMMALOV VTAPYEL SUAVVGLLOL I OPVITIKAV CUVTEAEST®V A = (4, ..., 4,)T TET010 DOTE:

Lg(X)=0ywoKkalei=1, ... k

dfix’) ., rdg(x)
ax A dx
O mapamdve ek@pacels, Tov ival avaykaieg Tpodmodioelg vmapéng akpotdTov £vOg
TPOPALOTOC e TEPLOPITUOVG, Etvarl YVooTég g ouvOkes Kuhn-Tucker.

=07

Kd&be mpopAnpa Pertiotonoinong pe meplopiopots pmopet va avoydel oe TpodPAnpa ympic
TEPLOPIGLOVG, LE Bedpnon ¢ fondntikng cuvdptmong:

p(x, h) =fx) + Mg(x), x eR"
Agdopévov 0t 4, g(x") = 0 yio k6Oe 7, T0 0AKO aKpOTATO TNG P(X, A) TOwTilETAL UE TO
olk6 akpotato TG f(x), dnhadn o(x”, A7) = f(x*). H enilvon tov LETOoNUOTIOUEVOL
TPOoPANUOTOC YiveTon Oemp®dVTOC MG LETAPANTEG EAEYYOL TIG APYIKES TAPOUUETPOVS X
KaODG Kot TOVg GLVTELESTEG A (ToALamhactaocTég Lagrange).

O1 ovvOnkeg Kuhn-Tucker givan ikavég kot avaykaieg yio tnv vmapén oAkob elayictov
™G f, €pOGOV TOGO 1 GLVAPTNCT OGO KoL 0L TEPLOPIGHOL ElvaL KDPTES GUVAPTIGELS.

A. Evotparniadns ko A. Kovtooyiavvns — Mn ypoyuukn Peltiotonoinon — Eehixtixoi ko yevetikoi alyopiOuor 7

XE1PLopog TEPLOPLOUMY HEGO GUVUPTI|GEMY TOIVIG
H Ymapén meproptopdv g £va pun Ypoppiko tpdpfAnua fertiotonoinong duoyepaivel
eEarpetikd v dadikocio fedtiotomoinong, Kabdg Tpovmoditet:
BTNV OVOALTIKY £EKQPOOT TOV TOPOYDY®VY TNG GTOYIKNG GUVAPTNONG KL TOV
TEPLOPICUADV (DOOTE VL UTOpoLV va dtatvuwbodv ot cuvinkeg Kuhn-Tucker):
=V €0peECT) TOV GTACIUOV onueiov ¢ fondnTikng cuvaptnong, dniadn Tomv
dtavvopdtov X* kot A* (avoykoaio cuvOnKn oTAGIHOTNTAG):

= Vv 1oy0 TG IKOVNG GLVONKNG KLPTOTNTOG.

EvoAloxTtikd, ol TEPOPICHOT EVOMUATMOVOVTAL GTI GTOYLKT] GUVAPTNOT O GLUVAPTICELS
mowvi|g (penalty functions). Xtnv nepintwon avty, opiletal £vo HETAGYNUATICUEVO
TpOPANUa BeATioTOmOINONG XWPIG TEPLOPIGLOVG, TNG LOPPNG:

k
min ¢(x) = fix) + 2 p(x)
i=1

omov p(x) = 0 katdAAnio opiopévn cuvapTno, TEToto OCTE pAX) = 0 av g(x) < 0, kot
p{x) >0 av g(x) > 0. Melovéktnpa g Topamdve Tpocéyyiong eival:
" 0 owBaipeTog opIoUOG TOV GLVOPTNGEDV p(X)-
" 1 OmapEn aoLVEXELNG GTO OPLO TOL EPIKTOV XOPOL (cuvnOBms dexdpacte p(x) = 0
av dev mapaPialetor o meplopiopog N mapaPraleror oplakd, Kot p(x) >> 0 aAAimg).

A. Evotpaniadns ko A. Kovtooyiavvns — Mn ypogyukn Pelniotonoinon — Eehixtixoi kot yevetikoi alyopiOuor 8




I'eopeTpikn gpunveia GLVEPTIGEMY TOVHG

Axpdrato P(x)=0
™mg ¢(xX)

p(x)=0

Eopwtdc ydpog

Agopevpévo
0KpOTATO

Ioootabukég
NG GLVAPTNONG

Towng p(x) /

Axpdrato ympig

TEPLOPIOUO Ioootabukég
NG CLVAPTNONG
Isootadpikég g o(%) = fx) + p(x)

ouvaptnong f(x)

H npocbnkn dpwv mowng otnv tpog BEATIGTOTOINGT GUVAPTNOT OALOIDOVEL TNV LOPON
NG EMPAVELNG ATOKPLONG, ONUIOVPYDVTAG VO VEO EPIKTO YMDPO TOL TawTileTon pe To R”.

A. Evotpaniaong kou A. Kovtooyigvvns — Mn ypoyyurn peltiororoinon — Eéeliktiol ko yeverikorl alyopifuor 9

Iow givor Ta eMOULUNTA LOPUAKTPLOTIKA EVOS
aiyopifuov un ypoppikng Bertiotomoinong;

O Evpoortia: [Ipocappoyn oTic Ye®UETPIKES WOOUTEPOTNTES TG EMLPAVELOG
amokpiong (YEVES, LOKPOGTEVES YOPAOPES, TAUTIEG KOILAOES, AGVVEYELEG
avayAOQOL, TOTIKA 0KPOTOTO LUKPNG Ko LEYOANG KAMULOKOQ).

O Apgpoimyia: Eyyonuévn cvykhon 6to oMko akpdtato, avesaptnTa omd v
TEPLOYN EKKivnong ¢ dadkasiog avaltnong.

O TevikétnTo: Amovcio TpolimobEcemv MC TPOS T YOUPAUKTNPIGTIKA TOV
TPoPANHOTOC (KLPTOTNTA, OLPOPIGIULATNTO, GUVEXELN LETUPANTAOV EAEYYOV).

O AmwmotereopatikétnTta: [Ipocéyyion g Bewpnrikd BéErTioTng Abong pe
IKOVOTTOMTIKY| okpifeta.

O Evkolia otn yp1on: ATOTEAEGLATIKN EPOPUOYN TOV OAAYOPIOLOV amd YPNOTES
TEPLOPIGUEVTG EUTELPLOG.

O AmodoTikoOTnTA: [KOVOTOINTIKOG pLOUOC TPOOSOL 6N dradikacio avalntnong,
TOYVTITO EVIOTIGUOV IKAVOTOMTIKAOV AVGEMV.

Emeidn o mopoandve yopakInploTiKa Eival, o¢ nt T0 TAEIGTOV, OVTIKPOVOUEVO
peta&d Toug, 1 ETAOYN TOL KATAAANAOL alyopifpov elvar amotéleopo cVUPLBacUOV.

A. Evotpaniaong kou A. Kovtooyigvvns — Mn ypogyurn peltiororoinon — Eéeliktiol ko yeverikorl alyopibuot 10




Teyvikég avalTnong TOTKOV OKPOTATOV

[Ipoxertan yro emavainaTikég aptOpntikéc ped@ddovg mov, EEKIVOVTAG Ao Lo aPyLKY|
T X[, Bedtidvou otadiokd v T TG 6TOYIKNG cuvaptnong £, petafaivoviog oto
EMOUEVO GNUELD LLE EPAPLLOYT] TOV YEVIKOV KOVOVL:
X+ 11 = x[K + g ik

omov S Babuwt TapapeTpog Khipakag Kot d pio 1e00vvon 610 R”, 1€1018C OOTE:

SxIEH 1) < AxIA), yia kGBe petotomion k
H napondveo mpocedtoploTikny diadtkacio yyvatal cOYKAeN 6TO TOTIKO ELAYIGTO TOV
Bpioketon eyybtepa oto onueio ekkivnong xMOl.

O1 emPEPOLG TEYVIKEG S10POPOTOIOVVTAL 4 X[k: 11
avéAoya pe Tov TpOTo opltopol Tov S kat d. _- v
Ot péBoodot avalnTnong TomKOV aKPOTATOV
yopilovtal og 6V0 KoTNYOpiES, avaroyd LE
TOV OV YPNCLLOTOLOVV 1 OYL TIC TOAPOYDYOVG
NG GLVAPTNONG:

= uébodotl khiong (gradient methods):

= uébodot dpeong avalnrnong (direct
search methods).

dl ﬂ dl

A. Evotparniadns ko A. Kovtooyiavvns — Mn ypoyuukn Peltiotonoinon — Eehixtixoi ko yevetikoi alyopiOuor 11

Khoowkég TeviKéES KAlGE®Y

O H amhovotepn teyxvikn KAiong eivai n pébodog g mhéov amdToung Katdfaong
(steepest descent), 6mov 1 dievbvven diFl givar avtiBetn oty Khion VAXH) g
ouvaptong (kavovag kivnong tov vepov). H dwadikacio avalntnong ypdeetol:

xlk+ 11 = xIK — Bk VX

O Kabe véo onueio xF 1 givar ) 0¢om ehayiotov g fkotd unkog tng dievbuvong
7oL opilel n khion g. Zvvenmc, To K Tpocdiopiletal pe TpOTO HOTE VO
ehayrotomoteital ) ékppaon g(BH) = AxH — I VA xI4)). Me tov tpdmo avto,
npoKOTTEL Eva TPOPANUa BeATioTOTOINONG oG LETAPANTIG, TOL EMAVETAL e
TUTIKEG apOuNTIKEG HeBddoVG (T.y. Ypvon Toun, TopaPork) ToapeUPorn).

O H mopeia ovykiiong g nebddov ivar apyn (Likpd Prjpata), evéd n petaxivnon
elvan mavta kéBetn otn devbuvon tov TpoNyoL LEVOL PrHOTOC.

O Xm pébodo svluymv khicemv (conjugate gradient) twv Fletcher-Reeves (1964), n
nopeio emToybveTal, 0o 1 véa dlelBuvomn TPOKHTTEL WG YPOUUKOS GUVIVAGHLOG
TOV KMGEDV GTO TPEYOV KO TO TPONYOLLEVO oneio, pe Pdon ) oxéon:
Xk 11 = xIK — Bk [VAXIK) + plk VAx-1)]
omov: Yk = ||VAXIK)|]2 / || VAXE- 1|2 kou f14 mapdpetpog mov mpocdiopiletan pe
TpOTO Hhote vo ehayiotonoteitan 1 Ekppaon g(BK) = fxk+10),

A. Evotpaniadns ko A. Kovtooyiavvns — Mn ypogyukn Pelniotonoinon — Eehixtixoi kot yevetikoi alyopiOuor 12




Hopaoerypa oOyKpLong TEYVIKAOV KAIoNG

2nueio ekkivnong 0

[Mopdoerypa: Evtomopog eloyictov g
fx), x,) =20 x,2+ 20 x,2 - 38 x, x,

3 Znueio ekkivnong 0
—f=1 ‘ Mopeia méropr]é‘; ] 1
S
2 b1 o i e
! ‘ |
M£6080¢ ¢ ; L
,,,,,,,,,,,,,,,,, & ; 0 ‘ Mopeia
TAEOV QTOTOUNG y% Fletcher-Reeves
Katapaong 1 1
‘ -1 | |
-3 2 -1 0 1 2 P
x Mé00od0¢
2 ovluymv
21 péhodo culuydv kKAMoewy, av | KMosmVv
GLVAPTNOT f EIVOL TETPAYWVIKIG HOPONG, | -3 w w w
10 akpOTaTO EVTomileTan o€ n Prpora. -3 -2 1 0 1 2 3
1

A. Evotpatniaong kot A. Kovteoyiavvng
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Teyvikég apeong avalntnong
2T1C TEPLGGATEPEG EPOUPOYES TNG TPAENG, | EPAPLOYT TV HEBOI®V KAMo™Ng
KkaBioTatol VTOAOYIGTIKG aAGVILPOPT), EPOGOV:

= Jev eival YvooTh 1 aVOADTIKY EKQPOCT TOV TOPAYDY®V, OTOTE OToLTEITOL
aplOUNTIKN TPOGEYYIoT AVTAV (E101KE G€ TOAVILAGTATOVS XDPOVG, TPAXELNG
yempetpiog, 6mov viobeTovvtan pikpd Pripoto Ax):
= 1 apOuntikn eniAvon tov mTpofAnpatog povodidotatns Pertictonoinong eival
xpovoBopa (n cuvdptnomn mov oynuatiletol dgv Exel TapafOAKn Hopen).
On teyvikég dpeong avalntnong sival eTavainmTikég O1001KacieS, TOV OV
YPNCLUOTOLOVV TOPAYDYOVS, 0VTE APOUNTIKES TPOosEYYioelg avtwv. Avtibeta,
eQUPUOLoVV Eva YEMUETPIKO avALOYO TNG KAIGNGS, £EEPELVAOVTOG TOV EVKAEIDELD
YOPO GE 1 YPOUUIKE aveEdpTnTeS d1evhivoers.
Ot mopapetpot SH kon df tng dodikaciog petafaocng emAéyovrar pe Baon tnv
OYETIKTN OATOEN TOV TIUMV TNG GLVAPTNONG TAV® 6To. onpeia Tov opilovy To
EKAGTOTE YEMUETPIKO OVAAOYO, KOl Oyt e PAom Tig 101EG TG TIUES TG GLVAPTNONG
Av glval yvooTEg 01 TIEG TG GuvdpTtnong o€ n + 1 onueia Tov n-6146TOTOL
EPIKTOV YMPOVL, TOTE UTOPEL Vo TPOGdoploTel o d1evBvvon Pelwong TG TG TG
f (1600 onpeia B amontodvTay Kot yio TNV aptuntiky TpocEyyion g kiiong Vy).

A. Evotpaniaong kor A. Kovteoyiavvng
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(1) Evtomoudg
™G KOAVTEPNG
KoL XepoTeEPNS
KOpLONG

KoAvtepn
KOpuQi

Xepdtepn
KOpuQi

Mé£0060¢ KaTEPYONEVOVL ATAOKOV
(Nelder & Mead, 1965)

I

(3B) To dmhoko TEPIKLKADVEL
10 aKkpdTaTO: XVvpmicon
avtifeto otnVv dtevbuvon g
avaxioong, Tov yivetal
amodEKTH HOVO EQOGOV f < f,

(3a) Apynrikn| kAion:
Enékraon xatd unkog
NG AVAKAQOTG, TOV
(2) Avaxhaon mepi yiveton amodektn Lovo
mV xEPpdTEPN KOPLEN gpocov f, < f,
(4) Zvppikvoon mepi
NV KAADTEPT KOPLO

A. Evotparniadns ko A. Kovtooyiavviyg
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O Av kot 01l 51001KaGieg TOTIKNG
avalnong eglicoovtat yp1yopo OTIG
KUPTEG TTEPLOYES, TAPOVGIALOVY TOAD
KoK COUTEPLPOPA (eEoupetikd apyn M
KO UNOEVIKT TPA0J0) GTNV TEPITTMON
U1 OUOANG YEOUETPLOG TNG EMLPAVELOG
amOKPIONG, TOV OQEIAETOL OTNV VTTapEN
AVYEVOV, LOKPOOTEVOV KOIAAO®V, K.4L.

VILAPYEL £VOL KO LOVASTIKO 0KPOTATO.

O H edpeon kdbe tomkov axpotdTov
e€aptaral amd tnv B€om Tov onueiov
gkkivnong g dwdwkaciog ovalytnong.

O Twvaevromotel To 0MKO akpdTaTO, N
eKkivnon mpémet va yivel otn weproyn
€MENg (region of attraction) Tov.

Mmnopel puo pédoodog tomukic avalntnong va yyon0et

TOV EVTOTIGNO TOV OALKOV OKPOTATOV;

O Avn ovvéptnon gtval un Kvptiy, ogv

OMxkd

eMIY10TO

Avyévag,
VAix)=0

Tonuco
eAG(1OTO

@0.2-0.22
00.18-0.2
m0.16-0.18
m0.14-0.16
00.12-0.14
m0.1-0.12
@0.08-0.1
m 0.06-0.08
00.04-0.06
00.02-0.04
m0-0.02
@-0.02-0

[Teproym
ENENC oAK0D
elayiotov

[Teproyn
ENENG TomKOD
elayiotov

A. Evotpaniaong kor A. Kovteoyiavvng
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I'evikég apyéc nedoowv omxig pertiotomoinong

Koapio mpoocdropiotiky| dadikacio dev pmopel va gyyonBet tov eviomiopud tov
OMKODU aKPOTATOL oG |1 KVPTNHS (TOALGYNUOTIKNG) cuvdpTtnong, eattiag Tov
KIVOUVOL £YKAMPBIGHOD TNG G€ TOTKO akpATATO.

H drapuyn amd ta Tomikd akpdToT EXTUYYAVETOL LUE TNV EAEYXOUEV 0T0d0YN] 1N
BérTicTOV Kivijoe®y, dNAadn Pnudtov avappiynong, kot oyl povo Katdpoong.

H napoandve dwudikascio tpoimobEtel T xpnon 6VVOVAGTIKOV KEVOVMY
RETAPAONS (TPOGIOPICTIKAOV KOl GTOYOOTIKMV).

H toyawotnta, mov amotelel Oepelmon apyn 6Awv Tov pebddwmv oAMkng
BeAltiotomoinong, Oyt povo eumodilel Tov eyKA®PIGUO GE TOTIKA AKPOTOTO, OAAL
TaPEYXEL TNV ATOLTOVUEVT] EVEMEIN KIVIIGEMV GE £VTOVA U1 KUPTOVG YDPOVG.
To 1610p1Kd TV PeBOdWV 0AIKNG PeATioTOTTOINONG £XEL MG EENG:
= 1960: Xtoyootikég nEBodot dery LATOANYIOG
= 1970: I'evetikoi adyopiBuot (HITA) — Eghiktikég otpatnycés (Feppovio)
= 1980: [Ipocopotwpévn avontnon
= 1990: Zvvovaotikd oynpata - Y Pprdkoi eEehktikol olyoppot

A. Evotparniadns ko A. Kovtooyiavvns — Mn ypoyuukn Peltiotonoinon — Eehixtixoi ko yevetikoi alyopiOuor 17

Mé£00601 Toyiog derypaToinyiog

I'evvatan éva Tpoemideypévo mAn0og N tuyaiov onuei®V, To OTOi0 KOTAVEROVTL
OMOLOOPPA GTOV EPIKTO YMPO, Kot EMAEYETAL TO KaADTEPO. TO j oToLyEio KdOe
TUY OOV SLOVOGHATOC GTO EPIKTO SLAGTNLLOL [xjmi“, xM] mapdyeton PEGE TG OXEONG:
X; = Xy (xmex — xmin), e k@Bej =1, ..., n
OTOL U TVYAL0G OLOIOROPPOG ap1BdS oTo dtdotnua [0, 1].
‘Eoto X* éva vto6hvoro Tov £piktod xdpov X, 6mov avikel To oAKo akpotato x*. H
mOavoTnNTa £V TOLAGIoTOV onueio evog deiyuatog va avikel oto X* givou:
P=1-[1-mX")/ mX)V
omov m(X) éva p€tpo (m.y. 6YKoG) Tov GLVOLoL X.
O LAoyog = m(X") / m(X) exppalel 1o T0606TO TOV OYKOL TOL KATAANUBAVEL TO X
OTOV EQIKTO YMPO. AV KGbe x € X* unopei va OswpnOei anodektn Tpocéyyion tov
OAKOV 0KpOTATOL, 1| TocOTNTA 0 = | — ff eKppdlel TNV axpifela TpocEyyiong.
["a dedopévn a&lomiotio P ko akpifela a, To amartovpevo uéyebog detypatog stvat:
N=In(1-P)/In(1 —a)
Yuvenmg, o€ avtifeon pe TIc HeBOd0VG CLGTNUATIKTG detyaTOANYiog (EEoVuYIGTIKN
avalntnon oe mAEypa), 1 okpifeta g Tuxaiog derypatoAnyiog elvar aveEaptnTy
NG 0100 TUGNS TOL TPOPANUATOC.
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Ipocappootikéc néBooor Tvyaiog avalnTnong

Q [IIpdkerran yio amdéc otoyaoTikeéS nefddovg avalntnong, Tov EKTOS TNG TVYOLNG
JEYLOTOAN YOG XPNOLUOTOLOVV KO TPOGILOPLOTIKOVS KAVOVES, 0EI0TOLDVTAG TNV
YVOOT TOL OTOKTOVV KATA TNV O1lEPEHVNG TOL EPIKTOV YDPOoL. Apa, dev Pacilovral
Hovo otV TOYN 0AAG TPOooapUOLOVTaL OT YEWUETPIO TNG EMPAVELNG ATOKPIONG.

O H otpamykn touvg Paciletar ot
yYévynon Toxoimv dotapaydv AX,
oV Yivovtol OeKTEG av PEATIOVOVLY
TNV TN TG GLVAPTNONG, ONANOTN:

Jix + Ax) < fix)

O Enedn ta AX mopdyovtol HEGm Hog
KaTovoung mlavot)TemV (Tuyaiog
TEPIMATOC), VILAPYEL TAVTO 1o pn)
pNoEVIKN MOAvOTNTO O10PLYNG OO
TOMIKO 0KPOTOTO KOl LETAPOONG
GTNV TEPLOYT] TOV OATKOV OKPOTATOV.

g(Ax)
A

Olxo
eMdyLoTO

Tomukd
eMdyLoTO

X x + Ax"

To epPaddv Tov YPOUROCKIONGUEVOL TUHOTOG ATOTEAEL LETPO TG TOOVOTNTAG YEVVIIONG
wavng datapoyng Ax”, mov e€acpalilel petdPacn otny nepLoyn ToL OAKOD glayicTov.

A. Evotparniadns ko A. Kovtooyiavviyg
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IHoALOTAEG EKKIVI|GELS TOTTIKAV ETAVTAOV

O  OvaiyopBpot tomkng avalnmmong evromilovv pe peydin a&lomotio Kot ToyvTnTo
TO OKPOTOTO, GTNV TEPLOYN EAENG TOL omoiov PpickeTat To onpeio ekkivnong.

O g un Kuptovg y®povs, N Thovotnta emtuyiog piog pebBoddov TomKng avalnTnong
1600TaL PE TNV MOaVOTNTA EKKIVIIoNS 6TV TEPLOYN $AENG TOV OAKOD OKPOTATOV,
X*. H tehevtaia e€aptdtor amd 10 1060616 ToV OYKOL 1oV KartohauPdvet o ydpog X
0710 £PIKTO Edi0 X, dnAadn To Adyo S = m(X*) / m(X).

O Eravoloppavovrog v enilvon N
QOPES, e SLPOPETIKEG KAOE popd
ovvOnkeg ekkivnong, n mbavotnta
emruylog eivon iomn pe:

P=1-(1-py

O XV ©BaviK TEPITTMOT), ETOUDKETOL )
ekKivnon amd SlopopeTIky, Kabe popd,
mepLoyn EAENG, e OKOTO TOV EVTOMIGHO
OA®V TOV TOTIK®OV 0KPOTAT®V. AVTd
TPoHTOHETEL KATO0L GUGTILOTIKY|
emeepyacio Tov apykod delypatog, e
) dnpovpyia cuotoyiwv (clustering).

[Meproym €AEng
[ OAKOD
Epikto aKkpotatov, X*
meodlo, X

Tpoyid akyopibpov
TomKNG avalnTnong

Xnpeio
exkivnong

A. Evotpaniaong kor A. Kovteoyiavvng
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IIpocopowwpévny avontnor: Puoiki) epunveio

O Avomtnon (annealing) ivorl ) diepyocio ovoKATOVOUNG TOV ATOU®V KATA TNV YOEN
evog Bepproduva ko GuoTNHOTOS (TT.). LETAALOV). Xe LyMAES Bepokpacies, Ta
nopa Tov HETAAAOL KivovvTot EAeVOepa Tpog OAEG TIg KatevBuvoelg. Kabmg to
pétaAho yoyetal, N Beppikn Kivntikdét o TV popimv tov teplopiletatl. Otav n
Oeppokpacio pelwOel apKeTA, SIOUOPPOVETUL L0 KPVGTOAAIKT SOUN, TTOV OoTEAEL
NV KOTAoTOoT EAAYLOTIG EVEPYELOS TOV GLGTILLATOG.

O H depyooia meprypdeetot amd vOLOLS TNG 6TATIOTIKNG pnyovikie. H evépysia E
evog ouoThpatog og Bepikn wooppomia, pe Oeppokpacio 7, Bewpeitor Tuyaio
petaPAntn, mov axolovbel o cuvaptnon katavoung Boltzman tng popoeng:

P(E)~exp(—E/xT) (x: otaBeph)

O  Ymapyel mavtote pun pnoeviky mlavotnta HLeTdfaong o€ KOTAGTACT VYNAOTEPS
EVEPYELNG, TTOL TTAPEYEL GTO GUGTNHO TNV gukopia va eEEADEL amd éva TOTIKO
EVEPYELOKO EAGYLGTO Kol va ovalnTnoel BEATIOUEVEG KATOOTAGELS tooppomioag. H
mhavotnta etvor peydan oty apyn, mov n Beprokpacio eivor VYNAY, Kol LEUOVETOL
oTaO10KA, KAOMDC TO GVOTNUO LETOPAIVEL GTNV TEPLOYT TOL OAKOV AKPOTATOL.

O  Amnapoitnm tpoimdheon yio TNV dnpovpyio TEAEWV KPLGTAAA®V gival 0 apyog
PLOROS YOENGS. AlopOopETIKA, TO HETOALO OEV PTAVEL GTNV KATACTOOT) EAAYIOTNG
EVEPYELNG, OALG OLOLOPPADVEL L0l TOAVKPVGTUAALKT SOUT|, LEYOADTEPNG EVEPYELNG.
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MeTa@opa apy®@vV TPOGONOLMUEVIIC AVOTTTIG)G
ot Peitictomoinon (Kirkpatrick et al., 1983)

YUVIeTOG0 PUOIKOD tpofipatos | MaOnpatikd avaioyo otn ferticTomoinon
Koataotdoelg Oeppukng icoppomiog MetapAntég eréyyov
Evépyeia cvotpatog YTOYIKN cLVAPTNON
I'evvitpra Bepuikdv drotapoydv Koavovag petdfaong (tvyaiog mepinatog;)
Oeppokpocio [Mopdpetpog eEAEYOL TVYOOTNTOGC
PoOpoc yoéng Xpovodidypappa peimong g Oepprokpociog
Yvvaptnon Boltzman 21000 TIKOG KOVOVOG ETAOYNG VE®V AVGE®MV
Meioon 7, pe Bdon Tpoxd. He

Tpoyid pe TO YPOVOSLAY PO 68;2 H 01(2 a;na
Oeppokpacio avOmTNONG PR, k+1 > Ly

T < Ty, -- /_,#/ Yoo, Amodoyn véou

e o= Xin onueiov, av Af< 07
- u<exp(—Af/7
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e |

E&ehMkTtikol aiyoprOpor: ®uoiki] epunveia Kot opiopol

Ot e€eMxtikol alyoplOpot £ovv g EVvoloA0YIKY| Bdom TV TPOGOopHoimoN TG
e€EMENG evoc AN Bvopov (population) eQikTdV onpEi®V, HEGH VTOAOYIGTIKAOV
JLOIKOCIDV EUTVEVGUEVOV OO TN GUOIKY] ETLAOYY] KOL TNV OVATAPOYOY].

Ye ka0e dropo (individual) avticto el o gkt Avorn. Métpo g moldtntog kébe
atopov givar o padpoc katarinrotntog (fitness rate), mov amotiudron pe Baon v
TIUN TNG GTOYIKNG GLVEAPTNONG Ko opilel pia avtiotoyn mlavétnte empimonc.

H e&éMEN mpaypatomoteitol o otdd0, TOL KaAOLVTOL YEVIEG (generations). Kdbe
véa Aon Kodeitar amdyovog (offspring), kot yevvdron gite pe dl06TAOPOON
(crossover) 600 N TEPIGGOTEPMOV YOVEMV TOV €iTe PEG® peTdiracng (mutation).

H dwdwosio eEacparilel Bertioon g péong mordtnToes Tov TAN0vopov ce kabe
YEVIA, AP0 KOL OCVUTTOTIKN GUYKALCT) GTO OAMKO aKpOTATO.

X, 4 Telkog mAnBvopodg
(c0yKAIoM YOp® 0o
° TO OMKO 0KPOTATO)
o i
Ohwod
® o 2

°, aKpOTOTO

Apyucodg TAnBuopog

1
. . |
° . Metd and >
° ° . ,
° o, N yevieg
[ ] 1
1
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A
Katnyopieg eEeMKTIKQOV aiyopiOpov —
O Tevetikoi alyopOpor (genetic algorithms): Tomxo 5l(l’yp Gppa pong
Avantiydnkav otig HITA, otig apyés g - - -
Sexaetiog Tov 1970. KOpio yopoktnpiotikd T'évvnon apyikod tinfoopod
TOVG €ival 1) KOIIKOTOMUEVT, GLVINOMG v
dVAOIKY], AVATOPACTOCT TOV LETAPANTOV | Ynoloyiopdg katoAnAoTiTev
eréyyov. H xopra drodikacio mapaywyng l
vE®V AMGe®V (6€ T0G00TO dve Tov 95%) Emthoyn atopev o, emBioon
etvar n dwaeTavpmO. X Kdbe yevid, Ta |
tcxup(:)rspa droHa Exouv peyohvtepn T évvion amoyovey péom
mBavotta emPioonc. , ,
dlotadpwong Kol LETAAAAENS
O E&ehmktikég otpotnykés (evolutionary

strategies): AvantoyOnkav ot Feppovia,
Katd ™ dekaetio tov 1960. H kdpia
dadtKacio Topaymyns vEmv ADGEmV etvar 1
peTarragn, Le ) Lopen Tuyoimv
dTopoaymv, He pEon TN undév. Xe ke
YEVIA EMPLOVOLY Ta 1IGYLPOTEPA ATOUA OO
TO GUVOLO TV YOVE®V KOl ATTOYOV®V TOVG,.

"Eheyyog
Kprtnpiov
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I'evetikol adyopiOpor: Yroroytotikn orooikacio

O apykog TAnOvopdg Topdystal e Toyaio SELYLOTOAN i, EVD Ol EMOUEVES YEVIEG
TOPAYOVTOL LLE EQAPLLOYT TOV AEYOUEVAOV YEVETIKMV TELESTAV (genetic operators).
To péyebog Tov TAnOBLGOL opileTan amd TOV ¥pMoTN Ko dratnpeiton otabdepo.

Méow tov Tereot emroyng (selection), kabopilovtal ot evkaipieg avoamapoymyng
KGOe aTOHOL, AVTIGTOLYOVTOG 6€ KAOE LEAOG TOL TANOVGLOV [0 GUYKEKPIUEVN
mBoavotnta emPimong. H dwdikacia amockonet ot Pertioon tov pécwv
YEVETIK®V YOPUKTNPLOTIKMV TOV TANOVG U0V, TApEXOVTOS GTO TAEOV TKOVEL ATOLLOL
peyoivtepn mbavotto emPioong oty eTOUEVN YEVIAL.

Ye kdOe yevia dnuovpyeiton pia dg€apevi Cevyapopatog (mating pool), Tov
TEPLEYEL £VOL 1) TEPLGGOTEPO AVTIYPAPO, ATOU®V OO TOV TANOVOoUO. ATO kel
EMAEYOVTOL TVYOHO TOL ATOUO-YOVEIS TOV, HEGM TOL TEAEGTT] OLUGTAVPMONG
(crossover), avVTOAAAGGOLV T YEVETIKT) TOLS TANPOPOPILN, LE GKOTO TNV TAPUYMYN
OTOTIOTIKA 10YLVPOTEPMV ATOYOVOV.

O tereotc petdrraéng (mutation) emPEPEL TVYOIEG TPOTOTOGELG GTOL YEVETIKA
YOPAKTNPLOTIKA TOV TANOVGHOD, e pikpn cuyvotnta. Me T HeTAAAOEN
EMTUYYAVETOL LEYAAVTEPT TOIKIAMO ADGEDV Kol S1pLYT| OTd TOMKE akpOTOTOAL.

H dwdikacio emavarappdvetot yio tpokabopicpévo apiBpé yevemv 1 teppotieton
€POGOV 1KOVOTOLOVVTOL OPIGUEVO KPITPLOL GUYKALONG.
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of1foo[1][1]t|t|o[t[o]  |oo[1]1[0]s]|—— |yovérumos (genotype)
Sl il ;
Metapint| 1 MetoafAnt 2 Metapint n yovioio (gene)

I'evetkoi ariyoprOpor: Kodwkomoinon petofintov

Yuvnbwg, o1 cuvTETAYIEVES TV ONUEIOV amekovilovTol MG dOVAOIKEG
ovpporooerpég (binary strings), OnAaon axolovdieg ynoiov pe tipnég 01 1.

H dvadikn| kwodwkonoinon eEacoarilel tepdotia gveMmia, kabmg enttpénet v
AVATOPACTOGT) OTOLUGONTOTE EKPPOUONG, APOUNTIKNG 1 OYL (). AKEPULES
HETAPANTEG, AOYIKEG EKQPACELS, APlOUNTIKOL TEAEGTEG, KAT.)

11 dvadikn avamapdotact faciloval ot I1OTNTEG TNG OTATIGTIKNG GVYKALONG TMV
YEVETIKOV ahyopiBumv, péocm g empiag oyqpartog (schema theory).

H ev AOym Kod1komoinor HEOVEKTEL MG TPOG TNV OVOTOPACTOCT] TOV TPAYLOTIKAOV
aplOp®v, 0o Yo peydro aplfud petafAntodv EAEYYOV TOV EKTEIVOVTOL GE PUEYAAO
e0pog amorteitan N SLUOPP®SN TOAD HEYAA®Y GUUPOAOGEIPOV.

Y10 mopdoetypa, o€ KOs peTafAnty| avtiotoryovv 64 dvvartéc tipnés. H tiun e mpdng
petafAnmig eivarx, = 1 x 25+ 0 x 244+ 1 x23+0x 22+ 0 x 21 + 1 x 20=41. Ov tipég
TOV GUVIETAYUEVOV X = (X}, Xy, ..., X,) GUVIGTOVV TOV pauvéTvmo (phenotype) Tov atopov.
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A
I'eveTikol alyoprOpor: TerheoTég EmAOYNG
1. Tpoyo6c povrétag (roulette wheel): :
Alpop@@veTOL £VOG EIKOVIKOS TPOYOG, e Otjm s 8170
TAR00¢ eykon®dV 660 Kot to péyebog Tov 0.20 0.035
mAnBvopob N, evd 10 TAdTOg Kébe 0.50 0.087
£YKOTNG eivan avaAoyo thg mbavotnrog 0.80 0.139
EMAOYNG KB aTOHOV 1, TOL OpileTOn G : _—-1'040""—(0'174)
’ ' 1.30 0.226
Pi=e;/ 2o 0.10 0.017
omov ¢, 0 Pabpdc KaTaAANAGTNTOG TOV 0.40 0.070
, _ , . To péco minbog 0.90 0.157
aTopov (= f;, epocov (nreiton n . , 0.15 0.026
; . . avtypdoov sivat ' :
peywotonoinon g f). Me tov tpdmo avto, 5.75 1.000
0 . . , 0.174 x 10=1.74
K&Oe dtopo, axoun Kot 10 TAEOV adVVAO,

€Yel Un UNoEVIKN THOVOTNTO ETIAOYTG.

2. Awwyoviopdg (tournament): EmAéyovtat tuyaio dvo (binary tournament) 1
TEPLOGOTEPA ATOLLO, KOLL TO LOYVPOTEPO OvTLYpaQeTaL ot de€apevn Cevyapomuatog. H
ddwkacio emovorappaveror péxpt va copumAnpwbei to péyebog tov TANBVoHOD.

3. Exhkektiopog (elitism): H tpéyovoa BEATioTn AMdon avitypdeetot mdvto otn deEaevn
Cevyap®UATOG, KOl GUVETMG TPOCTUTEVETOL APOV dEV LITAPYEL Kivduvog va yobel e€antiog
™G TVYALOTNTOGS TNG dLadIKaGioG ETAOYNG.
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I'eveTikol alyoprOpor: TerheoTég
aVOTUPAYOYNS KOl HETAMAENC

I'ovéag 1 I'ovéag 2

LRI BT

Apyd dtopo

|
| |
! I | ©¢on doctadpwong @éon
: petdAroing
. l [I |
Amoyovog 1 Amodyovog 2 Metallayuévo dTopo

Awectavpoon: And m de€apevn (evyapopatog, | | Metdrrhaén: Opiopéva yovidio amod
emAEyovtat Tuyaio ot yoveig kat d10tdocovtol € | |10 6hHVOAO Tov TANBVGHOV aAAGLoVY
Cevyn. H ovyvotmta emthoyng etvor g taéng Tov | |ty amod 0 og 1 kon avtiotpoga. H
0.60 £wg 0.90. Vv amir dactopmaon, Yo Kabe| | cuyvotnta petdArlaéng sivot Evag
Cevyog emAéyetan pa Toyoio B€om, 6mov yiveton | |mOAD pikpog aplfuods, g Tééng tov
1N GVTOAAOYT) TNG YEVETIKNG TANPOPOPTOG. 0.001 £€w¢ 0.01.
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YBprowka oyfnpoato ovlgvéng nedoowv
TOTKNG KOl OMKIS avaltnong

Mé£0odot oMkig avalnTnong

Cevuen meprypaen: E&eliktikéc, katd
KavOVa, TEYVIKEG, TTOL YPNOLULOTOLOVV
GLVOVAGHOVG TPOGOLOPLOTIKMV KOl
GTOYOCTIK®V KOVOVAOV avalnTnong.
MigovékTnpa: Eveli&ia diepevvnong un
KLUPTAOV YOPWOV, U1 XPNOT TOPAYDY®V,
dvvatotnTa aneyKA®PIopoH amd TomiKA
OKPOTOTOL, GTATIGTIKA EYYUNUEVT E0PECT
TOV OAIKOV 0KPOTATOV.

MewovékTnpa: Apyr GOYKAIOT, 0GAPEL
OPICHOV TV AAYOPIOKAOV TOPAUETPOV.

M£00d0r Tomikg avaliTnong
Cevuen weprypaen: TIpocdiopiotikég
Texvikég Prpa pog Pipa avalimaeng,
otV Kotevbuvon Peltioong g TIUNG
NG CLVAPTNONG.

MigovékTnpa: I'pryopog Kot eyyvnuévog
EVIOMIGUOG TOV TOTLIKOV OKPOTATOV, GTNV
mepLoym EAENG Tov omoiov PpickeTat TO
onpeio gkkivnong tov aiyopifpov.
Mewvéktypa: Eyxkhopionds o tomikd
OKPOTATO, KOKT) CUUTEPLPOPE GE LN
KUPTEG EMPAVELEG ATOKPLONG.

Axpifewa

ALOPOPP®ON GTOYUCTIKAOV EEEMKTIKOV OYNUATOV,
TOV Y10L T YEVVIOT| VEDV AVGEDV YPNGULOTOLOVV
VTOAOYIOTIKEG O1AOIKAGIEG TV PHeBOOWMV TOTIKNG
avalnnong, Yo avénon g ToyvTNTOS GUYKAIGNG.

Tayvnta
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Katnyopisg vfprotkav oympatmy

O Tevetikoi alyoplOpol pe TPOypoTIKY KOOKOTOiNoN: XpNGILOTO00V
TPOUYUATIKES Kol Ol KOOKOTOMUEVEG LETAPANTES ELEYYOL (CLUPBOAOGELPEG), e
KATOAANAT TPOCUPLOYT TOV TEAECTMV SCTOVPMONG Kol LETAALAENC.

O Hapaiiniror yeveTikoi arydpiOpor: O mAnBuouog yopileton o€ vIOTANHVGLOVS
mov e€ediooovtal aveapTnTa, VM KATA TEPLOOOVE EMTPETETAL 1) AVTAAAOYN
MGE®V — d1001KAGTI0L TOV AVAPEPETAL MG PETOVAGTEVOT) (migration).

O YPpuowkoi e€ehktikoi aryoprOpor: ['a v emtdyvvon g dadkociog
avalnmong epapprolovy, avti Tov TEAEGT SLUCTAVPMONG, TPOTLTA TOV UEDOOWV
dpeong avalnmong (m.y. LETACYNUOTIGUOT KATEPYOUEVOD ATAOKOV).

O E&ehktikoi alyoprOpor pe Eheyyo owaomopds: Enéppaon ot dadikacio
EMAOYNG, TOL ELVOEL TNV EMPIOOT ATOUAKPVOUEVOV AVCEDV (TTPOg OPEAOG TNG
dTpnong LEYaALTEPNS d10GTOPAS GTOV TANOVGLO, KOl GUVETMOG TTLO EKTEVOVG
SLEPEVVNONG TOV EPIKTOV YDPOL), GE GYECT LLE AVOELG TOV GLGGMPEVLOVTAL YOP®

OO TOTIKA OKPOTOTAL.

QO MéBodor avéomTnons-amiokov: ¢ oynua eEEMENG, ypnotlponoteitar n pEBodog
KATEPYOUEVOV AMAGKOV, OOV 1) TPOG AVTIKATACTACT] KOPLON EMAEYETOL e Bdon
TOAVOTIKODS KOVOVES, TTOL EEAPTOVTAL OO TV TPEYOVGA «OEPUOKPAGTOY.
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EEEMEN 0va010TAGOOREVOV GUUTAOK®OV
(SCE-UA, Duan et al., 1992)

H pébooog SCE-UA (shuffled complex

I'évvnon apyucov minbvcpon

evolution) avantdydnke oto [avemoto 3

™g Apilova, kot uEypt Tpoceata (TP TV Tafwounon TAnOvsHoD Katé,
e€AmAmoN TOV TOAVKPLTNPLOKOV HEBOI®V) ) @Oivovsa cepd e f
VIPEE N TAEOV TPOGPOPT TEYVIKI )
Padpovopunong vIPOAOYIKMOV LOVTEAWV. ApOpOOGT GLUTAOK®V
O mAnBuopdg daywpileton o€ OPTAOKA v

(complexes), dnAad vTocVVOAL peYEDOLG E&EMEN péom dradikacimv
m>n+ 1, mov eEehicooviat TapdAAnia. KOTEPYOUEVOD ATAOKOL KO
Avti g Stnotavpoong Vo yovémv, peow usidk?»aéng

eQapUOLoVTaLl TUTIKOT LETACYNLOTIOUOL
™G pedodov Nelder-Mead.

Avapén véov cuumtAdkmv

"ELeyyoc kpumpiov

[Teprodikd, yiveton pi&n Tov TAnOvep0v
KO ETAVACYNLATIOUOG TOV COUTAOK®V,
EMTPEMOVTAG TN SLAYVOT TOV TANPOPOPIDV
OV GLAAEYOVTOL KOTd TNV avalntnon.
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Yrnapyer puo «pertiotn néBodog Peritiotomoinong;

H «oAikd Bértiom» pébodoc Pertictomoinong Ba mpénet va cuvovalet ta VO
axoAovo Oepemon yopaktnplotikd exidoons (Duan ef al., 1992):

= gmoteleopoTikéTnTa (effectiveness), dniadn vynAn a&lomeTtio EVTOTIGHOD
(M TPOGEYYIoNC) TOL OAMKOD OKPOTATOV TN GLVAPTNONG'
=  amodoTikOTNTO (efficiency), OnAadn vynAn TaydTNTa GOYKAoNS (EyyuNnUEVOG
EVIOMIGOG TOL OAIKOV OKPOTATOL, LLE EDA0YO TANO0C SOKILMV).
Ta xopoaKTNPIGTIKA QVTA EIVOL VTIKPOVOREVE. (T.). 1| CLGTNLOATIKY ovalrTnomn o
TAEY O TUKVTG SLoKPLTomoinomg tpoceyyilel To oMKO BEATIOTO pe akpifela, aAAd
KoL ootel avEPIKTO VYNAO VTTOAOYIGTIKO POPTO, EVM Ol YPNYOPES TEYVIKEG AUECTG
avalntmong eykimpPiloviot ebkola € TOTIKAE akpdTOTA).
H enidoon evog adkyopibpov eErEyyetar HOVO TEPARATIKE, ETADOVTOS SLAPOPOLG
TOTOVG TPOPANUATOV Kot 0md SLUPOPETIKES GLVONKES ekKivnong.
Ta e€eMkTikd VPpLOKa oynpato Pertiotomoinong delyvouy va vTEPTEPOVYV, OTIG
TePLocOTEPES KaTnyopieg mpoPAnudtwv Pektiotomoinong g mpaéng.
Metovéktnud Toug eivar 1 OTapEN OPKETOV TAPUARETPOV EL6OF0V, TOV EXNPEALOVLV
ONUAVTIKG TNV eMidoon TV aAyopiBuwv (1.y. péyeboc TAnbvGov), 0 0PIGUOC TV
omoimv mpobmohETEL YPNOTEC VYNANG EpTEPiOg.
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dopTion Aekdvng, X:
Bpoyomtwon, yrovontwon,
dvvntikn e€atpodlamvon, =
VOUTIKES OMOANYELS KTA.

Extipnon nopopiTpov vopoAOYIKOV HOVTEAWDY
Katnyopieg povrérhov

Dvuokng faons: AvanapioTohv 6€ AETTOUEPT] YOPIKN KATHAKO TIC VOPOLOYIKEG
dlepyacieg pog AeKavns amoppons 1 VOGS LOPOPOPEN, GLVOPTIGEL TOV PLGTIKOV
vop®v mov oyetifovtot pe v Kivnon tov vepov. Ot Tapdpetpoi Toug £xouv UGIKN
epunvela, kol vroAoyifovtat pe BACT TO YOPIKE YOPAKTPIOTIKA TG AEKAVNG
(TomoypapiKd, £30.POAOYIKA, VOPOYEMAOYIKA, KAT.) ] LEG® UETPHGE®V TTESIOL.
Evvowoloykad (conceptual): Avamapiotovv Tig KOpieg dlepyacieg pHiog Aekdvng 1
TOV VTTOAEKAVAV TNG, LE TOPAUETPOVS O TOL EKTILMOVTOL LE PACT TIC TOPATNPNUEVES
YPOVOGEPES amdkpiong TG Aekdvng. [TheovékTnud tovg etvor ) dSvvatodTnTal
VATOPACTOCNC TOAVTAOK®V KOl YWPIKA AVOLOLOYEVAV SEPYUCLOV, LEGH EVOG
LKPOV, GYETIKA, aPlOLOD TOPAUETPOV TOV, OV Kol OEV EYOVV TANPT PLGIKT £Vvold,
BepoHVTAL AVTITPOCOTEVTIKES TOV «KUEGOVY YOPAUKTNPLOTIKAOV TNG AEKAVNC.

Amékpron Aekavng, y:
QTOPPOT|, TPOLYLLOLTIKN

| —> &&aton, xateicovon,
I EKQPOPTIOT VOPOPOPEN
: (emiyela, vTOyEIR) KTA.
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Extipnon ntopopiTpov voPoAOYIKOV HOVTEAWDV
Avtopartomoinon g dwwdkaciog fadupovopnong

Emiéyovtan ot mapdpetpot (= petafantéc eréyyov) Tov povtédov, 0, kot opiletar To

nedio avalnTnong O, Tov KoTd Kavova SIVETOL e TN HOPPT AVE® Kol KAT® opimv.

Eniléyetan éva deiypo mapatnpfioe®v o¢ TPog TIG OMOKPIGELS Y, TOV TPEMEL VAL

glVOL AVTITPOGMOTELTIKO TNG LOPOAOYIKNG dlonTag TNG AEKAVNG.

Awopopeavetot £vo, Badpmté pétpo Tpocapproyns g LeTald TV TPOGOUOIOUEVDV

(y") kot TV mapatnpnuévev (y) ypovosEPOV ATOKPLoNG.

Awtvnoveton To TpOfANUa pn

ypoppkngs ertiotomoinong:
min g(0),0 € @

Me gpapoyn Tov KatdAiniov

aiyopiOpov BerticTonoinong,

evromilovtot ot BEATIOTEG TIUES

TOV TopapsTpoyv, 0 € O.

Xpovocelpd
amoOKPLoNg

EAéyyeton n mpocappoyn tov
LLOVTEAOL GE [0l LETOLYEVEGTEPT Xpoviko prpa, ¢
nepiodo (emainOevon).
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Extipnon nopopiTpov vopoAOYIKOV HOVTEAWDY
Tomké pérpo KaAg Tpocupproyng

1. Méoo teTpayovikd cQaipa:

Av, avti ToV TETPOAYDOVOL, TO GEAALN VY®OET oE
peyolvtepn aptio SOVo, diveTor LeYaAdTEPT EUPOOT
GTNV OVOTOPAGTACT] TOV LY LMV TNG OTOKPLoNG.

2. XvovtereoTii Tpocdopiopov (deiktng Nash-Sutcliffe):

N
S 3i—v) Adidototo pétpo, mov AapPdvet Tipég amd — oo uéypt 1
=1 1=N1— (= téAew TpocappoY”), Kot EKPpAElel Katd moco N
S - ) TPOGOUOLMUEVT amOKpIon Y, omotelel kKaAvTepn
i=1 EKTIUNOM GE GYEOT LE TNV TOPATNPNUEVT] LEGT TIUY).

3. Méoco oc@dipa 1 pepoinyio:

BIAS :% g; Vi—v1) EK(p[?(lCSl ™m Sta(popfi ™mg pHéomg np,ocoluowauévng amod
- ™ UECT TAPATNPNUEVT YPOVOCELPA ATOKPIOTG.
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Extipnon ntopopiTpov voPoAOYIKOV HOVTEAWDV
Inyés afePporotntog otn padupovopunon

O MoaOnpotikn dopun povrérov: YrepPfolikd adpn avamaploTocn TOV QUGIKOV
JLEPYOLOV, MG KO OTOKPLYT CUAVTIIKMV TTUYMV TOV DOPOAOYIKOV KUKAOV (LTTo-
TOPAUETPOTOINGT) N (PT|ON TEPIGGOTEPWOV TAPAUETPOV OO OGEG UTOPOVV VO
VTOGTNPIEOVLY 1 TOAVTAOKATNTO TOV PLGIKMV SEPYOCIDYV, GE GLVOVAGUO LE TOL
dwbéoya 1oTopikd dedopéva (VTEP-TAPALETPOTOINOT)).

O AvtumpoconevTikoTnTe TApoopiag: [lpocapoyn o detypota mov dev
KOAVTTTOVV OAO TO PAGLO TWV VOPOAOYIKDOV KATUGTAGE®Y TNG AEKAVNG, TOGO T®V
CHECOVY OGO KOL TV «OKPOIMV.

O ZX@aipata 6£00pévev: O IGTOPIKES XPOVOGELPEG POPTIGEMV KOl ATOKPICEDY
Tpoépyovtal amd TV eneepyacio TpOToyEVOV peTpnoewv. Toco ot petpnoelg 6o
KoL 01 ENEEEPYAGIES VTOKEITOL GE GUGTNUATIKA KO TUY0I0L COAALOTOL.

O  Apypkéc ovvOnkes: Ot cuvOnkeg ekkivnong e Tpocsopoimong (vypascio eddpoug,
oM KELGN LILOYELOL VEPOV), EIVOIL LN LETPNGULES KOLl, GUVETMOG, AYVOGTEG.

O Zroykn ovvaptnon: H Babupovounon pe ypnom d1popeTtik®dv HETPOV KOANG
TPOGOUPUOYNG, KADMG Kot 1) EMAOYN SOPOPETIKAOV TEPLOOWV EAEYYOV, 00TYEL OE
BEATIOTES TIHEG TAPOUETPOV TTOV SLAPEPOVY, KOl EVOEXOUEVMG CTLLOVTIKAL.
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Metpnpévec ®

Extipnon nopopiTpov vopoAOYIKOV HOVTEAWDY

[Mopatnpnuéveg

Alnieriopaon afeforotiTov

Apyucég

QopTicelc, X popticelg, X(X,,)
cLVONKEG, S,
[payportikég /®/
. . y = 4
eopriocelg, X ¥ - Movtého ANyopi6poc
* npocopoimong, €—— 0 4—®- )
Ao y'= H(s,, %, 6) BeiticTomoinong
[poypotikég . .
anokpioceig, y*
Hpocsouowausvsg ® xgg%%E§¢2§
amOKpPIGELS, Y N
gy, y")
Metpnuéveg ® [Mapoatmpnuéveg _®7
amoKpicEL, ¥ amokpicers, y(y,,)
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Extipnon ntopopiTpov voPoAOYIKOV HOVTEAWDV
TehMkéc emonuavoelg
O H wpoyvootki) IKavoTnTo £vOG LOVTELOL EAEYYETOL LE PAon VO KprThploL:
" 70 HOVTEAO avOmapAYEL OAO TO QACLLO TOV IGTOPIKAV ATOKPIGEMV:

" Ol TOPAUETPOL EIVOIL GUVETELG LE TA PLGIKA APOUKTNPIOTIKA TNG AEKAVIG.

O H xdpla dvokoria otn Pabdupovounon evog poviédov éykettar oty VIopén ToAAOY
GLUVOLUG LMV TOPAUETPMV, TOL TAPAYOLV L6OOVVOLE KOAES UTOKPIGELS TNG
Aekavng (ot PProypapio xpnoiponoteitor o 6pog equifinality). To yeyovog avtd
ocuvendyetal Peyain afefatdTnTo MG TPOG TNV TPOYVOCTIKY| IKAVOTNTO TOV
LOVTEA®V, TOV YIVETOL TLO £VTOVH 060 QLEAVEL 0 aPlOUOG TV TOPAUETPOV.

O H épevva oty vdporoyia £xel oTpaPel 0TV TOGOTIKOTOINGT TS afefordoTnyTag,
elte pe oTaTioTKEG HeBddoLG gite e TaVTOYPOVN PEATIGTOTOINGT TOALATADY
Kprmpilov KoOANG TPOSApUOYNG.

O H debvng epmerpio amodetkvietl 0Tt dev VILAPYEL OVTE TO «OAKA BEATIOTO» LOVTEAO,
00TE TO KOAIKA BEATIOTO» KPITNPLO KAANG TPOGAPUOYNG, 0VTE O KOAMKE PEATIGTOCH
alyopBuog Pedtiotonoinons. Avayvopiletal, ®oTOGO, OTL M ¥PHOT LOVTEADV
PEWVOOADV 6€ TAPUPETPOVS TEPLOPilel TNV afefatOTNTO KOl GUVETAYETOL TTLO
evotadn Kot To aSOMGTA OO ULOTIKA YN LOLTOL.
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