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EuxapLoties

Euxapiotieg

Y10 TeAsiwpa TG pakpoxpovng dtadpoung, Ba nBeha va suxaplotow OAOUG EKEIVOUG
Tou pe otApLEav pe UALKO 1 nBLKO TPOTo KaTd TV SLAPKEL AUTAG TNG topelag.

ISlattépwe Ba BeAa va euyaplotiow tov emiBAEnovid pou Kabnyntn Mewpylo Kapoatla
Tou omoiou oL cupBoUulAég pe wbnoav otnv avalitnon VEwv SpOUwWV OTNV £pPEUVO TWV
BepdTwy MOU amaoXoAoUv Tov KAASO LG KAl TAUTOXpova LE eMavEpepav otov 0pBo Spopo
OTaV 0 EVOOUCLAOHOG f/KAL 0 EYWLOUOG LE TTAPECUPAV LAKPLA OTIO TO OTOXO HOU.

I16laitepng onuaociag ntav kat n cupBoAn tou deUTepPoU TEAOUVTOC XPEN EMIPAENMOVTOG
¢ nmapovoag epyaciag, Emikoupou KaBnyntn lwavvn NiwkoAoU, Tov omoio Kal euxapLotw
yla tn BonBela mou You MPOCEPEPE WOTE VA UMOPECW VO KATAVONOW KoL va €€nynow tnv
oupneplpopd TWV EPYOAELWV TEXVNTIC VONUOCUVNG KAL YLO TNV EUTILOTOCUVH TIOU HoU €8¢€L€e
OAa auTa Ta Xpovia.

Ma tn PonBela tooo otnv emiluon akadnUaikwy TPOBANUATWY 000 Kol TNV NOLKA
otipEn Ba nBeAa va suxaplotiow T Ap. Zwry AOKOU KoL yLol TO UTIEPOXO KAlua péoa OTO
gpyaotnplo tov EppavounA Bopouxdkn Kot OAOUG TOUG TIPOTITUXLAKOUC, UETOTTTUXLOKOUG
dowtntég kat umtoPrdloug SISAKTOPEG TTOU TTEPATAV TO TEAEUTALA XPOVLO OO TO EPYOOTNPLO
lewmnepBarloviiknc Mnxavikng.

Euxoplotw emiong ta péEAN tng Emtapelouc E€etootikng EMLTpomn¢ yla to XpOvo Tou
S1€0socav otnv afloAdynon tng mapoloag epyaciag Kal TG TMAPATNPNOELG TOUG yLo. TN
BeAtiwon tng mMoldTNTAG TNG.
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NepiAnyn

Mepianym

Ol epapUoyEG Tou UmopoUv va Bpouv ta epyadeia TG UTIOAOYLOTLKAG vonuoouvng yla
NV Tpooopoiwon umoyeiwv vdAtwv amotéAlecav To medio €peuvag TNG TAPOUCAS
Satppic. Ta Texvntd veupwvika Siktua amoteholv pia evoAhaktiky peBodo n omoia dev
amaltel emakpLpn yvwon Twv YEWAOYLKWY XOPAKTNPLOTIKWY eVO¢ udpodopa, aAAG OELpEC
TAPATNPNUEVWY TLLWY USPOAOYLKWYV KAl USPOYEWAOYLKWV TTOPOUETPWV.

Ma va €xeL peyoAUTEPO PUOLKO VONUO TO HOVTENO, £ylve TipoomdBela va ocuvbebel oo
yilvetal meploocdtepo pe To udatikd LoolUylo. EToL oL mapdpeTpol elc6dou kot €€68ou
EMAEXONKAV OUTWG WOTE Vo TEPLYPAPOUV KATA TO SUvATOV TIANPECTEPA TOUG XPOVLKA
HeTABAANOUEVOUG OPOUC TOU USATIKOU LoOTUYIOU. IXETIKA HE TNV €MUAOYN TNG MOPAUETPOU
£€660u, avamtuxdBnkav oL Aoyol aAAd kot amodeixbnke amo ta anoteAéoUOTA N UTIEPOXNA TNG
HeTABOAAG TNG OTABUNG, Ot oUyYKplon He TV (Bla ™ otabun tou udpodopéa, wg
TAPAUETPOU €660V TOU TEXVNTOU VEUPWVIKOU SLKTUOU.

OL U0 edpapuoyEg os TeploXEG He Slabéoipa dedopéva cuvnyopoUlV oTNV LKAVOTNTA TNG
pebodoloyiag va mPooopoLlwael To GpUGIKO cuoTnHa. TAUTOXpova KATASELKVUOUV Ta ohuEela
ekelva TOU TPEMEL va TUXOUV TNG MPOCOXNG TOU €PEUVNTH, OMWC N OwoTH EemAoyn
TOPAUETPWY €L0060U Kol €£060U, O TPOCSIOPLOPOE TNC XPOVIKAC UOTEPNONC TwWV
TOPAPETPWY £L00S0U Kal N BeATioTomoinon TG SOUAG TOU VEUPWVIKOU SIKTUOU.

Mo Tov mpoodloplopd TG XPOVLKNAG UoTEPNONG Mpoteivovtal SUo evaANakTIKEG péBodol.
H avaAuon CUVTEAEOTWY CUOCXETIONG UTIOPEL VO TTOPEXEL ML TIPWTN EKTIUNGN O €AAXLOTO
XpOvo, OAAG eival Suvatov va emnpeaotel amo TIC aAANAemdpAocelg peTafl Twv
mapapeTpwy. O Sladoplkog e€eAKTIKOC alyoplBuog eival pia mo seAtypévn péBodog mou
MIopel va KataAn&el o BEATLOTEC TLLEG XPOVLKIG UCTEPNONG KAL TOUTOXPOVA Vo UTIOSELEEL TN
BéATiotn Son TOU TEXVNTOU VEUPWVLKOU SLKTUOU.

Jtnv meploxn TNG ATTKNAG emAéXOnkav w¢ Tapdapetpol swoddou n Bepuokpacia, n
Bpoxomtwon and Tpia onpeia, o pubuog avtAnong SekagtL mnyadlwv Kot n otabun Katd tnv
TLPONYOUUEVN XPOVLKA OTlyu SU0 Tnyadlwv Tapatnpnong, &vw €EETACTNKE KOl TO
gvbexopevo va cupunepAndBei o aplBuog tng nuépag. AUo SLadoPETIKA TEXVNTA VEUPWVIKA
Siktua avamtuxdnkav, To MPWTO PeE To USPAUAIKO UYPOG ota Tnyadla mapatnpnong wg
TOPAUETPOUG €000V Kal TO OeUTEPO ME TG METAPOAEC TNG OTABUNG oTa Tnyadla
napatipnonc. Ta U0 veupwvika Siktua, HeTd amd T PeAtiotonoinon g SOUNG Toug He
xpnon dladopikol e€ehiktikou oAyoplBuou, xpnolpomowBnkav ylo peconmpoBeopn
npoPAedn. Ta amoteAéopata tou Seutépou SIKTUOU Katedelav TNV LKOVOTNTA TOU va
TIPOCOUOLWVEL TO GUGCLKO cUOTNUA XWPLGE VO UCOWPEVEL TO OhAAUOL.

To PeAtioTOMOLNUEVO TEXVNTO VEUPWVIKO OIKTUO QTOTEAECE TO LOVIEAO OTO OMOLo
edapuootnke n pEBoSOG bootstrap ylo Tov MPOcSLOPLOUO SLACTNUATWY EUTMLOTOCUVNG.
Eywve olykplon petafld SUo SLadopeTiKwY TPOMWVY UTTOAOYLWOpoU Twv Slactnudatwy. H
nooootiaia pEBodog amattel AlydTepo XPOVO KaL TIOPEXEL LKAVOTIOLNTIKA OTTOTEAECLOTO EVW
n opepOAnmtn emtoxupévn eivol mo e€eAlypévn, aAld n emdoyr] tng oaufdvel Tov
UTIOAOYLOTIKO $OpTo. Ta QMOTEALCUATO TNG TPAYMOTIKAG KAAUYPNC Twv Slaotnuatwv
EUTLOTOOUVNG OUYKpIONKaV He TIC BewPNTIKA OVOLEVOUEVEG TLUEG. AV KAl UTIPXOV
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NepiAnyn

Slapwvieg peTAEU TPAYUOTIKAG KOL OVOUOOTIKAG KAAUYNG, KATL TETOolo Oswpeital
QVOUEVOEVO OE UIKPO Babuo. Eniong ta dtaoctipata epmiotocuvng g Aappavouv utt’ oy
TouGg akpaia onuelo ta omola dev pmopel va mepypddel To povtédo avefopTATwG
BaBuovounong. To ouvolo debopévwy eAéyxou Tou Seutépou Tnyodlol, ou Sev Mepleiye
akpaia onueia, £6woe Ta kKaAUtepa amoteAéopata. AuTO Kal OVO TO YEYOVOG OpKel yla va
BewpnBel n uEB0SOC MOANG uTtOOYOUEVN.

Téhog, évag alyoplBuog ekmaibeuong Baoclouévog otn PEBOSO TOU TUXNIOU TEPLITATOU
ouyKpiBnKke pe TOUC €UPEWG XpnollomoloUpevouc aAyopiBuoucg backpropagation kat
ouluywv KAloewv (conjugate gradient). Ta amoteAéopotd Ttou £0ellav BeATLWMEVN
oupneplpopd Tou TEXVNTOU VEUPWVIKOU SIKTUOU OAAG HE TO TipnUa tou SekamAaolaopuol
TOU OUTALTOUMEVOU XPOVOU, TIOU €eYELPEL €pWTAMATO YL TN XPNOLUOTNTA OE TIPOKTLKEG
edapuoyEg.

H edappoyn oe pia meploxn tou Té€ag otig H.M.A. €dwoe Alyotepo KaAQ amoteAéopaTa
KUPLwG Aoyw TG EMNewng oepwv dedopévwy AvVTAnong ylo kabe mnydsdt avtAnong otnv
neployn. H ekmaidevaon Ue Tov aAyopLlOUo TOU TPOTIOTIOLNUEVOU TUXALOU TIEPLITATOU KATEANEE
oe KOAUTEpn AUoOn OMwWG KoL OTNV TPONYOUUEVN TEPLOXN EVW O XPOVOG ekmaideuonc
auénonke katd £€L dopEc.
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Abstract

Abstract

Applications of computational intelligence tools for ground water simulation were this
thesis’s object of research. Artificial neural networks constitute an alternative method,
which does not require exact knowledge of an aquifer’s geological characteristics, instead,
time series of hydrological and hydrogeological parameters values.

In order for the model to achieve a higher level of physical meaning, effort has been
made to connect it as much as possible to the aquatic equilibrium. Thus the input and
output parameters were chosen so that they describe at the highest possible degree the
time varying terms of the aquatic equilibrium. Concerning the output parameter choice
reasoning was provided along with results to support the hydraulic head change supremacy.

Two applications in areas with available data advocate for the methodology’s ability to
simulate the physical system. Simultaneously demonstrate those points, which should be
cared for by the researcher, like the correct choice of input and output parameters, the
input parameters’ time lag determination and the neural network structure optimization.

For the time lag determination two alternative methods are proposed. The correlation
coefficient analysis can provide a first estimate in minimum time, although it is susceptible
to affected by parameter interactions. A differential evolutionary algorithm is a more
sophisticated method, which can result in optimal time lag values while simultaneously
indicate the optimal artificial neural network structure.

In the Attica case study, the temperature, rainfall from three stations, pumping rate of
sixteen wells and the previous time step hydraulic head at two observation wells were
selected as input parameters, while the day number was examined in order to assess if it
should be included. Two different artificial neural networks were developed, the first having
hydraulic head at the observation wells as output parameters and the second having
hydraulic head change at the observation wells. The two neural networks after optimization
of their structure using a differential evolutionary algorithm were utilized for midterm
prediction. The second neural network’s results prove its ability to simulate the physical
system without error accumulation.

The optimized artificial neural network constituted the model on which the bootstrap
method was applied in order to estimate confidence intervals. Two different methods of
intervals calculation were compared. The percentile method requires less time and provides
satisfactory results, while the bias-corrected and accelerated is more sophisticated but its
choice increases the computational effort. The actual coverage results were compared to
the theoretically expected values. Even though there was a slight mismatch between actual
and nominal coverage this is considered expected to a small degree. Furthermore, the
confidence intervals do not take into account outliers that the model is unable to describe
regardless of the calibration. The second well’s testing data set, which did not contain
outliers, provided the best results. This fact alone is sufficient to consider the method
promising.

Finally, a training algorithm based on the random walk method was compared to the
widely used algorithms backpropagation and conjugate gradient. The results showed an
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improved behavior yet with the price of a tenfold increase of the required time for a single
run, which raises questions concerning the effectiveness for practical applications.

The application in Texas, U.S.A. resulted in a worse simulation of the physical system,
mainly because of the lack of pumping rate data time series for each individual well in the
region. Training with the modified random walk based algorithm reached an improved
solution similarly to the previous case study while the training time increased six times.
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H &Slatplpp autr ouvetdybn wg HEPOC TWV UTOXPEWOEWV YlO TNV ATOKTNON TOU
Aldaxtoplkol AUTAWHATOC TOU AlaTUnpoTikoU Mpoypdppato¢ METAMTUXLOKWY Imoudwv
«EAeyxog Moiwdtntag kat Awoxeipion MNepiBarloviogy tou TuApatog Mnxavikwv
MeptBaroviog, tOu TUAMOTOG Mnyoavikwyv Moapaywyng Kat Awoiknong, tou TUAUATOC
Mnxavikwv Opuktwyv Mopwv Kat tou Fevikou Tunpatog tou MoAutexvelou KpAtng, to omoio
ouvtoviletal and to TuRpa Mnyxavikwyv MNepBaiiovroc.

1.1 £xoTo¢ TG AT pLfng

Jtnv mapovoa SatplPfr) peEAETWVTAL Ol SUVATOTNTEG XPNONG TEXVIKWY UTIOAOYLOTIKAG
vonuoouvng, OMwE To TEXVNTA VEUPWVIKA Siktua Kal ol efeAlktikol alyoplBuol, yla tv
Mpooopoiwaon TNG AmoKpLong KopoTikwv udpodopiéwv. H mpoogyylon aut Sladépet
EVTEAWC amo TNV PEBO0SO TNG TPOCOUOIWONG HE HOBNUATIKA LOVTEAQ. AVTIOETWC, TO TEXVNTA
veupwvika Siktua dev meplypddouv tnv pon pe Baon e€lowoslg kivnong aAAd otnpilovtat
oTnV Mpocopoiwon tou udatikol Looluyiou. To povtého akoAouBel pia mpoocyylon poavpou
koutloL (black box) kat mpoonaBel va yaptoypadrost Tig oxEoelg LETAEY USPOAOYLKWV Kol
USpoyeWAOYIKWY TTAPAPETPWY €LdOS0U Kol e€660u.

Ta texvntd veupwvika Siktua eival €va moAU xpriowo epyadeio otnv meplypadn
TMEPIMAOKWVY OXECEWV UETAEY SLOPOPETIKWY TIAPAUETPWY. Me Xprion auTwv UIopouv va
mpocopolwBouv mepimloka GUCIKA CUCTAUATO TWV OMOLWV TA XOPAKTNPLOTIKA Sev eival
EKTEVWG yvwotd. H meplypadrn tou udpoAoykol KUKAOU HE VEUPWVLKA Siktua Kol GAAEG
HOPdEC TEXVNTNG VONUOOUVNG €lval ULol VEX TeEpLoX €PEUVOC OTOV KAASO TNG KOPOTIKNG
udpoloyiag. ‘HEn éxouv yivel peléte¢ MAvw oto OEpa pe TEPLOPLOUEVO  aplOuod
dnuootlevoswv. Me tn BonBela Twv TEXVNTWY VEUPWVIKWY SIKTUWV Urtopolv va Bpebolv ot
UTLAPXOUOCEC OXECELC METAEU TWV TIOPAUETPWY TOU USPOAOYIKOU KUKAOU KoL va
MPoobLloploToUV TapApEeTpol evlladépovtog (Omwg n otadun umoyelou vepol) amd
TIOPAUETPOUG TIOU MeTpwvtal oto medlo 1 elval avapevouevee pe Paon Siadopa
udpoloyLkd oevapLa (BPoXOTMTWOELS, BEPLOKPATLES, TIOAPOXEC).

Ye Seltepn ddon efetdletol n SuUVOTOTNTA TIOCOTIKOMOINONG TOU OPAAUATOC £VOG
TEXVNTOU VEUPWVLIKOU SIKTUOU He TN UEBoSOo bootstrap oUtwg wote va dnuoupyndel éva
HOVTEAO pE oTOXOOTIKN (stochastic) avti yia mpoodloplotikn (deterministic) €€odo, to omoio
va Umopel va xpnotpomnotnBet anod Anmteg anodpdcswv ya opbr Slaxeiplon Twv umoyesiwy
vddatwv. H moootkomoinon tng afefatotntag £xel Wolaitepn afla oe kAbe mepimtwon ANYNg
anodpdacswv kal n dlaxeipion vddatwvwv mopwv eival kat e€oxnv €vag ToUEag OmMou ol
armodaocelc ennpedlouv peydlo aplOpd atopwv kot odpeilouv va sival éco kalutepa
otolxeloBeTnuéveg yivetal.

MeTA TNV avantuén tng mpotelvopevng peBodoloylag yivetal epappoyr o SU0 MEPLOXEG
HEAETNG He okomo TNV emiBeBaiwon g afiag kal Tng dSuvatdtnTag Xprnong akopa Kol ot
KapoTikoug udpodopeic. H Asttoupyla aveédptnta amo to uSpoyewAoylko KaBeoTwe Tou
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vdpodopia dev amokAeiel Tnv epappoyn Kol o Topwdelg i udpodopeig mou ekteivovtal o€
KATolo TepIMAOKO YEWAOYIKO oUOTNUA, TIOU amoteAeital amd éva ocuvbuaopd TOoo amo
KOPOTIKOUC 600 Kl TTOPWAEELG OXNUATLOUOUG.

H nmpwtn edappoyn yivetal yla tnv meploxn tou avtAlootaciou tng EYAAT otn Bopela
ATTIKN, Yl ThV omola uTtdp)xouv SLaBEoLEG Xpovoaoelpec. Mia TETola epapuoyr Umopel va
Swoel éva padnuotikd opolwpa tou udpodopia, To omolo pmopei va emektabel kat yla
Sebopéva ou avapévovtal LeAAovtikd. Na tnv eakpifwon g LkavoTNTAg MTPOCoUoiwang
yla SLlaotnua mou UnepPaivel TO NUEPHOLO XPOVIKO PAUA, €yve pecompoBeoun mpoBAedin
NG OTABUNG LE TNV OVTIKATACTACN TNG MAPATNPNUEVNG TG UE TNV TIPOCOMOLWLEVN OTO
ouvolo dedopévwy eloddou.

H &eltepn edappoyn yivetal oto KapoTlkd cuothpa tou ubpodopéa Eviouapvig
(Edwards Aquifer) oto Té€ag twv Hvwpévwy MoAtelwv Apeptkig. Adyw tng €AAewdng
6e60UEVWV QVTANCEWY QIO YEWTPNOELG KOL TtNyAdLa, OTn CUYKEKPLUEVN TIEPLOXA LEAETNG N
pebodoloyla mpooappdotnke ota SloBEoilpua oTolyeia. e TEPUITWOEL OTL( OMOLEC Ta
otolxeia Sev eival AN, olyoupa €LCAYETAL OTO UOVTEAD £va odAApa, ald e€etaleTal n
LKOVOTNTO TOU HOVTEAOU VA SWOEL UL EKTIUNGCN TNG TAONG, AKOUA KL av 8V KoTadEpPEL va
nieplypaet pe akpiPeta tnv anokplon tou udpodopéa.

1.2 OpLopdg Ttov MpofAnpatog

H onuaocio twv umoyelwv uSATWVY ylO TOV CNUEPLVO TIOALTIOMO eival TepaoTtia KaBwg
arnoteholv 10 80% Tou SlaBaipou otov avBpwro yAukoU vepoU yla Thv KAAudn Twv
(ubpeuTikwy, apdeutikwv K.d.) avaykwv tou. H O8nyio mAaiowo 2000/60 EK kat n
EVOWUATWON autng otnv eAnvikr] vopoBeoia pe tov N. 3199/2006 mpoPAémouv tnv
mapakoAouBbnon Twv Uumoyeiwv USATWY TIOU XPNOLUOTOLOUVIAL I OVOUEVETAL Va
XpNnoLlomnolnbouv yla USpeuon, e OKOTIO TN SLATpNnon TNG KAANG TTIOCOTIKAG KoL TIOLOTIKNG
KaTAotoonc.

Ma tn ouvtagn evog oxediou BEATLOTNG SLaxeiplong Twv AVIANCEWY OE PLa TepLloxn eival
amapaitntn n yvwon g Kataotaong otnv omoia Ba mepléAbel o udpodopeag HETA TNV
ebapuoyry omoloudnmote unmoPndlou oesvoplou. AmalTeitOl OUVEMWG N Xpnon &vog
HMOVTEAOU yLaL TNV TIPOCOKOLWON TNG KATAOTAONG ToU PUOLKoU cUOTAUATOG. AvaAoya LE TO
eldo¢ NG €£060U TOUG, TA MOVTEAQ MIOpoUV va SLaXwPLoTOUV O TPOCSLOPLOTIKA N
OTOXOOTIKA. T OTOXOOTIKA HOVTEAQ TIPOCPEPOUV EKTOC ATIO L0l TIPOCOUOLWUEVN TN TNC
TapAUETPOU €660V Kal pia ekTipnon g afefalotnrac.

Mo TNV TMPOooOoUoiwon TwV UMOYElwV LSATWV cuvnBng TIPOKTIKN omoteAel n xpnon
apLlOUNTIKWY povtéAwv. Ta povtéha autd Bacilovtal oe peBddoUC, OMWCE TA MEMEPATHEVA
otolxela N oL menepaopéveg SLadopES, yLa TNV EMAUON TWV HEPIKWY SLAPOPLKWY EELOWOEWY
Klvnong twv umoyeiwv uddatwv. H edpappoyr Twv HOVIEAWV aQUTWV TPoUmoBEtel tnv akpLpn
YVWon Twv YEWAOYLIKWY Kol USPOYEWAOYIKWY cuVONKWY TIOU EMIKPATOUV 0 OAOKANPN TNV
€Ktacon tou ubpodopéa. H amokItnon Twv OTOLXElWV auTWv cuxva amotelel MPOKANnon,
EI6LIKA OTIC TEPUTTWOELG OTOU oL USPOYEWAOYLKEC cuVONKeC eivol €€alPETIKA TEPIMTAOKEC
(T.x. Kapaotikol oxnuatiopotl).

‘Evag SladopeTIkOg TPOMOG TPOooopolwong Twv umoyeiwv uddtwv eivalt n xpnon
povtéAwv Tou Bacilovtal otn Bewpla TWV TEXVNTWY VEUPWVIKWY SIKTUWV. Tat HOVTEAQ OUTA,
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evw Ogv amaltolVv TN AEMTOUEPN YVWON TwWV USPOYEWAOYIKWY XOPAKTNPLOTIKWY (TLX.
USPAUALKN aywyllotnta, Topwdoeg), Xpeldletal va eKMOLSEUTOUV HE TapaATnpnUEVA
udpoloyikd Sedopéva (m.x. Bpoxontwon, Beppokpaocia) kot udpoyswAoyika dedopéva (T.y.
otabun vumoyeiwv uvdatwv). H O&nuoupyia €vOC TETOOU HOVTEAOU TOPOUCLALEL
e€eldlkeupéveg TPokAROELg, TOOO KATA TO oTASLlo €MAOYNG TWV MOPAUETPWY ELCOSOU Kall
€€060U 000 KaL KATA To 0TASLO TNG EKTIALSEUONG, LE OKOTIO TNV UPECH TWV BEATLOTWV TLUWV
TWV CUVATTTIKWY BapwV TOU TEXVNTOU VEUPWVLKOU SLKTUOU.

To oTddLo TN EMAOYAG TWV MOPAUETPWY EL0OSOU Kal €060V pmopet va SlaxwploTtel ot
SU0 TuApaTa. ApXlKA TPEMEL va Kaboplotel To eld0¢ Twv TMOPAUETPpWY OL omoieg Ba
OmOTEAECOUV TIC TIAPOUETPOUC ELOOSOU Kal £€080U KAl UETEMELTA TIPEMEL VA KABOPLOTEL Kat
N XPOVIKI uoTépnon mou TiBavov va epudaviletal oe oplopEVeG amd aUTEG. H emdoyn evog
e€elntnuévou alyopiBuou eknaideuong tou Siktuou eival Suvatov va GUUBAAEL oTn Pelwon
TOU XpOVOU ekmaideuong N va KatadEpeL va eviomiosl éva KOAUTEPO GUVOAO GUVATTTIKWY
Bapwv mou va pewwvel Ta opdApata ekmaidsuong kot afloAdynong tou TeXVNTOU
VEUPWVLKOU SLKTUOU.

Eival ebkoAa avtiAnmto ot yia T AP n anopdcewv eival emBuunt N mTOCOTIKOMOoiNoN
™G apepatotnrag. Yrnapxel n mbavotnta pia mpotewvopevn AUcn n omola apxtka daivetat
KoAUTepn amo pla &eltepn, va mopouctdlel 1000 HeyGAn afePfaldtnta OTI TIUEG TwV
TOPAPETPWY £E080U TIOU TEALKA VO NV ELVAL TTPOTLUNTEQ.

1.3 Ao ™G AtxTpipng

Jto Mpwto KedAAawo tng mapoloag SLATPPAG TAPOUCLALETAL OPXIKAL O OKOTOG KOl
opietal to mpo¢ emiluon mMpoPAnua. Tlvetat avaAuon tng Soung tng dlatplBng Kat
avadpEpovtal N MPWTOTUTIA TNG, KABWG KAl oL SNUOCLEVCELG TTOU €XOUV TIPOKUPEL KOTA TN
SLAPKELX TWV ETWV TIOU TTPONYNRBnNKav HECA amo TNV £PEUVA OTO YVWOTLKO QVIIKELEVO TOU
B£patog tne Statplpng.

210 Seltepo kepdhalo yivetal plo avaAiuon tou Bewpntikol umofdbpou oto omoio
otnpixtnke, kKabwg Kkat pa PLPAoypadiky avackomnon MaAAdTEPWY SNUOCLEUUEVWV
gpyaclwv ou oxetifovral pe tnv mapolooa. Emeényolvtal oL PacKEG OpXEC TWV EPYAAEiWV
UTLOAOYLOTLKIG VONHOOUVNG TIOU XpnoLonoonkayv (texvntd veupwvika diktua, dtadoplkog
€€EAIKTIKOC aAyopLlOpOG) KOl MopoUsLAleTal TO BAcKO Habnuatiko untdfabpo tng pebddou
bootstrap yla tn dnuoupyia Slaotnpdtwy eumiotoclvng.

Mua Aemttopepng neptypadn tng nebodoroyiag mou akoAouBrbnke avaAletal oto Tpito
kKedbdAalo. EKTOC amd tnv MPOTEWVOUEVN SOUR TOU VEUPWVLKOU SikTUou, avadEpetal o
TPOTOC LE TOV OTIolo TPEMEL va SnoupynBoulv Ta apxeia elc6dou, evw Tapouctalovtal Kot
napadelypata apxelwv €€66ou. Mapouoialovtal emiong oe SlaypAUUATO PONAG KO
enefnyolvtol ta BApato Tou akoAouBndnkov yla TOV TPOCSLOPLORO TNG XPOVLKAC
votépnong, TNV peocomnpdBsoun mpdPAedn twv mopopeétpwy e€68ou, aAAd Kal TNV UpPeoN
TWV SLHOTNUATWY EUTLOTOOUVNG TWV TIPOCOOLWHEVWY TLUWV TWV TIAPAPETPWVY €€680U.

JTo0 Tétapto kedpalalo mapoucidlovtal to Sedopéva Kol yivetal meplypadrn Twv
TIPOYMOTIKWY TIEPLOXWVY HEAETNG OTLC oToieg éylve edapuoyn Tne nebodoloyiag. TuvomTikd
avadpEpovtal oTolela yla Tn YyewAoyia KABe MEPLOXNG KOl CNUELWVOVTOL OL LOLALTEPOTNTEC
¢ kaBe meploxnc. Ta Stabéoipa Ssdopéva kataypadovral avaluTikd, evw akoAouBei n
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attohoynuévn emdoyn tNg SOUNG TOU TEXVNTOU VEUPWVIKOU OLKTUOU yla TN PEATIOTN
TPOCooUoiwaon Tou GUGLKOU CUOTAUATOC TNG KABE TEPLOXAG.

To MEunTo KePAAALO TEPLEXEL TA AMOTEAECHATO ATO TIG ePappoyEG TG peBodoloyiog
KOl TOV OXOALOOMO TouC. Xwpiletal oe dUo TURUATa, €va yla KABes meploxn epapuoyng. Ta
amoteAéopata Tou Tapouctdlovtol mepAapBdavouv peTafl AMwv Slaypdppato Twv
TAPATNPNUEVWY KAL TWV TIPOCOUOLWHEVWY TIHWV WG TIPOC TO XPOVIKA onueia dedopévwy,
OUYKPLTIKA SLOYPAUUATA TIPOCOMOLWHEVWY TILWV WG TPOG TLG TTOPATNPNUEVES, KABWG Kal
TUVOKECG ME TIC TLHEG TwV opalpdtwy. Mvetal avaAucon TwV amMoTEASCUATWY Kal e€sTaleTal
ToLeG eTIIAOYEG amobiSouv KAAUTEPA AMOTEAECHATA, EVW OLTLOAOYOUVTOL KoL OL TIPOTACELC-
TLALPOALVEDELG TTPOG LEAAOVTLKOUG XPHOTEG QUTWYV TWV EPYAAELWV.

levikd oupmepdopata mou mpoékuav amd tnv epyocia KwSIKOMOoUVTOL OTO £KTO
kepAAalo Kal ovadEPOVIAL EV CUVIOMIO OL KOLVOTOMLEG TG mopoucag Slatplpng. Zto
£€BSopo mpoteivovtal nedia yla YHeAAOVTIKN €peuva Kol cuvoilovtal oL TPOTACELS TIOU
BeATlwvouv TNV (KAVOTNTA TPOCOMOiwoNG Twv UToysiwv ULSpodopéwv HE HOVTEAQ
otnpuopeva otn Bewpia TwV TEXVNTWY VEUPWVIKWY SIKTUWV. NPOEKTACELG oTNV £€peuva oL
omoieg eite mpoypappatiletol va diepsuvnBolv oto Gueco PEAAOV £iTe mMpoTeivovTal WG
16€ecg yLa GAAeg epyaoieg, kAeivouv ta keddalala Tng mapovoog dlatplpng.

1.4 MlpwToTuTia TG AT - ANNOGLEVGELS

H xpion UOVIEAWV TEXVNTWV VEUPWVIKWV SIKTUWV ylat TNV TIPOCOooiwon tng otabung
uTtoyeiwv udatwyv dev €xel Bpel eupeia epapuoyn otnv EAAASa, kuplwg Adyw tng EANeldng
TWV QTALTOUMEVWY HETEWPOAOYIKWY Kal udpohoyilkwv dedopévwy. H mapovoa edapuoyn
glval n TpWTN TIOU MpayUaTOTOoLEITAL Yol SeS0oUEVA HE NEPHOLO XPOVLKO Brua. Avo eival ot
ONUOVTLKOTEPEG KOALWVOTOMIEG TNG OlatplPrg, oL omoieg amoteAouv T oUMPOAn otnv
umoBonBolpevn and UToAoyLoTIKN vonpooUvn udpoloyla. AutéG amotehoUv n anmddelén
NG AVWTEPOTNTAC TNE XPAONG TNG LETABOANG TNG 0TAOUNG WG Tapapétpou €660V avti g
oTABUNG KOl N €UPECN SLACTNUATWY EUNMLOTOCUVNG Yl £Va LOVTEAO UTtoyelwv USATWY ToU
otnpiletal otn Bewpla TWV TEXVNTWV VEUPWVIKWY SLKTUWV.

H Sltadopd otabung sivat mo dpeca cuvdedepévn pe tn Stadopd otnv amobrikevon Tou
udpodopéa, TOU UTELCEPYETAL OTNn SlaTUNMwWon Tou udatikol Looluylou. Emopévweg n
eTAoyn NG €XEL MEYOAUTEPO PUOLKO vOnua amd OtL n ermhoyni Tou uSpaulikol UYouc.
E€aMou w¢ mapapetpog e€660u npoabetel éva Babud Suokoliag oto mpoPAnua kot e€wOel
TO TEXVNTO VEUPWVLKO SikTUO oTNV avakAAuPn akOpa Kal UKpwY EMEPACEWY TTOU €XOUV OL
TOPAUETPOL £L0OS0U OTIG TIUEC TwV TOPOUUETPpWY £€660U. H avaykaldotnta autic Tng
ETUAOYNC UTIOYOPEVETAL KAl armd TNV LOXUPH CUCXETLON TNC 0TABUNG Ot €va Ttnyadt petafl
SUo Sladoyikwyv nuepwv. H gtatpetikd uPnAr cucxETion Uopel va odnynoel oe anagiwon
TOU poAou Ttwv umoAoinwv peTafAntwv ewddou TANY TNG OTABUNG TNG TTPONYOUUEVNS
nuépag, yeyovog mou avamodeukto Ba odnyolos os umoBaduion tng MOLOTNTOC TOU
HOVTEAOU.

H onuavtikdétnta tng gUpeong SLHoTNUATWY ERMIOTOOUVNC uToothpiletal amod tnv
avaykn mou £€xeL o kaBe AAmtng amoddoswv yla meplBoArloviikd Oépata va yvwpilel
ETAKPLBWE OXL LOVO TG TIUEG CUYKEKPLUEVWY TTAPOUETPWY OAAG Kal TNV ofefaldtnta Twv
TIUWV QUTWV. Mg ToV TPOTIO AUTO UIMopEL va pumopset va ektipunOet o kivbuvog kat va teboulv
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owoTtd opla achaleiag katd tn Sldpketa tng eptBariovtikng dlaxeipiong. MNvetot mAgéov to
LOVTEAO €va TMPAKTIKO gpyaAeio, To omoio kablotd edikth TNV Katdption oxediwv mou Ba
oUUBAAoUV otnv Tpootacia Tou meplBailiovtog kal tautoxpova Ba e€oodalilouvv pa
aeldpopo aflomoinon Twv SLaBECLUWY GUCIKWY TTOPWV.

O kUpLog AOyog otov omoio pmopel va anmodobel n un moootikonoinong tng afepfatdtnrag
HOVTEAWV TEXVNTWV VEUPWVIKWV OIKTUWY Tou €xXouv oavamtuxBel yia USPOAOYLKES
epapuoyég Katd To mapeABov elval n duckoAia glpeong pLog KAtAAANAng pebodou. H
TLOAUTIAOKOTNTA TWV HABNUOTIKWY CUVOPTHOEWY TIOU TTEPLYPADOUV €va TEXVNTO VEUPWVLKO
Siktuo Onuloupyel peydha mpoPARUATA OTNV KATOOKEUN KOl QVILOTPOdr TOU Tivaka
Hessian, o omolo¢ €ival TPoamalTOUPEVOG Yla TI( TePLooOTeEpeC HeEBOSOUG glUpeong
SdlaotnuAtwy eumiotoolvng. H péBodog bootstrap, mou edapuodotnke otnv mapoloa
epyaoia, mapéxel €vav evallaktikdé TPOMO moootikomolinong tng ofefaldtntag tou
HOVTEAOU O omoiog eival pabnuatikd opBOC Kol UMOPEL va TPOYPAUUATIOTEL, WOTE va
umtoAoyllel Ta SLOCTAOTA EUMLOTOCUVNG TOU LOVTEAOU E QUTOUATO TPOTIO.

Ta tpia dpBpa, ta omoia £xouv nNén dnuooteuBel katd tn SldpKela ekmovNong TG
napoucag epyaciag oe SlEBvh EMIOTNUOVIKA TIEPLOSIKA HE KPLTEG, EMLOUVATITOVIAL OTO
Mapdptnua. To mpwto apbpo (Trichakis et al., 2009) mpayuatsvetal T BEATIOTN emidoyn
TOPAPETPWY EVOG TEXVNTOU VEUPWVLKOU SLKTUOU yla tTnv mpoBAedn NG amokplong evog
KopoTikoU udpodopéa. H kalwvotopla tng emthoyng tng KeTaBoAng tou uSpauAtkol UPoug
w¢ Tapapétpou efo6dou, avalletal oe ouvduaopd e TN Xpnon evog Sladoplkol
g€eAlktikoU aAyopiBuou yla tn BeAtiotomoinon tng SOMAG TOU TEXVNTOU VEUPWVLKOU
S1kTOOU Kal TOV KABOoPLOHO TNG TIMAG TNG XPOVIKAG uotépnong. H evaAlaktikr péBodog
MPoaSLoplopoU TNG XPOVIKNG UOTEPNONG HECW TNG AVAAUONG OCUVTIEAECTWY CUOCXETLONG
TIOPOUCLAOTNKE KAl €MlONUAvOnKke n duvatdtnta va xpnowdoroinBel eav n Stadikaocia
BeAtiotomnoinong kpivetal umtepPoAikd xpovoBopa yLa va XEL TIPAKTLKN EDAPUOYH.

Mia Tétola Atav n mepintwon tou udpodopéa Evtovapvig oto TE€ag Twv HIMA, n omnoia
amotéAeoe TNV Teploxn MEAETNG Tou Seutépou apBpou (Trichakis et al., In Press). H avaAuon
OUVTEAEOTWV OUOYETLONG UTTESELEE TUB VN eMiSpacn TNG BpoxOmTwong Kot TNG AVTAnong yla
TMEPLOOOTEPEG ATO Ml nuépsc. H Sopnp tou TeEXVNTOU VEUPWVIKOU SIKTUOU TIOU
edapuootnke, dltadoponol)Bnke yla va mpooapuootel ota Stabéoipa Sedopéva Katl ota
QTIOTEAEOHATO TNG AVAAUONG CUVTEAECTWY CUCXETLONG.

To tpito apbpo £xel yivel amodektd ylo dnupoocicuon oto meplodikd Hydrological
Processes. 1o dpbpo auto mapoucidletal n edpappoyn mou Unopel va Ppel n péBodog
bootstrap yla tov mpoadloplopd SLoCTNUATWY EUMLOTOCUVNG TEXVNTWY VEUPWVLKWV SIKTUWV
TIOU XPNOLUOTOLOUVTAL YL TIPOCOUOLWaN UToyEiwv uSATWV.
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H mepimiokn Soun twv KapoTlkwv oxnuatiopwv (Ewkova 1) eival n kbpla attia tng
SuokoAiag povtehomoinong He OUMPATIKEC HeBOSOUG, OMWE TA OPOUNTIKA HOVIEAQ
npooopoiwong umoyeiwv uvdatwv. MNa tnv unépBaon tou TMPOPAAUATOC auToU £XOuv
avantuxBel katd kalpolG SladopeTikéc Bewpnoelg ou amAomolouy To MPOPANUA Kot
ETUTPEMOUV TNV TPOCOUoiwon Tou ¢GUOLKOU OCUCTHUOTOG. € QUTEC TIG HeBOSoucg
nepllappavovral n Bewpnon Looduvapou mopwdoug pécou, SutAol Mopwdoug 1 aKOUa Kol
n Bewpnon Tou KAPOoTLKOU CUCTALATOC WG Eva SIKTUO aywywv ou pnopet va replypadel pe
HOVTEAQ Mpooopoiwong aywywyv oupplwv vddtwy. H mo amhni Bswpnon eival ekeivn tou
Llooduvapou mopwdoug HECOU, KATA TNV omola To KapoTikd clotnua Bewpeital cav éva
LloodUvapo, avioOTpoTo, cuvexeg Héco. H kUpla rapadoyn g ev Aoyw Bswpnong sival otL
Aappavetal o pEooC Opo¢ Twv duolkwv SlotHTwy (mopwdeg, Slamepatotnta) emi
QVTUTPOCOWTEUTIKA HMEYOAWV OYKWV TOU TeTpwpato. H Bewpnon Suthol mopwdoug
XpnoLpormolel pia petoBAntr mpwtoyevoug mopwdoug, yla va meplypadel Toug OYKoUG Tou
Mopwdou¢ Tou oOTepeol TETPWHATOC, KABWG KoL €va SeUTEPOYEVEC TOPWOEC ToOU
TEPLYPADETAL Ao €va EYAAO aplBUO TuxXalo KOTOVEUNHEVWY PWYLWVY TIOU SLOTPEXOUV TO
METpWHA. AdYyw Twv TopodoXwv Twv Tapamdvw Oeswproswv, oL OTMOoleC Of OPKETEG
TLEPUTTWOELG ATIEXOUV TIOAU QT TNV TPOYHUATIKOTNTA, KABEva amo Ta avTloTolXa HOVTEAQ
Mmopel va xpnotomnotnBel povo Und GUYKEKPLUEVEG OUVONKEG, VW €XOUV KOL QPKETOUG
TEPLOPLOUOUC.

Elkova 1. ZXNUOTLKI QIELKOVLON EVOG KOPOTIKOU OXNHUOTLOHOU.
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Ta teleutaia xpoévio n €peuva OTOUG TOMEIC TNG udpoloylog £€XEL XPNOLUOTOLOEL
HovTEAa Tou otnpilovtal oth Bewpla TWV TEXVNTWY VEUPWVLKWVY SIKTUWV. Ta HOVTEAD aUTd
prmopolv va BewpnBolv wg évag cUVOETOG TPOTOG LN YPOUULKNG TTOALVEpOUNONG UETOEY
TOPAPETPWY £L0060U Kal mopauetpwy e€66ou (Maier & Dandy, 2000). Xpnotlpomnolouvtat
elte autovopa (Coppola et al.,, 2005b° Nayak et al., 2006) eite yla va TPOGOUOLWCOUV TILO
noAUTAoka kot XpovoBopa povtéda (Nikolos et al.,, 2008). Kal otig 800 MEPUTTWOELS
£€€060¢ amoteleital and mapapETpoug evoladEPOVTog OWE N TIAPOXH TTOU ELCEPXETAL OO
pio Aekdvn amopponG ot €vav TOWLEUTAPQ, N Tapoxn Hiag mnyng n n otabun tou
udpodopou opilovta oe £va tNyadL mapaTipnong.

I6laitepa otnv unoyela USPAUALKY £X0UV SNUOCLEUTEL gpyacieg mavw otnv edpoppoyn
TEXVNTWV VEUPWVLKWV SIKTUWV yla TIPOCOUOLWonN TNG amokplong site evog mopwdoug elite
€VOC KapoTkoU udpodopéa. Otav n edappoyn auth dev Baciletal mAvw O KATOLO
OUMBATIKO (TT.X. aPLBUNTIKO) LOVTENOD, amalTElTAL Evag HEYOAOG aplOUOG dedopévwy Tediou
yla TNV eKTAlSEVON TOU TEXVNTOU VEUPWVLKOU SLKTUOU, AAAG TO HOVTENO TTOU TIPOKUTITEL eV
£XEL TOUC TIEPLOPLOKOUE TIOU TIPOKUTITOUV O TIG TIOPASOXEG TWV CUUBOTIKWY HOVTEAWV KoL
av €Xel eKMOLOEVUTEL OWOTA, UTTOPEL val SWOEL Pl TTOAU KA TTPOCEYYLON TNG AMOKPLONG TOU
$UOLKOU CUGTAOTOC OTLE TIAPAUETPOUC TIOU TO EMNPEAIOUV.

Ma tn PeAtiwon TwvV QMOTEAECUATWYV TOU HOVTEAOU Kol Tthv KoAUTeEpn OSuvarh
npooopoiwaon Tou udpodopéa pmnopet va epoapuootei pia Stadikacio BeAtiotonoinong tng
SOoUNG KAl TWV TOPAPETPWY TOU TEXVNTOU VEUPWVIKOU SiktUou. EE attiag tng adtadavoug
Bswpnong oav HaUpPo KOUTL, oL MOPAUETPOL tTnG HeBOdou bev eival mAvia €UKOAO va
npoodloplotoly, €L6IKA ekeiveg Tou otepolvtal ¢uolkoU vonpatoc. Mia TmoAQ
umooyouevn pEBodog pe taxeia olykAlon eival o Stadoplkdg e€eAkTikog alyoptlbuog. H
pEBOSOG elval Topopola He AMoug  efeAkTikoUG oAyoplBuouc. Ze kABe yevid
dnuloupyolvtal véa umoPndla ATopa HE OUVOUAOUO ATOUWYV TOU TIPONYOUUEVOU
mANBuopoy Kal PHeTAAAagn Kal To ATopa YE T BEATLOTN TLUN OVTIKELUEVIKAG GUVAPTNGONG
ETUAEYOVTOL YLOL VO OTTOTEAEGOUV TOV TANBUGO TNG EMOUEVNG YEVLAG.

Ma tv petafacn amno tv npoodloploTiky £€060 08 OTOXAOTIKA TIPETEL Vo ePAPUOOTEL
pLo pebodoloyia, n omoia va mapéxel TPOMO UTIOAOYLOMOU TOU SLACTAUATOC EUMLOTOOUVNG
™G petaPAntng €€68ou yia kaBe eminedo BePaitdtntoag. OL mpoomabeleg yla xprion HeBodwy
eAaxloTwV TETpAYWVWY 1 IPOCEYYLoEWV TETOLWV HeBOSwV bev otédOnKav Ue emttuyia Aoyw
¢ SuokoAiag edbapuUoyng os TO00 MOAUCUVOETEG CUVAPTHOELS OWCE TA TEXVNTA VEUPWVLKA
Siktua. Ml OXETIKA VEa OTOTLOTIK HEBOSOC Tou elval tkavr va MOPEXEL dlaoThATA
EUMLOTOOUVNG Yl TIOAUTTAOKEG ouvapTroelg, sival n péBodog bootstrap (umoutotparn). H
puEB0dog edapudlel TNV emavaAnmukn SelypatoAnyia yla vo PUIOpECEL va EKTIUACEL TNV
ofefalotnTa piag MopapETpou XwpPLg MePIMAOKOUG UTIOAOYLOMOUG HUE Lot OXETIKA ATTAR
(aAAG koL xpovoBopa) emavainmtiky Stadikaoia.

2.1 Kapotikol YS8po@opeig

H guddvion KopoTikwv Galvopévwy CUVOEETAL TIAVTO HE TNV UTIAPEN CUYKEKPLUEVWV
E16WV METPWHUATWY Ta omoia sival eudladluta oto vepd Katl gv adrivouv UMOAELPATO, UE
anotéAeopa ta Sldkeva va Sleuplvovtal He Tn dlepyaciao Tng SLAAUCNG Kol EMLTPEMOUV T
porj UdATOC UEow OUTWVY OTo UTESOPOG. 2e autd ta £ibn MeTpwHATWY, Ta omola eival

lwavvng X. Tpxaxng



Oewpntico Ynopadpo NI

YVWOoTa we kapotika (Bogli, 1980), avkouv avBpakikol oxnuatiopol, 0nwg ot acBeotoAlBol
Kall oL SoAopiteg, ou elval oAU Stadedopévol otnv EAAGSQ.

IXETIKA He TNV €€EAEN TOu Kapot £xouv Tpotabel poOVIEAA Tpooopoiwong Kot
npoPAeng ta omoia £xouv tn duvatotnta va eetalouv SLadoPETIKA TEVAPLO LNXOVLIOUWY
Slaluong tou apykol metpwpatog (Gabrovsek et al., 2004). Ta osvdpla €xouv SoKLUAOTEL
0€ MOVTEAO TTIOU TIPOCOMOLWVOUV Ta SiKTud TwV SLOKAACEWV He €va TUKVO Siktuo amo
TAapAAANAEG KAl KABETEC pWYHES, avapeoa oTLG omoleg Ppilokovral ol peyoAUtepol aywyol
TOU KapoT.

Evw umadpxel n ovtiAndn oOtL n petaBoArn Tou KAPOoT eival pla TOAU XpovoPopa
Sladikaotia, kata tnv onola n SlakAaon xpeldletol akopa Kot XAl i S€ka XIALASEG Xpovia
yla va ouvdebel pe TOV QmOGEKTN KoL v OMOKTNOEL auénuévn petadoplkn kavotnta,
UTIAPXOUV TIEPUTTWOELG UTIO OUVONKEG OTIOU TO KapoT Umnopel va e€eAxBel paydaia péoa oe
EKATO XPOVLA. JUYKEKPLUEVO TIAPASELYHO aVADEPETOL OE XWPOUG UYELOVOULKAC Tadng, Omou
AOYW Kal TNG XNULIKAG cUOTAoNG TwV OTPAYYLOUMATWY UTtAPXeL mBavotnta os mepintwon
Slappong va au&nbel onuavtikd o pUBUOG KOPOTLKOTIOINONE TWV UPLOTAUEVWV TIETPWHATWV.
(White, 2002)

OL avBpakikol Kapotwkol udpodopeic Bewpolvtal cav va TEPLEXOUV TPLWV ELBWV
mopwdn: To MOPWOEC UETOED TWV KOKKWVY TOU OTEPEOU TETPWHATOG, TO TOPWOEC TwV
SLOKAQOEWV TOU KOPOT KOL TO TOPWOEC TWV UEYAAWV PWYHWV Kal KUPLWV oywywv Tou
Kapot. MoAU ouyxvd, yla Adyoug amlouoteuong Bewpeltat otL n kivnon tou UdaATOg
TPOYUOTOTOLEITOL HOVO HECA OTIC OSLOKAAOELG KAl TOUG aywyoUG aAAQ  UTtdpxouv
TIEPLITTWOELC OTIOU avaloya Ue TNV Ttepiodo (uypn — &€npn) to kuplapyo eidog tou mopwdoug
TIOU TIOPEXEL VEPO O€ pLa Katavtn mnyn, alalel (Martin & Dean, 2001). MNapatnprosLg Tou
udpodopou opilovta deixvouv OTL ocuviBwE to SLaBECLUO YAUKO VEPO OE £VOl TIOPAKTLO
KapoTIKO udpodopéa eEaPTATAL TIEPLOCOTEPO QMO TNV TOCOTNTA VEPOU TOU TAVEL HEOW
™G akopsotng {wvng mapd amd TNV opyn Kotelobuon HECW TOU HIKpoOU Siktuou
SlakAdoewv.

Ao TO LUSPOYPAGNUO HLOG KOPOTIKNAG TNyNG umapxouv HéEBodol yapaktnplopol Tou
uvdpodopéa avahoya e To oTASL0 eEEALENG TOU KAPOT Kal TO KABEOTWE porng HEoa o QUTOV
(Kovacs et al., 2005). Etol pmopouv va XwpLlotoUv oe €KEVOUC OTOUG Omoloug n Kuplapxn
pon elval péoa amod 1o METpWUA I 0g ekeivoug Tou n Kuplapxn pon eival péoa amod Tig
PWYHEG. ITNV MPWTN TEPIMTTWON TO KAPOTIKO cloTnUa £ival okOpa oe otadlo avamtuéng
evw otnv deutepn Bewpeital wWPLUO KAPOT.

Ta anoteAéopata PeBOSWY TIOU XPNOLUOTIOOUVTOL EUPEWG YlOL TNV emefepyooia Kat
g€nynon twv udpoypadnUATWY KOPOTIKWY TiNywv, €xeL Bpedel otL Sev avramokpivovral
MAVIA OTNV  TPOYHUATIKOTNTA. JUuxvd yla Tmapdadelypo  yivetat  Sldomacn Tou
udpoypadnuoTog os Tplo TUAMATA, To ortoia Bswpolvtal OTL AVTUTPOoWTEUoUV KaBéva Lo
artd TI¢ TPELG SLadOPETIKEG USPAUALKES OYWYLLOTNTEG EVOG KapoTikol udpodopéa. Qotoco,
and nmapadelypata mou £xouv yivel, daivetal OTL To evdldpeso TuApa epdaviletal kal o
TEPUTTWOELG TIoU Sev UTIAPXEL eVSLANETO £(60¢ USpaUALIKNG aywylpdtnTac. EEGAAoU, To pun
€KOETIKO TN PO TO omoio Bewpeital otL aviumpoowrieVel tn Bactkn pon, Sev e€aptdtal povo
oo TA XOPAKTNPLOTIKA TOU XOUNANG USPAUALKAG ayWYLLOTNTOC TETPWHOTOC, AAAQ amtd OAEC
TG apaETpoUG Tou Udpodopea. (Eisenlohr et al., 1997b)
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OL udpoyewloyIkég epunveieg mou Sidovtal amd otatlotik avaiuon, 6ev Baocilovral
QTTOKAELOTIKA OTNV TIUKVOTNTA TOU SLKTUOU OyWwYWwv Tou Kopot, dnAadr oto €Upog Twv
amoBepdTwy UTIOYELlou USATOG. To TplMTuXo HopdN TOU SLOYPAUUATOC CUCYETLONG — BOOUOC
Kapotikomoinong tou ubpodopéa — pubulotiky kavotnta Sev Sivel mavia opba
oupTMEepAcpaTa. YIAapyel avaykn KaAng udpoyewAoyikng mAnpodoplog yla éva KapoTilko
uvdpodopéa mplv xpnowuomnolnBolv oTaTIOTIKEG PEBoSoL. Elval onpavtiki n yvwon Tou
KALLOTIKOU KOBEOTWTOG — TNG ouXvOTNTAG Katalyidag KabBwg Kot TNG XWPLKAG KoL XPOVLKAG
KaTavoung tng Bpoxomtwonc. (Eisenlohr et al., 1997a)

Ma TNV MPOooOopOolWwon KOPOTIKWY LUSpodopewv €xouv mpotabel TOAMEG SladOpPETIKEG
pEBodoL mou UMopEl v TPOCOUOLWVOUV TN OTABUN Tou KapoTlkoU udpodopéa 1 tTnv
amoKpLon HLAC TINYNG otnv omoio KataAnyel o KopoTikog udpodopéag. Ol SladopeTIKEC
Bewpnoelg kot mapadoxEC mou yivovrat kata tn Stadikacio uAomoinong Tou evvoloAoyLkoU
HOVTEAOU, ELCAYOUV HEYOAUTEPEG I UKPOTEPEG ATIOKALOELG QO TNV MPOYHUATLKY KATAOTACN
Kol TIPETEL val e€eTaleTal Qv oL MOPOaSOXEC AUTEC LKOVOTIOLOUVTAL TPV Ao thv edopuoyn
OTIOLOUSNTIOTE LOVTEAOU OE Uia UTO PEAETN TIEPLOXN.

Ma tnv mapoxn tng MNYNAG £XouvV TTPOTOOEl YPAUUIKA HOVTEAQ OVAAUCNG GUOTNUATWY
KapoTIkwv udpodopéwv Tou elcayouv tv dpthocodia tou povadlaiov udpoypadnuatog,
TIOU Xpnolpomoleital ota emidavelakd, Kol ota umoyela vdata. Onwg to povadlaio
udpoypadnua cuoxetilel TNV Ppoxr O€ LA AEKAVN AITOPPONG LE TV ATTOPEON Ao AUTHY,
£T0L KaL N pEBodog autr cuoxetilel To puBUO eUMAOUTIOHOU VOC LSpodopEa e TN oTABuUN
Tou ubpodopea os £va mnyadt mapatipnong. O EUNMAOUTIONOG UMOPEL val TIPOEPXETAL Ao
Katakpruvion n umoyetla arnoppon (Long & Derickson, 1999)

EVOAAOKTLKG, TO PpAYHOTA UIMOPOUV va TpocopolwBouv amd plo aluciba onueiwv
ekdoOpTIOoNG Tou udpodopéa cUVOESOUEVA LETAEY TOUG. H OTTIKA QUTH £XEL TO TIAEOVEKTNA
OTL 8ev elodyel aplOunTikd oAALATA OTOUG UTIOAOYLOMOUG AOyw e€dapHUOYNG O HLa
TepLoXn UTEPBOALKA QUENUEVNG TIUAG USPAUALKAG ayWYLULOTNTAG. To HELOVEKTNUA Elval OTL
Xpelaletal LeAETN yia va PpeBouv oL OXECELG TWV KAPOTIKWY AyWYwV Kal TToU KATAARYEL h
pon Héoa amo tov kKabéva amnod autoud. (Quinn et al., 2006)

Mia Stadopetiky pEB0SOG TMPooopoiwong KAPOoTIKWV CUCTNUATWY Eelval n xpnon
MOVTEAWV TtoU €xouv avamntuxBel yia tnv mpooopolwon Siktuwv ouPpiwv vdatwv (Peterson
& Wicks, 2006). H pébodoc autr Bewpeital BeAtiwon Twv HeBOSWV YPAUULKWY CUCTNUATWY
mou €xouv xpnotgomolnBel oto mopeABdv, KabBwg emiTpémel HeyaAUTEPO EAEYXO TOU
anoteAéopato¢. Ta HOVIEAQ Tipocopoiwong pong oe  SIKtua  KAELOTWY  aywywv
XpnoLlgomolouvtal suputata os GAlec edappoyég (Siktua USpeuong, amoxéteuong N
ouBpilwv). Emeldn éva kapoTikd clotnuo lvol ouclaoTikd £va ¢uotkd Siktuo oppplwv
USATWY, N TPOCOUOLWOT] TOU LE EVa HOVTEAD SIKTUWV KAELOTWV aywywv daivetal Aoyikn,
Sebopévou Kat Tou tapdpolou KoBeotwtog pong. To mpoBAnUa eival OTL OTIC TIEPLOCOTEPEC
TEPUTTWOELG N aKpLBNAC Stataén Kol YEWUETPLA TWV pWYHWV Sev glval yvwoTh. € pLo TEToL
nepintwon 8ev elval duvatr n xpnon €vog TETOLOU HOVIEAOU, HLOG Kal N €£080G Tou
g€aptdaral o peyalo Babuo amd to pnKog, To MAATOS Kol TOV GUVTEAECTH TpoXUTNTOC TWV
PWYHWV.

AKOLLOL KOLL N TILO OTTAR TIPOCOUOLWaN VOGS KOPOTIKOU LSpodopéa we LoodUVALO TToPpwSEC
puéco Bplokel epoppoyn Oe TEPUTTWOELS OMOU Omd TIC UETPAOELS doiveTal pia TETOLOU
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eldoug ovumepldpopd tou udpodopéa. MPAyUATL UTIAPXOUV TIEPLITTWOELG OTIOU OTav BpebEi,
armd SOKIMAOTIKEG OVTANOELC ylo TAPASEWUA, MO T oodUvapung USPAUALKAG
OYWYLLOTNTOC TOU KOPOTIKOU CUOTAUATOG, N TMPOCOUOlwon WG tooduvapo mopwdeg HEco
KOTOANYEL O£ OPKETA akpLBN anoteAéopata. (Scanlon et al., 2003)

Mta tpomomnoinon tng peBodou Tou LoodUvapou Mopwdoug HECOU TIpOTEiveTaL OO TOV
Martin kot tnv opdda tou (Martin et al., 2005), otnv omnoia kaBe prRyua os éva udpodopea
mpocopolwvetal oav Slemipavela n omola prmopel va SteukoAUvel 1 va meplopilel tnv
UTIOYELL por|. Xe KABe priypa Tou SLEUKOAUVEL TNV Kivnon Tou vepou, Snpoupyeital pia
SlemidpaveLa TTOU ETUTPEMEL TNV AAAAYN) TNG KAVOVLKI G CUVLOTWOACS TNG TaXUTNTAG LETALY TNG
MLOG KOl TNG GAANG TIAEUPAG, YEYOVOG TIOU OUCLOCTIKA Xwpllel tov udpodopéa ot
UTIOTIEPLOXEG, OL OToleC EMIKOWVWVOUV HETOEU TOUG HEOW Twv Olemipovelwy e
OUVKEKPLUEVEG €ELOWOELC. TNV OvTiBeTn TEeEpPIMTwon ouolaoTikad Snuloupyeital €va
VEWAOYIKO PPAYHO TIOU EMITPEMEL UIKPH USPAUALKN TKowwvia otig U0 eKaTEPWOEV TOU
TEPLOXEC. Z€ QUTN TV Tepimtwon n mieon eival 1o péyeBog mou aAAdlel SlOpECOU TNG
Slemudavelag.

JTNV MeplMTWon mMoU UTIAPXOUV UETPNOELG TTOPOXAG TINYAC Kal otdadung udpodopéa, n
XPNon UIKTwv eflowoewyv, KAtaAnAwyv 1000 yla ocuvBnkeg eAelBepng emdpavelog 660 Kot
pPON¢G UMO Tieon MECO OTOUG OywyoUC TOU KapoT, Mmopel va Swoel BeAtiwpéva
OMOTEAECUATA OTNV QVOTOPAYWYN TWV XOPOKTNPLOTIKWY TWV XPOVOOELPWVY TIOU £XOUV
kataypadei, £6lkd TN¢ otdbung Ttou umoyelou Uubpodopou opilovta. (Rozos &
Koutsoyiannis, 2006)

Napatnpnoelg deixvouv OtL To SlaBE0IHO YAUKO vepO Tou amoBnkeUetal ot €va
TAPAKTLO KOPOTIKO udpodopea, s€aptdtal and TNV mocdTNTA Mou Gtavel otov udpodopia
HE UEYAAN TOXUTNTO OE OXEOHN HE TO UTIOAOLTTIO TIOU KOTELGOUEL UE ULKPOTEPN TAXUTNTA LECW
Tou SIKTUOU TWV UIKPWV SLaKAACEWV.

H Sduokolia mpooopoiwong avetaptAtwg povtédou tou udpodopou opilovta daivetal
va odeldeTal 0TN ONUOVIIKY HETAPBANTOTNTA TWV PUOLKWV PUBUWYV EUMAOUTIOMOU KOl
arnoBnkeuong KaL otnv unmapén GAAwv PeTafAntwy (onwe n akplPig B€on Twv KAPOoTIKWY
QYWYWV N évag cUVOETOC YEWAOYLIKOG OXNUATIOUOC, OTWE EMIONG HETEWPOAOYIKA Sedopéva
Tiou &ev KAAUTITOUV TNV TtEPLOX MEAETNG o€ OAO TO €UPOC TNG) ou 6€ AapBdvovtat urt’ oYy
oto povtélo (Jocson et al., 2002). Ma pia akppn extipnon dVo mapdueTpol Bewpouvtal
Kploweg otnv mpooopoiwon umoysiwv vdatwv: (a) N wavotnta enakpLBolc XapaKkTnNPLoUoU
TWV YEWHETPLKWY KOl USPOAOYLKWV XOPAKTNPLOTIKWY QELOTIOLWVTAG Yla TN UETPNON TOUG
YEWPUOIKEG neBASoug kat (B) n avénon NG UMOAOYLOTIKAC LoxUog Tou Ba emitpéPel Thv
ETLOKOTINON TNG PONG Kal petadopdc palag os TPLoSLAoTOTA CUCTAUATA PONAG HEYAANG
KAlpakag (Berkowitz, 2002).

MpopAfuata onwe n SucKoAla TIPOCOUOIWONG EMAKPLBWE TWV LNXOVICUWY TOU GUGLKOU
OUCTAMATOC KAl N OVAyKn OaKPLBECTEPWY HETPNOEWV TWV YEWUETPIKWY TIOPAUETPWY
UmopoUV va Eemepaotouv e TN Ponbela evog poviédou mou va PBaciletal otn Beswpla
TEXVNTWV VEUPWVIKWYV SIKTUWV, WOTE VoL EXEL TNV LKOWVOTNTO TPOCOUOLWaNg Tou USpauvAtkou
UPoUG XWwpIg EKTEVA YyVWON TWV YEWAOYIKWY KOl USPOYEWAOYIKWY XOPOUKTNPLOTIKWY TOU
duowkol ouotiuatoc. Exovtag pla evieAwg SladOpPETIK TPOCEYYLON OE OXEOn ME TaA
opLlOUNTIKA povTENQ, oto omoia 0 uSpodopEag sival TO OVTIKELUEVO TNC MPOCOUOLWANG, N
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edpappoyn twv TNA eotialetal otnv mpooopoiwaon tou udpohoylkoU kUKAou. H péBodog
QUTH €XEL TO TAEOVEKTNUA TNG £dapUooluOTnTaG o KABe tumo udpodopéa. H povn
amaitnon, n omola S&v Lkavomoleltal mAvTa, sival Lo ToLkAla SE60UEVWVY (LETEWPOAOYLIKA,
otabun umoyelwv ULOATWV) yla HeEyaAa Xpovikd Slaotipata, mou &ev eival mavra
SlaBéopa. OL xpovooelpég SeSopévwyv aQUTEC elval TO HOVO OMALTOUHMEVO Yyl TNV
eknaildevon (Babuovounon) tou texvntol veupwvikoU Siktiou (TNA) kat tnv afloAoynon
™G aflomotiag tou Babpovopnuévou TNA. Ta TNA €xouv BewpnTikd TNV WKAVOTNTA Vo
mpooeyyloouv oUVOETEC OUVAPTNOEL, aPKEL va XpnolpomownBel emopkng aplBuog
dedopévwy ekmaibeuong kat kpudwv KOpPBwv (Haykin, 1999). & MPAYUOTIKEG KATAOTACELG
OMWC oL adUVOHLEG TwV duvatoTATwy MPOBAEPNG KAl YEVIKEUONG MAPATNPOUVTOL CUXVA, £E
attiag ™G ENewng emopkwy Kal aflomotwy dedopévwy, g mbavig Umapéng aAAwv
TIOPAPETPWY TIOU EMNPEAlOUV TO GUCLKO cuoTnua Kal dev Aappfavovtal utt’ oYLy, KaBwc Kat
TWV TIEPLOPLOUWV UTIOAOYLOTIKIG LoXVOG TIoU OV EMUTPEMOUV TN XPHoN MEYAAWY SIKTUWV Kal
Sladikaolwyv Beltiotomnoinong (Pinkus, 1999).

2.2 Texvnta Nevpwvika AlktToa

Ta TEXVNTA VEUPWVIKA SIKTUQ, TILO CUXVA OTTOKAAOUUEVA «VEUPWVIKA Siktuay, eival
HOONUaTIKA HOVTEAQ T omoia €xouv w¢ adetnpla ™ Bswpnon OTL 0 AvOPWTLVOG
eYKEDAAOG £XeL evTEAWG SLAPOPETIKO TPOTO emefepyaniag Twv MANpodoplwY O oXEGN HUE
£€vav oUupPATIKO NAEKTPOVIKO uTtoAoylotr. O TTOAUTAOKOG, KN YPOUULIKOG Kal TapdAAnAog
TPOMOC Asttoupyiag tou eykepAAou €MITPEMEL TNV enefepyacio MANPodPopLWY HECW TWV
SoUlkwV Tou oTolxelwv (veupwvwv) to omoia eival oe B€on va TPAYUATONOLGOUV
uTloAoylopoUCg, OmwG N avayvwplon HoTifwv kat n avtiAnn, cadwe toaxltepa amo
Pndlakoug urtohoylotég. (Haykin, 1999)

H olyxpovn €moxr TwV VEUPWVIKWY SIKTUWV EEKIVNOE LE TNV TPWTOMOPA pyacia Tou
JUXLATPOU Kol VEUPOAOYOU OOXOAOUHEVOU HE TNV OVATOUIA TOU VEUPLKOU CUGCTAUATOC
Warren Sturgis McCulloch kat tou 8lodpuolg ota pabnuatikd kot tn Aoyikny Walter Pitts
(McCulloch & Pitts, 1943). H epyaoia autr elvatl and tig mAEov MOAUSLOPACHEVEG LEXPL KOl
onuepo epyacieg otov KAASO Kal omd TO CUUMEPACHOTA TNG YEVWAONKav oL opXEC TwV
VEUPWVIKWY SIKTUWV KaL TNG TEXVNTAG VONUOoUVNG. Tnv enOpevn peyahn eEEALEN amotéAeoe
n &nuoociceuon tou PBiBAlou tou Donald Olding Hebb oxetikd pe tnv opydvwon Ing
oupmneplpopag (Hebb, 1949). 3to BLBAlo autd MPWTOEUDAVIOTNKE O OUWVULOG KAVOVOC VLo
TNV EVNUEPWON TWV CUVATTTIKWY BapwV HETAED TWV VEUPWVWV.

Mepimou 15 xpovio HETA TNV TNpwtomopa egpyacia twv McCulloch kau Pitts,
TIOPOUCLAOTNKE N TPWTN €pyacia mou adopolce To AMAOUOTEPO VEUPWVLKO SIKTUO TO
omoio xpnotwuomololoe Hia kowoupla PEBoSo emIBAenmopevng pabnong to perceptron
(Rosenblatt, 1958). Y& pia mpoomdBela va TPOCOUOLWOEL KXAUTEPO TN cupmepLdbopd eVog
npayuotikol  (BoAoyikol) veupwva o Cowan eméhe€e avti tng péXpL TOTE
XPNOLUOTIOLOUUEVNG OUVAPTNONG KatwdAiou, pia opaAr ouvdaptnon evepyomoinong evog
veupwva, tn Aeyopevn Aoylotikn cuvaptnon (Cowan, 1967). H peydhn £€éhi€n Ouwg mou
BonBnoe tnv eupseia edappoyn Twv perceptronmolAwy emumédwy, Atav n dnpoacisuon tou
aAyopiBuou eknaideuong back propagation (Rumelhart et al.,, 1986) o omoiog ival kaL o
Baolkog aAyoplbuog ekmaibeuong mou xpnolgormoleitat oe Siktua perceptron TOAAWV
ETUMES WV KOLL LE TOV OTIOL0 CUYKpivovTal oL eVOAAOKTIKOL adyopLOuol.
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H mpwtn &nuocicuon mou mapouclalel edpappoyn vVOg TeEXVNTOU VEUPWVLKOU SIKTUOU
yla XwpLKn Kol xpovikn mpoPAen Bpoxontwong, epdaviotnke to 1992 (French et al., 1992).
Tnv (6l xpovid OnuoolelBnke kol pio epapuoyr) VEUPWVIKWV SIKTUWV yla TV
npocopoiwon tng alatotntag (DeSilet et al., 1992). Tnv enduevn xpovid akoAolBONnoe n
dnuoocisuon piag epyoociag mou eddppole veupwvikd Siktua ywa thv TPOPAedn NG
Enpaoiag (Crespo & Mora, 1993) kat amo kel kot €MEeLTO TA VEUPWVIKA Siktua Bprkav mapa
TIOA\EG edappoyEG otnv udpoAoyia (Clair & Ehrman, 1998 Coulibaly et al., 1999 Kuligowski
& Barros, 1998' Raman & Sunilkumar, 1995). H mpwtn &npooteupévn ebapuoyn VEUPWVLKOU
SIKTUoU oe umoysla udpoloyia adopolos oTnV MPOCopUoiwaon TG oTABUNG TOU UTIOYELOU
vdpodopia (Shukla et al., 1996).

Avapeoa ota gpyaleia Tng TEXVNTAS vonuoaouvng (TN), n poviehomnoinon pe TNA pmopel
va ekAndBel wg pa efelntnuévn TeEXVIKA Hovtelomoinong mou aflomolel Slabéoua
Sebopéva otnv npoomdadela va avakaAU el oxéoelg HeTafl Selypatwv eloodou kat €66ou
XwpLg Aemtopepn yvwon twv Stadikactwv mou Aappavouv xwpa (Lallahem & Mania, 2003a).
To yeyovog autd eival Siaitepa BoAlkd otav to uOKO Hovtédo Sev eivol pntad
kaBoplopévo ) sival e€atpetikd SUoKoAo va Tieplypadel smakplBwe, /KoL Otav UTAPXEL
ENewpn Sebopévwy yila tn Snuoupyla Kal eKtEAeon evog Aemtopepol LOVTEAOU.

Ta TEXVNTA VEUPWVIKA SIKTU O apX kA Snoupyndnkav w¢ UTIEPOTTAOUCTEUMEVO avVAAoyOL
TPOG Ta BLOAOYIKA VEUPWVIKA Siktua. Kat ota SUo Siktua umtapyxouv Hovadec emetepyaoiog
(VEUPWVEC), TOU ETUKOLVWVOUV LETOED TOUC LIE OMOCTOAN CNUATWY HECO Ao OTABULOUEVEC
ouvdéoelg. Kabe povada evog TNA ekteAel Tn OXeTIKA ammAn epyacia tng el0S0XN¢ ONUATWY
OO YELTOVIKEG MOVASEG 1 eEWTEPLKEG TTNYEC KAl XPAONG QUTWV YLt TOV UTTOAOYLOMO EVOG
onuatog mou petadépetal os ANeG povadeg (Krose & van der Smagt, 1996).

Me Hla apxlki OKEWPN TOPOYOUEVN ATIO TO AVOPWIILVO VEUPWVLKO SIKTUO, Ta TEXVNTA
VEUPWVIKA Siktua e€lval paBnpatikés SOUEC TIOU UIMOPOUV va XpnotlomolnBolv yla tnv
npocopoiwon Sladopwv cuvaptrioswy. YIAPXOUV TEPUTTWOELG KATA TIC omoisg dedopéva
eCaptnuévwy (e€060u) kat aveEdptntwv (eL.00dou) petapAntwy €xouv mapatnpnbel ald o
MOBONUATIKOG TUTIOC TNG CUVAPTNONG TIOU Ta CUVOEEL elval dyvwotoc. Ta TNA slval tkava va
KaBoploouv TNV UTOKELUEVN OUVAPTNON TIOU TOPAYEL HLA CUYKEKPLUEVN €€060 yla pla
debopévn eloodo.

ElcoSoL =3 O —3 Efod0g

YrioAoylotikn Movada

ELKOVQ 2. ZXNUOTLKI QTELKOVLON EVOG VEUPWVAL.

KaBe veupwviko Siktuo amoteAeital anod éva mANB0o¢ UTIOAOYLOTIKWY LOVASWV OL OTIoLEG
oUVOEOVTaL LETALY TOUG KOL EMLKOWVWVOUV OTEAVOVTOC ONUATO HECA OO OTAOWLOMEVEG
ouvbéoelc. OL UTIOAOYLOTIKEG aUTEG pHovadeg Kalouvtal veupwveg i KOpPol. Xtnv Ewkova 2
QVOTTOPLOTATOL EVOG VEUPWVOG HE TPELG €l00doucg Tou Oivel pia €€060. Eva VEUPWVIKO
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Siktuo amoteleital and KOPPBoUG OV eMLKOVWVOUV HeTaty Tout. Ta feed forward (mpoow
TPododotnong) ival n mo anif popdn VEUPWVLKWVY SIKTUWV. € AUTA UTTAPYXEL €va eminedo
€l0060v, éva eminedo €£060U KOL TPOALPETIKA £vol ] TIEPLOCOTEPA €VOLAUESA Kpudd
enineda (BAaxaBag k.a. 2002). H Umapén kpudwv emMESWV UTAYOPEVUTNKE aATO TN
poBnuatiky anodelfn OtTL ta omAd veupwvikd Siktua evog emumédou Sev eixav Tn
SuvaToTNTA MPOCOoUOiwaNG omolaaodAImoTeE cuvaptnong. Ta kKpudd enineda mapéxouv oto
VEUPWVLKO Oiktuo peyaAltepn euelifia, kabBwg ouolaoTikd aufdvouv Ttou¢ PBabuoulg
eleubBeplag. Eva mAnpwg Slacuvdedepévo molueninedo veupwvikd Siktuo (tumou Multi
Layer Perceptron) pe 800 kpudad enineda moapouoidletal otnv Elkova 3.

| MODCLEETDO

| HODOUET OO FOO0 T ERABO

| IODCIIETDO FOO0U N ! : 4 ! " ! : | NODCIETDOC ECOOOL M
10 Kpupd ' 2° Kpugo
Emimedo Eigodou | | Emimedo | | Emimedo | | Emimedo E¢odou

Ewkova 3. MARpwE S1acuvOESEUEVO VEUPWVIKO SikTuo e SUo Kpuda smineda.

Ol eicodol Tou SiktUou tpododotolvtal amod Toug KOpPBoug Tou emunmédou el06S0U OTOUG
KOMBOUG Tou TpwTou KpudoU emnédou. MeTd Tnv enMefepyacia Twv onuATwy, oL £€06oL Twv
KOUBWV Tou MpwTtou Kpudou emunédou anoteAolV TIG EL0080UG TwWV KOUPwWV Tou SelTtepou
KpudpoU emumédou. XTn OUVEXELD Ta UTIOAOYLOpEVA onpota ££0660U Twv KOUPwWV TOU
6elTepoU KpudoU eTMESOU €L0dyovTal OTOUG KOUBOoUG Tou emunédou €£660u, amd Toug
omoiou¢ Kat urtoAoyilovtol oL TeAKEC £€060L TOU VEUPWVLKOU SIKTUOU.

H Siepyacio mou AapPavel xwpa eviog KAOs UTTOAOYLOTIKAG povadag (koppou) sival o
TIOAAQTIMAQOLOOUOG TWV €L0O0SWV TOU KOPPBOU He Ta avtiotowa cuvamtikd Bapn tng kAbe
gl006ov (O6mwe autd mpooblopiotnkav kotd TN Sladikooia ekmaldevong) wote va
npokUPouv oL oTabuLopéveg eloodol Tou KaBe kKOpBou, avdloya e TN CNUOVTLKOTNTA TIOU
Aappavouv anod Ta avtiotola Bapn Touc, To ABPOLoHA TWV TTOPATTAVW OTOOULOUEVWY TTAEOV
£1006wv, N MpooBeon Tou KatwdAiou Tou kKOpUPBou (bias) Kal n eloaywyn TOU AMOTEAECHATOC
0Tn OUVAPTNON evepPYOTOinoNG TOU KOUPOU yla Tov UTIOAOYLoOMO TNnG €660V Tou KOMPBOU.
MaBnuoatikd n mapandavw dtadikaoia neplypddetal amno tnv eéiowon:
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n
Vi = Fy <Z Wi " yi + bk) (2.1)

i=1

OTmou:

Yn, N €§060¢ Tou KOpPPOU N

Wi, TO cuvartikd Bdpog tou cuvbEeL Tov KOO i e Tov kKoo k

1, 0 0pLOUOC TWV KOUPWV TOU IPONYOUHEVOU ETLMESOU aTd €KELVO TOoU KOUPOoU k
b, n moAwaon (bias) tou kopBou k

F},, n ouvdptnon evepyormoinong tou kopBou k

Omndte oL petaPfAntég €§0dou y, €vog TeXVNTOU VEUPWVIKOU Siktou  (oumAng
tpododotnong mAnpwg dtaocuvdedeuévo Multi Layer Perceptron) pmopouv va amodoBouv
WG HLo TOAUTIAOKN HaBnUOTIKA cuvapTnon Twv PETABANTWY €L0680u y;. Eotw n o aplOuog
Twv KOUBwv eLl00d0u, m 0 aplBpdg Twv KOUBWV Tou TPpWToU KpudoL emutédou, p 0 aplBudg
Twv KOpBwv tou Seutepou kpudou emumedou, b, n TOAwon (bias) kat F, n ouvdptnon
gvepyomnoinong Tou KOUPoU x, Tote N €€080¢ evog kKopPBou k Sivetal and tov TUTo:

14 m

n
Yo = FO Z Wko * Fk Z ij ' F] (Z(WU ’ yl) + bj> + bk + bo (22)
i=1

k=1 =1

Mt artAr] Kol EUPEWC XPNOLUOTIOLOUEVN CUVAPTNON eVEpPyomoinong elval n AoyLoTLKA
ouvaptnaon, n omoia €xeL olypoeldr) petafoln amod to undév oto £va. O ahyePfpikdg TUTIOC
NG ocuvaptTNoNgG elvat:

1
F(X) = m (23)

Elval gvkoAa avtlAnmto OTL n avilkatdotoon tng (2.3) otnv (2.2) dnuoupysl pa
e€alpeTIk@ TOAUTAOKN ouvaptnon n omola eival apketd O6UOKoOAO va PeAetnBel pe
KAOLOOIKEG OAyeBpLkEC peBOSoug. H moAumAokdtnTa TnG ouvaptnong odnyet cuvnBwg otnv
avalitnon SL1adopETIKWY TPOTIWY AVTIUETWITLONG TWV UTO eTiAucn PoBANUATWY.

‘Eva tétolo Bépa elval kat n BaBuovounon Tou JoVTEAOU, N OTOLa OTAL TEXVNTA VEUPWVIKA
Siktua kaAeital ekmaibevon Tou SkTUou Kal elval n Swadikaocia pEow TNG omoiog
urmoloyilovtal oL PEATIOTEC TIUEC TWV OUVATTIKWY Papwv. ITa KAOOOWKA HOVTEAQ
naAwvépounong n ouvnlng dadikaoia mou akolouBeltal eival n elaylotomoinon Ttou
oBpoiopatog TwvV TETpAYWVWY TWV  OPOARATWYV  PeTafld  TMOPATNPNUEVWY KOl
T(POCOUOLWHEVWY TLLWVY TNG ouVAPTNONG. OL TLHEG YLaL TIG TTOPOUETPOUG TIPOKUTITOUV amd Thv
eniAuon evog cuoTUOTOG EELOWOEWY, OL OTIOlEC LAALOTO oUVABWC elval YPAUULKEG WG TTPOG
TG TTOPOUETPOUG. To mPOPAnUa ou Ba TPOEKUTITE 0 pla mpoomdBela edappoyng g
HEBOBOU aUTNG o€ £va TEXVNTO VEUPWVLKO SIKTUO glval OTL To cuotnua mou Ba dnuloupyeito
Ba NTav WLATEPWS N YPAUULKO, dnAadn Ba umnpxav MApPAUETPOL O OPLOHA EKOETIKAG
ouvApPTNONG N omoia BploKETaL OTOV MAPAVOUAOTH KAAOUATOC TO omolo amoteAsl oplopa
AAANG KBETIKNAG ocuvApThONC.
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AAyopiOpog Avastpo@ng Auadoong (Back Propagation)

H evaAAakTikr poogyylon mou dlatnpel tnv W6€a TNG EAAXLOTOTIOINCNG TOU TETPAYWVOU
TWV 0QAAUATWY KOL TNV MPOCAPHUOLEL OTA TEXVNTA VEUPWVIKA Siktua, €ival o AeyOpevog
oAyoplBuocg avaoctpodng dtadoong tou oddApartog (error back propagation algorithm n
amAd Back Propagation). H Baoikn 16€a eivat va kotavepnBei 1o cuvoAilkd adpaiua ota Bapn
TOU KABe veupwva. Me tov TpOTo autdv eivat Suvatd va utoAoyLoTouv oL 6lopBwaoeLs ota
Bapn Tou kaBe veupwva Eexwplotd, mapd tnv MoAUTAoKn Soun, n omoia e8Ika ota Kpudd
enineda avgdavel Tnv moAumAokotnta, Kabwg oL €€0bol Toug emnpedlouv TOAAOUG VEUPWVECG
TOUTOXPOVA.

Jtnv avaotpoodn petadoon odpalpatog umoloyiletal To opaApa Twv KOPBwWV €660u Ue
TPOMO TIAPOWOLO UE eKElVOV TOU Kavova Aghta. O kavovag AéAta umoloyilel tn petaBoAn
Tou Bapoug mou armatteital yia va e€adeldpBel 1o opaipa e€66ou evog koppou. Eotw OtL o€
éva. TNA n ouvAptnon evepyomoinong TalpVeEL TPAYUATIKEG TIMEG OMWC N AOYLOTIKN
ouvaptnon (2.3). Tote n £€€06o¢g tou veupwva k pmopel va umoAoylotel BAoel TnG ox€ong
(2.1). H yevikeuon tou kavova AéAta mpayuatonoleital B£tovrag:

A ad (2.4)
Wi = — .
To odpdApa E opiletal wg To GUVOALKO TETPAYWVIKO odpAlpa Twy KOUPBwv e€odou:
Ny
E= %Z(do )2 (2.5)
o=1
Omou N, o aplBpog twv kopBwv e§66ou. Eotw OTL
n
Sk = Z Wi ¥;i + by (2.6)
i=1
XpNOLUOTOLWVTAG TOV Kavova TnS aAucidag LoxUeL otL:
0E 0E 0dsy
. (2.7)
aWik c')sk 0wik
Amo v efiocwon (2.6) daivetal 6TL 0 SeUTEPOG MOpAyovTag gival
aSk
= v 2.8
Opllovtag
O = ok (2.9)
k= ask )

MPOKUTTEL O KAVOVAG EVNUEPWONG TwV Bapwv mou odnyel oe péBodo gradient descent
otnv enidpavela Tou opAAUOTOG.

Awye = =y - 6k " Y (2.10)

Ebappodlovrag tov kavova tng aAucidog kat otnv efiowaon (2.9) o 6pog §; Umopel va
vpadel wg To ywvopevo tng LeTaBoAng Tou odpAAPATOG cuvaptnoel TG €66ou Tou KOUPBoU
emti TN petaBoln g e€660u cuvaptoel TN elodSou Tou KOUBou.
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OE  OE dy,
S = K (2.12)
aSk ayk aSk

O O&eltepog Opog eival €UKoAo va umoloylotel KaBwg eivol OUCLOOTIKA N TPWTN

TIAPAYWYOG TNG CUVAPTNONG EVEPYOTIOLNONG TOU KOUBOU Kk UTIOAOYLOMEVN YLA TNV TN S.

Yk /
a_Sk =F (Sk) (2.12)

Mo Tov UTIOAOYLOUO TOU TIpWTOU Opou Bewpolvtal Suo meputtwoels. Otav o KOpPBog
elvat kopPog ££6dou (k = 0) mpokuTmtel amd tov oploud tou adpdhpatog E otnv efiowon
(2.5) oL

0E
a_yo =

AvtikaBlotwvrag tic e€lowoelg (2.12) kat (2.13) otnv e€iowon (2.11) mpokumtel n e€lowon
uTtoAoyLopoU TG TLUNAG &, Yo kKaBe kOuPo €§68ou 0.

8o = (do —¥0) " F'(s0) (2.14)

Edv o kOpPock Sev eival kouBog ££68ou aAhd kouPBog kpudol esrumedouv (k = h) n
ouPBOAN Tou KOpPou oto odpalpa e€68ou Tou Siktuou dev eival dueoa yvwotn. Map’ oAa

—(do — o) (2.13)

QUTA N T Tou odpalpatog umopel va ypadel wg cuvaptnon Twv kabapwv elc6dwv amnod To
kpudo eminedo mpoc 1o eminedo €€6dou. Edappoyn TOu Kavova tng aAucidag otn
OUYKEKPLUEVN TiepimTwon Sivel

Ny No P No No
0E OE 0s, JE 0 Z _ J0E _ 25 (2.15)
Oyn  Luds, Oyp  Luds, dynlm 0T Lids, M0 o Who 1%
0=1 0=1 j=1 o=1 o=1
AvtikaBlotwvrag otnyv e¢lowaon (2.11) mpokUmtel
No
5}1 = F,(Sh) ' Z 50 *Who (216)
o=1

AvtioTtolxa o€ MEPIMTWON TIOU UTIAPXOUV TTAPATIAVW Ao €va Kpudd emineda n e€iocwon
(2.16) bivel TG TIHEG TwV G WG CLVAPTNON TWV §; TWV KOUBWVY TOU ETOUEVOL KpudOU
emunedou

Nj

5h = F,(Sh) ' Z 51 ' Whj (217)
j=1

Orou Nj 0 aptBuoég Twv KOUPWV Tou EMOUEVOU KpUPOU EMUTESOU AT EKEivVO OTO OMOio
QVAKEL 0 KOUBOG h.

Ou eflowoelg (2.14), (2.16) kot (2.17) mapéyouv pio emavoAnmriky Stadikaocia
umtoAoylopol OAwv twv § yta OAoUG TOuG KOUPOUC TOU veupwvikoU Slktlou, to omoia
KQTOTILY XPNOLUOTIOLOUVTAL VLo VAL UTTOAOYLOTOUV OL LETABOAEG TwV Bapwy oUWV PE TNV
e€lowon (2.10). H Stadikaoia autr amoteAel TOV YEVIKEUMEVO Kavova SEATA yLa €éva amAng
tpododdtnong Siktuo to omolo amoptiletol anmd KOUPOUC HE UN YPOAUMLKEC CUVAPTHOELS
evepyomnoinong. (Krose & van der Smagt, 1996)
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H Stadikaoia diadoong twv opaipdatwy cuveyiletal yia oAokAnpo to StaBécipo ouvolo
Sebopévwy  ekmaibeuong Kkalt emavoAappavetol  PEXPL  va  CUUTANPwOel  évog
TiPpoKaBoPLoPEVOG aplBuog smoxwv. Q¢ plo emoxn Bewpeltal éva MANPEC MEPACUA TWV
SlaBéotpwy dedopévwy ekmaideuong Kal n TPOTMONOINoN TWV CUVOTTIKWY Bopwv cUpdpwva
LLE TOV TTAPATIAVW OAYOPLOO.

H p€Bobdog back-propagation Sev €xel tn péylotn taxUTNTA CUYKALONG Kol UTIAPXEL
nepintwon va KataAngel oe pia AUon n omola va £XeL ApKETA LEYAAUTEPN TN CUVAPTNONG
odaApotog and AMeg AVoeslg. Ma tnv eniteuén taxltepng oUYKALONG KAl Tn Heiwon Tou
QTTALTOUEVOU XPOVOU eKTaideuong f og pia mpoomabela slpeong Hag KaAuTtepng Avaong
ano ekeivn otnv omoia ouykAlvet n péBodocg back-propagation, efetdotnkav Kal
eVOANOKTIKEG HEBOSOL ekmaibeuong Tou veupwvikoU SiktUou. OL otdyol tng avénong tng
Taxutntag ocLYKALoNG Kot TG Melwong tng TR TNG cuvaptnong opaiparog eivat cuvnBwg
OVTLKpouOpEvoL Kal pia pEBodog mou onpelwvel KoAn enidoon otov £va oToXo UCTEPEL oToV
aMo.

M£0080¢ Xuluyovg KAiong (Conjugate Gradient)

H uébodog tng ouluyoug kAlong €xel taxUTePo puBUO cUYKALonG amo tn pEBodo back-
propagation kaL n xprnon TG OVAPEVETAL VO LELWOEL TO XPOVO EKTIASEUONG TOU VEUPWVLKOU
Siktbou. Artotelel tn Baon otnv onola otnpiletal pia owkoyévela alyopiBuwv pe augnuévo
puBuo6 ouyKAlong, Tou s€aodalilel oUyKALON o€ TOTUKO BEATIOTO UETA QMO TIEMEPACUEVO
aplBpd  emavoAnPewv. AkoAouBel  oTpatnylkl  TOTUKNAG  €haxlotomoinong e
EMAVOAQUBOVOUEVOUG TIPOCEYYLOTIKOUC UTIOAOYLOUOUC, Ttou Bacilovtal otnv mapouoa Béon
ToU £XEL TO SLAVUOUA TWV CUVATITIKWY BapwVv TOU TEXVNTOU VEUPWVIKOU SIKTUOU OTO XWPO
Twv AUoeswv. OL meploodtepol aAyoplBuol mou €xouv avamtuxBel pe tn péBodo auth,
Bacilovtal otnv ektipnon Ot n ouvdptnon AdBoug, Er, OAwv Twv Bopwv, w, TOU
VEUPWVLKOU Siktuou otnv edIkTr Tieploxn Umopel va mpooeyyloBel pe akpifelo amo tn
oxéon:

1
ET(W)=§'WT'H'W—bT'W (2.18)

omou H eival o mivakag Hessian pe TIg deUTEPEC MOPAYWYOUCG WG TTPOG OAA Ta BApn Tou
SiktUou, pe yevikr popdn yla pia cuvaptnon f pe n aveédptnteg LeTaPAnTEG:

[ 0%f o*f *f ]
0x? 0x1-0x,  Ox; - 0xy
0% f 0% f 0% f
H)=|a5, 05 92 9% o (2.19)
0%f 0% f 0%f
[0x,, - 0x; Oxy, - 0xy E)_x,Zl

H Sldotaon tou mivaka ival ton pe tov aplBpuod Twv cuvanTikwy Bapwv, o onolog propet
va avéABel otnv Tafn twv XIALAdwv, yeYovog Tou Sucxepaivel Tnv eUpeon Twv culuywv
SlevBuvoewv otnv enudpavela TG ocuvaptnong opaipatoc. MNa tv mapdkapdn autol Tou
npoBAnuartog €xouv avarmtuyxBel adyoplBuot mou unoAoyilouv Tig culuyeis dleuBUVOELG Kot
TPOTOMOLOUV T CUVATTIKA BAPN TOU TEXVNTOU VEUPWVIKOU SIKTUOU KATA UAKOG QUTWV TwV
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SleuBbivoewy, Ywplic va umoloyilouv pe avaAUTIKO TPOTIO TA OTOLXEla Tou Tivaka Hessian
yta to Siktuo. (Shewchuk, 1994)

H &wadikaoia mou okohouBeli o aAyoplBuog ouluyouc kAiong ocludwva He TNV
napaAlayn «Fletcher-Reeves» (Fletcher & Reeves, 1964), anewkoviletal otnv Elkova 4.

C Erthoyr) ApxikoU AlavOopatog Zuvantikwy Bapwv >

v

YrioAoytopog KAiong tng Zuvdptnong ddApatog

v

Oplopdg Mpwtou Ataviopatog KateBuvong AvtiBeta otnv KAion

v

Yrohoylopog MeyéBoug Xpovikou Bripartog <

v

Yroloytopodg Néwv Zuvamntikwv Bapwv

v

YroAoylopog Zuvteheotwv KAipakag oxl

v

YrohoyLopog Néou Alaviopatog KateBuvang

A

— Efetdotnay OAec ol MBavéc KateuBovoel; =

NA
v

——  Ikavonowlvtaita Kputrpla Teppatiopo; —— OXI—»  OpLopog tou Tpéxovtog AlavUGHATOG ZUVATTTIKWY Bapwv wg Apxtkol

SR

Ewkova 4. Alaypoppa porg tng pe@odouv oculuyoug kAiong.

H péBobdoc ouluyolg kAiong €xel amodedelyuéva tayxutatn oUYKALOn Ot €va TOTILKO
BéATioto aAAG elval eEQLPETIKA €ualoBNTN O€ MEPUTTWOELG TIOU N CUVAPTNON EXEL LEYAAO
opLlOUO ToTiKWY BEATLIOTWY, OMOTE Kal auvédvetal n mbavotnta eykAwpBLopoU tne o€ £va amno
auta.

Tpomomompévog Tuyaiog Mepimatog (Modified Random Walk)

Mtia Sladopetiky mpooéyylon mou Sev €xel Bpel MOAEG edapUoyEG OTNV ekmaidsuon
TEXVNTWV VEUPWVLIKWV SIKTUWV, glval n aglomoinon kamowou aAyopiBuou mou va otnpiletotl
otn HéBodo Ttou tuxaiou meputatou. H péBodog auth esival (owg n amlovotepn popdn
aAyopiBuou BeAtiotonoinong. KivoUPevog Tuxaia oTov UTEPXWPO TwV ePIKTWV AUCEWY, 0
oAyopLlOpoc Sivel TIHEC OTO SLAVUOUA TWV HETAPRANTWY amodaong Kot eEETATEL TNV TLUN TNG
OVTLKELUEVIKNAG ouvaptnong. Eav n tun PeAtuwvetal, To véo Slavuopa amobnkeUetal ot
pvAun, av oxL n nEBodog mpoxwpdel oto endpevo Stavuopa. Eival apketd cadeg OTL Qv N

lwavvng X. Tpxaxng



©ewpnTIKd YoBadpo

ekt epLoxn lvat peyain kat ToAUTAOKN Ba amalteltal éva GnUAVTLKO XPOVIKO SLaotnua
Kall TTOAEC a€LOAOYNOELG TNG TLUAC TNG OVTLKELUEVLKIG CUVAPTNONG YLOL LA LKAVOTIOLNTLKN
e€epevvnon. Autog eival o kUplog Adyog, o ouvduaouo e TNV amoucio BeBaidtntog
oUYKALONG, yLa Tov omoio n uEBodog bev £xel Bpel epapuoyEg mpoadara.

Z€ LA TIPOOTIABELN VA QVTLLETWITIOOUV TA UELOVEKTAMOTA TNG HeBAdou ol Tan katl Gu
MPOTEWVAV VTl yla evieAwg tuxaia, n efepedvnon va eotldletol ot pia MOPAUETPO
anodacng kKabe ¢popa Kat va eKeTAMeVETAL TNV NON utdpyouoa AUcon avti va akoAouBel
pLo tuxaia dtadpopun (Tan & Gu, 2004). e kaBe emavaAnyn o aAyoplBuog avéavel Katd Eva
HLKPO aplBud TNV TOPAUETpo UTO PeAtiotonmoinon Kal UmoAoyilel TNV TR TNG
QVTLKELUEVIKNAG ouvaptnong. EAv n T TG aVIIKELUEVIKAG ouvaptnong Sev BeAtlwOel tote
HELWVEL TNV TIOPAUETPO KATA TOV (610 HIKPO aplBuo. I TIOANEG TTEPUTTWOELG QUTH N avénon
1 HELWON TNG TOPOUETPOU KATAANYEL O BEATIWON TNG TG TNG AVILIKELEVIKAG OUVAPTNONG.
Edv amotuyel, 0 aAyoplBpog e€eTATEL TUXOILEG TUEC YLOL TNV TIOPALETPO YL VAL TIEMEPACIEVO
0pLlOUO SOKLUWV TPOTOU TMEPACEL OTNV EMOUEVN MAPAUETPO. Mia ypadIKh ATELKOVION TWV
Bnuatwyv rmou akoAouBoulvtal anotunwvovtal otnv Ewova 5.

e

( Tuyala Erttloyr) ApxkoU AlavUopatog SUVATTIKWY Bapwv )

|

»  Emhoyn Npwrtou/Endpevou Zuvamtikol Bapoug yia BeAtiotonoinon <

TEAOZ }4—NA|—%IOT{OLE’LTC([ 1o Kputiiplo Teppatiopou;

OXI
NAI v

MetafoAn Kotd Eva Mikpd AplBuo

- — NAI
BeAtiwon Tyng AVTIKELUEVLKNG ZUVAPTNONG; e

OXI

v

OXI MetaBoAn oe Tuxaia Inueia yia Nenepaouévo AplOud AoKiuwv

A 4

7 /JVVVVVVVVVVV "7\"""'\

Teheuvtaia Aokwpr;  —><€—OXI " BeAtiwon Tyl AVIKELEVIKIG SUVEpTNONG;

Elkova 5. Aldypappo POAG TOU TPOTIOTOLNHEVOU TUXOLOU TIEPUTATOU OMWE TIPOTEIVETAL QO TOUG
Tan ko Gu.
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MEe TIG TPOTIOTIOLNOEL QUTEG O OAYOPLOUOC OVTIUETWITIIEL UEPIKEC ATO TIG EYYEVELG
QaTEAELEC TWV aAyopiBUwWY Tuxaiou Teputdtou. ApXLka ekpeTaAleveTal Tn BEATIOTN AUGON TNG
nponyouuevng emavainng. Me Tov TPOMo aUTO HELWVEL KATA TTOAU TNV OVAyKnN yLa TUXOLES
OTOTIUNOELG TNG QVIIKELUEVIKNC OUVAPTNONG, oL omoieg Ba eixav HkpoTepn TOavoTnTA
erutuyiog. E€aAAou, n mBavotnta BeATiwong TG TG TNG AVTLIKELLEVLKNG CUVAPTNONG HE
Vv aAAayn KOs mapapétpou anodacng EExwWPLOTA elval EUKOAOTEPA EAEYXOLEVN ATIO TNV
nepimtwon mou o alyoplBuog aAAGlel TaUTOXpova OAEG TIG TIAPAUETPOUC amodaong.
Afloonueiwto elval emiong to yeyovog OTL O TIEMEPAOCUEVOC APLOUOG TuXaiwy SOKIUWY
TAPEXEL £vav TPOTO yla va TapakoudBel pla mapdpetpog anddacng, n HetaBoln tng
omoilag 6ev dalvetal va emdpd BETIKA OTNV TLUN TNG AVTLIKELEVIKAG cuvdaptnong. Mapd
TOUTA 0 OAYOpLOUOC cuveEXI(EL VO €XEL HELOVEKTAHATA TIOU 8eV ETUTPEMOUV va Yivel pia
e€alpetikn evalhaktiki mapadoolokwyv PeBOdwy, e epapuoyég oe kaBe idoug mpoPANUa.
H SduokoAdtepn lowg amddaon mou mPENeL va AAPBEL 0 EpELVNTAG €LVl N TIUAR TOU PLKPOU
aplBpol tov omoio xpnolpomolel o aAyoplBuog yla va UETABAMAEL TIC TAPAUETPOUG
anodaong. Eav o aplBuog sival moAU pikpog, n BeAtiwon mou Ba emiteuyBel Ba eival
mBavotata emiong HLKPr, OMwG AAWOTE Kal 0 puBUOC BEATIOTOMOINGNG TNG OVTLKELUEVIKAG
ouvapTNONG. YMAPXEL OUWE KOL MO OpLOKA TR N omola edv femepaotel KOTAARYEL Of
au€NUEVN ATOTUXLO TOU TUAMATOC EKUETAAAEUONG TOU aAyopiBuou, yeyovog mou odnyel os
TIEPLOTOTEPEG TUXALEG SOKIUEG KOl AUENUEVO XPOVO UTIOAOYLOUWV.

E@appoyég otnv Yépolroyia

Otav POKPEG XPOVOOELPEG €£lL00OWV-e£66wv  eival SlaBéowueg elval Suvaty pla
grutuxnuévn ekmaidevon tou TNA mou odnyel os éva aflomioTo avaloyo tou ¢uoilkol
ouoTAUAToC. H afloAdynon OpUwE Tou HoVTEAOU OTwe Kal N Befatdtnta Tou psuvntn €ival
apdopntiown. H mo upéwg xpnoldomolovpevn PEBOSOG ektipnong tng oaflag tng
Sladikaoiag skmaibeuoncg eival o éleyxog Ue mapatnpnuéva Ssdopéva mou Sev €xouv
xpnotipomnolnBel. EGv to odpdlpa tou eAéyxou eival Kovid oto opdApa ekmaibeuvong, n
eknaidevon Bewpeital emutuxnuévn. To epwTNUA TNG ekTiknong tng afefatotntag ota TNA
Sev etibeto ota apylkd otadia epapuoyng tng nebodou yia dnpouvpyia meplBaAAOVTIKWY
pHovTéAwv, aAAG eyesipetol OAo Kal Tio ouxva to teAsutaio xpovia (Chryssolouris et al.,
1996).

Apketéc edapuoyec TNA os undyela kot emidavelakr vdpoloyia éxouv Snuooteutel to
televtaio Sldotnua. ITov TOHEN TWV UToYElwv uSATwv cupmephappavovtol edapuUoyES
yla TPOCOMOLwoN €VOG ApPLONTIKOU HOVIEAOU HE OKOTO TNV €UPECH QATOTEAECUATWY OF
ALyOTEPO XPOVO KOl LE ULIKPOTEPO UTIOAOYLOTLKO KOoToC (Arndt et al., 2005 Hani et al., 2006°
Nikolos et al., 2008)° ylwa eKTiUNon TWV TOPOUETPWY &vOC ULSpodopea (USpaulikn
QY WYLLOTNTA) HE eMIAUGCN TOU avTioTPodoU TPOPARLATOC, OTIOU ATIO UETPNOELG USPAUALKWY
v wv urohoyilovtal ot tapapetpol tou udpodopéa (Garcia & Shigidi, 2006° Samani et al.,
2007 Wosten et al., 2001" Zio, 1997)" yia tpoBAedn mopoxng Kiag mnyng, cuvdualovrag eva
HOBONUATIKO HOVTEAO Tou UTIOAOYIZEL TIC TMOPAUETPOUG ELOOSOU EVOG VEUPWVIKOU SLKTUOU
(Lallahem & Mania, 2003b)" mpoyvwon evog mediou porg, TIOU BPLOKETAL AKOUO OE OPXLKO
oTad1o Kal cuVOUALeL £va TUTIKO aplOUNTLKO MoVTEAD e éva TNA pe okomo thv Snuiloupyla
€VOC XAptn Tou mediou pong (Benning et al., 2001)° kat tnv mpoPAedn KwvdUvou pumavong,
BaclOpPEVN OTIC TIHEC TNG OQYWYLHOTNTAG, TG Bpoxdmtwong, the Oepuokpaociag Kol Twv
dedopévwy avtinong (Coppola et al., 2005a° Kuo et al., 2004 Sahoo et al., 2006). Ztnv
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emupavelakn uvdpoloyia ol Baolkég edappoyec adopolv oe MPOPAsdn TAPOXAG ULAG
Aekavng amoppong yla tn Slaxelpion kwduvou TAnUUUPAE 1 amobrikeuong oe Evav
tapteutnpa (Agil et al., 2007° Coulibaly et al., 2001)* povteAomoinon Ppoxng - amoppong,
TIOU UTopel va elval elte cuvoAikd yla TNV Aekavn amopporn¢ ite nuikatavepnuéva (Chen &
Adams, 2006° Lallahem & Mania, 2003b" Sajikumar & Thandaveswara, 1999)' kat yw
povtehomoinon Xpovooelpwy, N onoia oe ocUvdeon Pe cuothpata acadoug AOYLKNG EXEL
Bpel edpappoyn otn povrehomnoinon mapoxng evog notapou (Nayak et al., 2004).

Y& mopwdelg udpodopelc Ta TeEXVNTA VEUPWVLKA SlKTuA £XOUV XpnoLUoToLlnBel akoua Kot
yla kaBopLopo g evalodnoiag cuotnuatwy o punaveon and ¢utoddppaka. Me dedopéva
KoTnyoplomolnuévoug Seikteg yla to BaBog tou udpodopou otpwpatoc, to Babuod diappong
Twv dutodapUaKwyY, TNV gualcbnoio tou udpodopa otnv pumaAvan, Tov XpPOvo (URva) Tng
ouMAoyn¢ deiypatog, To BaBog tou mnyadlou, To BaBo¢ Tou vepoU amo Tnv emidpAveLa KoL TO
péco BaBog tou ¢iktpou tou mnyadlov amd tnv emidpdavela tou £5adoug, TO HOVTEAD
iPpoBAENEL TNV OAKN Ouykévipwon ¢utodapudkwyv oto Seiypa vepol kdbe mnyadilou.
(Sahoo et al., 2006)

H pumavon Kkal yevikotepa n petadopd palag Eepelyel and 1o OKOMO TNG apoUaag
epyaoiag eival Opwg pa oAl evdladEpouoa TIPOOTITIKI KAl TIAPAUEVEL OOV OVTLKELEVO
HeAAOVTIKNG epyaciag. ElSika oe mapabaldooloug kapotikoug udpodopelg e€alpeTIkn
onuacia Ba eixe n SuvardtNTA TPOCOUOIWONC TNG CUYKEVTIPWONG LOVIWV XAWPIOU WG
€vbelen udaApuplvong.

Jtnv udpoloyia, n Baoikn eéiowaon mou o6Aa ta TNA mpoomaBolv va TTPOCOLOLWCOUY,
elval To udatiko LoolUylo. Ta VEUPWVIKA SIKTUA PITOPOUV VO TIPOCOUOLWOOUV TIOPAUETPOUG
OMw¢ To LSPAUALKS UOG, oL omolieg oxetilovtal pe GAAEC TAPAUETPOUC OTWE N BpoxomTwon
kat n efatpioodiamnvor). Katd tn Sldpkela tng ekmaibeuong HeE TAPATNPNUEVEG TLUEC
TLOPAUETPWY ELOOSOU-e£080U TA CUVATTTIKA BApn TPoTomoLloUvTaL, 0UTWE WOTE To SIKTUO va
Slvel yla pla 6edopévn eicodo pla €€0do 600 To SUVOTO TLO KOVTA OTNV MOPOTNPNUEVN.
Auti n Sladkaocia cupnepAapBavel Héoa OTA CUVATTTIKA BApn KABe otabepr) MAPAUETPO
Tou udatikol tooluyiou. EE attiag tng mpooyylong w¢ Havpo Kouti Kal TNG TOAUTIAOKNG
Sdoung tou Siktuou kKABe otabepr mMapAUeTpoc dev gival Suvatov va avayvwpLoTEL we Eva
OUYKEKPLUEVO ouvarmtikd Bapog, aAAd n ouvoAwkn Stadikacia AapBavel urt’ oYV OAEG TIg
OTaOEPEG TMOPAUETPOUG KATA TN OLAPKELX TNG €KMAISEUONG, KATOANYOVTOG OE MLl N
YPOLULKN amoTUMwWon TG oxéong HETaly Twv dedopévwv eloddou kal e€6dou. Avadopikd
LE TOUC KOPOTIKOUG uSpodopeig, To povtédo TNA Sev amattel yvwon 6Awv Twv oUVOeTWY
TIOPOUETPWY TIOU eMNPeAlouV TNV £€060, KABWG £XEL Pl EEALPETIK LKAVOTNTA TIEPLYPADAG
oX€oewv HeTafl mapopetpwy. Me Sgdopévn tnv uPnAr cuoXETLon PETALY TWV MOPAUETPWY
Tou udatikoU Looluyiou OmMw¢ n Ppoxomtwon, n dwadopd otnv amobrnkeuon Tou
uvdpodopéa, n amoppon n efatpioodiamnvor KtA.,, 0Aot oL otabepoi Gpol pmopolv va
napaleldpBoulv, eneldn Oa evowpatwbdolv ota Bapn mou Ba UTTOAOYLETOUV ATIO TO POVTEAO
TNA.

E€ autiag tng adladavolg MPOCEYYLOAC TOUC KAl TNG LKAVOTNTAC TOUC va Tipocsyyilouv
£val peyalo elpoc cuvaptioswy, to TNA £xouv Bpel edopUOYEC TOCGO OTNV eMLdAVELAKH OCO
Kal otnv umoyela uSpoAoyia (Coppola et al., 2005b* Dash et al., In Press* Lallahem & Mania,
2003a° Lallahem et al., 2005° Nayak et al., 2006). Ot mapdpetpol €lod6dou sival cuvABwg
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ouvbedepéveg pe TO UdATIKO LOoOlUYLO KOl OL TOpAUETpol €£060U umopouv va
neptAapfAavouv TNV mapoxn amnod pia AeKAvn amoppong, TV mapoxh KOG tNYAG, Th otabun
TOU UToyelou Udatog¢ N AGAAeg UbpoAoyLKEG Tapapetpous. Katd tn Sldpkela NG
eknaidbevong 1o TNA Ttpododoteital HeE TAPATNPNUEVEG OELPEG USPOAOYLKWY Kol
LETEWPOAOYLKWV SESOUEVWV YLO TIG TIAPAPETPOUC €L00S0U Kal £€660U Kkal ta Bapn Tou
SIKTUOU TpOTOMOoLOUVTAL OUTWE WOTE VA TIEPLYPAdOUV TOV TPOMO cUVEECNC TWV MPWTWVY HE
TI¢ SevTtepec. Meta amo tnv eknaidsuon to diktuo ival tkavo va mpoBAEPeL tnv €€obo yla
OTOLOSNTIOTE GUVOAO TAPAUETPWY ELOOSOU HE €va TIPOOSLOPLOTIKO TPOMO: To SiKTuo
TAPAYEL TIC (BLeG TAVTA TIUEG €080V YLOL EVOL CUYKEKPLUEVO OET MOPOUETPWY ELGOSOU.

O kUplog Aoyog edapuoyns twv TNA otnv umoyela udpoloyia elval OTL pmopouv va
XpNoLlpomolnBolv oe TEPLOXEG OMOU TA KPP YEWAOYLKA XOPOKTNPLOTIKA Sev eival
SlaBéolpa atov gpeuvntr N elval Wlaitepa moAUTAOKA yla va Tieplypadolv emakpLBwg pe
€va aplBuntikd povtélo. e auth tnv mepimtwon éva TNA pmopel vo TPOGOUOLWOEL TNV
andkplon tou udpodopéa pe TNV MPoUNOBeon SlaBEciuwy XPovooelpwy USPOAOYLKWV
Sebouévwv.

YrievBupiletal OTL To yeyovog PE thv PapUoy VEUPWVIKWY SIKTUWV O KAPOTIKOUG
udpodopeic eival OtL to HoOVIEAO Oev eival avdykn va yvwpilel OAec TIGC oUVOETEG
TIOPAPETPOUG TIOU EMNPEAIOUV TO ATMOTEAECHO KABWG £XEL EEAUPETLKNA LKAVOTNTA TTEPLYPOPNG
OX£0€WV HETALY TTApOUETPpWY. Me Se6opévn TtV UPNAN CUCXETION UETAEY TWV TTAPUUETPWY
tou udatikou Looluyiou, OAoL oL otaBepol Tapdyovie¢ TOou Looluyiou HIOpPOUV Vo
napaAelpBolv kabwg Ba cupmneptindBolv teAika ota Bapn mou Ba uMoAoyLoTOUV amo TO
HOVTENO.

Ma va eivol Ta anoteAéopato TNG MPOoOoUoiwong Ta KaAUutepa Suvatd, UTAPXEL h
duvatotnta xprnong TNA pe  SladopeTky  APXLITEKTOVIKH, ONMwG Tta Siktua mpdow
tpododotnong (feed-forward), ta avatpodpodotovueva (recurrent) n T Siktua
OUVOPTACEWY aKTWIKAG PBaong (radial basis function), avdloya pe to e€etalopevo
nPOBANua, kabwg umapyel n Tbavotnta n pia dopun va €xel KAAUTEPN AMOKPLON ATO TLG
umolounes. H emhoyn) tou kataAAnAdtepou alyopiBuou ekmaideuong Umopel emiong va
BeATIWOEL TIEPALTEPW TNV LKAVOTNTA TOU SIKTUOU. INUAVTLIKA SOUAELA €XEL ViVEL OE QUTOV TOV
TOMEQ Xpnolgomolwvtag kot afloAoywvrtag SlodopeTikég PeBoOdoug, yla TNV eUpeECn NG
KataAnAdtepPNG OoPNG ylo TIPOCOUOLWON LG OUYKEKPLUEVNG TIEPLOXNG  MEAETNG
(Daliakopoulos et al., 2005). ¥to mpdéodato mapeABov éywvov mpoomnabeleg eboapUOynS
povtéhwv TNA o Staddpopouc udpodopeic.

Jtn Bopela FoAAia (Lallahem et al., 2005) éva povtélo Perceptron moAAwv emumédwv
(Multi Layer Perceptron — MLP) xpnolpomoliOnKe yLa TNV mPooopoiwan TG amokpLong VoG
udpodopéa oe €va OUYKEKPLUEVO onuelo mapatnpnong. Ma kdBe onueio dedopévwv
(nuépa) oL mapapstpol swoddouv Atav n Ppoxomtwon, n evepyn Ppoxomtwon, n HéEon
Beppokpacia kat n e€otpicodlanvon and dVo otadpoic Kat ta uSpauALkd LN ano Swoeka
yettovika mnyadia. Ot cuyypadeis eéetalouv emiong to evéexOpevo va xpnotllomnotnbouv
TEPLOOOTEPEG NUEPEC USPAUAKWY LYWV WG TopApEeTPOL eldddou, waotdoo eival apdifolo
TO av umtapyetl GucLkd vOnpa os Lo TEToLa tpdtaoh.

‘Eva veupwviko Siktuo mou edpappdotnke otnv Ivéia (Nayak et al., 2006), xpnotponololoe
WG €L0060UG TNV unviaio Bpoxomtwon, thv amoppor amd opSEUTIKA KavaAla Kol To
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LVOpPAUALKA VPN OxL HOvo Tou TeAeutaiou pAva aAAd £€wg Kal TwWV TECOOPWV TEAEUTAlWY
pnvwv. H €€odog eilval to emimedo Tou UMOyelou Udato¢ oe SUo mnyadla Kol Ta
amoteAéopata elval apketd akplpn yla mpoPAedn £wg Kal TECOEPLG MAVEG HETA. EviouTolg,
T0 PUOLKO vOnua TPEMEL va €EETAOTEL OTAV TPOKELTAL Yl TETPAUNVN UCTEPNON TNG
enidpaong tng Bpoxomtwong 1 tou udpauAikol LPoUG, eMeLd N TAXUTNTO TWV UTIOYELWV
udATwv oe KapoTikoUC USpodopeic elval OYETIKA LeyAAn.

‘Eva apketd amlovotepo SikTtuo epapudotnke yla tnv meploxi tou Nwou TlEposi, oTig
HMA (Coppola et al.,, 2005b) pe g10660ug ToUG pECOUG Opoug 30 nuepwv Beppokpaciag,
BpoxomTwonc, GUVOALKNG TapoxN g AvtAnong, kat apxwkol udpauAikol Uoug os Eva Ttnyasdt
napatnpnong. H €€odoc eivat n mpoPAedn Tng otabung oto nyadt mapatenong 30 NUEPES
HETA. Auth elval pla epoppoyr TOU UIMOPEL va XpnolpomolnBel ylo TNV amokInon HLog
VEVIKAG ELKOVAC TOU CUCTHHOTOC KAl TNC CUUTIEPLPOPAC TOU.

Jto kpatiblo Opicoa (Orissa State) tng Ivdiag ouykpiBnkav ol duvatoTNTeC €VOG
VEUPWVLKOU SIKTUOU KOl gVOG cuothpatog acadolC AOYLKAC yla TNV Tpocouoiwon tng
otabung tou udpodopLa UE TTAPAUETPOUC EL0COSOU TNV BpoxOmMTwaon Kol ThV oTabun Tou
udpodopéa o TPONYOUUEVEG XPOVIKEG OTLypeEC (Dash et al., In Press). H peAétn auth
nipokpivel tn péBodo ekmaibevong Levenberg—Marquardt, n omola Sivel ehadpwg kaAuTepa
anoteAéopata o oUYKPLON UE TOUG AAAOUG OUVTEAECTEG CUOXETIONG, aAAG O BeATLwvEL
ONUAVTIKA TO 0PAAUQ, TO OTIOLO TTAPOUEVEL APKETA LPNAO — TO HECO TETPAYWVLKO odAAUQ
unepBaivel ta 0,45 m katd tn SLApKeLa TNG ekmaldevong, evw auvfavetal ota 0,68 m oto
TURUa dedopévwyv eAEyyou.

O Nivakag 1 amoteAel pio cuvomtiky Kotoypadn TWV TPONYOUUEVWY EPYOCLWY OTLC
omoieg epapuooTNKaV TEXVNTA VEUPWVIKA SIKTua yla TNV Tpocouoiwon NG amokplong
uvdpodopéwv. Mapouctalovial oL APXLTEKTOVIKEG OSIKTUWV ToU €PapPUOCTNKAV KATA
nepintwon kabwg Kot oL TapAUETPOL EL00S0U. ‘OTou oL MAPAUETPOL EL0OSOU amoteAolvTay
amd TIHEG yla TIEPLOOOTEPA ATO €va XPOVIKA Bripata dnAwvovtol Kol To mola Brpota
eTUAEXONKav.

Nivakag 1. ZuvonTtikn mapouciacn nponyoupevwy edpappoywv TNA og unoysLa DSata

Juyypadeic ‘Etog Apxltektoviky  Mapdpetpot Xpovikn Yotépnon
Awktuou Elc660u

Coppola et al. 2005 FFN Q,2Q,P,T,GL t-1 (GL)

Daliakopoulos et al. 2005 FFN, RBF P,T,GL F t, t-1, t-2,t-3,t-4

Lallahem et al. 2005 FFN P,T, EP, PET, GL t, t-1, t-2, t-3 (GL)

Nayak et al. 2006 FFN P,Q, GL t, t-1, t-2,t-3, t-4

(*)
Dash et al. 2010 FFN, ANN-GA P, GL t-1,t-2 (GL)

Omou FFN: Aiktuo eumpooBiag tpododotnong (feed-forward network), RBF: Siktua
OUVOPTACEWY aKTWIKNG Baong (radial basis function) GA: yevetikol aAyoplBuol (genetic
algorithm) kot Q: mapoxn avtAnong, Q: abpolotikr mapoxn avtAnong, P: Katakpriuvion, T:
Oepuokpaoia, GL: Itabun Yépodopea, F: Emidavelokny Amoppor, EP: Evepyr Bpoxomtwon,
PET: Suvntkn e€atuilon-dlamvon. *Awddopa osvapla.
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Jtnv napovoa gpyacia €xouv AndBet urt’ 6PV oL peBodoloyieg Tou xpnolponolionkav
TAPATAvVW Kal €xouv TpormomolnBel Ta onueia mou slonfyayav obaApoTa, 660 QUTO NTaV
duvato. MoAa mpoPAnpata €ekivouv oOtav povieha TNA ypnowdomololvial yla Tnv
mpocopoiwaon evog GOLVOUEVOU TIOU UTIOKELTAL O GUOLKOUG VOLOUG, €€ altiag Tng LBLotNTAg
TOUG Vo cUUTIEpLPEPOVTAL WG PaUpa KOUTLd. AnAadn, evw daivovtal ol TapdpeTpol elocdédou
Kol €€060uU, T €0WTEPIKA oTolyelor otepolvtal ¢ucoLkoU vonuatog kot sivat aduvatn n
epunveia Toug. Katd Kalpolg eyelpovtal EpWTAUATA And EPEUVNTEG OXETIKA UE TNV afla
TETOLWV HOVTEAWV Kal TNV gpunveia twv amoteAeopdtwy toug (Christakos, 2002). Eivat
aAnBeLa otL otav £va povtélo Sivel éudaon oTo HABNUATIKO KOUUATL KoL OTOTUYXAVEL Vol
EVOWHOTWOEL YVWOTA XOPAKINPLOTIKA TOU GUOLKOU CUOTHUATOC, Ba Tapdoxel — TIC
TMEPLOOOTEPEG HOPEC — AMOTEAECUATA TTOU £lval adUVATO VA EPUNVEUTOUV.

Aappdvovtag urt’ oLV aUTO TO YEYOVOG N TPOCEYYLON QUTAG TNG £pyaciog eotldleTal
1000 0t0 PUOLKO clotnua Oco Kol o KaBautd to TNA. IKomog tTng epyaciog sival n
umootnpEn tng kataokeung TNA pe tn yvwon tou ¢ucIKoU CUCTAHATOC Kal n anodoon
$uoLkoU VORATOG OTIE TTOPAUETPOUG TIOU XpNoLomolouvTal we eicodot kal £€odot Twv TNA
yla va &emepaotel to gunmodlo tng Bewpnong wg pavpou koutou. H Babuovounon pe
auoTtnpa padnuotikolg 6poug gival To MPOPANUATIKO KOUUATL TTOAWY poviéAwv TNA ta
omoia pmopel va mapdyouv amoTeAEcpaTa TTOU 6gV OUVASOUV HE TOUC UTTOKE(HEVOUC
duaokolg vououg.

AVo Stadopetikd TNA moAWV emMESWVY XpnoLpomolndnkav: To MpwTto yia mPoPAedn
Tou udpaulikol UPoug og SUo TNyAdla mapaTHPNong, VW To SEUTEPO TPOTOTIOLHONKE YL
v mpoPAsPn tng Stadopdg otddbung petaty U0 SLOSOXIKWV NUEPWV OTI OVTLOTOLXEG
tonoBeoie¢. Mo  avdluon TNG OUCXETIONG TWV TaApoTNEnUEVWY  Sedopévwy
TPAYMOTOTIOONKE ApPXKA ylo TOV KABOPLOPO TNG XPOVLKNG UOTEPNONG METOEU TNG
Bpoxomtwong Kot Twv mapapeétpwy e€6dou. Evag Aladopikdg EEeAKTIKOG (AE) alyoplBuog
Xpnolpomnonbnke oe endpevo otadlo ylo Tov PBEATIOTO TPOOSOPLOUO TNG XPOVIKAG
uotépnong tng PBpoxomtwong KoBwg Kol TNG OPXLTEKTOVIKAC TOU OIKTUOU KAl Twv
TLOLPAUETPWY EKTIALOEVONG.

H mpotewvopevn pebodoloyia slonysital OAec oL MapPAETPOL L0OSOU va glval EPpeoa 1)
Aueca ouvdedepéveg e TOo USATIKO LoolUylo Kal to TNA va avtiletwniletal ocov €va
TLOAUTIAOKO QVAAOYO TWV EUTIELPLIKWY HOVTEAWV Tou TtapeABovtog. Me 18laitepo evdladépov
£€€TAOTNKE N TTOCOTIKOTIOINGN TNE XPOVIKAC UOTEPNCNG TWV TAPAUETPWY EL0OSOU PE OKOTIO
v €€aoddiion GuUOIKOU VONUATOC, AVTL Yl pla ammAr poomndBela eAaylotonoinong Tou
obAAUOTOG HE HOONUATIKOUC OPOUG HE ThV TTPooOnkn A adailpeon MOPAUETPWY OTIWG OE
npoavadepBeica dnuooicsuon (Lallahem et al.,, 2005). OL OUVTEAEOTEG CUCKETIONG TWV
XPOVOOELPWV BewpolvTal XProLUo EpYaAE(o yLa Lo EKTINGN TNG XPOVLKNG UCTEPNONG XWPILG
BeAtiotomnoinon, evw o AE pmopel va xpnotpomownBel ylo va eetdosl eVOANOKTLKEG
TOavOTNTEG KoL va UTtoAoyioeL TIg BEATIOTEG.

2.3 Alx@opiko¢ EEeAikTik0g AAyopLOpog

OL Price kal Storn avéntu€av tov AE wote va anotelel pio afLdmiotn KoL EUTIPOCAPUOCTH
oAAQ TauTtoxpova euxpnotn HEBodo BeAtiotonoinong ocuvaptrioswy. H mpwtn dnuocieuon
OXETIKA pe Tov AE gpdoaviotnke wg texvikn avadopd (technical report) to 1995 (Storn &
Price, 1995) kat akoAoUBnos Snuocicuon og emMLOTNUOVIKO TepLodKoO (Storn & Price, 1997).
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‘Extote, 0 AE €xeL amodeifel tnv afla Tou o Slaywviopolg Omwe o Slebvhg Slaywviopog tng
IEEE «International Contest on Evolutionary Optimization (ICEO)» to 1996 kat 1997 kot o€
éva eupL dpaopa epappoywyv o MpayUatika npoBAnpata (Price et al., 2005).

Evag AE amotelel pia amAfi edappoyn evog E€eAiktikol AAyopiBuou (EA) mou €xel
erubeifel koAUtepeg embooelg otn OUYKALON amo OtL aMol EA. O AE oaAyoplBuocg
QVTLTPOOWTEVEL €vVa TUTO £EEALKTLIKNG OTPATNYLKAG ELOLKA SLapopdWUEVNC LE TETOLO TPOTO
WOTE va UMopel vo XELPLOTEL AMOTEAEOUATIKA ouveXn TpoBAnuata BeAtiotonoinong, mou
napouotalovtal ouxvad ot TPOoBARUATO UNXOVIKWYV Kal TieplBalloviikol oxeSloopou.
Mmopei eUkoAa va TpomomnolnBel ylo va XelploTel SLAKPLTEG KoL OKEPALEG UETOPANTEG KoL
oA\ amAoU¢ Tteploplopous. Exetl anodeyBel wg evag and toug mA£ov eAmibodoOpous VEOUG
EA o0 OpouG ATOSOTIKOTNTOC, QTMOTEAECUATIKOTNTAC Kol €UpecnC eUpwotwv (robust)
AUGCEWV Kol auTol eivat oL AdyoL yla Toug ommoiouc xpnoLomnoLBnke otnv mapovuoa epyacia.

Onwg oxedov ohot ol eehiktikol aAyoplBuol o AE sival po pébodog BeAtiotomnoinong
nou Paoiletal os €évav mMANBuopd o omolog fekwvd TtV emiluon &vog TMPOPRANUOTOG
eTAEYOVTOC TTOANG TUXaio onpeia Kol aLOAOYWVTOC TNV OVTIKELUEVIKI) CUVAPTNON O QUTA.
MpokaBoplopéva opla yla KaBe mapdpetpo und PBeAtiotomnoinon kabopilouv TNV edikth
TiepLOXN €VTOg NG omoiag emhéyovtal ta N, Staviopata tou apxkou mAnbucpou (Ewkova
6). KaBe Siavuopa xapaktnplletal amod evav aképalo aplOuo-8eiktn mou AAUPBAVEL TIIEC
anod 0 éwg Ny, - 1.

O apxkoG MAnBuopog Snuoupyeitatl
X2,max LLE TETOLO TPOTIO WOTE VA KAAUTITETAL
TANPWE N edLKTA TLEPLOXNA

TpaUpEG loNG TLUAG TNG AVTIKELUEVIKAG
ouvaptnong fxy,xz)

KaBe diavuopa xapaktnpiletal anod éva
HovabIKO aplBuo emeldn KAOe €va MPETEL
va AdBel pépog o Slaywviouo

X2,min

> X1

xl,m/n Xl,max

Ewkova 6. Apxtkomoinon tov tAnBuopol tou dtadopkol e€AkTikol alyopiBpou.

Onwce Kat GAAeg péBobdol mou PBaoilovtatl os MANBuopO, £tol Kal o AE Snuoupyel véa
onueia, mou sival Slatopoyec umapxovtwy onpeiwv, ald autég ol amokAioslg Sev eival
oUTE QVTIKATOMTPLOMOL Onwe ot pebodoug CRS kat Nelder—Mead, oUte delypata amo pa
TPOKABOPLOPEVN GUVAPTNON TIUKVOTNTAG MLBAVOTNTAC OTWG OTLG EEEALKTIKEG OTPATNYIKEG.

Avti yla auto, o AE Statapdoosl Stavuopata pe o urtd kAipako Stadopd Svo tuxaia
ETUAEYUEVWY Slavuopdtwy tou TAnBucpol (Ewkova 7). H Siadopa 6nAadny twv Suo
Sltavuopdatwy moAamlaoialetal eni évo cuvteleoth otabulong F pikpotepo tng povadag.
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‘000 PeYaAUTEPOG O GUVTEAECTNG OTABULONG TOCO UeYaAUTepn Kal N dlotapaxn. & apyLlka
otadla epoppoyng tou alyopiBuou elval emBupnt (o PeyoAUTEPN TLUA Yl va €XEL O
oAyoplOuoc peyaAltepn Kavotnta sfepelvnonc. Ita tedeutaia otadla TOAEG popiEc o
OUVTEAEOTNC OTABULONG LELWVETAL, OUTWE WOTE va eITeVXOel KOAUTEPN EKUETAANEUON TWV
nén eupebelcwv AVoswv.

X2

A

Stavuopa Stagpopac
Xr1-Xr2

20— 7\3 X;1 KOL X, €lval 800 Tuyaia emAeypéva
| —

Stavuopata tou MAnBucHoU

Ewkova 7. Anuoupyia tng Sratapayng xrl — xr2.

Mo va mopoxBel to Sokipaotikd Siavuopa, U, o AE mpooBétel To UMO KAlpaKa
(otaBuiopévo) diadvuopa tng dadopdg oe éva TPito Tuyala emheyuévo SlAvuopa Tou
mAnBuopou (Ewkéva 8).

X2

A

X3 Elval €va aAo Tuxaio eTUAEYUEVO
Slavuopa to omnoio pall pue To otabuiopévo
Stavuopa tng Slodopag mapayeL To
SOKLUOOTIKO SLavuoua Ug.

otadutougvo dtavuoua
510“P0P0'1C F'(ersz)

>X1

Ewkova 8. MetaAAaén.
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To dlavuopa uy cuvaywviletal pe To
Stavuopa pe aptBuo 0 tou mAnbuopol.

To SlGvuopa e Tn XaunAotepn Tun
QVTLKELUEVLKIG OUVAPTNGONG
ONUELWVETAL WC TO SLAVUCGUA LE
aplBuo 0 tou emdpevou MAnBucuou.

» X1

Ewdva 9. Emloyn. Emeldn €xel JIKPOTEPN TLUN OVTLKELMEVIKNG CUVAPTNONG, TO Uy AVTLKAOLOTA TO
Slavuopa pe apldud 0 otnv ENOEVN YEVLA.

Katd tn Stadikaoia emthoyng, To SOKLUOOTIKO SLAVUCHO CUVOYWVIIETAL UE TO QVTIOTOLYXO
Slavuopa tou mMANBUGHOU, TTIOU OTN CUYKEKPLUEVN TiEpITwaon elval To Stavuopa pe aplBuo
0. H Ewkéva 9 amotumwvel To BrApa emmloyng Kol amobrkeuong, Kotd To onoio to Stdvuoua
HE TNV KOAUTEPN TWA OVTLKELEVIKAG CUVAPTNONG ONUELWVETAL WG MEAOG TNG EMOUEVNG
YEVLAG.

H Ewova 10 kat n Ewkova 11 Seiyvouv otL n dladikacia emavolappavetol péxpL OAa ta
N, dtaviopata tou MANBUGHOU VO CUVAYWVLOTOUV UE KATIOWO Tuxaio Snuioupynpévo
SOKLLOOTLKO Sldvuopa. Otav Kot To TEAEUTALO0 SOKIUAOTIKO Stavuopa eAeyxBel, oL emillwvteg
Twv Ny, Slaywviopwy {euywy aimoTteAoUV TOUG YOVELG TNG EMOMEVNG YEVLAG TOU EEEALKTIKOU

KUKAOU.

T X1, X2 KOL X,3 ETUAEYOVTOL EK VEOU KoL
TO U; €lval To vEéo SoKLUaoTLKO Slavuopa .

otadutougvo Stavuouo
5la(POPdC F'(Xrl'XrZ)

U1=Xp3+F (Xr1-X2)

Ewkova 10. Eva stavuopo tou TANOUGHOU PETOAAAGOETAL UE LA TUXOLLOL UTTOAOYLOHEVR Statapayh.

lwavvng X. Tpxaxng



©ewpnTIKd YoBadpo

To u; cuvaywviletal To SLAvuoua e
aplOuo 1 tou mAnBuopoU Kot XAveL.

To dlavuopa pe apBuod 1 tou
TANBUGHOU CNUELWVETAL £TOL WOTE VA
€TULNOEL LEXPL TOV EMOUEVO TTANBUGLO.

» X1

Ewkova 11. Emdoyr). £€ AUt TNV MEPIMTWON, TO SOKLUAOTIKO SLAVUCHA XAVEL.

Evw n Swatimwon mou MePLypAdETAl MOPATAvVW Kal Tmapoucstdletal otnv Ewova 12
SouAevel 6N WBLaitepa kahd, n enidoon tou AE pmopei va BeAtiwbel kot n pebBodoloyia va
npooapuootel oe pla gupeia molkAla mpoBAnuatwy BeAtiotonoinong. OL BeATwoELS
evOéxetal va adopolv Ot UIKPEG pUBUIOELG TWV TILWV TWV TAPAUETPpWY oTtabulong F kal
muBavotntag petalhaéng Cr.

JUVOTITIKA, Ol AELTOUPYLEC TOU amoTeAoUV T Paclkd TUAHATA €vOC Slodoplkou
e€eAlktikoU aAyopiBuou, mepthapfdavouv tov KabBoplopd tng dopng tou mAnbuopou, tnv
apxkoroinon tou, tnv Slepyacia tng petdAAaéng, tn Slepyacio tng dactalpwaong Kot
TEAkA tnv Sladlkacia emAoyng Twv SLAVUCUATWY ToU Ba TMEPACOUV OTOV EMOUEVO
TANBUGOUO.

while (xkpLtApLo oUykALong dev Lxkavormolel{Tal)

{

//-=%; opilel diL&vuoua ToU moPdVTOC HANBUCHOU & LavUuoudTwv—-—
//=-y: oplletL diLdvuopa ToUu VvEéou MmANOUOHOU B LAVUORUATOV————=-—
for (i=0; i<NP; i++)
{

rl = rand(Np); //emidoyh tuxailou deirktn amd 1, 2, , Ny
r2 = rand(Np); //emidoyh tuxalou deiktn amd 1, 2, ..., N
r3 = rand(Np); //emidoyf tuxailou deirktn amd 1, 2, , Ny
u; = X3 t F* (X1 - Xp2);//00KLpacTLkO dLAvVUOHX

if (f(u;) <= £(x;))//ditayoviopdg SOKLPAOT LKOU pe Undpxov
{
yi = u;;//to doripaotilkd mepvdel otov endpevo nAnducud
}
else
{
yi = X;;//10 undpyov emiBidvel otov enduevo mAnduopd
}
}
}//end while

Ewikova 12. Weudo-KwdKaG yla pot ortAomotnévn popdn Twv AEITOUPYLWV YEVEGNG Kol EAEyXOU
tou AE.
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Ao Tov [IAn6vopov

H 1o eumpooappootn epappoyn evog AE Statnpel €va {elyog mMAnBuoUWVY SLAVUCUATWY,
Ta onoia meptExouvv N, Staviopata D SLOCTACEWY TPAYUOTIKWY TTAPAUETPWY. O UTApXWV
TAnBuopdg, oupPoAitetat pe Py, amoteleital amd ta davioparta, x; g4, To omoia €Xouv

KpLBel amodekTa ite WG ap)LKA onpela eite og cUyKpLon He AAAa Staviopata:

Px,g = (xi'g), i=0,1, ...,Np -1, 9=01, .., 9max

. (2.20)
Xig = (%ig)j=0,1,..,D—1.

0 6eiktng, g = 0,1, ..., Gmax, ONAWVEL TN yevid otnv omoila avikel to Sldvuopa.
ErunpocBétwe, kdBe Siavuopa mpoodlopiletal and éva deiktn tou mMAnBuopou, i, mou
Kupaivetat and 0 éwg N, — 1. Ou mapAapeTpoL eviog Twv dtavucpdtwy pocdlopifovral kat
ano eva deiktn j, mou kupaivetat and 0 éwg D — 1.

Meta tnv mapaywyr tou apxtkol TANBucopol o SLadoplkog e€EAIKTIKOC aAyoplOuog
HLETOAAAQOOEL Ta TuXailo emheyuéva Slavlopata ylo TNV Tapoywyr €vog evSLAUECOU
mAnBuopoy, B, 4, and Ny, petalaypéva dlavoopata, v; 4:

Pv,g = (Ui,g)' i=0,1, ---;Np -1, 9=01 .., 9Imax

' (2.21)
Vig = (Vj,i,g),] =0,1,..,D—1.

KaBe &idvuopa otov tpexovta mMAnBuopo cuvdualetol pe €va UeTOAAOYHEVO yla TNV
nopaywyn evog dokipaotikol TAnBucpou, B, 4, and Ny petalaypeva Slaviopata, u; 4

Pu’g = (ui,g)' i=0,1, ...,Np -1, g = 0,1, = Imax

' (2.22)
Uig = (uj,i,g),] =0,1,..,D—1.

Katd tn &ldpkelo tou ouvbuoaopol Tto SokooTikd Staviopota  pmopouv  va
avTikaOlotoUv Tov petoAaypévo MANBuoUd oUTWE WOoTe €vag HOVO TIVAKOC VA UITOPEL va
neptAapBavel kat toug Vo MANBUCHOUG. Me ToV TPOTIO AUTO PELWVETAL N AVAYKN YLOL LVALN
TOU TPOYPAUATOG.

Apxwotoinon

Mpw TNV apxKomoinon tou MANBUCROU MPEMEL va KaBopLoTtolv Ta Avw Kol KATW opLa
KABe mapopétpou. EOTw OTL OL TIHEG QUTEC elodyovtal w¢ dUo Stavuopata apylkomoinong,
D dwaotdaocewv, by kat by, omou ta L kat U Selyvouv tnv €AAXLOTN KoL TNV HEYLOTN TN
avtiotolya Kal UAOTIOLOUV TOUG pNTOUC TEPLOPLOUOUG Tou TPoPARaTog BeATioTonoinong.
AdoU oploToUv Ta 6pla apxLkomoinong, pia yevvAtpla tuxaiwv aplbuwv avabétel os KABe
TOPAUETPO KABe SLAVUOHOTOG HLA TIUR €VTOC Tou TpokaBoplopévou Slactripartog. Mo
nopadetypa, n apxki T (g = 0) tng mapapétpou pe aplBud j mou avhkeL oto Stavuopa
LE aplBuo i eivat

xj,i,O = randj(O,l) ' (bj,U - bj,L) + bj,L' (223)

H yevvrtpla tuxaiwv apBuwy, rand;(0,1), emiotpédel évav tuxaio aplBud opodpopda
Katavepnuevo peoa oto dudotnua [0, 1), dnAadn 0 < rand; < 1. O &eiktng j dnAwvel ot
plo véa Tuyala T yevvatal yla KaBs mapAUeTpo. AKOUO KAl €AV pio TAPAUETPOG elval
Slakplt | aképala, OoPXLKOTIOLE(TAL OOV TPAYUOTIKOG aplOpdc kabwe o AE sowteplkd
oupmepLPEPETOL O OAEC TIG TOPOUETPOUG OOV VO vl TIPAYMOTIKEG TAPAPETPOL
avefdptnta amno to (6o¢ Touc.
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MeTtdAdagn

MEeTA TOV UTTOAOYLOUO TOU apXkoU TTANBUGHOU, 0 SLadpopLkog EEAIKTIKOC LETAANACOEL
Kat ouvbudlel Tov TANBUOHO Yl TNV Topaywyr) &vog evdldpecou TAnBuopou N,
HLETOAAQYHEVWY SLOVUOUATWY. JUYKeEKPLUEva n Sladopikr) peTAMan elodyel pa UTo
KAlpaka, tuxaio emiheyuévn, Stadopd dlavuopdtwv oe €va tpito Stavuopa. H E¢lowon
(2.23) &eiyvel nwg ouvbualovtal Tpila tuxaia emleyuéva dtaviopata (xro,g, Xr1,g KL xrz,g)

yta tn dnpioupyia evog petallaypévou dlaviopatog v; 4

Vig = Xrog + F (Xr1,9 = %r2,9) (2.24)

O mapayovtag, F € (0,14), elval évag BeTikog mpaypatikog aplOpog mou eAEyxeL To
puUBUO pe Tov omoio o MANBuopog efelioostal. Evw Oev uTtApyEL Avw OPLO yLO. TOV
napdyovta F, ol amoteAeOUATIKEG TIHEG omavia untepBaivouv tnv tun 1,0.

Vig = Xro,g F'(Xrl,g'XrZ,g)

>X0

Ewova 13. Awadopiky petallagn: n moAAamAaocitacpévn eni €va ouvteleotr) F Swadopa

(xﬂyg - xrz,g), npoctiBetal oTo apxkd SLdvuopa, X, 4 via va rapayxBei to petaAaypévo v; 4.

O Baoikog Seiktng tou Stavuopartog 86tn, r0, umopei va mpoodloplotel pe Sladopeg
HEBOSOUG, WOTOOO £€0TW OTL ETUAEYETAL TUXAla €vag Selktng Sdlavuopatog o omolog ivat
Sltadopetikog and to Seiktn tou Slavuopatog otoxou, i. EKTOg amo Stadopetika petall
TOUG Kol SLadopeTikd tOco amd tov 86tn 600 Kal amé tov otdxo ol Seikteg twv SUo
Slavuopdtwy amnod Ta onoia mPokUMTeL n Stadopd, 1 kal 2, emAéyovral eniong tuxaia pia
dopd ywa kdBe petaAlaypévo Savuopa. H Ewdva 13 amotunwvel tn Stadikacio
KATAOKEUAG TOU METAMAAYMEVOU SLaVUOHATOSG, iy, OF £V TAPAUETPIKO XWPo 800

SlaoTtdoewv.

Awotavpwon

Mo tVv ouumAnpwon NG otpatnywkng avalntnong pe Siadoplkn HeTAANAEN o
Sladoplkdc efehiktikoe edapuolel emiong opolopopdn Staoctalvpwon. Kamolee $opeg
avadpEpeTal Kal w¢ Slakpltog ouvduacouog, n SlouoTaupwon KATAoKEUATEL SOKIUAOTIKA
Sltavuoparta anod TES MOPAUETPWY TIOU avtlypadovtal ano Svo Stadopetikd Slaviopata.

lwavvng X. Tpxaxng



©ewpnTIKd YoBadpo

JUYKEKPLUEVA O Oladoplkog eEEAIKTIKOC OlaoTtaupwvel KABs Sldvuopa Tou apykou
TANBUOUOU pe €va pPeTaAAAYUEVO SLAVUCHAL:

Vjig €&v (randj(o:l) <(rnj= jrand)

2.25
Xji.g SlopopeTiKd. (2.25)

Uig = Uig = {
H mBavotnta Siaotavpwong, Cr € [0,1], elval pia opldpevn amd To Xpriotn TN Tou
eAEYXEL TO KAQOUO TWV TILWV TWV TTOPAUETPWY TIOU avTlypddovtal oo To HETAAAAYUEVO
Sltavuopa. Mo va kaboplotel Tola TNy OUVELOHEPEL L0 CUYKEKPLUEVN TIOPAUETPO, N
opolopopdn Slootalpwon ouykpivel Thv TBAvVOTNTA SlooTAlPWONG HE TNV TR HLOG
VEWNTpLAG Opolopopdwy tuxaiwv apduwy, rand;(0,1). EQv n A Tou tuxaiouv aplBuou
elval pkpotepn 1 lon pe Tnv bavotnta Slactavpwaong, N MOPAUETPOG TOU SOKLUOOTIKOU
Slavuopatog KAnpovopeital amo To  peTaMaypévo  Slavuopa, vig, Sladopetikd n
TIOPAUETPOG avTLypddeTal and To Slavuopa X; 4. EMUTAEOV N TAPAUETPOG TOU SOKLUACTIKOU
Slaviopatog pe tuxala emAeyuévo O€iKTn, jrgna, AOUBAVETAL aTO TO METOAAAYHEVO
Sdlavuopa, olTw¢ wote va efaodpoliotel Ot to Soklpaotikd Stavuopa &g Ba eival
avtiypado tou x; 4, adou Ba mepléxel touldxiotov pia Stadopetikh T, EE autiog tng
eTumMAéov autng amaitnong, n mbavotnta Slactavpwong, Cr, amoteAel mMPooéyylon TG
TPOYUATIKNAG TIOAVOTNTOS, Py, MLOG TIOPAUETPOU TOU SOKLUOOTIKOU SLOVUOUOTOG VA EXEL
kKAnpovounBei amd to petaMaypévo Siavuopa. H Ewkdéva 14 avamaplotd ta mbova
SOKLUOOTIKA SLavUopaTO IOV HImopoUuV va tpokUouv amd thv opolopopdn Slactalpwon
€VOG LeTAMOYUEVOU BLAVUOHATOG, V; 4, ME TO SLAVUOHA X; 4.

Ewoéva 14. Ta mbava emumhéov Sokipactikd Staviopara u'; , kaw u'’; ; 6tav A X; 4 KoL V; g
Slaotavpwvovrtal opotdpopda.

Emtidoyn

Edv T0 SOKLUAOTIKO BLAVUOUQ, U; g, EXEL LON 1) LIKPOTEPN TN OVTLKELLEVLIKIG CUVAPTNONG
and OTL To SLAVUOHA OTOXOG, X; g, AVTIKAOLOTA TO SLAVUOHA OTOXO OTNV EMOUEVN YEVLA.
Juykpivovtag KaBe SOKIUAOTIKO SLAVUCHA HE TO avtioTtolyo dldvuopa otdxo amod To omnoio
kKAnpovopei mopapétpoug o AE evomolei o Suvatd tn Staotalvpwon e TtV emthoyn amo
OTL Aot e€ehikTikol oAyopLOpoL:
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o fuig Eavf (uig) < f(xig) 22
Xi,g+1 = ; (2.26)
Xig SLOPOPETIKAL.

Meta tnv oAlokAnpwon tng Snuoupyiag Tou véou mAnBuouol n Swadlkacieg TG
HETAANENG, TNG SlaoTaUpwong Kot TNG eTMAOYAG eMavalopBavovtal £wg OTOU EVIOTLOTEL TO
BéAtioto 1 kavorolnBel éva mMPokaBopLoPEVO KPLTAPLO TEPHATIONOU, TL.X. O ApLOUOC Twv
YEVEWV PTACEL Eva TTPOKAOOPLOUEVO UEYLOTO, Jmax- (Price et al., 2005)

O Sladoplkdg e€eAkTKOG oAyoplOpog €xel Bpel edapuoyeéc otnv PBeAtiotonoinon
npoPAnuATwY TOoO emMPAVELOKAG 000 Kol umdyelag udpoloyiag. Metaly autwv
niepthappavetat n BeAtiotonoinon tou pubuol avtAnong (Karterakis et al., 2007 Kourakos
& Mantoglou, 2009), oxedla0UO CUOCTAUATOC OTMOKATACTOONC PUTIOCUEVOU Udpodopéa
(Bayer), evw o€ cuvbuaopd HE VEUPWVLKO SIKTUO £XEL XpnoLpomolnBel yLo Tnv mpooopoiwon
petadopag deptwyv UAKwY amod éva rotaypl (Kisi, 2010).

Mia edappoyr) Tou Sladoplkol e€ehiktikol alyopiBuou uAomolnBnke yla thv elpech
Tou péylotou duvatol puBuol avtAnoncg amo évav udpodopea otn Bopela Kprtn mou
Veltvialel pe oKt Kol umapyet ¢dopfog unoPfabuiong tng molotntag. Me tnv mapadoxn
andtopng diemidavelog, cuvdlooe Kal €va aplBUNTIKO HLOVIEAO TIPOCOWOIWONG UToyEiwv
vdatwv (Karterakis et al., 2007). Evag tétolog ouvduoopog pmopel va dwaoel pla Avon pe
HULKPO UTIOAOYLOTIKO KOOTOC. Ol mopApeTpol amodaong NTAV Ol TAPOXEC AVTANCNG TWV
TiNYaSLWV oTnV TEPLOXNA KAl Ol TIEPLOPLOUOL TIPOEKUTITAY Ao tnVv emibupia va punv unepPet
TO LETWTO TNS UPaAUUPLVONG IPOG TNV evEoXwpa €va MpokaBoplopévo 6plo. To aplBuntikod
povtého umoyeiwv ULdATwv TOopeixe TIC amapaitnteg MANpodopleC OXETIKA HE TNV
QVOEVOUEVN KaTtdotoon Tou udpodopéa avaloya pe KaBe mBavo e€staldopevo oevaplo,
EVW TEALKA N AVTIKELUEVLKA oUVAPTNON cuvdUalE TNV LEYLOTOTIONGCN TNG CUVOALKNG TTOPOXNS
AVTANGONG HE OPOUC KUPWOEWV TIOU kaBlotoloav pn eAKUCTIKA Ta ogvapla tou apaBiolav
KATIOLO TIEPLOPLOUO.

Muwa Sladopetik) mpooéyylon (oe udpodopéa TG Zavropivng) xpnolpomoinoe
apLlOUNTIKO HOVTEAD petadopds Ualag oe umoyelo LdAta oe cuVOUAOUO HE €EEAIKTIKO
aAyoplBuo kat éva veupwviko Siktuo (Kourakos & Mantoglou, 2009). To veupwvikd diktuo
XPNOLUOTIONONKE YL TNV TIPOCEYYLON TWV ONMOTEAECUATWY TOU aAPLOUNTIKOU HOVTEAOU
petadopdg palog, wote vo HELWOEeL 0 UTTOAOYLOTIKOC $OPTOC oV amaltel n ektéAeon Tou
apLOUNTIKOU HOVTEAOU. H QVTIKELUEVIKI] OUVAPTNON OTN CUYKEKPLUEVN TEPLMTWON €ixe W
OTOXO TNV HMEYLOTOTIOINON TWV AVTANOEWY, EVW OL TIEPLOPLOMOL TTPOEPAEMOY Eval AVWTATO
OpLO OTN OUYKEVTPWON XAWPLOVIWV (00 HE TO QAVWTATO ETMITPENTO OTLG Tpodlaypadeg
TOCLLLOU VEPOU O€ KABE TtNyddL dvtAnong.

TNV Mepintwon tou oxedlaopol evOG CUOTAUATOC OMOKOTACTAONG EVOC PUTIOOUEVOU
udpodopéa otnv votodutik Fepuavia (Bayer et al., 2009) évag Stadopkog EEMKTIKOC
oAyoplOpoc edapuoletal Pe OKOMO TNV gUpecn NG PBEATLIOTNG AUONG unmd KaBeotwg
ofePfalotnTag. Eva yEWOTOTIOTIKO HOVIEAO TAPEXEL TMANPOGOPIEG ylo TNV QVOUEVOLEVN
otadun tou ubpodopéa os kKABe oevaplo. H afepatdtnta sodyetal WG SLadOPETIKEC
TUOAVEG UAOTIOLRCELG TNG USPAUALKNG AyWwYLLOTNTAC, N omola amoteAel petaBAnth elcodou.
Ta anoteAéopata deixvouv OTL 0 SLadoplKOG eEEALKTIKOG aAyopLlBUog KataAnyel o AUOELG
mou eivat Atydtepo guaioBnteg otig UIKpEC oAAAYEC TNG USPAUALKAG oywylpnotnTog, étav ot
Slatapayég ota dedopéva eival LeYoAUTEPES, EVW HLa EEEALKTLKI) OTPATNYLKI UTIEPTEPEL OTLG
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TMEPUTTWOEL OTOU UTIAPXOUV TIOAMEC UAOTIOLANCELC PE ULKpOTEPN afePfaldtnta. e kabe
Tepimtwon Kot ot U0 TEXVIKEG KATAANYOUV O TIOAU afLOTILOTEG KOVTA OTO OAIKO PBEATLOTO
AOoelg.

Jtnv emupavelakr udpoloyla Kol CUYKEKPLUEVA YLO. TIPOCOUOIWoN UeTadopdg PpepTwy
VAWV amd £va motaut oto Mouépto Piko (Kisi, 2010) évag ocuvduaouog Stadoplkol
€€eAIKTIKOU aAyopiBuoU e VEUPWVIKO SIKTUO cuyKplBnKe pe éva amAd VEUPWVLKO Siktuo,
£€va VEUPWVIKO Siktuo aocadoUl¢ AoyLKAG Kol €vol HOVTEAO KapumUAng Stofabuiong (rating
curve). Ta &edopéva eoddou mou efetdotnkav ywa vo PBpebel n BéAtiotn Sourp tou
VEUPWVLKOU, NTAV N TOpoxf TOU TOTAUOU KATA TO XPOVIKO PAHA TNG MPOoOopolwong Kot
KOLTA TO TtponyoULEVO XPOVLKO Brila kaBwg Kat n mapoxn Wnuatoc (otepeomapoyng) Katd To
TPoNyoUUEeVO XPovikO PrApa. O b8ladoplkog €EEAKTIKOG OTN OUYKEKPLUEVN epyacia
XPNOLUOTIOLHONKE yla TOV TIPOCSLOPLONO TWV CGUVATTTIKWY BapwV TOU VEUPWVLKOU SLKTUOU.
To povtélo pe tov Sladoplkd eEEAKTIKO aAyOpLlBUO £6woe T KOAUTEPQ QTTOTEAECUATO OE
ox£€0n e TNV Mpocopoiwan tng mapoxng Wnuatog.

2.4 H M£0080o¢g Bootstrap (Avtoduvaun)

H u€Bodog bootstrap (autodUvaun péBodocg) eival pla otatiotikr péBodog mou eloniyon
apxka amo tov Efron (Efron, 1979). Avrkel o€ pia eupUtepn opada peBodwv mou naipvouv
Selypata anod éva apylko oet SeSoUEVWY Kal yla To AOyo autdv ovopdlovtal Sladikacieg
enavohappovopevng  SewypatoAndiag (resampling methods). Eivat pia  péBodog
TPOaSLOPLOUOU TOOO €VOC EKTLUNTH ULAG CUYKEKPLULEVNG TTAPOAUETPOU 00O KAl TNG akpifeLlag
TOU ouykekplévou ektiuntn (Chernick, 2008). Otav umndpyet éva deiypa mARBoug n pLag
OUYKEKPLUEVNG TIOPOUETPOU, QUTO TO Selypa €XEL ULl EUTIELPLKN KOTOVOUN TNG omolag ta
OTATIOTIKA XAPAKTNPLOTIKA €ival eUKoAo va mpoodloplotolv. H autoduvaun béa esival
QITAQ N QVTLKOTACTAON TNG AYVWOTNG KATAVOUAG Tou MANBUCUOU LE TNV YVWOTH EUELPLKN
Katavour. I810TNTEC TOU EKTLUNTH, OMWG TO TUTILKO oddApa, mpoodilopilovral énstta Paoel
NG EUMELPLKNG KATAVOUNG. MpokTikeég edapuoyés Tng nebddou amattovv tn Snuloupyia
avtoduvapwv Selypdtwv  (6nAadny  deypdtwv Tmou  dnuloupyouvtal  Aappavovtog
avefdpTnTa TuXaia TIHEG amd TO apylko Seiypa pe avtikataotacn). Amo Thv autoduvapn
SdelypatoAnPio mpokumtel pla mpooéyylon Movte KdpAo Tou autoSUVOHOU EKTLUNTH
(Chernick, 2008). H Swadikaoia edpappoyng g nebodou bootstrap sival amAr, oxnUATIKA
QITOTUTIWVETAL oTnv Ewova 15.

Anpoupyia cuvolou bootstrap pe sypatoAnyia pe avrikatdaotacn

YTOAOYLOGG MAPAETPOU XPNOLLOTIOLWVTAG To 6UVOAO bootstrap

EnavaAnyn pnpatwyv 1 kot 2 yia B popég

Ewkova 15. Ixnuatiki avanapdotoon tng dtadikaciag epappoyrg tng pedodouv bootstrap.
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H avefaptnoia tng kdBe emavaAnng amd TG urtolowneg sival LSLaltepa GNUAVTLKA Ko
puropel va oaflomownBel katd tnv avamtuén Tou Kwolka, wote va dnuloupynbolv
napAdMnAeg Stadikacieg (threads) kot va aflomoinBolv oto £mokpo oL SuvatoTnTEG TWV
moAunlpnvwv enetepyactwy. O aplBuog twv emavaAnPewv pnopel e0KoAa va XwpPLOTEL
avaloyo He Toug OLOB£0LUOUC TUPNVEG KAl va KOTOVEUNOel e TOV TPOMO QUTOV O
UTLOAOYLOTIKOG $OpTOC. H SuvatotnTa auth HELWVEL TOV AMALTOUUEVO XPOVo piag MARPoUG
ektéheonc tng Sladikaciag bootstrap kot Bonba otnv umépPacn tou PaclkOTEPOU (OWG
eunodiou yla Thv eupela edappoyn TNG O TEXVNTA VEUPWVIKA Siktua.

Enavalappavovrag ta Brpata 1 kat 2 yia B dopég mpokUTTEL pla ipooéyylon Movte
KdpAo tng katavoung tng embuuntig napapétpou. H Baoikn Wéa tng neBodou bootstrap
elval OtL yla peydAn T tou B n mpoaoéyylon Movte KapAo eival oxedov n idla pe tnv
TIPAYHUOTIKI Katavoun. Av Kol auto Umopel va ¢aivetal mepiepyo apxikd, n akpifela tng
peBodou bootstrap €xel amodewxbel o MOANG dnpooteupéva apbpa (Bickel & Freedman,
1981 Schervish, 1995 Singh, 1981). H akpifela SUTtepnC TAENG KoL N oLYKALoN TNG neBodou
elval emiong KoAd TeKUNPLWUEVEG (Singh, 1981).

MNa tn Snuoupyia kABe evog amod ta delypota HE AvVIKATAOTOON akoAouBeital n
Sladikaoia mou avarmnaplotdtal otnv Ewkova 16. To cUvolo TmapatnpnuUeéVwy Sedopévwv
eknaibevong unopel va dlaxwplotel o empéPouC oeLpEG dedopévwy eLc0bou €€66ou. OL
OELPEC OUTEG TIEPLEXOUV TIAPATNPNUEVEG TIUEC TWV METABANTWV €L0OS0U OTO VEUPWVIKO
SIKTUO KOl TIC avtioTOlXeG TMOPOTNPNUEVEG TIMEG TWV HeTtafAntwv €€o6dou yla TIg
OUYKEKPLUEVEG TLEG ELCOSOU.

Zelpd AsSopévwv EwcdSou-E§660u 1 Zewpda AsSopévwv ElodSovu-EEo50ouv 1!

Iepa AsSopévwv EwcoSou-EfoSou 2 Iapa AsSopevwv Ewoobovu-EfoSou 2!

IZeipa AeSopévwv ElgdSou-EE6Sou i Zepa AeSopévwv EwodSou-EESSou i

Ieipd AsSopévwv ElobSou-EE6Sou i+l Iepa AeSopévwv Ercobovu-EE6Sou i+

Zepd AeSopévwv Ewo6Sou-EE6S0u n'

Zeipa AeSopévwv Elod8ou-E{6Sou n

ZUvolo MapatnpnHEVWY ZUvolo Asdopévwv
AeSopevwy Exnaldeuong EknaiSeuvongBootstrap

Ewkova 16. Mpadikn anelkovion tng Stadkaoiog dnpovpyiag evag cuvolou.

KaBe napatnpnuévn oslpd §edouévwy el00dou-e£0dou €xel Tnv 6La mBavoTnTa KATA T
Sladikaoia cupmAnpwong evog cuvolou Sedopévwy ekmaidevong bootstrap va katoAdpet
plo Béon oelpdg bootstrap. Me Tov TpOMO auto dnuloupyeital éva bootstrap oUvoAo
Sebopévwy ekmaibeuong to omoio TEPLEXEL TMOPOTNPNUEVEG OelpEG Sedopévwy eloddou-
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€€o6dou, aA\d Tuyaia avaSlATETOYUEVEG KOl UE PEYAAN MLOAvOTNTO KATOLX OO TIG
TLAPATNPNUEVEG OELPEC VA NV UTIAPXEL 0TO cUVOAO Sedopévwy ekmaidevong bootstrap, evw
Kamola aAAn va epdaviletol mapandavw anod pio dpopéc.

210 BPBAio toug ol Efron kau Tibshirani (Efron & Tibshirani, 1993) mpoteivouv Téooepelg
Sladopetikolg TPOMoug Snuioupyiag SlooTNUATWY €UTLOTOOUVNG, OELOTIOLWVTOC TNV
avutoduvapn péBodo. O amholotepog MeEPAAUPBAVEL TNV EKTIUNON EVOC TUTILKOU 0PAALATOC
KalL TNV UTIOBEGCN OTL OL TUXOLLEG TIUEG TNG €€080U elval aveEdptnTEG Ao TNV TN TNG EL0OSOU
Kot AKOAOUBOUV GUYKEKPLUMEVN KOTAVOUR (TL.X. Kavovikd fi Student). Edv to z(®) Seiyvel to
(100 @) ootd moocootiaio onueio plog katavopng N(0,1) , tote ta Sactipata
gmoToouvVnG piag mapapétpov B pe TUTKO ODBAMO SE kal EMIMESO EUMLOTOOUVNG
100 - (1 — 2a)% vmnoloyilovtal wg €€AG:

0,=0-2z0"%52 xu §,=0-29 3¢ (2.27)

‘Evag tpoémog va mapakoapdBel n avaykn ywo tnv umobeon OtL n mopAapeTpog €€660u
0KOAOUBEL plO YyVWOTH KATOVOUN €lval 0 UTIOAOYLOMOC TWV TOCOOTLAiWwY SLaoTnHATWwY
geuniotoolvng. H mooootiaia péBodog eival iowg o MAEov TpodaviG TPOTIOG KATAOKEUNC
SLOOTANATOG EUMLOTOOUVNG YL UL TIOPALETPO PBOOLOUEVOG O OUTOSUVOUEC EKTLUNOELG
(Efron & Tibshirani, 1993). Meta thv autodUvaun Stadikaoia undpyxouv B autodUvapeg
EKTIUAOELG NG €€06ou. Eav o TANBUOHOG eival apketd peyalocg, éva SLAcTnuo Tou
nephapBavet m.x. 90% twv AUTOSUVAWY EKTIUNOEWY Uopel va BewpnBel otL Ba mepLexel
TWV TTPAYUATLKN T tng €€08ou pe BeBatdtnta 90%. H o Aoyikr emloyr] Twv opiwv Tou
S100TAMATOG EYLOTOOUVNC £lval N eUpech eKelVvwY TTOU aITOKAEIOUV TO HIKPOTEPO 5% KoL TO
peyalltepo 5%.

‘Eva autoduvapo SLAoTnuo EUMLOTOOUVNG TIOU ONLOUPYEITAL PE TOV TPOMO QUTOV
ovopaletal mooootiaio Sldotnua  epmiotoouvng. Neptlapfdavel tnv umodbson OTL n
Katavoun tng €€08ou elval CUUMETPLKN, Yeyovog Tou Sev oxUel mavto. Me okomd tnv
adaipeon HEPOANMTIKAG TAONG amd Ta amoteAéopota pio BeATiwpévn pebBodoloyia €xel
npotaBel (Efron & Tibshirani, 1993) mou ovopadletal apepdAnmen entaxupévn (BCa — Bias-
Corrected and Accelerated) kat amnattel tov umtoAoylopd tng S1OPOBwWoNE LEPOANTITLKACG TAONG
(Zp) xavL tng eTutdyuvong (a). H 816pBwaon pepoAnmrikng taong eivat eUKOAO va eKTILNBEL WG
N T t™¢ avtiotpodng cuvaPTNONG TUKVOTNTAG TILOAVOTNTAS TNG KOWVOVIKNG KATOVOUNG YLa
TO MOCOOTO TWV AUTOSUVOUWY EKTIUACEWY TIOU £lval HIKPOTEPEG AO TNV TTPOCOUOLWUEVN
TLUN TOU HOVTEAOU.

. _, [(# exTtymoewv bootstrap HKpOTEPWY ATLO TV TIPOCOHOLUWLEVT) TLUT
o= 5 (2.28)

@~1() deiyvel v avtiotpodn ocuvdptnon mukvoTATOC TOOVOTNTOC TNG KAVOVIKAG
KOTAVOUNG.

lNa tnv enwtdyuvon o Efron mpoteivel Tov UTIOAOYLOMO TNG XPNOLLOTIOLWVTAS TLG TUEG TTOU
TPOKUTTOUV YLt TNV Tapduetpo 8 = s(x) edv umoloylotel amokAeiovtac pa T KEOe
dopd and ta apyikd dedoupeva. EoTw X(;y TO apxikod Seiyua pe Slayeypapuévo To onueio

otn B¢on i (x;), otw By = s(x(;)) kav &€ oplopov By = Tk, By /n. Téte
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a” 2?:1(9(-) — é(i))3
a= N (2.29)
62, (00— 0]

H 810pOwon HepOANTITLKAG TAONG LETAKIVEL TO HECO OPO TNG EUTELPLKAG KOTAVOUNG TIPOG

Vv avtiBetn katevBuvon amod OtTL N LEPOANTITIKY TAON, EVW N EMLTAXUVON avadEPETOL OTO
pUBUO oANaYAC TOU TUTIKOU OhEARATOC TOu B 0 Ox€on ME TNV TPOYHOTKA T TNG
TapapETpou 6.

To auUeEPOANMTO EMITOXUUEVO SLACTNHO EUTILOTOOUVNG YLo. TTPOTIBEUEVN KaAupn 1-2aq,
Sivetal oo tov tumo

BCa: (B1,0,y) = (6", @) (2.30)
omou
o2, + 2o + 2 (2.31)
a = Z .
! T 1—a(2 +2@)
KOl
o2, +—2F 207 (2.32)
a, = .
2 O T a0, + 20-9)

@ (+) Seixvel TNV ouvdptnon TUKVOTATAC TOAVATNTAC TS KAVOVLKAS KOTavourg Kot z(®
elval to (100a)oto mocootiaio onueio Ttng kavovikng katavoung (Efron & Tibshirani, 1993).

O TétapTtog TPOMOG aVAPEPETAL WG MPOCEYYLOTIKA AUTOSUVAO SLACTNHA EUMLOTOOUVNC
(ABC intervals — Approximate Bootstrap Confidence intervals) kat Suotuxwg v pmopet va
edapuootel oto mapov MpoPANUa, KABWE anattel TN yvwon MLoG Habnuatikng ékbpaong
¢ mopapétpou  e€6dou  w¢ ouvaptnon Tou  Slovuopatog  emavoAauBoavopevng
SdelypatoAnioac. To Stdvuopa autod amoteAeital amd avaAoyleg TwV apxikwy dedopévwv
mou emAéyovtal oe éva autoduvapo deiypa. H dopn opwg tou TNA eivat téoo mepimhokn
TIOU pLa TETola Hadnuatikn EKppacn ival avumapktn.

OL edappoyég tng nebodou bootstrap ekteivovral pHeTafl SLAPOPETIKWV EMLOTNUOVIKWY
nedlwv amd TNV LATPKA €peuva ylo TNV avaAuon Oedopévwy SoKWNG GapUaKkwy
(Wahrendorf & Brown, 1980) £€w¢ Tn YEWOTATLOTIKI YLO TOV TIPOGSLOPLOUO TNG SLOKUUAVONG
Twv KaprmuAwv Ttou kriging (Diaconis & Efron, 1983), kalL amd TNV OTATIOTIKN TNG
aoTpovouiag, TNV aotpootatioTikn (Babu & Feigelson, 1996), £wg tnv Yuxoloyia yla ebpeon
Slaotnuatwyv epmotoolvng (Efron, 1988). 3xeddv kdbBe emotnpovikd mebio TmoU
Xpnolporolel otatlotikég pebBodoug yia tnv availuon dedopévwy, Ba pmopovoes va Bpet
XPNOLUN TV autoduvaun pébodo. Mia BLBAloypadLKr) EMLOKOTNGN CXETIKA e TNV PHEB0SOG
bootstrap (Chernick, 2008) amokdA\ue ieplocotepec amo 2000 avadopEG 0TO AVTLIKELEVO.

OL o ouxvég xpnoelc twv TNA eival n tafwopnon A n maAwwdpopnon. H mpwtn
neptAappavel v avayvwplon potiBwv kat n péBodog bootstrap edpapuoletal yla tnv
alohoynon tng anddoonc (da Silva et al., 2005 Mougiakakou et al., 2007 Silva & Mery,
2007), n Oeltepn £xeL peyaAltepo £Upog sdappoywv, ala n pébBodog bootstrap
edapuoletal yla Tny Snuoupyia SLACTNUATWY EUTILOTOOUVNG TNG TIPOCOUOLWHEVNG TLUAG
(Papadopoulos et al., 2001), tnv emdoyr tou BéAtiotou aplBuol Kpudwv KOUPBwv (Tsujitani
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& Sakon, 2009) f ywa Tov kaBoplopod tng KataAAnAoTnTacg Twy dedopévwy elcodou (White &
Racine, 2001).

H pu€Bobdog bootstrap €xel ebappootel oto mapeABov otnv undyela uSpoAoyla yla Tov
TPOOSLOPIOUO SLOOTNUATWY EUmLoTOoUVNG otdBung umoyeiwv udatwv (Cooley, 1997
Masumoto, 2003), cuvteheotwv petadopadg palag (Chrysikopoulos et al., 2002) rj akoua Kot
HLKPOBLAOKAC KaTtavoung péoa os edddn (Thomas et al., 2009).
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E€etaotnkav ToAAA SladopeTikd oXESLA Kal xpnollomnolndnkav TMoAAEG SLadOopeTIKEG
HEBOSOL QVILUETWILONG Yyl TNV gUpeon Twv KATaAANAOTepwv AUCswv ot Béuata Tou
OVOKUTITOUV KOTA TNV mpoomadabela edappoync HoviéAwv PBaclopévwy othn Bewpla Twv
VEUPWVIKWY SIKTUWV yla TNV Tipocopoiwan thg otdbung tou udpododpou opilovta os Eva
ninyadt mapatipnong. H pebodoloyia mou kpibnke wg n MAEov oAokAnpwuUEVN Kal akpLBng
KoL ) oTtola TpoTelveTal yla xprion ebeng, mapEXel amavtnoels yla 6Aa ta Baoikad {ntAuato
TIOU avOKUTTOUV Kal Olvel ev Télel T Suvatotnta Snploupyiag evog HOVIEAOU TOU
otnplletal oe WOXUPEG BewpnTikég BAoelg, evw mapalAnAa aflomolel TI¢ SuvatoTnTeG TNG
UTIOAOYLOTIKNG VvoNnuoouvng Kal €ivol TMARPWE OUTOUOTOTIOWNMEVO Yl TNV QITOTPOTA
napeppacewv and Tov ekAoTote Xpnotn. Evw ta povtéla mou Bacilovtal otn Bewpia Twy
TEXVNTWV  VEUPWVIKWY OIKTUWV €Xouv TpoodloploTikn  (vietepuviotikn) £€€06o, n
npotelvopevn pebodoloyia cupmnepthapBavet pla péEBodo umoAoylopol Twv SLaoTNUATWY
gpmotoolvng TN e€660u yla omolodnmote eninedo PefalodtnTag.

To mpwto B£pa mou mpémel va emAuBel katd tn Snuloupyia Tou povtélou, eival n
ETUAOYN TWV TMOPAUETPWY £10060U Kal €€06ou. Katd to mapeABOvV €xouv TAPOUCLAOTEL
edapuoyEG o n emloyn yivetal eite pe BAch TNV EUMELPLA TOU EpELVNTH €ite oTNPL{OUEVN
og padnuatikég pebodouc edaylotonoinong tou opaipatog (Lallahem et al., 2005 Nayak et
al., 2006). Ztnv mpoogyylon mou akoAouBrnOnke, éylve mpoonabeLla va €xouv 600 To SuvaTov
HeEYOAUTEPO PUOIKO VONUO OAEC oL TOPAUETPOL €l00SoU Kal £€06ou. Ma To oKomd aUTo,
€XOVTAG TIAVTO KATA VOU OTL N UTIO TTPOOoOpolwaon cuvdaptnon Sev eivat aAAn and to udatiko
LoolUyLo, EMAEXONKAV WG TIOPAUETPOL EL0OSOU Kal €660U oL USPOAOYIKEG PMETAPBANTEC TTOU
elval dpeoca 1 €upeca ouvdebepéveg pe Tov USPOAOYLIKO KUKAO. XTn MEXPL Twpa
BBAoypadia n mapauetpog e€660u ToU €XEL XpnoLlomnolnBetl eivat to udpaulikd LY og os
Swadopa mnyadla mapatnpnong. H attoAdynon tng UTEPOXNG TOU €XEL N XPNon Ing
peTaBoAng tou udpauAkol UPouc avti yla To (6o To uSpauALko UYog, TOoO amd MAEUPAS
duokol vonuotog 600 Kol amd padnuatikng, Oa akoAoubnbel amé oUykplon o€
TPAYMOTIKA TtpoBAnpata yla va StamiotwBei n opBotnta tou cuAAoyLoHOoU.

Mia ouyvr mapdBAedn otnv MPooouoiwon UMoYElwY VSATWY €ival N MAPAUETPOC TNG
XPOVLKNG UOTEPNONG METAEU PBpoxomtwong kal HeTaBoAng TnG otabung tou udpodopéa.
Onwg kal ota emupavelakd VSATA UTIAPXEL EVOG XPOVOG CUYKEVTPWONG yla KABE Aekdvn
QTopPPONG, £TCL KOl OTA UTIOYELX XPELAIETAL VO LECOAABNOEL £val XPOVIKO Sldotnua yla va
davel n enidpacn tng Bpoxomtwong. M auvtov To Adyo eival LWlaitepa oNUAVIIKA N OWOTH
eTAOYN TNG NUEPAG SeSOHEVWY BPOXOMTWONG TOU TIPEMEL Vo l0oxBel WG MAPAUETPOG
£10060U 0T0 povtého. O amAoUoTepog TPOMOG TPOCSLOPLOHOU TNG XPOVIKNG UOTEPNONG slvatl
HEOW Hilag avaAuonG CUOXETLONG XPOVOOELPWY PPOXOTMTWONG Kal HETABOANG USpAUALKOU
UPoUG. AVaUEVETAL N TLUI TOU CUVTEAECTI) CUCXETLONG VO KOPUPWVETOL Yo TN BEATLOTN TLUNA
XPOVLKNC UOTEPNONG. X€ TIEPIMTWON TOU N TWUN TOU OUVTEAEOTH ouoxEtlong daivetal vo
elvat oAU uPnAn yla meploodtepes amd pia nuépeg, Umopel va BewpnOet otL n enidpaon
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¢ Bpoxomtwong unepBaivel Tn pia nuEpa Kal To CUVOAO TWV NUEPWV TOU €xouv LPNAS
OUVTEAEOTI) CUOXETLONG UITOPOUV VA ETIAEYOUV WG TTAPAUETPOL ELGOSOU.

Ma tn BeAtioTonoinon Twv otoleiwv TG SOUNG Tou veupwvikoL SikTtuou ota omola Sev
MopEl, AOYyw TNG TPOOEYYLONG WG KHAUPO KOUTL» Tou ekeivo akoAouBel, va amodobei
dUOIKO voOnua, Tpoteivetal n xprnon plag pebodou PeAtiotonoinong onmwe o Aladoplkog
E€eAKTIKOC aAyOpLlOpog, ou ouvduadlel Ta odpEAN Twv eEeAKTIKWY aAyoplBuwv pe toyeia
oUYKALon oto BEATLoTo. Onw¢ aAwote kaBe e€eAIKTIKOG aAyoplOuog oUTe Kat o AE gyyudtat
Vv elpeon oAlkoU BEATiotou, aAAd n taxUTnTa OoUYKALONG Kol n €UKoAla edapuoyng os
MPOoBAAUATA AKEPALOU TIPOYPAUMOTIONOU cuvnyopoUV UTIEP TNG XPHong Tou. Me pia povo
edpappoyn evog AE aAyopiBpou pmopouv va UToAoyLoTOUV BEATIOTEG TLUEG YLl TOV apLlOUO
TWV KOPPwV ota Kpuda emineda Tou VEUPWVLKOU SIKTUOU, KABwWCE KAl 0 aplBUOG TWV EMOXWV
ekmaildevong.

To teAikd otadlo tng pebodoloylag mpoteivel TPOMOUG UTIOAOYLOMOU TWV SLOOTNUATWY
gUmLotoolvNG tnNe £€060L yla éva emBuunto eninedo PePpatdtnrag. H pébodog bootstrap
ETMAEXONKE WG N KaTtaAAnAOtepn €€ attiag TG sukoAiag edappoyng Kat tng EAAewdng
unoBéoswv OtL To opaiua | n €€odoc akolouBolv kAmola yvwoth Katavour. H upovn
napadoxn tng pebodou elval OTL To Poviého Ba Umopoloe va TIPOCOUOLWOEL UE ATOAUTN
okpiBela kABe mapatnpnUevn Tun. H mapadoyn autr d&v Lkavomoleital amoluta, AOyw tTne
UTapéng akpaiwv onueiwv, mou odeilovral o€ AVTANOELG EVTOC TOU TNyadlol mopatipnong
Kal otnv mbavn éAAeldn Sedopévwv 10060U. I KGO meplMTWon TPETEL VA EMLCNUALVETOL
OTL N OKPIBELD TWV OUYKEKPLUEVWY OSLOOTNUATWY EUTILOTOOUVNG €€opTATAL MO TNV
LKOVOTNTO TOU HOVTEAOU.

3.1 [Ipotewvopevn Aop) Nevpwvikov Atktoov

Ma tn dnuoupyla €vog VEUPWVLKOU OLKTUOU ylo Tipocopolwon umoyelwv uddtwy
amalteitol va kaboplotolv oL MapApeTpol €loddou, 0 aplBUog Twy KPUPWV EMUTESWY, O
apLOUOC TV KOUPwWV o€ KABE KpudO eMimedo, oL CUVAPTATELG Evepyomoinong kabe kopBou
TOU VEUPWVIKOU SIKTUOU KOl OL TOPAHETPOL £€0060U. Metd amd tnv apxlkn Slatagn tng
S0oUNG TOU VEUPWVIKOU SIKTUOU TPEMeL emiong va oplotel kat n péBodog ekmaibevong,
dnAadn o adyoplBuog mou Ba xpnotpononBel yla TNV evnuépwon tTwv Bapwv tou SikTUuou
LE OKOTIO TOV KOBOoplopo Twv PEATIOTWY Papwyv TOU EAAXLOTOMOLOUV TO OPAARA TOU
VEUPWVLKOU SLKTUOU.

Agdopévng NG HMeyAAng TOLWKIALOG ouvaptioswv evepyomoinong Kal aAyopiBuwv
ekmaldevong umtdpyouv MOAEC SuVATOTNTEG AVATITUENG VEUPWVLKWV SIKTUWV avaloya e Ta
XOPAKTNPLOTIKA TIOU Kpivovtal emBupntd amod tov epeuvntr. OL teplooOTePe; PEATIWOELG
adopolv cuvhRBwE otn HEiwaon Tou UTIOAOYLOTIKOU $HOPTOU f/KaL TOU XPOVOU TIOU QOLTEL
pLo TARPNC ektéAean Tou aAyopibuou, mapd otnv eUpeon pLog KaAUTepng Abong. Omote edv
0 UTIOAOYLOTLKOG XpOvog dev amotelel meploplopd, dev Kpivetal amapaitntn n vAomoinon
e€elntnuévwy alyopiBuwyv ekmaideuong.

EGv Ouwg n ouvaptnon tou odhAAUOTOG £XEL TTOAAQ TOTUKA EAAXLOTO KAl O aAyoplOuog
ekmaldevong eykAwpBiletal o KAMOLO TOMLKO eAdxXL0TO, N aflomoinon adyopiOuwyv ou £xouv
NV IKKavOTNTa £€EPEUVNONG TOU XWPOU £PIKTWV AUCEWV, UMopel va mapéxel AVON e APKETA
KaAUtepn akpiBela o oxéon pe mapadooloKd XpnotponoloUpeveg uebodoug, o6mwe n back-
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propagation, oL omoieg av kKal guykAlvouv o€ cUVTOUO XPOVIKO SLAcTNUa, £X0UV auénuévn
TAon eykKAwPLOPOU oe ToTka gAdylota. To tipnua BERata yla tnv kavotnta efepelivnong
elval pla oApatwdng avénon Tou XPOVOU TIOU OTALTE(TOL yla TV ekmaidsuon tou
VEUPWVLKOU SLKTUOU.

MetafAntég Eloo8ov kat EE080v

Jtnv mpoonabeLa yia Snuoupyia evog HovtéEAou e 660 To Suvatov PeyaAUuTePo GUCLKO
vonua, Kat ue 5e5oUévo OTL KABE VEUPWVIKO SIKTUO TIOU XPNOLUOTIOLE(TAL Yla USPOAOYLKEG
edaAPUOYEG, TPOCOUOLWVEL TO USATIKO LoolUyLo, avaAlBnkav oL mapAayovieg Tou Looluyiou
yla va tpokUpouv oL tapapeTpol lo6dou Kal 660U ToU VEUPWVIKOU SIKTUOU. Avaloya e
TO MPOPBANUA UTTOPEL KATIOLEG TIAPAUETPOL VAL EIVOL CNUAVTIKOTEPEG Ao AAAEG, AAAG o€ KABE
nepimtwon OAeg oL SLOBECIUEG TOPAUETPOL TIOU O)eTilovtal pe To udatiko Looluylo,
Bewpeitol OTL MPETEL VA ELOAYOVTAL OTO HOVTEAO, yla va emteuxBel n BEATIoT ekmaibsuon
— BaBpovounon Twv cCUVATTTIKWY Bapwv.

INUaAVTIKO eival va onuelwBbel OtL ol mapdpeTpol elo6dou Kal €660V TOU VEUPWVIKOU
SiktOoU €ival oL XpovIKA UETOBAMNOUEVEG TTAPAUETPOL TTOU CUVSEOVTAL PE TO LoolUYLo Kol
OXL T oTAOEPA XOPAKTNPLOTIKA ToUu USpodopEa ) TnG AekAvng amopponc. EAv n xpovooslpd
Twv edopévwy ekmaidevong eival apketd PeyaAn, wote va mephapBAavel éva tkavo mAn6og
OO AVILMPOOWNEUTIKA SeSopéva, tote n dladikacia ekmaidbsuong Ba EVOWUATWOEL TIG
otaBepeg emISpAOELG TwV OTABEPWY TTAPAUETPWY HECA OTIC TLUEG TWV CUVOTTTIKWY Bapwv
TOU VEUPWVIKOU SIKTUOU. Me Tov TpOMOo aUTOV amodelyeTal Kal n TOAU cuxvh mapadoxn
TIoU ylveTtal ota aplBuNTIKA LOVTEAD OTL 0 USPODOPLAG AMOTEAEITAL ATO £va ) TIEPLOCOTEPQL
OLIOLOYEVH TIETPWHOTA, N omola TIC TePLocOTEPEC POPEG SEV LKAVOTIOLE(TAL AKOUO KOL OF
TIEPUTTWOELG TIOU 0 udpodopag sival mopwdng. ESIKA 8& OTIG MEPUTTWOEL KOPOTIKWY
udpodopéwv n e€alpeTikd PeyaAn duokoAia emakplBou¢ MPoodlopLoUoU TwV USPAUALKWY
TOPOUETPWY TOOO TOU TIETPWHATOC 000 Kol Twv SlokAdoewv tou udpodopéa mpoodidel
WBlaitepn afio otnv BLOTNTA TWV VEUPWVIKWY SIKTUWV VoL UNV amattolv  otolyeia
USPAUALKAG aywYLHLOTNTAG 1) TTOPWSOUGE.

Onwc avadpépBNKe MPOoNYOUUEVWE, OAEG OL LETABANTEC TTOU TIPOTELVOVTAL WC TTAPAUETPOL
£10060U Kal e€660U elval cuvOeSepEvVeg e TOPAYOVTEG TOoU uSatTikol Looluyiou. To uSatiko
LoolUyLo unopetl va ypadel wg:

[-0+P—-EPT£Q=AS (3.1)

omnov,

I: n eLopon otn AeKAvn amoppong

O: n ekpon amd Tn Aekavn amoppong mpog GAAsC Aekaveg N th Balacoa
P: n katakprApvion otn Aekdvn amnoppons

EPT: n e€atpioodlamnvon mou Aappavel xwpa péoa otn Aekavn

Q: 0 puBuodc avtAnong/eumAouTiopol Kot

AS: n aM\ayn otnv anoBrkeuon tou udpodopia.

H ewopon otn Askdvn oamoppon yivetal eite smudavelakd eite umoyela. Ot Xpovika
METABAANOUEVEG TTAPAUETPOL TIOU UITOPOUV va XpNnoLlomnolnbolv wg mapdpeTpol eL.06dou
yla va teplypddiouv TNV £L0PON lval n tapoxn mou elopEel emdaVeLaKE omd GAAEG AEKAVEG
QTOPPONG KOL N TOPOXN TIOU ELCEPXETOL UTIOYELX, N omola elval ouvledepévn He TO
USPAUALKS U0 Tou uSpodopéa. ITnV MepimTwon OLaITEPA KAPOTIKOTIOLNUEVWY TIEPLOXWV
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mou 8ev mapouoctalouv emidAVELAKN OTTOPPEON, I} OE TIEPUTTWOELG TTIOU N AekAvn amoppong 6g
SEXETAL ELOPON ATIO TA AVAVTN, N TTAPAUETPOC TNE EMLPAVELAKI G TTAPOXNG ELOPONC UMOPEL va
napaleldpBel ano to cUVoAo MAPAUETPWY €L0O0S0U. To LOAVIKO O TEPIMTWON TOU UTIAPXEL
e€akplBwpéva UTIOYELO ELOPON OO Ta avAvTn £ival va eloaxBel wg mapapuetpoc n Stadopd
USPAUALKOU Uoucg UETAlU evOg onpelou otnv avavtn Aekdvn omoppong Kol evog otnv
HUEAETWHEVN. Z€ MEPLTTWON TIOU SEV UTIAPYEL UTIOYELA TIAPOXN OO TAL AVAVTN N TILPAPETPOG
autr pnopet va mapaAndBet.

H ekpon amoé tn Askdvn amoppong xwpiletal emiong os emibavelakn Kol umoyela. H
eTLPAVELAKI) EKPON UMOPEL va HeTpnBel oTo onueio ekpong amod tn Aekavn Kot n mapoxn va
eloaxfel wg MopAUETPOG €10060U OTO VEUPWVIKO Oiktuo. To apvntikd mpocnuo Ba
evowpatwOel ota Bapn katd tn Sidpkela tng ekmaideuong kat dev eival amapaitnto va
eloaxBel pall pe TG TWEC NG ekpong. Edv Sev mapoucialetal emipavelakny €kpon, N
TOPAETPOG auth 8g xpeldletal va ocupmneplAndOel otic mapapétpoug lcodou. H umdyela
£KPON OTWC KAl N €L0PON €XEL WG UETORAAAOEVN XPOVLKA TIAPAUETPO TNV USPAUALKH KAlon
otnv neploxn. H petaBoln tng udpauvAlkng kAiong odeiletat otnv petafoln tng dtadopdg
uSpaUALKOU UPoug PeTal SU0 onuelwv. I& TIEPIMTWON OV N UTOYELA TIAPOXH EKPEEL TIPOG
™ Balaocoa, n otdbun tng Balaocoag pnopei va BewpnBel otabepn kat avti yia t dtadopd
petall Svo onueilwv va soayBel o udPaUAIKO UPo¢ os €va onueio tou udpodopea. H
oTAOuUn OTn OUYKEKPLUEVN Tepimtwon Oa elval og L XPOVIKN OTLYUN TPV amod tnv
HEAETWHEVN, KABWG Ol TAPAUETPOL ELOOSOU ULAG XPOVIKAG OTLyUNG Sivouv TNV MapAUETpO
€€660u otnV eMoOpEevVn Xpovikh otyur. OL Adyol Ba avaAuBoUv MePLOCOTEPO OTIC ETIOUEVEC
napaypddoug. H nepimtwon va pnv umapyel umoyela ekpor Bewpeital anibavn, aAld av
OVIWG LoYVeL, prmopel va amaAeldBel n avriotolyn MOpAUETPOG ELGOSOU OMWG Kol o€ KABe
GAAN mepintwaon.

H katakpnuvion otnv AekaGvn amoppong eivat cuvnBwg n mAéov dueca Slabéoiun
TMOPAUETPOC, N oOmolo HPETPATAL O HETEWPOAOYIKOUG otabuouc. To Intnua mou Oa
avantuxBel oe enopevn mapaypado, €lval n XPOVIKH UCTEPNON HETAEU EVOC YEYOVOTOG
Bpoxomtwong Kat tng eLdAaviong tTng eMiMTworng Tou ota untdyesta vdata. e kKABe mepintwon
w¢ TapdpeTpol el06dou Ba eival TIHEG KaTtakpAuviong amd OAoug Tou Slabécipoug
otaBuolg otnv meploxr HeEAETNG. To oTolxelo TMOU TPEMEL va SLEUKPLVLOTEL €lval oL TLUEC
TOLAG ] TIOLWV NUEPWV TIPETEL VAL eLoaBoUv.

H e€dtpon kat n Stamvon pmopsi va ival onpavtikd TuApota tou udatikol eoluyiou
Kal ennpealovral ano MOAAEG XPOVIKA UETABAAOUEVEG TAPAUETPOUG OTIWG N Lypacia Tou
ebadoug, n Beppokpacia, N TOXUTNTO TOU AVEUOU, N OXETIKN UYpOCia TOU agépa Kal n nALakn
aktwoBoAio. Auotuxwg og TIOAAEG TIEPIMTWOELG €V UTTAPXOUV OTOLXELA YLa OAEG QUTEC TIC
TOPAUETPOUC. lowg n To ouxva dlabéoun elval n Beppokpacio, evw n TLO omMAvVLA
SlaBéowun eival n vypaocio tou edddouc. H kaBe éANeudn o otolxela ta omola oxetifovral
LE Topayovteg tou udatikol tooluyiou slodyel £vo opdApa oto HoviéAo to omoio Sev
puropel va SlopBwbel. Itnv mepimtwon OHWG TOU 1N €eMiSpPAcn TOU GCUYKEKPLUEVOU
napdyovta Sev ival Slaitepa onuavtikn, to odaApa puropsi va elvol emiong apKetd HKpo
Kal va pnv kablotd aduvatn tnv edappoyn tg pebodou. Ie kaBe mepintwon sival otnv
gubuvn tou xpnotn va smPeBatwvel Tnv afia tng Babuovounong kot To UEyebog tou
odAALOTOG TIPLY TIPOTELVEL TO HOVTEAO yLa Xprion Katd tn Sidpketa AfPng anodacewv.
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O puBuog avtAnong f eumAouTtiopol eival pla MAPAUETPOC TIOU UMOPEL va PeTpnOel
Aaueoa o KABe mnyadL AvtAnong 1 EUMAOUTIONOU HECA OTNV TIEPLOXN UEAETNG. 2 TOANEC
TLEPUTTWOELG OUWG UTIAPXOUV Kal pn adelodotnuéveg amoAnPelg vepou amno tov udpodopia,
oL omoieg elval adlvatov va kataypadouv Kol va cuvuroloylotoUv. Emiong SuokoAo
UTOPEL va KATOoTEL TO £pyo TNG CUAAOYNC OTOLXELWV Ao Ta VOULUA TINYASLO OXETIKA UE TNV
nUePnoLa AvtAnon, Kabwg o TMOAAEG TEPUTTWOELS SeV UTIAPXEL KataypadEag TnG Mapoxng
o€ kaBe mnyadl MNa tnv enitevén tng BéAtiotng Babupovopnong, €WBKA pAAlota Otav TO
MPOBANUa ival yla mpooopoiwaon oTadung os mNyadla mopatrnpnong mov Pplokovial evtog
NG OKTvag emppong mnyadlwv AvtAnong, n eloaywyr w¢ TMOPAUETPWY E£L0OS0U TwV
TIOPOXWV AVTANONG ELVOL EK TWV WV OUK AVEU yla TNV €Mitevén evog aflOMIOTOU HOVTEAOU
TIOU va TtepLlypadel To GUOIKO cUOTNUA.

H aAAayn otnv amoBbrikeuon Tou udpodopEa AMOTUTTWVETAL OTNV PETOBOAN TNG 0TABUNG
Tou LUSpodoOpou opilovta, OMWC aUTH HETPATAL WG PeTaBoAr udpaulikol Uouc os €va
ninyadtL mapatnpnong (dnAadn n dtadopd tng mapatnpnUeEVNG oTABUNG LLOG CUYKEKPLUEVNG
NUEPAG O€ £va ONUELO PEloV TNV TTAPOTNPENUEVN OTABLN TNV TtponyoU eV nUEPa OTO (6lo
onuelo). Mo to AOyo autov TpoTeiveTal N XpHon tng HeTaBoAng uSpauAlkol UPoUCg WG
TAPAUETPOU €£660U TOU VEUPWVLKOU SLKTUOU. Y& apKeTEG TTaAoLOTepeG epyoaoieg (Arndt et
al., 2005 Coppola et al., 2005b" Daliakopoulos et al., 2005° Feng et al., 2008" Krishna et al.,
2008' Lallahem et al., 2005° Nayak et al., 2006) €xeL xpnoipomnolnBei to udpauAiko ULPoC wg
napApetpoc e€660u aAAd N emAoyr) auth Unmopel va Swoel UTtoSe£oTepa amoTeAEoATAL.

H xprjon tou udpauAikol UYPoUG TNE TPONYOUHEVNC NUEPAS WG TTAPOUETPOU ELOOSOU Kall
Tou udpaulikol UPouc wg mapapetpou £€0660u eyeipel kamola epwtrpata. Ol SU0 AUTEG
napdpetpol £xouv UPNAG PaBUd CUCKETIONG (O CUVTEAEOTHG CUCXETIONG OE TIEPUTTWOELG
Eemepva 1o 0,998) KAl TO YyEyovOG QUTO MUMOPel va SWOeEL OTO VEUPWVLKO OiKTuO Mla
avermBuunTn mpokataAnyn Kat vo odnynoeL oTnv UTIOTIUNGN TNG ONUAGCLOG TwV UTIOAOIMWY
TIOPOUETPWY £L0060U. AVOAUTIKOTEPA, OTAV XPNOLUOTIOLEITAL WC TOPAUETPOG L0060V TO
USPAUALKS UPOC TNG TPONYOUEVNG NUEPAG KAL WG TIOPAPETPOC €060V TO USPAUALKS Uog
oe €éva onuelo mapatnpnong, €MELS) O OUVIEAEOTNG OUCXETIONG Twv SU0 QUTWV
TAPAUETPWY elval e€alpeTikd uYPNAGG TO VeEUPWVIKO SikTuo Ba £0TIAOEL TTEPLOGOTEPO OTNV
OUYKEKPLUEVN TIAPAUETPO ELOOSOU. TUVETIWGE TOL CUVATTTIKA BAPN TNG MOPOAUETPOU QUTHG Ba
auénBouv Sucavdaloya He Ta UTIOAOLTA, Kol UTtapxel TBavotnta to SIKTUO va ayvoroeL N
va pnv kotadEpel va poadlopiost pe akpiPeta tnv enidpoon Twv unmoAoinmwyv PeTaBAnTwy
€L0060U OoTNV MOPAUETPO ££060U. QUOLKA OTNV LOAVLKN TIEPUMTWON TIOU UTAPXOUV TIOAAG
SlaBéopa Sebopéva o eloayopevo apalpa anod tnv emdoyn tou udpauAikol LPOUC wWC
mapapetpou e€660u Ba gival apKeTA PIKPO Kol TLBavOV apeAnTéD, OUWE OTLG TEPLOCOTEPEG
TMEPUTTWOELS edappoywy e TpayHaTikd Sedopéva medlou avapévetal vo TMAEOVEKTEL n
erhoyn Tng LetaBoing udpavAikou Loug.

H 8lattepotnta autAg tng emAoyng eivol OTL OUCLOOTIKA TIEPLITAEKEL TO UTO €miAuon
MPOBANUA adoU Kopla amod TIC TAPAUETPOUC £l0OSoU Oev €xel €fAlpPETIKA HeyAlo
OUVTEAEOTI) CUOXETLONG UE TNV MOPAUETPO €€080U, OmoTe TO SIKTUO TPEMEL va avalnTrosL
Kot va meplypael T BabuTtepeg oXECELG TTOU UTTAPXOUV HETAEY TwV petafAntwy. E€attiag
autoU tou aufnuévou Pabuol SuckoAiag, n TN TOU KAVOVLKOTIOLNUEVOU OGAALATOC
avapévetal va auvénBesi, svw mapoAnAa Aoyw NG KoAUTEPNG TIPOCEYYLONG TOU
OVTIKELUEVIKOU TipoBAAUATOC avapévetol vo UeEwwBel n  amokAion Tng TIMAC TOu
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TPOoOUOLWHEVOU USpauAlkol UPoug (to omoio mpokUmtel amd TV MPOcBeon 1TNG
TIPOCOUOLWHEVNG UETABOANG TNG OTABUNG OTNV TPAYUATIKA T udpauAikol UYPouUg NG
TPONYOUUEVNG NUEpOG) amd To mapatnpnuévo. MNa tnv emPePfaiwon twv mapanavw
LOXUPLOMWY SOKIUAOTNKE TIAVIWG KoL N XPAon tou uSpauAlkoU UYPoug w¢ TAPOUETPOU
€€060u, KaBWC amotelel YEXPL OAMEPA KOV TIPAKTIK O TMPOPBAAUOTA TPOCOUOoiwaoNng
otadung umoyeiwv vddatwv pe TNA.

Me Bdon TNV mapamavw avalucn, ol TTOPAETPOL TTIoU TIpoTEiveTal va e€etdlovtal wg
TUOAVEC MAPAUETPOL L0050V cUUPWVA e TV tapoloa peBodoloyla eivat:

H mapoxn mou elopget emipavelakd amd AAAEG AEKAVEG OMOPPONG
H mapoyxn mou ekpéel emidpavelakd anod tn Aekavn
3. H éladopd udpauiikol UPoug LETALL eVOG ONUELOU OTNYV AVAVTN AEKAVN QMOPPONG
KoL EVOG oTNV HEAETWEVN (A To udpauALko Uog Tou udpodopéa)
4. H Stadopd udpaulikol UPoug petafl evog onUElOU TNG MEAETWHEVNG AEKAVNG Kal
€VOC TNG KOTAvVTn (oe Teplmtwon mou ekpéel mpog tn BdAaocoa, To USPAUAKO UYog
og €va onpeio Tou udpodopéa)
H KaTakpruvion otnv AeKAavn amopporg
H Beppokpacia
H uypaaoia tou edadoug
H toyutnta tou avéuou

© 0 N O v

. Hoxetikn vypaoia tou agpa
10. H nAwakn aktwvoBoAia
11. O puBuOCg AvtAnong f EUMAOUTIOHOU

Ye mepimtwon mou eival yvwoth Kat SikatoAoynpévn n amoucia evog mapayovia tou
vdatikou Looluyiou umopel €€ apxng va mapaieldpBouv amo 1o cUvoho dedopévwy L0050V
Ol avTiOTOLKEC XPOVIKA HETAPAMOUEVEG TAPAUETPOL. Z€ TEPIMTWON TIOU UTAPXOUV
evboloopol, mpotelvetal n XpAon Twv TEPLOCOTEPWV TAPAUETPWY, KABWG £XeL TN
SuVaTOTNTA TO VEUPWVIKO OIKTUO va OTOBOUIOEL TI( ONMUAVIIKEG TIAPAUETPOUC KOL Va
Qyvonoel ekelveg ou dev €xouv enibpaon OTLC MAPAUETPOUG €060V, EvaAAaKTIKA pmopel
va aflomotnBei pa pébBodog BeAtiotomnoinong mou va mpocBEtel 1 va adalpel mMapaUETPOUG
€L0060U amo to SIKTUO e OKOTO TNV eAayLoTonoinon Tou ohAAUATOG.

Jtnv mepimtwon mou kamowa dedopéva Sev elval Slabéoua, evw elval yvwotd oOTL
EMNPEAIOUV TNV TIUA TWV MOPAPETPWY £€060UL, N edappoyn TNG LeBOSOU MPEMEL va yiveTaL
HE dLaitepn MPoooxn Kol Ta ANMOTEAECUOTA TNG TIPETEL VAL EMOVEAEYXOVTAL YLt TNV 0pBOTNTA
TouG. Elvol BEBalo OTL OTIC CUYKEKPLUEVECG TIEPLTTTWOELG ELOAYETAL £VOl OPAAUA OTO TEALKO
arotéAeopa to omoio sival aniBavo va pnopéost va e€aheldBei amd 1o veupwvikd Siktuo
pe tnv Swadkacia tng ekmaibeuong. To ONUOVILKO O TETOLEC TEPUITWOELS Elval va
aflohoynBel n onuaocia twv pn Stabéolpwv mapapétpwy Kot va emiPefaiwbdei otL to
od A0 TTOU ELOAYEL N amouciat AUTwy, ival OUEANTED 1 £0TW AVEKTO YLO T CUYKEKPLUEVN
ebappoyn.

Qc napapetpol €660V TpoTeiveTal avTioToL VA XpNOLUOToLoUVTaL Ol HETABOAEG TwV
udpauvAkwv vPwv oe TNYAdla Tapathpnong, XwpeIig vo amopPLUTTETAL Kal n Xprnon twv
USPAUALKWY UPWV WG TIOPAUETPWY €€660U. ITIC TEPLOCOTEPEG TIEPUTTWOELG AVOUEVETAL VO
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€XEL KaAUTepn ouumepldopd €va Siktuo pe TIC PeTAPOAEG Tou uSpauAikol UYPOUG WC
TapapETpouc e€680u.

Aoun Tov AlkTUVO0U

To TexvNTtoO VEUPWVIKO OIKTUO €lval €va Tumiko MARpwC Sloouvdedepévo Perceptron
ToAAWV emunedwv. Anoteleital amno to eninedo eloddou, To eninedo e£660uv kaL SUo kpudd
enineda. Npémnetl va onuelwbel OTL e TNV elcaywyr €vog Seltepou kpudou emumédou, Ta
TOTILKAL XOPOKTNPLOTIKA TNG CUVAPTNONG TIPOCAPHOYHNG EEAyoVTaL OTO MPWTO KPudo eminedo
KOL TO YEVIKA XOPOKTNPLOTIKA £€dyovtol oto Seutepo kpudod eminedo (Chester, 1990
Funahashi, 1989' Haykin, 1999). H mpoobnkn emutAéov Twv U0 Kpudwv emumeédwv Ba
avéave Tov umoAoyLoTikd dopTo evw Sev £xel amodelyBel oto mapeABov otL Ba npooédeps
KaAUtepa amoteAéopata. H ouvaptnon evepyomoinong ival n eUPEWS XPNOLLOTIOLOUUEVN
AOYLOTIKA} ouvaptnon, &vw Ta ouvamtkd PBdapn mpoodilopilovtal amo t Sladkaocia
ekmaibevong péow SLadoxLKWV TMPOCUPHOYWY TwV Bapwv. O aplBuog Twv KOUPwV o€ KAOe
Kpudo eminedo apyLka opiotnke og 30° OUWC O TEALKOG apLOPOG Twv KOUPwWV o KABe Kpudho
eninedo nrav amotéAecpa pag dtadikaociag BeAtiotonoinong mou €kave xprnon evog AE
oAyopiBou Omwg meplypadeTal o€ EMOUEVN TTAPAYpOdO.

Me yvwotn mAéov T Sopr] Tou veupwvikol Olktuou, €ekwva n ekmaibeuvon pe tTa
SlaBéopa Sedopéva. Eival ouvABng MPOKTIKA Vol PNV €KMALOEVETAL TO VEUPWVIKO HE
oAOKAnpo To MANBoG Twv Slabecipwy dedopévwy, aAAd va TAPAKPATEITOL €va TUAA YL
éleyxo. Ta SlaBéopuo Sedopéva apylkd SlalpédBnkav o TUAUA eKmAiSeuong Kol TUAUA
eAéyxou. To apxlkd 80% Twv OlaBouwv OeSOUEVWVY XPNOLUOTIOINONKE WG TUAUA
BaBuovounong kot to umdhouto 20% xpnolpomounke yla Tov €Aeyxo Tou SIKTUOU.
ErutAov o TURpa BaBpovopunong SLalp£Bnke ECWTEPLKA ATIO TO TEXVNTO VEUPWVLKO SikTUO
TMEPALTEPW 0 OUO [N OUVEKTIKA UTIOOUVOAX: TO UTOOUVOAO ekmaideuong (70% twv
Sebopévwv Babuovounong) mou xpnolpomolnbnke otnv ekmaibsuon tou SIKTUOU Kal TO
untooUvolo aflohdynong (30% twv Sedouévwy Babuovounong) mou xpnoluomnoldnke yla
Vv afloAoynon tng ekmaibevong tou TNA. To povtého umoloyilel to odpdApa ekmaidsuong
Kol a€LOAOYNONG LETAEL TWV TLHWV TIOU £X0UV TtapatnenBel KAl AUTWY TIOU TIPOKUTITOUY omd
NV nMpocopoiwon, cUpdwva pe Tov TUMOo:

No
E = Z EP = Z%Z(dﬁ—yé’)z (3.2)

P p o7
omnov,
E: 10 0dpdApa tng pubuLong
p: To MANB0G TwV SLaBECLLWY XpOVIKWY onpeiwv Sedopévwv
EP: 10 odpAaApa puBuLoNnG Tou Xpovikou cnueiou p
N,: 0 aplBuog twv petapAntwy e§66ou
d?: n mapatnpnuévn Tn
yf: N T(POCOUOLWUEVN TLUA

To odpdhpa eskmaideuong kot 1o odpdalpa afloAoynong eival ol Seikte¢ mou
XPNOLLOTIOLOUVTAL YLO VO TIPOCSLOPLOTEL €AV N eKTALEUON ATOV LKOWOTIOLNTIKNA KOl KATA
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OO0 TO EKMOLOEUUEVO VEUPWVIKO OIKTUO EXEL LKAVOTNTO YEVIKEUONG. ZUYKEKPLUEVO, TO
odaApa eknaidevong Seiyvel mOCO KAAAQ UMOPEL TO VEUPWVLKO VA TIPOGOUOLWOEL TLG TLUEG LIE
TG omoieg ekmaldevetal, evw To oddApa afloAdynong Seixvel moéco KoAd pmopesl va
TIPOCOUOLWOEL TIAPATNPNMEVEG TIUEG, VIO TIG oToieg dev £xel ekmatdeutel. Kata tn Stdpkela
¢ Swadikaociog PeAtiotonoinong ival onuavtikd va ylvetal mpoondBela TautoXpovng
pelwong kal Twv Vo autwv opoApdTwy, Kabw dladopeTikA To VEUPWVLKO Siktuo &g Ba
€XEL olyoupa TNV LKOVOTNTA VO TIPOGOUOLWVEL 000 TO SUVATOV KAAUTEPQ TNV ATOKPLON TOU
duaoLkoL cUCTHUOTOC.

Ma va eival cuykpLoLUEG oL TIHEG Tou OAALNTOG, Ylo OAd TA VEUPWVIKA Siktua Tou
xpnotgornoénkav, to opAALATA UTTOAOYLOTNKAV VLA TIG KOVOVIKOTIOLNUEVEG (amd undév
£WC £Va) TIUEC TWV EMBUUNTWYV KaL TTPOCOUOLWHEVWY TIOPAUETPWY €E060U.

AAyopiOpot ExTtaidevong

Ma to TMAMA TNG eKmaibeuong ToU VEUPWVIKOU OIKTUOU HmopoUlV vo. €POpUOCTOUV
Sladopetikég péBodol, avaloya e TIC AVAYKEG TOU TIPOBANUATOG. To VEUPWVLKO SIKTUO Tou
XPNOLUOTIOLE(TOL 0 auTr TNV gpyacia eivat €va Multi Layer Perceptron (MLP) mou
xpnotporolel tn HéBodo ekpabnong back-propagation. H péBodog autn sival n mA£ov
EUPEWG XPNOLUOTIOLOUHEVN KOL TIAPEXEL LKOWVOTIOLNTIKA OTOTEAECUOTO OE OXETIKA OUVTOUO
XPOVIKO Olaotnua, oAAG umdpxel n mbovotnta va eyKAwPLoTel oe TOTIKO PBEATLOTO.
EVaAAOKTIKA prtopoUv va xpnotpornoinBolv pébodol, omwe o aAyoplBpog ouluyolg kAiong
(Conjugate Gradient). OL aAyoplBuol autol £xouv Ttaxeia oclykAlon oAAd oUTe autol
e€aodalilouv TNV elpeon evog oAlkoU BEAtiotou. AvtiBeta aAyoplBuol Baolopévol otn
puEBobdo tuyaiou meputdtou (Random Walk) eival mo amotedecpatikol otnv e€epelivnon tng
edIKTNC TtepLloXNg AUoewv aAAd amottoUV HeyAAO UTIOAOYLOTIKO KOOTOC.

O aAyoplBuog back propagation mou xpnowdomowibnke otnv mapovoa epyacia eixe
avarntuxBei oe yA\wooa mpoypoppatiopol Visual Basic 6 kot xpnotpomnotnBei oto mapeABov
oe epyaoiec 1600 yla mpoPAnuata oxedlacpol agpoduvapikwy oxnuatwyv (Nikolos, 2004)
000 Kal yla eptfarloviikn Staxeipion unoyeiwv vddtwyv (Nikolos et al., 2008). OL HKpEC
LLETATPOTEG OTOV KWOLKA eMETPeav UEYOAUTEPO OPLOUO Kal EUPOC TAPOUETPWY ELCOSOU
KOL N HETEMEITA UETAYAWTTION TOU O yAwooad Tmpoypaupatiopoy Visual Basic 2008,
BeAtiwoe Tov amnaltoUeVo Xpovo ekmaidsuonc.

O oAyoplBuoc ekmaibeuong avaotpodpnc-6iaddoong epappootnke pe SLadoXLKO TPOTO,
OToU N evnuépwon Twv Bopwv yivetal petd amnod tnv tpododotnon tou SiktUou pe KAbe
napddelypa eknaideuong. H mapdpetpog tou pubuol ekuddnong opiotnke oto 0,01 kal n
TAPAUETPOC KEKTNUEVNG TOXUTNTOC (Mmomentum) oto 0,9 kad’ 6Ao to gUpog TG TTaPoUCag
epyaoioag.

O peyaAUTtepOG aplOUOC TIOPAUETPWY ELCOSOU TIOU OMOALTEITO O OXEON LLE TNV APXLKA
npoPAedn tou KWKo, odelleTtal oTtov UEYGAO apOUO TOPAUETPWY TIOU UTTOPOUV Vo
emheyolVv w¢ mapdpetpol £1066ou tou veupwvikol. H aldénon tou elpoug KOTA TN
Sladikaoia apyLlkomoinong Twv THwWV eixe w¢ okomo tn BeATiwon TNG LKAVOTNTAG ETEKTOONG
TWV TIPOPALEPEWY TOU VEUPWVLKOU SIKTUOU O€ TIEPLOXEG SESOUEVWY, YLa TIG OTIOLEG eV €XEL
eknaldevtel. H ouvnBng ToKTKr KATd TN SLAPKELA apXLKOTIOlNoNG MEPLOPLlEL TIG TIUEC TWV
TLOPOUETPWY ELOOSOU Kal £€060U HETAED TWV HEYLOTWY KAl EAAXLOTWVY TILWV TOU SLaBEaiou
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ouvoAou Sebopévwy ekmaibevong. H duvatotnta unépBaong Twv oplwv autwv Bewpeitat
amapaitntn yla tn Snuloupyia evog aflomiotou LOVIEAOU LE LoXUPN LKAVOTNTA YEVIKEUONC.

Mta evaAlaktiki pEBodog mou uAomolnBnke oe yAwooa Tpoypoppaticpou Visual Basic
2008, ypnotpomolel tn uéBodo ouluyoug khiong. H péBodog autn €xel tnv WBLOTNTA TNG
taxuTatng oUYkKALoNnG aAAa dev e€aadalilel, Omwe dGMwote oUTe Kal n back propagation, otL
N T otnv omoia cuykAivel gival oAko BEAtoto. O aAyoplBuog mou aflomoleital otn
OUYKEKPLUEVN €PAPUOYT, ETTUYXAVEL TOXUTATN CUYKALON XWwpLlg TNV amaitnon umoAoyLopou
Tou Tivaka Hessian tnv omola £xouv dAAot mponyuévol adyoplBuol kal n omola €xel uPnAd
UTLOAOYLOTIKO KOOTOG. O aAyoplBuog sival TaxUTaTtog Kol cUyKAlvelL cuvRBWC UETA Ao oAU
MLKPO 0plBud PBnudtwy. EKTOC Opwe amd to MAEOVEKTHMOTA Tou Mropel va amodelxOet
e€alpeTikd evaloBnTog TNV emAoyn Tou apXLkoU onueiou Kal elval apKeTA Lo TOAUTIAOKOC
Kota TN paon Tng avamtuéng tou Kwdika. Ymapyxouv eniong dladopetikég pébodol yia tov
UTIOAOYLOUO TWV TIAPOUETPWY TOU aAyopiBuou, ol omoieg emnpedlouv to puBUO cUYKALONG
KOl KOTA TIEPLUTTWOELG TNV erutuxia tng Stadikaciag. Mapd to yeyovog OtL 0 alyoplOpog
propet va eykAwpBLotel og Tomika eAdxLoTa, N ToXUTNTA CUYKALOAC Tou ival o AGyog yLa Tov
ormoio £xetL Ppel TOANEC edAPOYEG.

H edappoyn g cuykekpluévng peBodou ekmaiSeuong MPOTEIVETAL VIO TIEPUTTWOELG KOTA
TIC OTIOLEG amaLTEITAL HEYANO XPOVIKO SLACTNUA VLA TNV EKTIAISEVUCN TOU VEUPWVLKOU, aAAQ
OXL yla TIEPUTTWOEL TIOU UTIAPXOUV TIOAAQ TOTILKA PEATIOTO KOL TO OTOTEAECHA TNG
ekmaldevong eival oAU evaioBnto os oxéon e TIC TUXALeC apXKEG TLUEC TWV Bapwy Tou
VEUPWVLKOU SLKTUOU.

Ma va aflohoynBei n onuacia mou Ba elxe n wavotnta the HeBOdou ekmaidevong va
e€epeuva KaAUTEPA TO XWPO Kol va pnv eykAwpBiletal og tomikd BEATIoTA avartuxdnke évog
aAyoplBuocg, o omolog otnpixtnke otnv W€a mou avalvetal o€ pia dnuocievuon Twv Tan kat
Gu (Tan & Gu, 2004). O aAyoplBuog autdg otnpiletal otn péBodo tuyaiou meplndtou
(random walk), tnv omoia tpomonolel wote va pmopet va aflomolnosl Tnv Wiaitepa KaAn
LKavoTNTa ££EPEVVNONG TOU XWPOU TwV £PLKTWV AVCEWV Kol TIAPAAANAa va TG MPoodwaoel
TNV IKAVOTNTA EKPETAAAEUONG [Lag N6 umoAoyloBeicag AUong.

H péBodog autr EeKvasL amo TUXALEG TIHEG TWV BOPWV TOU VEUPWVLKOU Kol HUETABAMAEL
éva Bapog oe kaBe emavaAnPn pe TeEAKO okomo Tn BeATiwon Tou ohAApATOC. ApXIKA
npoomnaBel va ekpetaleutel TNV untdpyouca AUon Kol €EETATEL TN YELTOVLA TNG YLAL TLUEG
mou Boa PBeAtiwvav to odpdlpa. Ie mepintwon amotuxlog e€etdlel Tuxaia OTO XWPO ylo
TIEMEPOAOUEVO APLOUO SOKLUWY KOl TEAKA, av Sev KatadEPEL va TIETUXEL KOAUTEPN TN TNG
ouvapTNONG oPAAUATOC, ETLOTPEDEL YLla pLa TeEALKN TipooTtdBela va pubuioel £0tw Kat KAt
g\dyloto tnv tn, e€etalovrag av n mpocbeon N adaipeon pog moAL UkpNG TG Ba
UIopoUoE va BEATIWOEL £0TW KOL KATA ULKPO Babuo to odaAua.

‘Eva Slaypappo pong TG CUYKEKPLUEVNG UEBOSOU, OMWG AUTH TPOMOTMOLNONKE yla va
HELWOEL KATA To SuVATOV O XPOVOG IOV AMALTELTAL Yo TNV eKmaideuon Tou SiktUou xwpig va
TEPLOPLOTEL N kavoTnTa €€epeuvnong, epdaviletat otnv Ewova 17.

H tpomomnoinon mou avamtuxdnke Eskvad amod Tuxala cuVaTTTKA BApn Kal TPOTOTMOLEL éva
Bapog oe kABe emavaAnn OmMwe Kal otnv opxlkn mpotacn. H Swadikacio pmopel va
BewpnOel otL anoteAeital anod tpia Bruata.
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< Tuyaia Enthoyn Apxikou AlavOopaTog ZUVamTIKwy Bapwy >

|

Enthoyr Mpwrou/Endpevou Tuvartikol Bapoug yia Bektiatonoinan «

TEAOX NAL

Ikavomoteital To Kpttriplo Tepuatiopou;

OXI

AUEnon Kard Evav AplBuo a NAI

BeAtiwon Tiung AvTikelevikig Zuvaptnong;
OXI

Meiwon Katd Evav ApiBuo a

BeAtiwon Tiung AvTikelevikig Zuvaptnong;
OxXl

MetaBoAr o Tuxaia Znpeia yia Nemepaopévo ApLBUO AoKiuwy

BeAtiwon Tuung AVTiKeLevikig uvaptnong;
OXI
Teheutala Tuxaia Aokiun;

oXI NAI NAI

OXI

Ab¢non Kata a/10

v
BeAtiwaon Tuung AVIIKELEVIKAC ZuVapTnang;
OXI

Meiwon Kartd a/10

BeAtiwaon Tuung AVIIKELEVIKAC ZuVapTnang;

(04
v

Abgnon Kord a/100

BeAtiwon Tuung AVTIKeLUevIKIG ZuvapTnong;

OXI

v

Meiwon Kara a/100

B/\

eAtiwon Tung AVTIKELPEVIKNAS ZuvapTnong;

Ewkova 17. Aidypappa Pong Tpononotnpévou Tuxaiou Meputdtou onwg uAomourOnke.
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Apxkad yivetal pla mpoomdBela BeAtiwong tTNG TLWAC TNG OQVTIKELUEVIKNG OUVAPTNONG
HEoO amo TNV auénon g TS Tou Bapoug Katd pia T mepimou katd éva §€kato Tou
€UPOUC TIHWV TNG. Av amotUxel e€etdletal N peiwon katd tnv dla TR wg mbavog Tpomog
BeAtiwong TNG TG TNG QVTLKELUEVIKIG CUVAPTNONG.

EGv armotuXEL TO Mapamavw PR TOTE 0 aAyopLlBpog Sivel Tuxaieg TILEG oTo BApPog Kot
e€etdlel v KaAmolo amd AUTEG PBEATLWVEL TNV QVTLIKELMEVIKN) ouvaptnon. O aplBuodg twv
TUXaiwv SoKLpwV ival pia emumAéov mMapAUeTpog mou kaBbopiletal amod To xprnotn, Kot wosl
Tov aAyoplBuo oe kahUtepn e€epelvnon (avénon tuxaiwv SokWwy) R e emTdyuvon TG
Sladikaoiag (Leiwon Tuxaiwv SoKHwy).

To teAeutaio BApa mou efetaletal €dv ol tuxaieg doklpég Sev eival emituyeig, ival
TIOPOUOLO LE TO TPWTO, OUWE N TN TIOU XPNOLUOTOLELTAL yia TNV aufopeiwon Tou kabe
OUVOTTTLKOU BApoug lval To €va §€KATO TNG TUAG TOU apxlkou BUOTOG KAl o Tepimtwon
amotuxiag, To €va €KATOOTO TNG TWNG TOU apXlkoU BApatog. Av OAEG Ol MOPATIAVW
npoomnabeleg amotuxouv, o alyoplBuog mapaldeinel to BAapog, Bewpwvtag OTL N TLUNA TIoU
€xel gival n BEATLoTN Suvartr) KoL TTPOXWPAEL OTO ETIOUEVO.

Me TNV TPOTOTOINGCN QUTA EMITUYXAVETAL OPXIKA HULa EKUETAAAELON TNG UTIAPXOUOCOC
AOong pe peydho pubuo BeAtiotonoinong, Stadopetikd s€etdletal edv n e€epelivnon oe
OAOKANPO TOV €PIKTO XWwpo AVoswv Ba pmopovoe va Swoel KaAUTepn AUON Kol TEALKA
KOTOANYEL O €KUETANAEUON TNC UTIAPXOUCAC AUONG UE HLKPOTEPO Kol €EQLPETIKA UIKPO
puBuo BeltioTomoinong.

Napd tnv e€€taon evaAakTIKwV PEBOSwv ekmaibsuong, o Pacikdg alydoplBuog mou
XPNOLUOTIOLE(TAL 08 OAO TO EUPOC TNG Epyaciag, eival o ahyoplBuog back propagation kupiwg
AOyw Twv euplToTwyV £dappoywyv TIOU £XEL O TEXVNTA VEUPWVIKA Siktua Tou
XPNOLLOTIOLOUVTAL Yl TNV TPOCOUOiwon USPOoAoYIKwY TapapéTpwy. H xprion Tou wg
aAyopiBuou avadopag ywa kabe Siadopetiky pEBodo tov KABLOTA amapaitnTo yla va
TAPOAUEIVOUV TA AMOTEAECATA CUYKPLOLUA E EKELVA TWV TPONYOUUEVWY EHAPUOYWV.

3.2 Apxeia Eto080v kat Apxeia EE680ov

MeTa amno tov mpocSLopLoUo TWV EMBUUNTWY TOPOUETPWY ELOOSOU TO VEUPWVLIKO SikTuo
QTALTEL TNV 0pYyAVWON TwV TIANPOPOPLWY HE CUYKEKPLUEVN Hopdr ot apxela eloddou, ta
omoia kaAel katd tn OSladlkacio ektédeong Kol amd Ta omola €loayel TG SLABECLUEG
mAnpodopiec. Avaloya pe tn Aettoupyia otnv omoia BpiloKeTol TO TEXVNTO VEUPWVLKO
Oiktuo, ekmaideuong n extipnong, amattovvral SladopetikéG TAnpodopieg, oL omoieg
opyavwvovtal os apyeia e.006ou pe mpokaBoplopéva ovopata Kal Sopr), oUTWE WOTE va
£l00X00UV LE QUTOUOTO TPOTIO OTO VEUPWVIKO SikTtuo Kot vo avoteBolv oTig KatdAAnAeg
METABANTEC.

To teEXVNTO VEUPWVIKO SIKTUO TIOU XpnolpomoliOnke otnv mapoloa gpyaocia, KOTA T
Aewtoupyia ekmaidevong StaPfalel mAnpodopiec amd tpila apyxeia elo6dou ta «initialize.txt»,
«neural_init.txt» kalL «neural_data.txt». Ta tpla autd apyxela ew0odou pmopolv va
dnuioupynBoulv amod tov xprotn yia kabes ebpappoyn/ektédeon tng ekmaidevong f pnopolv
va SnuloupyolvTal aUTOHATH OO £va AOYLOUIKO, Of TEPUITWOELC OMOU  OUMALTELTOL
dnuoupyla MoAAWV eAadpws TPOTOTOLNUEVWY apxelwv (TLY. KOTA TNV €KTEAECN €VOG
Stadoplkol e€ehiktikol alyopiBuou). Ta amoteAéopota tng Stadlkaoiog skmaibsuong
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amoteAolvtal anmod Tpia apyeio ta omoia mMeplEYouv MANPOGOPIEC: a) yla TIG PEYLOTEC Kal
€AAXLOTEC TLUEG TIOU UTtopoUV va AdBouv oL tapdpeTpol €660uU, oL omoleg KataywpouvTal
oto apxeio «out_minmax.txt», B) TIC PEATIOTEG TIMEG TWV CUVANTIKWY Papwv, TOU
amoBbnkevovtal oto opxelo «neural_weights.txt» kaL y) T TWEG Twv odaApdTWY
ekmaldevong kat afLoAdynong, mou eyypadovtal oto apyxelo «neuralerror.txt».

Ao autd ta apyeio To «out_minmax.txt» kat to «neural_weights.txt» anattovvtal wg
apxela elod6dou oto veupwvLKO Siktuo Katd tn Stadikacio tng ektipnong. Emiong anatteital
To apyelo «neural_init.txt» mou mepléxel mMAnpodopieg yla tn Sopr] Tou Veupwvikou SikTuou,
KaBw¢ Kot to apyeio «chromosome.txt» TOU TEPLEXEL TIC TTAPAPETPOUC €L0OSOU yla OAa Ta
UTO ekTipnon onueia. Ta amoteAéopata tnG Stadikaociag ektipnong elval oL TIHEG TwV
TLOPOUETPWY £E060U TOU VEUPWVLKOU SIKTUOU Yl TIC SeSOUEVEG TIHEG dedopEVwyY laOSou.

Apyxeio «neural_init.txt»

To apxeio autd eival to mMpwto apyxeio mou StaBalel o kwSKag, SLOTL MEPLEXEL TNV
mAnpodopia yla o €dv 0 KwSIKAG TPEMEL va eKTeEAEOTeL o Asttoupyla ekmaibevong n
ektipnong, mAnpodopieg yla Tt Sour Tou VEUPWVIKOU Siktuou, dnAadrn tov aplBud twv
KOUPwvV €L0060U Kal €€060u, Tov aplBud Twv Kpudwv EMMESWV Kal Toug KOUBouCg Tou
UTLApXoUV Ot KABe Kpudod emimedo, KABWG KAl TOoV APLOUO TWV YEVEWV Yla TIG OMOLEg
ekmatdevetal to Siktuo (edv auto Bpioketal os Asttoupyla ekmaibeuong). Eva mopadelypa
TUTILKOU apxeiou daivetal otnv Elkova 18.

' | neural_init.txt - ZnpEwspcTapo

Apyzio  Emelepyooic Mopgn  TMpoPohy  BonBew
<--1 yLe ekmeidevon, dLapopeTLKE EKTLpNOT _ _ _ _
<--0(pLOPOC EMLTEDWY CUPEpLAMpBaVOPEVIY TUV EMLTEOWY £L00D0U KoL €£odou (Ewg 5)
<--opLBpotl Kopgmu Yo TO MpwTo, GEUTEpPO KL TplTo kpudo emimedo

<--oipLBpoc kopPBuv emLMEDOU €LTFOOOL
<--opLBpoc kopPuv emiLmedbou eEodou
<--0oipLBPOC yevewv ekmoLdEVTNC

Ln6, Col41

Ewkova 18. Tumikr popodn apxeiov «neural_init.txt».

H mpwtn mAnpodopia mou SdtaBalel o kwdikag amd to apxelo ivat n Asttoupyla otnv
omoio TIPETEL VO EKTEAEOTEL TO VEUPWVIKO. EAv otnv mpwtn Oon Bploketal o aplOpog eva
(1) tote Ba Eekwnoel n Aettoupyia ekmaideuong, Sladopetikd Ba yivel ektipnon. Ztn
SelTeEPN YPOUUN €LOAYETAL O aAplOUOG TwV ETUMESWY TOU TEXVNTOU VEUPWVIKOU SIKTUOU.
Jtov aplBud autov meplopPavovtal ta emineda €l0o0dou Kal €660V TOU VEUPWVLKOU
SKtuou. EToL yla éva VEUPWVLKO Siktuo pe éva eminedo eloddou, dUo kpudd emineda kat
éva eninedo €€66ou, elodyetal o aplOpdc téooepa (4). O aplOUOC TwV eEMMESWY UTMopEel va
Kupaivetol and dvo dtav dev umdpyxouv kpudd emineda, £wg MEVIE OTAV UTIAPXOULV Tpia
Kpuda emnineda.

Jtnv tpitn ypopun spdavifovral ot apbuoi kopBwv ota tpla Kpudad emineda. H Soun
ToU KwOLKa eMIBANAEL TNV ELCAYWYH TPLWV APLOUWY OKOUA KOL OE TIEPIMTWON TTOU TO TEXVNTO
VEUPWVLIKO Siktuo €xel Alyotepa kpudd emineda. Otav ta kpudd enimeda eival Alyotepa
ard tpla 0 aplBuog Twv KOUPBWVY Twy emmAéov KpudwV emMESwy Se xpnolpomoleital péoa
otov Kwdika kat dev emnpedlel mouBeva tn Stadikooio aAAG Sev pumopet va rapaleidOet.
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TNV TETOPTN YPAUUN ELOAYETOL O APLOUOG TwV KOUPWY €L0OS0U, KOl OTNV EMOUEVN O
0pLOUOC TWV KOPPWV €660V, eV oTNV TEAeuTala VPO TOU apXeilou elodyeTol o aplBuog
TWV YEVEWV YLO TIG OTOLEC TIPOKELTOL VO EKMALOEUTEL TO TEXVNTO VEUPWVIKO Siktuo.
AvefdpTnTa AV TO VEUPWVIKO eKTEAE(TOL 08 AslTtoupyia ekmaidsuong i oxL n TR auty Sev
propel va mapaleldpBel. Otav Bpioketal oe Aettoupyla ekTUNONG OUWG N TN auth dev
€LOAYETOL O KavEva onpeio otn dtadikaoia kal dev emnpedlel KABOAOU TO AMOTEAECHATOL.

Apxelo «neural_data.txt»

To apyelo autd mepléxel OAa ta Stabéoa Sedopéva ekmaibeuong Tou VEUPWVLKOU
Swtuou. Eival Sopnuévo pe tunpata, kabéva amd to omolo avtlotolel o pia oslpd
O0ebopévwv ekmaibevong. To ouvoho Oebouévwyv ekmaideuong eival evkoAo va
dnuloupynBel eite xewpokivnta ylo pla povadikr ektéleon eite va Snuloupyeital pe
OUTOMATO TPOTIO ATIO £vVa AOYLOWLKO, TIOU VA UTTOPEL VO TPOTIOTIOLEL TO apXELO avAAoya UE TIG
SlapopeTIkEG emNOYEG. Eva mapASeLypo TUTLKOU apxeiou epdaviletal otnv Etkova 19.

| | neural_data.txt - MeqgsTolle

Apyeio  Emelepyooic Mopgn  Mpofohn  BonBaw

335 <--opLBYOC OuVOMNLKWV DELpWV DEDOPEVWV EKTOILOELONG
1 <——eufovTeg oplBpog gelpog debopevuv exmuibeuvang
<--TLHPN TPWTHS HETHBANTHS €Lo0bou

6
6.65466
5

1
0
0
0
0
4
0
0
0
3
0
5
0
0
0
0
0
0

13.94791
14.91653 <--TLPN TeheuTollog, PETOBANTAC €LTGBOU
<--BLoGWp LOPOg pETaghnTmu € Lgobou-e£0boL
6.18999999999996E-02 <—-TLMIN TPWTNG HETH hnT'% eEobou
7.95600000000007E-02 <--TLPN TEMEUTHLOGC pETaE nNTHAS €£obou
<--DLOWP LOPOC CELpuwv dedopevuv EKH&LEEUUH%
<—-oLEoVTOC oplLBuoc oeLpoc DedopEvVV EKTIXLDELONG K.O. K.

Ln 30, Col 81

Ewkova 19. Tumikr popodn apyxeiov «neural_data.txt».

H mpwtn T oto apxelo sival o cuVoALKOg aplBuog oslpwv dedopévwy ekmaibeuong
mou mepthapPBavel. Ta Sedopéva xwpllovtal og TUAMATA KoL KAOE TUNMO AVTIOTOLXEL OE Lt
oslpa Sedopévwy eloddou Kol e€660U. ZeKIvad pe Tov avéovto oplOpo TNG OELPAC KAl UETA
TEPAAUPBAVEL TIG TIHEG YL KABE TOPAUETPO €L0OSOU HLO SLOXWPLOTLKN YPAUUN, N omnola
MEVEL KEVI KOL TIG TIUEC TWV TOPOUETPWY £€060U. Metafl TwV TUNUATWY UTIAPXEL ULa
SLOWPLOTLKA VPO TIOU HEVEL KEVI) TIPLV TO ETTOUEVO TUAUO.

O aplBuog twv PetafAntwy eloddou Kat e€660u, TIG onoleg Stafalel To MPOypOAUUA OTtd
TO CUYKEKPLUEVO ap)Xelo, elval ekeiveg mou €xouv eloaxBel amod to apxelo «neural_init.txt».
Elvat amapaitnto o oplOpog twv THwv PeTaBAntwv £1006ou Kat €€6dou va eivat
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avtiotolyo¢ pe ekelvov Tou €xel swooxBel oto «neural_init.txt» Sladopetika Ba umapéel
TPOBANUA KATA TNV EL0AYWYH TWV TILWVY OTLC LETOPANTES eloOSoU Kal €660u.

Apxelo «initialize.txt»

JTO apyeio autd €l0AyoVTaL OL TLUEG TTOU XPNOLUOTIOLOUVTAL Ao TOV aAyoplOpo Katd th
Sladkaoia apywKomoinong Twy TIHWV Twv dedopévwy eloddou. H apylkomoinon yivetal pe
OKOTIO TNV KOVOVLKOTIOLNoN Twv TWWwv £l06dou oto dwdotnua [0, 1], to omoio eival
amapaitnto yw tn Aswtoupyia tou OSktlou, AOyw NG popdng TG ouvaptnong
gvepyomolnong, oAAQ Kal TNG avAYKNG TOL CUVOTTTLKA BApn va maipvouv TLUEG eEAPTWEVEC
ard TN BapuTNTO TWV TTAPAPETPWY KL OXL Ao TO HEYEBOC TWV TLWV Toug. Eva mapadetlypa
TUTILKOU apxeiou epdaviletal otnv Ewkdva 20.

| | initialize.tet -

Apyeio  Emelepyooioc Mopgr  Mpofoln  BonBawo

"pumptime" {——dvoga Dok Lpn

23 <--opLBpoC peTfhnTwV €LFobou
1,366 <--HEYLOTH KKL EMLOTH TLHPR TpuTne HeToBAnTHC €Lcobou
-2,40

0,100

0,150

0,100

0,24

0,24

0,24

0,24

0,24

0,24

0,24

0,24

<--PEYLOTH KoL €M LOTH TLUN TEAELTHLNC PETHPANTAC €LTObOU

Ll

Ln 26, Col 72

Ewkova 20. Turikr) popodn apyxeiov «initialize.txt».

H mpwtn ypapun tou apxelou pmopel va meptlapfdavel to Ovopa TNG SOKLUAC Kol
ayvoeital katd tn Sladkaocia sloaywyne Ssdouévwy. Xtn S6eltepn ypapun Bploketal o
apLOUOC TwV METAPANTWY €L0O0S0U TOU VEUPWVIKOU SikTtUou. O aplBuog auTtog MPEMEL va
elval o 16log pe tov aplBud Tou UTAPXEL WG APLOUOG HeTOBANTWY €L0060U OTo apXelo
«neural_init.txt». Ano tnv Tpitn ypopun Kot £EAC elodyovtal N eAAXLOTN KAl N LEYLOTN TLUA
yla kaBe petaPfAnti ewoddou, oL omoieg mpémel va Staxwpilovral and KOPPA 1 Kevo
dlaotnua.

OL TLUEC TToU TIPETEL va eloaxBolv oto apxelo autd, givat oAl eUKoAo va uTtoAoyLoTOUY
arnd to Slabéoiuo ouvolo SeSopévwy ekmaibeuong. Opwg pnopel va umdpéouv TIHEG oTa
Sebopéva eléyyou n os 6eSopéva Tou pmopel va mapatnpnBolv oto péEAAOV, oL omoieg va
pnv meptkAeiovtol HeTa€l TNG UEYLOTNG KAl TNG EAAXLOTNG TIUA TNG KAOE TapapéTpou oto
oUvolo Sedopévwy eL0060u. Ma to Adyo autdv mpotipdtal va didstal omou eivatl Suvatov
HLO. ekTipnon yla T PEYLOTN Kal €AAXLOTN TLUN TIou Umopel vol AABEL n KABe MapAUETPOC
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€10660u, avTi yla TIG (OLEC TIG EAAXLOTECG KAl MEYLOTEG TIUEG TIOU UTIAPYOUV LECA GTO GUVOAO
Sebopévwy eknaideuonc.

AKOUO OUWC KoL €AV eloayBouv TpEG Sedouévwy eloddou ol omoieg va Bplokovral eKTog
TWV 0pLwV TOU CUYKEKPLUEVOU apxeiou, Sev avapévetal va eloayBel onuavtikd opaipa oto
QmoTEAEOUATO TOU TexvNToU VeUpwviKoL OSiktuou. OL petaPAntég tou Siktbou eival
erBuUNTO va Pplokovral HeTafl TwV TIHWV UNSEV Kol £va aAAG TTOPAUEVOUV TIPAYHOTIKOL
aplBpot.

Apxelo «out_minmax.txt»

To apyeio auto sival apyeio e€66ou kata tn dtadikacia eknaideuong kat apxeio eladédou
katd tn Stadkacio tng ektipnong. Eival avtiotolo tou apyeiou «initialize.txt» yo Tig
TIAPAUETPOUC £€660U TOU VEUPWVLKOU SIKTUOU. Mot TNV eVPEC TWV UEYLOTWY KoL EAGXLOTWV
TLHLWV, TLG OTIOLEG UITOPOUV VA TIAPOUV OL TTapAUETPOL €660U, apXLKa eAEyXETaL TO SLaBEoLpo
oUvoho Sedopévwy ekmaideuong Kol amd ekeivo umoAoyilovtal n eAAXLOTN KoL N HEYLOTN
TN Yyl KABe mopApeTpo €€060U. ITN CUVEXELD, YL VA £XEL TO TEXVNTO VEUPWVLKO SikTuo
LKOVOTNTO YEVIKEUONG OKOMO Kol o Tieploxeg Sedopévwv €€66ou OTIC omoleg dev £€xel
ekmatdeutel, SleuplvovTal Ta OPLO TWV MEYIOTWY KOL EAGXLOTWY TLUWV TWV TTOPUUETPWY
g€obou.

JUYKEKPLUEVQ, TO KOTWTATO OPLO TIOU ELCAYETAL OTO apXELO KL XPNOLUOTOLEITOL KAl KOTA
™ Sladkaoia apylkomoinong, elval n eAdxlotn T oto cuvolo Sedopévwy eknaidevong,
arnd tnv omola éxeL adalpebel n Stadpopd HeTAlU TNG UEYLOTNG KAl TNG EAAXLOTNG TLUNG TNG
OUVKEKPLUEVNG TIOPAUETPOU OTO CUVOAO SeSOMEVWVY ekmaideuang. AvTioTol o TO AVWTOTO
OpLo €lval n PEyLoTN TN oto ocUVoAo dedopévwy ekmaibeuong otnv omola €xeL mPooTebel n
Sladopd PeTAV TNC UEYLOTNG KAL TNG EAAXLOTNG TLUAG TNG CUYKEKPLUEVNG TIOPAUETPOU OTO
oUvoAo dedopévwy eknaideuongc.

"™ out minmax.txt - InuewpaTano

Apyeio  Emelepyooioc Mopgd [MNpopforn  BorBawo

2 <--0p LBPOC TOpOUETpUWY €E0B0OU
-2.23637 2.14738B <--ehOLOTH KKL PEYLOTN TLHPN TPWTNG TPXHPETPOU €&000U

-1.42313 1.62658 =—-clo{LOTN KOL MEYLOTN TLHPN TEAEUTHLNG TOPOHMETPOU €£0d0OVL

Ln3, Col 82

Ewkova 21. Tumikr) popodn apxeiov «out_minmax.txt».

Onwg paivetal kat otnv Ewkova 21, og €va TUTILKO apXelo epdavileTal oTN TPWTN YPAUUN
0 aplBuog twv mapapetpwv ££66ovu, 0 omoiog mpEnel va cupudwvel pe tov aplBuod mou
avadpEpeTal oto apxeio «neural_init.txt». ITIC €MOUEVEG YPAUUEG Kataypddovral ol
€AAXLOTEC KOl OL UEYLOTEC TUUEC TTou prmopet va AaBel kdBe mapdpetpog e€660u Tou TexvnToU
VEUPWVLKOU SLKTUOU.

Jtnv nepimtwon Twv petafAntwv e€6dou, Se6oEVou TOU OTL N GUVAPTNON TWV KOUBWV
€€060u Sev pmopel va AdPet TIpég mépav tou Stootripatog [0, 1], oL TIHEG TWV TTAPAUETPWY
€€060ou elval amoluta ¢paypéveg petafl Twv oplwv Tou PBpiokovtol péoa OTo apyelo
“out_minmax.txt”. EtoL oe mepintwon mou To SldoTnUA TOU emAeyel Sev TepLEXEL
eMOUUNTEG TIHEG Twv peTaPAntwv e€0bou, oL TIHEG autéc Sev elval Suvatov va
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TPOoOoUOLWOOUV o To VEUPWVLIKO SikTuo. ITnv nepintwon auth Ba sloaxbel eva opaiua,
TO omoio dev punopel va avTLeETWTLOTEL SladopeTIKA.

E€ altiag tng ouyKeKpLUEVNC LOLALTEPOTNTAC TIPOTElvETAL OTAV UTAPXEL ETAOY UETAEY
€VOC OTEVOTEPOU KOl EVOG eUPUTEPOU SLACTHUOTOG VO XPNOLUOTIOLETOL TO KATA To Suvatov
guplTEPO SlACTNUA TO OmMoio va ocuveyilel OpwWG va €xel Ppuolkd vonua. Eival sukola
QVTIANTITO OTL N emloyn evog SlaoThipatog umepBoAlkd peydAou Ba otepeito ducoikol
vonuatog kat Ba dnuioupyoloe mpoBAnua otn dtadikacia apylkomoinong, Kabwg ol TIUEG
TWV MAPAPETpWY £€660U Ba NTav untepPoAikd Kovtd n pia otnv aAAn. Autod Ba odnyouoe os
auvénuévn emnibpoaon Twv oPaAAPATWY AMOKOTAC Kol Ba pelwve TNV KAvVOTNTA TOU
VEUPWVLKOU va Staxwpilel Tic TIpEG €066ou, obnywvtag nibavotata os pia umodeéotepn
BaBpovounaon Tou PovtEAou.

Apyxeio «neuralerror.txt»

To apxelo autd eival apyxeio g€66ou katd tn Stadikacia tng ekmaidevonc. e autd
amoBnkevovtal oL TIHECG TwV opoApdTwy ekmaibeuong kot aloAdynong yla kaBe petafAntn
€€660u. Eva TUTLKO apxelo yla €va veUpwVLKO Siktuo pe SUo petafAntég e€66ou daivetal
otnv Ewkova 22.

| | neuralerror.xt - Inpewspcrapio

Apyeio  Emelepyaoia  Moppn TNpoPoln  BorBow

1 0.000386787747330974 0.000651781319960131 <—-ofohpe exmoidevong kol of Lohoynang 1
2 0.000110737628143823 0.000340105062260711 <--cpoApo ekTmolbevong Kol o LoAoynong 2

Ln2, Col 87

Ewkova 22. Turikr) popodn apxeiov «neuralerror.txt».

Y& KOOt ypapun TEPLEXEL TLG TIUEG TOU av&ovta aplBpol kabe mapapétpou e£660u, TOU
obaApotog ekmaidevong Kat tou odaAparoc afloddynonc. OL mAnpodopleg aUTEC
XPNOLLOTIOLOUVTAL YL TNV EKTIMNGCN TNG aflog TNG ekmaibeuong Kol amoteAouV eVOELEeLs yla
TO €4V AMALTOUVTOL TIEPALTEPW PBrpata yLa Tn BeAtiwon tng.

H tun tou oddlpatog skmaidevong Seixvel €dv TO VEUPWVIKO €xel katadEpel va
TIPOCOUOLWOEL ETOPKWE TIG TIUEG UE TIG omoleg €xel ekmatdeutel. Opwg eneldni katd tnv
ekmaldevon evog veupwvikol Sktou eAoyelel o Kivbuvog umepekmaideuong, dev apkel
amAd n ehaylotonmoinon TG TWWAC Tou oddApatoc ekmaidsuong ywo va BeswpnBel
ETUTUXNUEVN ia Sadikaoia ekmaibeuonc.

Mpoc amoduyn tng unepekmaibeuong o kUPLOg Selktng mMou XpnoLHoOMOoLElTAL Yol TV
amotunwon tng aflag plag dtadikaolag ekmaideuong, sival to opaipa aflohdynong. To
odAaApa auto Selyvel OGO KOAQ UMOPEL VO TIPOCOLOLWOEL TO VEUPWVLKO SLKTUO HETA TNV
ekTtaldevon, TIHEC yLa TIG omoieg Sev €xel ekmatbeutel. AuTh gival n kaAUtepn €vdelén OtL to
VEUPWVIKO 6iktuo éxeL xaptoypadnost TG udlotdpeveg Olepyooieg Kal eival £va
LKOVOTIOLNTLKO HABNUOTLKO avAAOYO TOU GUGLKOU CUOTHATOGC.

‘Evag Kivéuvog Tou propei va tpokU el OUWE Og TEPUMTWGN oV yivetal BeAtioTonoinon
£VOC VEUPWVLKOU SLIKTUOU Kol ETUAEYETOL WC AVTIKELUEVIKA) CUVAPTNON TPOG EAaXLOTOMOLNON
1o opAaApa aflohdynong, elval pia popodr umepeknaideuong OxL e TNV KAAGGOLKN £VVOLA TNG
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OAAQ pe pia oxedov avriotpodn. To VEUPWVLKO UTMOPEL VA TIPOCOUOLWOEL TIG TIUEG VLA TIG
omoieg dev ekmatdevetal evw Sev Ymopel va MPOCoUOLWoel GAAEG TIUEC, LETALY TwV OTolwv
Kol EKElVEG e TIC oToleg ekmaldeveTal. Mia Tétola cupmepldpopd YIVETAL EUTUXWG EUKOAQ
ovTtIANmTh, KaBwg auEavel Tnv TN tou odaipatog ekmaibeuonc.

Ma tov mapandavw AOYo os MEPLUMTWOELS BeATiotonolnong Sev mpémel va apaBAEnetal
KOl N TIAPAPETPOC TOU odaApaTog ekmaidbeuong. Mia cuvaptnon, n omola pmopel va
XpnoluomnotnBel wg avrtiKEIEVIK cuvaptnon oe pa dadilkaocia PeAtiotomnoinong, sivat
EVOC YPOUULKOG ouvbuaouog twv 0o odaApdtwy, Onwg mnapadesiypato¢ xdpw To
nuLaBpolopa twv SVo THwy. Edv umdpxel kamolog Slaitepog Adyog pmopel va SoOet
peyaAutepo Bapog otn Heiwon Tou evog amod ta SU0 opAApaTA e KATAAANAN TTPOCOPUOY
TWV CUVTEAECTWV TOU YPAKLKOU cuvSUAGUOU TOUG.

Apyxeio «chromosome.txt»

Ta debopéva elc6bou ta omola HEow TNG SLEAEUONG O TO EKTIALOEUMEVO VEUPWVLIKO
SIKTUO TIOPEXOUV TIPOCOMOLWUEVEG TLUEC TopOopéTpwy €€68ou, elodyovtol oto apyeio
«chromosome.txt». To apxelo auto sival apyeio elodédou katd tn Asttoupyla ektipnonc.
Kataokevaletol He TOPOUOLO TPOTO HE ekelvov tou apyeiou «neural data.txt», &ev
oUUTEPIAAUBAVEL OUWCE TLLEG YLOL TLG TIOPUUETPOUG EEO60U KAl KEVEC SLOXWPLOTIKEG YPOUUEC.
Mua TuTilk) popdr Tou apxeiou yla éva TEXVNTO VEUPWVIKO SIKTUO pE 23 MOPAUETPOUG
£10060u daivetal otnv Ewkova 23.

™ chromosome bt - InuencTaoi

Apyzic  Emelzpyccia  Mopen [pofoin  BonBao

419 <——oipLBpog ouvolilkwv geLpuv dedopevuv
1 <--oEovTog opLipog oeLpag dedopevav
<—-TLQUR TpUTNG HPETHUBANTRC €Lo0bow

R
HEN
&h
un
e
h
&h

1
0
0
0
0
4
0
0
0
3
0
3
0
0
0
0
0
0

<--TLPR TEAELTRLOG pETaﬁhnng eLgobou
{——KUEOUTGQ olipLOpOC oeLpig DEDOMEVWY K. 0. K.

Ln 26, Col 67

Ewkova 23. Turukn popdn apxeiov «chromosome.txt».

TNV MPWTN YPOUUN KaTaxwpeital o aplBuog twv oslpwy Sedopévwy L0080V, oL Omoieg
TPENEL va. S1EABOUV PEOW TOU eKMALSEUPEVOU TEXVNTOU VEUPWVIKOU SIKTUOU, oUTWG WOTE
va TTPOKUPOUV OL TIPOCOUOLWHEVEG TIEC TWV TIOPAUETPWY e€080U. Katormiv slodyovtal ot
OcLpEC SeboUEVWY ELOOSOU O TUAUATO CUVEXOUEVA LETAEY TOUC.
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KaBe oelpa Sedopévwy Eeklva £Yoviag oTnv MPWTN YPAUUn tov avfovto aplBuo tng
oclpaC. Emelta akoAouBoUv ol TWHEC TwV TOPOUETPWY E£L0OS0U, OL OMOleG TPEMEL va
£L0AYOVTOL IE TNV (6La oelpd e TNV onola eiyav eloayxBel katd tn Slapkela TN ekmaideuong
oto apxeio «neural_data.txt». O aplBudg Twv PeTaPANTWY £16O060U TIC OTOLEG AVOEVEL O
Kwdlkag, elval ekeivog¢ mou £€xel sloaxBel otnv MPoPAEMOUEVN YPAUUN TOU apxeiou
«neural_init.txt».

E€ attiog Tou yeyovotog otL 0 aAyopBpog dev ival Suvatov va KATAVONOEL QUTOMATA T
petaBacn and tn pia ospd dedopévwy otnv eMOUEVN, €lval LOLaiTEPA CNUAVTIKO KATA TN
Snuloupyla Tou CUYKEKPLUEVOU apyeiou va e€aodaAlotel OTL 0 apLOUOC TWV TTAPAUETPWVY
€10660U Kal 0 aplOUOC TWV oelpwv dedouévwy elval cwaoTtol kat otL ol avfovteg aplBuol Twy
oclpwv Sebopévwy eival otnv mpoPAsTopevn Béon. Inuelwvetal OtL ol avfovreg aplbuotl
Oev eloépyovtal HE KOvEvav TPOMO OTOUG UTIOAOYLOMOUG TOU KwOLIKA, OmoOTe Kal Sev
ennpealouv ta amoteAéopata. O Baolkog Aoyog Umapéng toug eival n dteukdAuvon Tou
XpNotn va Eexwpiostl Ta oUvola Sedopévwy.

Apxelo «fitness.txt»

To tehko apyelo €£06ou katd tn Asttoupyia ekTipnong Tou TeEXVNTOU VEUPWVLKOU
SIKTUOU, TIOU TIEPLEXEL TOL OTOTEAEOUATO TWV TIPOCOUOLWHEVWY TIUWV TWV HETORANTWV
€€6bou eival to apyelo «fitness.txty. Mmopel va xpnolpomolnBel UETEMETA yla TNV
KOTAOKEUN TwV SLaypappUdTwy TWV TIPOCOUOLWHEVWY aTtd TO TEXVNTO VEUPWVLKO SikTuo
TILWV TWV TIHPAPETPpWY €060V, MLa TUTILKA HLopdr) Tou apyeiou yla éva TexvnTo VEUPWVIKO
Siktuo pe 2 mapapétrpouc e€66ou daivetal otnv Elkova 24.

Apyeic  Emelepycoioc Mopen poPfohn  BorBaw

419 <--pipLBPOC ouvolLKWV COELpwv DEdOMEVIV
<-—oWEovTag opLBpog oeLpog Sedopevev
. 7BB03485266899E-02 <——TLHI TPWTNC HETaﬁhnT'% eEobou
. 99616806118067E-02 <-=TLHN TEAELTOILOG pETaE nng €Eodou
EOUT&Q opLBpoc oeLpoc DEDOPEVUV K. O. K.

. 61365186977945E-02

1

5

3]

2 <——0(0
1

0.041857033148264

3

Fl

Ln5, Col 70

Ewkova 24. Turukr popdn apyeiou «fitness.txt».

ITNV MPWTIN YPAUUNR TOU apyxelou Kotaxwpeitol o aplBpo¢ TwV CUVOAKWY OCELPWV
S6ebopévwy, TWV OMOLWV TIC TIPOCOUOLWUEVEG TIMEG TapapETpwv ££660U KARONKe va
EKTLUNOEL TO Siktuo. O aplBUOC aUTOC elval o 18Log pe ekelvov TIOU BPLOKETAL OTNV TPWTN
YPOLUN TOU apxelou «chromosome.txt». H avtiotolyia twv dUo apxeiwv cuveyiletal, Kabwg
OL TLHEC TwV Ttapapétpwy €080 oto apyeio «fitness.txt» Slatdooovtal o€ TUARATO, OTWG
QVTLOTOLXO YLVETAL HE TLG TILEC TWV TTAPAPETPWVY EL0OSOU OTO apxeio «chromosome.txt».

KaBe tuApa Eekva pe pio Yypopr) TIoU TIEPLEXEL TOV avfovta aplOpd, eVw OTLC ETOUEVES
VPOUMEG KATAXWPOUVTAL Ol TIPOOOUOLWHEVEG TIUEC TwWV Tapauetpwv £€66ou, TOU
amoteAoUV TNV ekTipnon tou SIKTUoU yla TIG SeSOUEVEG TILEG TWV TTAPAUETPpWY eloddou. O
aUfwv aplOuog sival XPAOLUOG KATA TNV METEMELTH €MefEPyaOia KAl QmMOTUTTWON TWV
QITOTEAEOUATWY, KOOWC EKTOG TOU OTL Slaxwpilel TIC TWEG TWV Tapauetpwy e€6dou ot
TuNpata, Seiyvel emiong Kot TRV AVILOTOLXLO TWV TIPOCOMOLWHEVWY TIAPAUETPWY €080V e
TG TIHEG TTOPAUETPWY £L0OSOUL oL oTtoieg elyav eloayBel oto Siktuo.
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O oplBuog twv mapauetpwy €060V eival ekelvog Tou €xel eloayBel amd to apyeio
«neural_init.txt». H oglpd pe tnv onola eyypddovral oL mapdpeTpol e€66ou efaptatal amno
TN o€lpd pe TNV omola eiyav eloaxbel ol mopaATNPNUEVEG TIHEC TWV TIOPAUETPWY €E660U
katd t Stdpkela tng Stadikaoiag eknaideuong oto apyxeio «neural_data.txt».

JTNV MEPLMTWON TOU £(VOlL YWWOTEG KOl OL TIAPATNPNUEVEC TIUEG TWV TIAPAUETPWY €660V
elval ouvnBwg emBuPNTA N CUYKPLON TWV TPOCOUOLWHUEVWY HE TIC TIOPATNPNHEVECG TIUEG.
Eival apketa gUkoho va PBpebolv xpnolpomolwvtog toug alfovteg aplBuolug ol CWOTEG
QVTLOTOLYLEC KAl VO KATAOKEUOOTOUV Ta SlaypappaTa cUYKpLong. Ano ta Slaypappota autd
elval ouvnBwg To apeca avtAnmto av n Sladkaoia ekmaideuong NTAV LKOWVOTIOLNTLKNA Kol
€AV TO TEXVNTO VEUPWVIKO SIKTUO €XEL OVATITUEEL L0 LKAVOTNTA TPOCOUOLWwaNG Tou dpuaikol
dawvopévou.

Apyxeio «neural_weights.txt»

‘Eva TOAU onpavtikd apxelo, To omoio mapdystal we apxeio e€0660u katd Tn Asltoupyia
ekmaildevong, ival To apyelo oto omoio amoBnKeUOVTAL OL TIUEC TWV CUVATTIKWY Bapwy, oL
ormoieg mpokUTTouV amo tn dladikacia ekmaidsuong. EMeldr) To TeXvNTO VEUPWVLIKO SiKTUO
elval pa adtagpavng dtadlkacia cav pavpo Kouti, Ta cuvamtikd Bapn Sev €xouv KATIOLO
duoKO vonua Kat 6ev avamaplotouv Kamola otabepd Tou PuoLkol CUOTHUOTOG.
AmobnkeVovtal oto apxeio «neural_weights.txt» and to omolo kal kKoAoUvTal KATA TN
Aewtoupyia extipnong. OL MPWTEC YPAUUEG €VOG TUTILKOU apxeiou sudavilovtal otnv Elkova
25.

|| neural_weights.bet - ZnpeipoTapio
Apyzio  Emelepyooic Moppn  Mpeofokn  BonBow

-0.283960163593292
0.309672396336266
-0.425687431950412
-0.140365468676037
-0.355826149430908
0.394954553019554
-0.164057638069694
.11177039875372
-0.360475850101563
.168672320561753
.293435183943914
.429396008380445
.30299595117399
.1589335962062E7
.465756248700238
.177352428333378
. 247040034185415
. 3840519415600682
.159641978371735
L172982248389218
L464712781010466
. 315680229280639
. 60064442157396E-02
. 323672859523068
.164473831653595
.154611190770567
. 37499E8508350292
. 81729400110441E-02
.19085988522571
.15501694579954E-02

Ln 30, Col 23

Ewkova 25. Turukn popdn apxeiov «neural_weights.txt».

Avaloya pe tov aplOpd twv mapapetpwy os KaOe eminedo tou veupwvikoy SIKTUOU Kot
TOoV 0plBUd TwV EMUTESWV O APLOUOG TWV CUVOTTIKWY Bapwv pmopel va augnbel apketa.
AuoTtuXwG oL TIPEC Twv Papwv Sev pmopolV vo gppnveuTtolV oute eivatl Sduvatdv va
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aflonolnBolv mepaltépw. Elval ouwg mpodavwg amoapaitnte¢ kota tn Sadlkacia
EKTLUNONG TOU VEUPWVIKOU SLKTUOU.

OL TIHEG TWV CUVANTIKWY Bapwy KOTaxwpeouvtal oto apxeio plo ava ypapun oe cuvexn
Satagn xwplg Staxwplopd m.y. ava eninedo. Asv undpxel Adyog yla 1o ALK TPog To
xpnotn duataén tou apyeiou, kabwg dev Ba xpnowomnolnBolv mapd povo amd to idlo To
VEUPWVLKO SikTuO, TO omoio Ba ta avakaléoel pe TNV (Sla oelpd e TNV omola Ta KOTaXWpPEL.
OL TLHEG pmopel va elval eite BeTIKEC ite apvnTIKEG, avaAoya Ue TNV enidpacn mou €XEL N
KABe petofAnt otnv TR Twv petaPAntwv €€6dou. EE attiag tng MOAUTIAOKOTNTOG TOU
OUCTAUATOC OUTE KAV TO TPOCNMO eVOG cuvarmtikol Bapouc Sev Umopel va epunveuTel Kot
va e€eTa0TEL €dv pia mMapApeTpog el00dou oXeTileTal BTIKA | apvNTIKA UE pia TTapAPETpO
g€odou.

3.3 Xpovikn Yotépnon Mapapétpwv

H Bpoxomtwon mou Katelobuel péow tou edddouc, xpeldletal Eva XPovikO Slaotnua
npotou ¢ptdaocel otov LOPodOpo opilovta. H xpovikn autr ucTtEpnon UETAEL Bpoxomtwaong
Kol HETABOARG OTABUNG €lval ONUOVTIKA yla TV E00ywyr TNG OWOTNG TOPAUETPOU
€10060u. Ta tov KaBoplopo NG Opwe dev umdpxel Stobgoun pebodoloyia avemtuyuévn
yla epappoyn os undyela vdata. Na To Adyo autd n apxLkr oKEPN NTav o KaBopLopog TG
LLE TPOTIO QVTIOTOLYO HE EKELVOV TOU XPOVOU OUYKEVIPWONG Of ETILPOVELOKEC AEKAVEG
amopponG. H ocuvABng MPakTikA OTn CUYKEKPLUEVN Tieplmtwaon lval n aviutapafoln tng
XPOVOOELPAC TNG BpoxOmTwong Kal Tou uSpoypadrpiatog Kal o mPoodloplopdg Tou Xpovou
HETAEL TNG OTLYUNG IOV £EKWVA N Bpoxomtwaon HEXPL TN oTlyun Tou sudaviletal enidpaon
otnv amoppon.

Me oOKOmd TNV METATPOTI TNG OUYKEKPLUEVNG HeBobdoloyiag oe pa TMANPWG
autopoatomolnpévn Sladikaocia, ywa tnv amoduyn E€L0OYWYNRG UTOKELUEVIKAG Kplong,
g€etdotnke n duvatotnTa £bAPUOYNC TWV CUVTEAECTWY CUCXETIONG yla TNV gVPECn TNG
XPOVLKNG UoTEPNONG. O CUVTEAEDTIC CUCXETILONG UETAEY TNG XPOVOOELPAG TNG BPoXOmTtwaong
KOl TNG XPOVOOELPACS TwV dladopwV oTABUNG AVAUEVETAL VA Elval LEYAAUTEPOC YLO TNV TIUA
NG XPOVIKNAG LUOTEPNONG TIOU amalteitol ylo va davel n enibpaon tng Ppoxomtwong otn
otadun Twv umnoyeiwv vddtwyv. Onw¢ cuppaivel Kat pe To udpoypadnua ota enpaAVELOKA
vdarta, omou n emnidpaocn plog wplaiag Bpoxdémtwong daivetal ylia PHeYAAUTEPO XPOVIKO
Sdlaotnua, £tol Kol ota undyela LSaATa UTAPXEL Ttepimtwon n enidpach evog MePLOTOTIKOU
Bpoxomtwong va eivat epdavig yla TIEPLOCOTEPEC TNG LIAG NUEPEC. ITNV TIEPIMTWON QUTH O
OUVTEAEOTNC OUOYETIONG MeTatL Twv SUo xpovooelpwy Ba mopapével uPnlog ya SUo i Kat
TEPLOOOTEPEG UEPEG.

Mia e€loou auTOpATOTIOLNUEVN €VOANOKTIKI TIPOOEYYLON Ylo TOV TPOCGSLOPLOPO TNG
TOPOUETPOU TNG XPOVIKNG uotépnong, mou prmopel va Swoel mbavwg KaAltepa
amoteAéopato omd TNV AVAAUON OUVTEAEOTH] OUOYETIONG, €eival €vag ohyoplOuog
BeAtiotonoinong onw¢ o Sladoplkog efeAkTikOG. H péBodog autr umoAesimetal tng
TLPONYOUUEVNG OTOV TOUEX TOU GUGCLKOU VONOTOC, KOBWE Ta armoTeAéopaTa UTTOPEL va elval
SdUokolo va e€nynBouv. Aappavovtog urt’ oLV OPWE TNV TOAUTTAOKOTNTO TOU TIPOPBAAATOC
KOl TO YEYOVOC OTL N HeTaBOAN TNG oTABUNG Tou uSpodOpou opilovta eCapTaTal amo MOANEG
MOPAUETPOUC, Yivetal ocadéc OTL n avadAuon OUVTEAECTWV OCUCXETIONG Wmopel va
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TOpAMAQVOEL €AGV KAMOLOG TApAyovtog, O oOmoio¢ pAaAlota eival aduvatov va
TavtonolnBel, mapepPaivel emnpedloviag Ta anoteAéoUATA.

AvtiBeta, o 5Ladoplkog eEEAKTIKOC aAyopLOOG e TNV KaBapd HoBnUATIKA OTTIKA Tou,
MEVEL QVETNPEONOTOG Kol YPAXVEL T TIUEG €EKEWVEC TNG XPOVLKAG UOTEPNONG TIOU
glaylotomololv 1o opAApA TOU VEUPWVLIKOU SikTUou. Aev eival aBdoiun mapadoyn OtL n
TLUI TIOU PELWVEL TIEPLOGOTEPO TO 0hAApA elval TLBavATATA N TIUA TIOU OVTIWCE QITALTELTOL YL
v guddvion tng enidpaong g Bpoxontwaong. e kAbe meplimtwon OUwE To OpLo LETOEL
TwvV omolwv Kiveital o S1adoplkog eEEAIKTIKOC aAyopLlBuog, kabopilovtal amo tov xprotn Kot
0OE QUTA UTAPXEL HeyAAn muBavotnta va esudaviotolv opdlpata, €dv PacllOpevog o
UTIOKELLLEVIKI] KpLon 0 €pEUVNTAG TIEPLOPLOEL TNV EPIKTN TtEPLOXA KOl wONOEL Tov alyoplBuo
TPOC Hia ouyKekpLEvn Avon.

Avalvon Tuvtedeo T TUoXETIONG

H mpwtn uéBodog mou efetdoTnKe OTNV TPOOTAOEla UpPECNG TWV BEATIOTWY TIHWV
XPOVIKNG UOTEPNONG, NTAV N OaVAAUGH TWV OUVIEAEOTWV OUCKETONG MeTafl Twv
XPOVOOELPWY TWV TIOPOUETPWY EKEIVWVY TIOU QVOLEVETOL VO TTAPOUCLAloUV TO GALVOUEVO,
onAadn NG KatakpApviong Kat tng avtAnong. Ol OUVTEAECTEC OGUOYXETIONG QAUTWV TWV
XPOVOOELPWV UE TN HeTafoAr tg otabung tou udpodopa umoloyilovtal yia Stadpopeg
TIWOAVEG TIMEG XPOVLKNG UOTEPNONG KAl OVAUEVETAL Vo eldavioTel pa avénon otnv amoiutn
TLUN TOU GUVTEAEDTH GUGXETLONG YLO TNV TLUA TNG BEATLOTNC XPOVLKNC UGTEPNONG.

Mo TNV eKTiHNON TNG XPOVIKNAG UCTEPNONG UTTOAOYLOTNKOY OL CUVTEAECTEG CUOYETLONG YLO
OL0POPETIKEG TIMEC TNG XPOVIKNG uoTtépnonc. O ouvteAeoTrC OuoxETlong MeTaty Suo
Xpovooelpwv A Kat B divetat amno tov TUno:

S(a—a)(b-b)
JZ(a - 225 (b-b)’

Correl(A,B) = (3.3)

émou a kot b givat to otoleia Kat @ kat b ot pécol dpol Twv Xpovooelpwv A koL B
avtiotolya.

Mo KaAUTEPN MapoUCioon TWV ATOTEAECUATWY KATOPTI(ETOL €vag TtivaKag, OTov omoio
ONUELWVOVTAL OL TIUEC TWV OUVIEAEOTWV OCUCXETIONG Ylo KABe miBavh T XPOVIKAC
votépnong. Emeldy n PBpoxomtwon emnpedlel Oetikd@ tn peTtofoAn tng otdbung n
HeYOAUTEPN OETIKN TLUA TOU OUVTEAEOTH CUOXETLONG EMAEYETOL WG KOTAANAOTEPN Kal n
avTioTolyn TN XPOVLKNG UCTEPNONG XPNOLUOTIOLELTAL YLa TNV EL0AYWYI TWV TIOPAUETPWY
OTO VEUPWVIKO Oiktuo. AvtiBeta, oL avtAnoelg emnpedlouv apvnTIKA tn UETABOAR TNC
oTadung, OmOTE N XPOVIKN uoTépnon n omola Sivel t peyaAltepn, KATd amoAutn Twun,
OPVNTIKA T TOU OUVTEAEOTH CUOXETLONG, ETUAEYETOL Yld TNV €l0Aywyr TWV TIOPOXWV
AVTANGONG OTO VEUPWVIKO SikTuo.

‘Eva pOBANUa evOEXETAL VO TTAPOUCLACTEL KATA TNV Papuoyr authg tne peboddou otav
oL Xpovooelpég Sev elval MANPELS. H avaAuon Twv CUVTEAECTWY oUOXETLONG Ba umopouoe va
SWOEL TIUEG Yyl TNV XPOVLKH UCTEPNON, OL OTOLEC va ATEXOUV MO TG TPOYHOTIKEG UE
OUVETIELA KOLL TOL AMOTEAEOATA VO NV lval Ta BEAToTa. H anwAela Tng Bactkig ldlotntog
yla TNV omola mpoTIUnBnke n cuykekpldévn pEBodog, SnAadn tng cupBoAng otn dnuloupyia
£VOC HOVTEAOU pE PUOLKO vonua, To omoio va otnpiletal otn Bswpio TG uSpoAoyiog Kot va
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TIPOCOUOLWVEL HE TOV KAAUTEPO SUVOTO TPOTIO TO USATIKO LoolUYLO, OTIWE AUTO ypAadEeTaL Lo
£Vl UTIOYELO LSATIKO cuoThnua, wbel otnv andppldn TS XPHoNG tne.

Al @opiko¢ EEeAkTikog AAyopLOpog

MNa tnv amnoduyn omolacdnmote MOAPEUPOANG KOl TNV TARPN outopatonoinon Ing
Sladkaoiag pmopel  va aflomoleital  €vag  Sladoplkdg  e€eAIKTIKOG  oAyopLlOpog
BeAtiotomoinong. Z& aUTOV UMopouV va eloaxBolv wg MApAUETPOL amodaong oL TLUEG TNG
XPOVLIKNG UOTEPNONG TTAPAUETPWY ELCOSOU OTIWG N BpoxomTwon. ITig SuvatdtnTeg OUWE TOU
oAyopiBuou cuumeplhapBdavetal kat n duvatotnta gupeong tnG PEATIOTNG SOUNAC TOU
TEXVNTOU VEUPWVIKOU SLKTUOU. Ap)XLKA auBaipeTo eMAEYUEVEG TTAPAUETPOL, OTIWG O OPLOUOG
TwV KOUPwv o kABe kpudod emimedo, aAAd KoL 0 APlOPOG TWV YEVEWV YLl TLG OTIOLEG
ekmaLdeVEeTAL 0 aAyOpLOpOC, Umopolv va sloaxBolv eniong w¢ petapAntég anddpaong tou
Sladoplkol e€eAiktikou aAyopiBuou.

O AE alyoplBuocg mou xpnotuomnolonke otnv mapovoa epyacia, £xel epapUOOTEL Kal 0TO
napeABov yla BeAtiotomnoinon mpofAnudatwy unoyeiwv vdatwv (Karterakis et al., 2007). H
BeAtioTOMOlNGN TNG XPOVLKAC UOTEPNONG (MAPAUETPOL e HUOLKO VONUA) CUVSUAOTNKE UE TN
BeAtwotonoinon twv moapauétpwy Tou idtou Tou TNA (apBudg kopBwv oe kaBe kpudod
emninedo kal aplOuog emoxwv) o pia ko dladikaoia BeAtiotonoinong. H QVTKELEVLKN
ouvaptnon mpog ehaylotonoinon amnod tov alyoplbuo ival to nuiabpolopa Twv ohaApdTwy
ekmaldevong kat afLoAdynong.

Emeldn umnpxe emiong mMPoPANUOTIOUOC OXETIKA UE TNV €L00YWYr TOu aplBpol Tng
NUEPAG, TO LOVO PUGCLKO VOO TNC TIPAUETPOU QUTAC CUVOEETAL UE TNV EMOXLKA HUETABOANR
NG TPOOTIMToucag aktvoPoAiag kaBwg koL TG aviiotolxng HETOBOANG  TNG
e€atulooblanvong. Aev eival opwg PBéPato OtL emnpedlel BeTikd TNV TPOOTIAOELD TOU
VEUPWVIKOU SIKTUOU VO TIPOCOMOLWOEL TO QPUOKO Hovtédo. Ta to Adyo autov
oupmepleAndOn ot petaPAntéc amodaong TOU VEUPWVLIKOU Silktuou To av Ba
XpnoLpomnolnBel ) oxL N mMapAPETPOC AUTH WG lc0d0G.

Ma va ekteheotel n Sadikaoia BeATIOTOMOINONG LUE QUTOUOTO TPOTO UTIHPXE QVAYKN
dnuloupylag Stadopetikwy apxeiwv pe dedopéva ekmaibesuong yla kAbe StadopeTikn TN
NG XPOVIKNG uotépnonc. Mo to Adyo autov avamtluxdnke éva amhd AOYLOUIKO, TOU
METATPEMEL TA OopXlKA Sedopéva Kol Mapaysl ta KatdAAnAa apyeia elc66ou tou TNA
avaAoya He TNV TLUA TNG XPOVLKAC UOTEPNONC Yl KABe BpoxomMTwaon Kal Th Xprnon A pn tou
aplOpol nuépag wg mapopéTpou £l006ou. Otav ta dedopéva eloddou ) €€660u yla va
onueio Sedopévwv (nuépa) ntav eAAutr, to onueio auto efaipeito amd tO OUVOAO
Sebopévwy ekmaibeuong. ITnv nMepIMTwon &€ TOU OL XPOVOCELPEG LETAKIVOUVTOL AVAAOYQ LE
TNV XPOVIKI UOTEPNON, Ta onueia Sedopévwy mou e€atpouvtal Bpiokovtal os SladopeTIKEG
BE0ELC LEOA OTLG XPOVOOELPEG KAL CUVEKSOXIKA YL SLOPOPETIKES TIUEG XPOVLKNG UOTEPNONG
xpnotpomnolouvtal eAodppws SLadopomoLNUEVEC XPOVOOELPES SESOUEVWV.

3.4 MeoompoOeoun MpoBAsym

Y& MOAAEC MEPUTTWOELC N kavoTtnTa IPOPAedNG yia Xxpovikd Stdotnpa HeyoAUTEPO TNG
plog nuépag eivatr emBupnty ywa éva meplBaArloviikd povtélo. Emiong onuavtika
OUUTIEQPACHATA TIPOKUTITOUV Omo TA QAMOTEAECMOTA HLAG UECOTPOBeoUng TPOBAedng
OXETIKA HE TNV OUCOWPEUCN Tou odaApotod. MNa va mpayuotonondel n peoconpdOeoun
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TPOPAen OTav TO HOVTEAOD £lval Eva TEXVNTO VEUPWVLKO SikTuo, avamtuxonke o alyoplouog
o omolog amnelkoviletal otnv Ewkéva 26.

Avaloya He TO €AV N TMAPAUETPOG €€0dou Atav To USPAUAKG UYog ota mnyadia
mapatipnong N n nuepnola PEToPoAr] TOU, UMAPXEL Mo HLKPr) TPOTOTMOoiLnon Tou
oAyopiBuou. H Bacikn maviwg 6€a eival OtL petd amod tn Sladikaoia skmaibeuong
eKTeAE(TAL TO VEUPWVLKO SiKTUO O€ AetToupyia ekTiHNONG KAl N TPOGOUOLWHEVN OTABUN TOou
uvdpodopLa avTIKaBLOTA TNV TAPATNPNUEVN TN OTO apxelo el6OS0U, TTIOU ELCAYETAL YL TO
ETOUEVO XPOVIKO onpeio dedopévwy. Eva onpavtikd mpofAnua mapoucldaleTal KATd tnhv
edapuoyn g pebodou oe Pn TANPELG XPOVOOELPEC. 2e KABe onuelo ou n Xpovooelpd
Slakomretal yla omolovénmote Aoyo, dev umopel va Ppebel mpooopolwpévn otabun Kot
QVOYKOOTIKA YiveTal emavekkivnon tng Stadlkaciog pe tTnv eloaywyr TnG mapatnpnuévng
TLUAG TNG 0TABuUNG oto apyeio elcodou.

C APXH )

¥
‘ 1o Inuelo Asdopévwy: Napatnpnuéva Asdopéva ‘
v

‘ Anuoupyia Apxeiwv Eloodou }_7
I
}
YroAoyLopog Npocopolwuévng
Yroloylopog MetaBoic yla Ty Emdpevn Huépa
MpooouoLWHEVNG ZTABUNG
yla tnv Enopevn Huépa l OXI
Metatponr og Npocopolwuévn ZTAOuUn ‘
[—J
v
AmnoBrkevon Mpooopolwpévng ZTabung yia Xprion os Apxelo Elcodou ‘
7777——71*7——777,

—— Teleutaio Inpeio Asbopévwy;
e QSN
NAI
- A 4
( TEAOS )

Ewkova 26. Alaypappa Porig tou AAyopiBpou yia Meoonpo0soun NpoBAsyn.

H Sladopd otav £€odoc eival n petaBoAr tg otadung, €yKeETaL otV avaykn
HETATPOMNG TNG TIPOCOMOLWHEVNG HUETAPBOANG OTABUNG Ot TPOCOMOLWMEVN oTadun. H
HeTABANT €0680U OTO VEUPWVIKO Oiktuo umevBupiletal OtL eival n otdadun Ttou
TiPONYoUUEVOU XPoVIKoU onuelou edopévwy. H petatponr yivetol Ye thv mpocbeon otnv
TLUN TNG LETABOANG TNG TTPONYOU LEVWE UTTOAOYLOMEVNG TLUNG TNG TIPOCOUOLWEVNG OTABUNG,
OTWG OUTH UTIHPXE oTo apxeio eloodou.

H pecompdBeoun mpoPAsdn eival lowg o 6avikog tpomoc vo amodelyBel edv éva
HOVTEAO £XeL KaTadEPEL va TEPLYPAYEL TO HUGIKO CUCTNA LE TETOLO TPOTIO WOTE AKOMO KOl
To 0pAApA TIOU €lval OVOLEVOUEVO VOl UTAPXEL, va KN cucowpeletal. Eav sudaviletal
OUCOWPEUON TOU 0PAAUATOG TOTE TO SIKTUO £XEL TNV TACN VO UTIOEKTLUA 1] VOL UTIEPEKTLUA TLG
TAPATNPNUEVEG TILEG, Epdavilel SnAadn pia pepoAnmrikni taon (bias).

3.4 EVpeon Ataotypatwyv Epmiotoovvig

Ma tnv moocotikomoinon g afeBaldtntag Tou HovtéAou, To oUVOAO Twv SeSopévwy
(mou xpnowomowbnke ywa tnv ekmaibeuon kol tov €Aeyxo oaflomotiog tou TNA)
Slaywpiletal, oOnMw¢ kalL otn Slwadkaoia ekmaidevuong, oe £va ocUvolo Sedopévwv
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BaBuovounong kal €va cuvoho Oebopévwv eléyxou. To mpwTto oUvoAo Sloxwpiletal
TEPALTEPW A0 TOV 0AyOpLOpo Tou TNA katd tn Sdpkela TnG Pabuovopnong os éva cUVolo
ekmaldevong kal £€va oUvolo afloAdynong. To mpwto 80% Twv apXLKWV OebSopévwv
Xpnotgornolouvtal w¢ ouvolo Pabuovounong kal Kabe otolyeio Sedopévwv €xel 0,7
TuBavotnta va emiAeyel yla to cUvolo eknaidsuong. Autd onpaivel OTL TEAKA mepimou 56%
TWV petprioewv mediou amoteAoUv To cUVoAo ekmaldeuong, 24% To cUvoAo afloAdynong Kot
20% to oUvoAo eAéyxou.

Napatnpnuévo Zuvodo — AswyparoAnyia pe

Aedopévwv Eloddou

avtikatdoToon

<~

Zelpa Asdopcvwv

Ielpa AsdopEvwy

000

Zelpa Asdopvwv

Ewc6éou 1 Elcoéov 2 Ewo680u B
<~ <~ <_~
‘ Eknaidsuon ‘ ‘ Eknaidsuon coo Eknaidsuon
<~ <~ <~
Zuvarntikda Bapn Zuvarkd Bapn | | Zuvamtikd Bapn
Bootstrap 1 Bootstrap 2 Bootstrap B
- <~ <~
‘ Anotipnon ‘ ‘ Anotipnon coo Anotipnon
<~ <~ <~
MNpocopolwpévoa Mpocopowpéva | | Mpogopolwpéva
Aedopéva EEG60v 1| |Asdopéva EE660uL 2 Aedopéva E6Sou B
: <~ 4~ <~ ,
v
Erdoyr Oplakev | OpLa
Znpeiwv —| Epmotoolvng

Ewkova 27. Aldypappa pong ywa thv epappoyn tng pebodou bootstrap oe teXVNTA VEUPWVIKA
Siktua.

H Sladikaoia mou akoAouBeital ylo TNV KOTOOKEUN TWV SLOCTNUATWY EUMLOTOCUVNG TOU
TNA, amnewkoviletal otnv Error! Reference source not found.. Me pia dadikacia tuyaiag
erhoyng 2000 Sladopetika avtoduvauo cuvola ekmaideuong mapayovial and To apxLko
oUvolo Obebopévwy. Ta apyika Sedopéva Babpovopnong amoteholvtal amd ohuela
O0e00UEVWV HE YVWOTEG €l0060UG TIou Silvouv yVwotég TLEG €66ou. OAa ta bootstrap
(autodUvapa) clvola Babupovounong £xouv to 810 HUAKOG UE TO OpXKO cUvolo. Mo Tn
dnuloupyla  kaBe bootstrap cuvohou Oebopévwy, onuela Sedopévwy eTAEyovTal WE
QVTIKOTAOTAON amd TO apXlkO ouUvolo dedopévwv Pabuovopnong kot Kabe onpueio
bedopévwv gxeL tnv Bla mBavotnta va entheyel (1/n, o6mou n o aplBpog twv Slabeoiuwy
onueiwv dsdopévwy Babuovounong). H Stadikacio avtr cuveyiletal PéxpL va UTTAPXOUV
onueia &edopévwv oe kaBe bootstrap olvolo bSedopévwv. Kabe bootstrap olvolo
Sebopévwy xpnolpomoleltat yla thv ekmaidsuon tou Siktvou. Meta and kabe Sadikooia
eknaidevong ta bootstrap Bdapn TOU VeEUPWVIKOU SIKTUOU XPNOLUOTIOLOUVTAL Yld TOV
UTTOAOYLOMO TWV AUTOSUVOUWY TIUWV e€680uU.

Me O6ebopévo TO yeyovog OTL kGOe onueio Oebopévwv OTNV ApPXLK XPOVOOELPA

avTueTwrileTal  avefdptnta amoé to Uumnolouta, To bootstrap ouUvolo Sedopévwv
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BaBuovounong €xeL éva ¢ouaotko vonua. Me tnv untdBeon oOtL ta dedopéva amnod pia xpovikn
oTyun Ba pnmopoloav va eudavioTolV yLa TIEPLOCOTEPES TNG Hiag NUEPEG SnAadn OtL N dla
eloobog Ba €8ve tnv bla €€0do, autd ta clvola dedopévwy ekmaidevong ival mbava
npoTUTa Tou Ba pmopoloayv va €xouv apatnpnBet oto nebdio.

lowg to To evdladépov Bépa otnv OAn Sadilkacia ATAvV n emAoyn Twv akpaiwv
onueiwv, mou opilouv to Sldotnua gpmiotoolvng. lNa tnv amoduyn unoBécewv OTL n
€€060G akOAOUBEL Lo oUYKEKPLUEVN KaTavoun, n mooootiaia péBodog Atav n mpwtn mou
edbapuootnke otnv nmapovoa epyacia. Mo tov KABoplopd Twv SLHOTNUATWY EUMLOTOCUVNG
oL 2000 bootstrap Tuég €€660u TaflvopoUvtal os alfouoca OslPd KAl N aVWIEPN Kol
KOTWTEPN TLUA Yla €va CUYKEKPLUEVO eTtimedo BeBaidtntoag eival ebkoAo va BpeBoulv. MNa
TlopadeLypa €Gv n ovopaotikn kaAubn ivat 95% (e = 0,025) n katwtepn tpn Ba gival n
T mou PBploketal otnv tafvopnuévn Aiota otn Béon (e B) = (0,025 2000) = 50.
Mapopoilwg N AVWTEPN TN Tou dlaoTipatoc epmiotoolvng Ba Atav n 1950n tafvounuévn
oe avfouoa OELpA TLUA.

H apepoAnmtn emitoyxupévn pEBOSOC XpNOLUOTOONKE €miong yla tnv mopaywyn
BeATwpévwy dlaotnuatwy eumiotoolvne. H O10pBwon UEPOANTITIKAC TAONG KOl N
ETUTAXLVON UTIoAoyloTnKav Onwce neplypddnke otnv napaypado 2.4. H mpwtn &g xpeltaletal
ETUMAEOV UTIOAOYLOMOUG, eVvw N OeUTEPN amaltel évav aplOud Pabuovopnoswv yla tTnv
amoKTNON TWV TIHwV TG ££660u Tou mpokUTTouv edv PabBuovounBel to biktuo,
armokAeiovtag pLa T kabes dopd amd ta apxikd Sedopéva.

AfloonpeiwTo elval To yeyovog OtL Katd th Slapkela TG 0Ang Stadikaoiog mpotipunenke n
Sladkaoia pe Levyapla avti yia tnv dtadikacia unmoAoinwy. H kUpla untéBeon tng SeUtepng
TEXVIKNG £lval OTL Ta uTtdAouna sival Aeukog Bopufog (akohouBoUv kavovikr katavoun). H
mapadoxr auTr OV LKAVOTIOLEITO OTN CUYKEKPLUEVN TEPUMTWON, €€ AlTO¢ TWV oKpalwY
onueiwv, ta omola &ev meplypddovtal amd TO HOVIEAO Kal adAVOUV HEYAAEG TLUEG
umoAoimwv.

H peBodohoyia mou epapUOoTNKE EXEL OPLWG KOL KATIOLO LELOVEKTAHATO. Ta apayopeva
SdlaotApata epmniotoouvng g AapBdavouv v’ Oy Ty afefaldTnTa MOU MAPAYETAL Ao TNV
aduvapio tou povtélou va TeplypAPEeL KATIOLEG TIOPATNPNUEVES TIMEC. AUTO ouMPalvel
eneldn n texvikn e€etalel povo TG e€66oug mou Ba pmopoucav va gudaviotolv €€ attiog
SladopeTkwy TIHWY €L06dou Tou Ba umopoucav va eixav mapatnpndel. Ymdpyxouv opwc
KATIOLEG TAPATNPNUEVEG TIUEC TIGC omole¢ to Hovtédo Sev Ba pmopolos TOTE va
TIPOCOUOLWOEL, KUplwg Adyw Tt ENewdng emumAéov Sebopévwy Tou ennpedlouv tnv £€060
oAAa Sev £xouv AndBei uTU dYv ) amAa Sev ival Stabéatua.

MNa va umdapxet €skdBapn ewovo Tou OO KOAG eivol to autodlvopa eminmeda
EUMLOTOOUVNG, N MPAYUATLK KAAUN UTTOAOYLOTNKE Kol OUYKPIONKE e TNV ovOpaoTIKA. H
TPAYMOTIKN KAAuyn gival n mbavotnta pag mapatnpnUevng (Letpnuévng) THAC va eivat
€VTOC TWV SLAOTNUATWY EUMLOTOCUVNC.

Ta amoteAéopata TNG MPAYUATIKAC KAAuYng Ba deifouv moco emituxnuévn NTAv n
ebappoyry tng avtoduvaung pebodoloyicc. Me Bdon tn Swabfown BiBAoypadia n
MPAYMOTIK KAAudn eival omavia ion pe tnv emBupnti (ovopaoTikA) Kol cuxva eivol
onuavtika dStadopetikn (Efron and Tibshirani, 1993).
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Y& MePIMAOKECG KATAOTAOELG YLa TLG oToleg Sev uTtapXeL evaAlakTik LEBodog, kABe PETpO
™G aBepatdtnTag mou eival otn owotr Tafn peyéBoug mpénel va BewpnBel IKAvomoLNTIKO.
EGv n ovopaotiki kaAuvyn eilval 0,95 kat n mpayuatiky 0,90 to amotéleopa sivat
LKOWVOTIOLNTLKO yla TIOAAEC edapuoyéG. Eav n mpaypoatiki kaAupn eivat 0,80 n avaiuon
noootikomoinong tn¢ aPfeBaldtnrog &ekvd va  ylvetal TOPAmMAOVNTIKN. 2 OTAEG
TIEPUTTWOELG, OTOU TA Opla EUMLOTOOUVNG elval €UKOAO VOl UTIOAOYLOTOUV aAyeBpLKd, oL
analtioels ylo akpifeta eivat peyaluteped. Maviwg yia uPnAo eninedo BePfarotntag 0,99 1
Kol peyoAUtepo elval amibBavo va TPOCEYYLOTOUV O LKAVOTIOLNTIKO Babud ta opla
EUMLOTOOUVNG EKTOG Kal eav Ta Selypata eivat oAU peydAa. (Urban Hjorth, 1994)

Eivat Aowmov cadng n avaykn Onuwoupylag evog HOVvIEAOU TIOU vo UTopel va
TPOCOUOLWVEL 000 TOo &Suvatov KaAUTEpA TI QMOKPLOEL TOU UGIKOU CUOTAUOTOG
avetdptnta and tn Sladikacia moootikomoinong tng apePfatdtnrag yia dvo Adyoug. O
TPWTOC £lval OTL £va Lkavo PoviéNo g Ba mapoucotalel HeyGAn svaloBnoia oTig ULIKPES
Slatapay£g mou elodyel n pEBodog bootstrap ota cUvVola ekmaldeuong, CUVENWG TO UPOG
Twv SlaoTnUATWY gpmiotoolvng Ba sival pikpotepo. O deltepog Adyog sival n aduvapuio
™G ueBodou bootstrap va ektipuiosl TNV aBefaldotnta mou slodystal Adyw tng aduvapiag
TOu povtélou va meplypdael to ¢duolkd cvotnua. Eva poviédo mou Sev eival ovo va
TIPOOOUOLWOEL ToV Udpodopa Ba €xel KATA CUVETELD pia emutAéov afeBaldtnta, n onoia
6e Ba gudaviletal péoa ota OpLa EUTLOTOCUVNG KAl UMOPEL var odnynoeL o€ AavOaoUEVEG
anodAosLC.
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Mepintwoeig EQappoyi)g

Ma tnv enBepaiwon tg duvatdtnrag edpappoyng tng pebodoloyiog os mMpoaypATIKA
npoPAnuata emAéxBnkav SUO TEPLOXECG, OTIC OMOleC uTNPXaV OLOOECLUEC XPOVOOELPEG
debopévwy pe nuepnoto Brua. H mpwtn Bploketal otnv EAAGSQ, otn Bopela mepLloxn tTng
ATTIKNG, evw Nn Seltepn Bploketal otic Hvwpéveg MoAwteieg Tng Apeptkng, otnv MoAttela Tou
TE€aG. 2TIG TIEPLOXEC AUTEC avaAoya e Ta dtabéopa Sedopéva Kot TG LELALTEPOTNTEG TNG
KAOe ePLOXNG €YLVE IPOCAPHOYH TNG LEBOSOU, e ToV KaBOoPLOUO TWV TTAPAUETPWY ELGOSOU
Kall TG SOUNG TOU VEUPWVIKOU, KOBWE KAl TWV TLLWV XPOVIKNE UOTEPNGCNG TWV TIOPAUETPWY
gloodovu.

H peBodoloyia Sev amaltel cUYKEKPLUEVA NUEPHOLO XPOVLKO Brina, aAAd n BaBuovounaon
pe nuepnola Sedopéva mpotipnBnke € attiag tng avénuévng SuokoAiag Kat Ttng mPOKANoNG
Tou ot Tapouciale. Me nuUepnolo Xpovikd PAua umdpxel n aiocbnon tng petaBoAng
OPKETA TILO £VTOVA KAl TO amoteAéopata ennpealovral and ¢alvoueva, Omwe N AvtAnon, n
enidpoon Twv omolwv dev elval eficou gudavig oe pnviaio xpoviko Brpa. Evag emumAfov
AOYOG yla TN XprHon Tou NUEPROLOU XPOVIKOU BAUOTOG ATOV Kal n avénon tou aplduol Twv
XPOVIKWV Bnudtwv ota onola untipxav dtabéoipa dedopéva. H ekmaidsucon Tou VEUPWVLKOU
SIKTUOoU avapévetal va gival KaAUTepn OTAV UTIAPXOUV YLa TIOPASELYA NUEPNOLO XPOVIKA
Brpata oto cuvolo ekmaibeuong avti yla pnviala.

Jtnv neploxn g Attiking n pEBodog epapudotnke otnv udpoAoyikn Aekavn Malakaooc-
MaupooouBAaAog, OMOU UTINPXOV NUEPNOLEC TWEC SeSOUEVWV A0 TO OVTALOOTAGLO TNG
EYAAN. O udpodopéag otnv mepLoxn elval KApoTIKOG KOl amavtatol oe peydlo Babog amd
v enudpavela. Atabéoipa Sedopéva e NUEPOLO Bra UTIPXOV TOCO YL USPOAOYLKEC OCO
Kol yla USPOYEWAOYIKEG TTAPAUETPOUC. Ta Sedopéva KAAUTITAV £€va SldoTnpa SEKAOKTW
UNVWV.

Ztnv neploxn tou TE€ag umnpxe SlaBéolun pLo TIOAU PeYAAn Baon SeS80UEVWVY LE TIUEG
Bpoxomtwong, Bepupokpaociag, otabung oe éva mnyadt mapatnpnong (mou amotelel To
ninyasdt avadopdg tou Kapotkol udpodopéa Evtouapvtg) Kal mapoxwv AviAnong otnv
guplTEPN MEPLOXN. AuoTUXWG Oev UTNPXAV SLABECLUEG EEXWPLOTEG TLUEG YLa TLG TIAPOXES
AvTANGoNG Twv TNyadLwy Tou Bpilokovtal eyyUTePA O0TO TNYASL TOPOTHPNONG KOL OVOUEVETAL
va ennpedlouv MePLOCOTEPO TN PETAPOAN TNG 0TAOUNG O€ AUTO.

EkToG amd ta Stabéoipa Sedopéva os kaBe meploxr kat mAnpodopleg yla tn yewAoyia
otnv kaBe edappoyr tng mpotewvopevng pebodohoyiag yivovtol PLKPEC TPOTIOMOLAOELS OTO
€ldo¢ kaL tov aplOpd twv petaPAntwv ewoodou, kabwg kat otn Sopn Tou TEXVNTOU
VEUPWVLIKOU SlktUou. OL eTthoyEg Tou yivovtal untayopeuovtal amno ta Slabéoiua Sedopéva
KalL TLC LBLALTEPOTNTEG TNC KABE ePLOXAC.

Otav unapxel ENewn Sebopévwy 10060V, MAPAAEITOVTOL GUYKEKPIUEVEG UETABANTEG,
EVW avaloya He To MANBOC Twv MOPOUETPWY £l0060U Kkabopiletal kol 0 aplOPog Twv
KOUPBwWV og k&Be kKpudO eminedo Tou veupwvikoL Siktlou. Emiong, Umopel va elodyetal i OxL
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0 0pLOUOC TNC NUEPOAC WC TIOPAETPOU £100S0U Tou TNA, oU KaTd Mepimtwon eveEXeTalL val
BeATIWVEL N} VO EMLOEWVWVEL TIC TILEG TWV oPaApdatwy. O aplBudc autdc unopel va BewpnBet
OTL oXeTileTal He TNV NALakn aktvoBolia os pLa TepLloXn Kol KAt €MEKTAON HE TNV eEATULON
kat Siarvor. H cuoyetion 6ev gival tOo0 Loxupr, TIOU va ETILTPENEL T Bewpnon the wg
HETABANTAC AppNnKTa cUVSESEUEVNC e TO USATIKO LoolUylo. EE ou Kal Kpivetal anapaitntn
N €€€tooN KATA MEPIMTWON TNEG OKOTILUOTNTAG ELCAYWYNE TNG WG TOPOUETPOU L0OSOU.

4.1 Atk

Ta mnyadla mopatipnong kot avtAnong Pplokovial oto  aVTALOOTAGLO NG
MaupocouBaAloc oto BopeloSUTIKO TUAMO TOU VOHoU ATTIKAC. Ektdc amd tnv kaAudn twv
USPEUTLKWV QVaYKWVY TWV TTOPAKEILEVWY OLKIOUWY, N EYKATACTAON XPNOLUOTIOLETAL KAl YLa

v tpododoacia Tou Kevtpkol SIKTUOU TNE TPWTEVOUCAG HE TIOOLHO USwpP O KapoUg mou
oL KUPLEG eTiLdavELaKEG TINYES e€ovTAoUvTaL.

Ewkova 28. Xaptng tng BA ATTIKNAG e onUeELWHEVN TN B€on Tou avtAlootaoiou.

Jtnv Ewova 28 mapouctaletal onuelwpévn n 0€on tou avtAlootaciou 600 Kal Twv
OWKIOHWV TNG TEPLOXNG. 2TO OVTALOOTACLO UTIAPXOUV ELKOCL EYKATECTNUEVEG QVTALEG
oUVOAKNG mapoxng 5800 m3/h. H emdavelakry Aekdvn amoppor Moalakdoag-
MaupooouBalog meplhapBavel Tov olKIOPO TNG MoAakdoag Kal TUAHA TOU OLKLOHOU Tou
MapkomoUAou Qpwrou. Ta péuata ou paivovtal oTo Xaptn, dev €X0UV TTAPOXN KoL £XOUV
SnuloupynBei pe autopaTo TPoMmo and ebapUoy CUCTAULATOS YewypadLlkwy TTAnpodopLwv
pe Baon to avayAudo.

Jtnv Ewkéva 29 mapouotaleTal pia Tavopaptky anodn tng eupuTePNG MEPLOXNG LEAETNG
Kol n B€on tou avthlootaciou. To avayAudo Tng MePLOXAC, €ival apKeTA TIOAUTTAOKO Kol
elblkd otnv mMapaAloky TepLoxn Snuploupyolvtal TOAMEG HKPEG Askdveg amopponc. H
yewAoyla OUwG TG TepLOXNG SeV ETUTPEMEL TNV EMIPAVELOKN OMOPPOI) OTA ULKPA PEULOTA TNG
TEPLOXNG.
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Ewkova 29. Navopayplkr KOV TG MEPLOXAG OnMwG Ppaivetat otnv epapuoyrn Google Earth.

F'ewAoyla ™ [eproxrg

H yewAoyla tou udpodopéa anoteAeltal Kupiwg amo KapoTikomolnévo aoBeotoAbo. O
EUMAOUTIONOC TOU £PXETOL QO TOUG OPelvoUG OyKoug ota votia tng meploxns (Opog
MapvnBa). O vbpodopoc opilovtog sival oXeTKA XapUNAOg, mepimou 100 m Katw amd TNV
emupavela tou edadoug kat 15-20 m mdvw amo tn péon otdbun tng 6dAaccag (MZO). EE
aLtiag TNG yetviaong pe tnv aktr (Ayotepo amnd 6 km), umdpxet kivbuvog upalpiplvong os
nepintwon tamneivwong tou udpoddpou opilovra (Trichakis et al., 2009).

JUYKEKPLUEVQ, €XEL MopatnPnBel avénon otV NAEKTPLKN OYWYLULOTNTO TOU UTIOYELOU
vdartoc otav n otddun Twv nnyaduwv mapatipnong Ppebel kdtw amo ta 12 pétpa amd Tn
péon otabun tng Balacoag. Autod sival ev Suvapel mpopAnua, adou o udpodopéac mapéxet
OO0 USwWP Kal gival Wlaitepng onuaociog va StatnpnBel n mowdtnta o uPnAd emninedo.

To KApPOTIKO cUOTNHA TNG TTEPLOXAC eV MePLypAdETAL AETTTOUEPWE OO LA YEWPUOLKN
avaAuon, £tot eivoal adivatn n Snuloupyla evog povtélou umoyeiwv uddtwv, OMwWG To
SumAov mopwbdoug (dual porosity), i pong oe aywyoug (pipe flow), wotdoo ta veupwvikd
Siktua avapévetal va Swoouv pLa TIPooEYYLoN TN AmOKPLONG Tou udpodopia.

Aoyw tou uPniol PBabuol Kapotikomolnong otnv MePLOX UEAETNG KaL Tou OTL dgev
eudavilovtal oe auth emipavelakd notaula (Demopoulos, 2000), pnopel va unoteBel otL
Sev uTtApxel emibaveLlaKn ELlOpON 1 €Kpor), £T0L oL OpoL ETILPAVELAKNG ELOPONG KAl EKPONC
Tou udatikou Looluyiou Sev cuvumoloyilovial oto MApOV HOVTEAD. e TeplMTWON TOU
UTLAPXEL ETILPAVELOKT ATIOPPON, N TIAPOXN QUTWV TwV MOTAHWY emBaretal va mpootebel
OTLG TP OLUETPOUG ELCOSOU.
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Ewova 30. Y&poyewAoylkog xaptng tng emipavelakng Aekavng amoppong Malakdoag
MaupocouBaAag.

AwOéopna Asdopéva

Ta OSwBéowa OSebopéva amd TNV TEPLOXN OTMOTEAOUVIAL QTO NUEPNOLEG TLUEC
Bepuokpaciag, Bpoxdémtwong (amd tpelg SladopeTikolG BPOXOUETPIKOUG O0TABUOUC oTnv
nieploxn), Stapkela avtAnong (amd 16 nmnyadia mou Bpiokovral evtog Tou avtAlootaciov) kal
udpaulikd UPn and Svo mnyadia mapatnpnong (AS1 kat N4). To mpwto mnyadt (AS1)
XpnoLllomoleital kat yla avtAnon. Asdopuévou tou OTL N avtAnon Sev eival otabepr aAAa
SLOKOTITETAL OUXVA, TO YEYOVOG OTL AvtAnon AauBAavel ywpa evtog Tou AS1 kat kovtd oto N4
elval 0 AGYOC TWV QMOTOUWY TTWOEWV O0TO USPAUAWKO UYoG Kol Twv emakoAouBwv
EMAVOSWV.

Atilel v onpelwBel OtL N p€tpnon tng otabung oto mnyadt mopatnpnong sivat otyplaia
KABe nuépa kat dev gival n péon otabun. H pétpnon ennpedletal GNUAVTLKA amd To €av N
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avtAnon €xel dlakomel apéowc mpv and tn ARPn NG TUNG | €XEL OTOUATHOEL YO LEYAAO
XPOVIKO Sldotnua. H meplypadr dpawvopévwy mou petaBfaiiovrol Taxltota e TO XPOVo
amaltel pelwon Tou Xpovikou BAUATOG.

AvoAvovtag ta OloBéoipua dedopéva, e€etdleTol TIOLEG ATIO TIG TIPOTELVOMEVEG OTN
pebodoloyla petapAntég Ba eloaxBolv TeAIKA W MOPAUETPOL £L00S0U Kal oulnteital To
KOTA TTO00 oL HeTAPBANTEG Ttou Sev ival SLABECLIES, AVAUEVETOL VO ELOAYOUV EVA ONUOVTIKO
odAaApa oto HovtéAo.

1. H mopoxn mou elopéel emidavelokd amd AAAEG AekAVeC amopponG: ZUpdwva Ue
TLPONYOUUEVEG UEAETEG Sev UTIAPXEL eMIAVELOKN amoppor] oth Askavn Aoyw tng uPnAng
KapoTIKoToinong twv aoBectoAiBwy. Metd amod yeyovota Bpoxontwong uPnAng évtaong
wotoco Ba NTav mBbavo va mapouclacTtel emibpavelakr) amoppor]. AeV aVAUEVETAL TTAVIWG
AOYW NG UKPNG oUVELODOPAG TNC EVOEXOUEVNG amoppor oTo udatikd Looluylo n EAAeldn
OUTAC TNE MOPAUETPOU VA ELOAYEL ONUOVTLIKO OPAAUA 0T AMOTEAECHUATAL.

2.  H mopoyxn mou ekpéel emidavelakd amnod tn Askavn: Avtiotolya Ue thv entdavelokn
elopon dev umnpxav StaBéolpa dedopéva, aAld yla Toug AOyoug Tou ovaAuBnkav
TapAMAavw SeV AVAPEVETOL ONUOVTIKO opaApa, Adyw TNG amouaciag authg TG HETABANTAG
artd To cUVOAO TAPAUETPWY ELOOSOU.

3. Hdwdopd udpauvAikol UPouc LETAEL EVOC ONUEIOU OTNV AVAVTN AEKAVN QTTOPPONC
KOl EVOC OTNV HeEAETWHEVN () To udpaulikd UYocg Tou udpodopéa): Yrnpxe dlabéaouo to
USPaUALKO oG TNG TTponNyoUEVNC NUEPAC OTA ONUElQ TAPATAPNONG KAl XapaKTnplotnke
W¢ MAPAUETPOC £100S0u. ETOL WC MOPAUETPOL ELCOSOU XPNOLUOTOLOUVTAL Ol TIUEC O KAOE
onuelo mapatnpenong (2 mapapeTpol el0ddou). H mapouvcia onueiwv mapatrnpnong avavtn
TWV UTO Tpooopoiwaon onueiwyv lowg va tapeixe meplocdtepeg MANPodOpPLEC OXETIKA LE TNV
nUEPnoLa UTIOYELA lopor). ELSLkA o€ kapoTikoUg udpodopeig, dmou n udpavAikni kAion eivat
OXETIKA ULKPN KOl N por €XEL MEPLOCOTEPO XAPAKINPLOTIKA PONC UECA OE aywyoug Tapd
Slapéoou mopwdoug pEoou, Sev avopEVeETaLl va SNULOUPYNOEL CNUAVTLKO TPOPRANUO oTa
QMOTEAEOUATA TN (POCsOUolwoNG.

4. H dadopd udpaulikol ULPoug HETAEU eVOC onUeiou TNG LEAETWHEVNG AEKAVNG KalL
£VOC TNG KATAVTN (0g MepUMTWoN mMou eKpEeL TPog th Balaocoa, To uSPaUALKO UYog og Eva
onueio tou udpodopéa): Emeldn o ubpodopéag Oviwg kataAnyel otn Bdhaococa, Oev
amatteital Kamowa emumAéov PeTaBAnt mAnV tou udpauAikoU UPoug NG TponyoUEVNG
nUéEpag, n omola emAEXONKE MPONYOUUEVWGE WG TIAPAUETPOG ELGOSOU.

5.  H katokpiuvion otnv Aekavn amoppong: H MapdueTpog autr €xel TOAD UEYAAN
enibpoon kat sival Stab£oipun amd tpetg otadpolg. OL TPELC TIUEC ELCAYOVTAL LE L0 XPOVLKA
uoTtépnon, OMwG Ut TPOKUMTEL amd tn pebodoloyia (3 mapdpeTpol €L0660U). Ap)LKA
ylvetal avaAuon CUVTEAECTWY CUCYETLONG KoL ETAEYOVTAL OL TLUEG XPOVIKNG UCTEPNONG TIOU
avTlotolyolV oto HeyoAUTEpPo ouviedsot ouoyxétiong. Mia &eltepn péBobdog mou
xpnoLlpomnotidnke yla clykplon Atav ekeivn tou Stadopikol e€eliktikol alyopiBuou. Me tn
elaylotomnoinon twv odpaApdtwy ekmaibeuong kot afloAdynong mPoKUMTouV SLapOPETLKEC
TLUEC YLOL TN XPOVIKI UCTEPNON, OL OTIOLEG OVAUEVETAL VAL SWCOUV TILO CWOTA AMOTEAECOTA.

6. H Oeppokpaoia sival pio mapdapetpoc and tnv omoio e€aptrdatal n eEdtULon KoL n
Slamvon: ZTn CUYKEKPLUEVN edapuoyr UTpXaV TEG SLABECLUEG Mo €va LETEWPOAOYLKO
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otaBud mou Bpiloketal evidg TOU QVTIALOOTOOIOU Kol QTMOTEAECE pia oMo TIG HETAPANTEG
€10060U OTO TEXVNTO VEUPWVIKO Siktuo (1 MapdaueTpog £w0660u). H mapauetpog Sev
QVOUEVETAL VA TTAPOUOLATEL XPOVLKA UOTEPNON.

7. H vuypaoia tou edddoug: H mapdpeTpoc auth emnpedlel TNV €€ATULON KAl TN
Slamvon. To yeyovog OtL Sev ntav Stabéoun owg va elodysl éva PIKpO odAApa oto
povtého. H cupoAn Tng e€dtuiong Kot TnG SLamvong OUwe eV avapEVeTal va eival Leyain,
AOyw tou peyalou BaBoug amo tnv emipavela oto onoio Bpiloketal o udpodopog opilovrag.

8. H tayxVtnta tou avépou eival pia akOpa TIAPAUETPOG TOU OXETI(eTAl PE TNV
e€atuion kat tn diamvon: H amoucia dedopévwy yla TNV TIOPAPETPO QUTH TNV ATEKAELCE
ono To oUVOAO TAPAUETPWVY €L0OS0U. o Toug Adyoug Tou mpoavadepOnkav n EAAewdn
elval mBavo va elodyel éva pkpd odaApa, aAld Sev avapEVETAL VA EMNPEACEL GNUAVTIKA
TNV aKPIBELO TWV ATTOTEAECUATWV.

9. H oxetkn uypacia Tou agpa OMwWG KoL OL TPONYOULEVEG SuOo TOPAETpOL Sev NTAV
SlaBéoiun, kal dev mepleAndOn oG MaAPAPETPOUC eL00S0oU. OUTE OUWC N CUYKEKPLUEVN
ENELPN QVOUEVETAL VO EXEL LEYAAN EMUTTTWON OTO AMOTEAECUATO TOU HOVTEAOU.

10. H nAwaxn axtvoBoAia dev eixe petpnBel aueoca. Emeldn Opwg oxetiletol pe tov
aplOUd nuépag efetdotnke to evbexopevo va sloaxBel wg petaBAnt elcodou o aplBuog
nuépag, dnAadn o avfwv aplBuog tne nuépac Eekvwvtag amo 1 ya tnv 1n lavouapiou kat
kotoAnyovtag oe 365 yiwo tnv 31n Askepfpiou (1 petaBAnt €w0080u). Ie cUPEWG
XPNOLUOTIOLOUHEVA EUTELPLKA HOVTEAQ OTwG oL e€lowoelg Penman r; Penman — Montieth
xpetalovral n péon nuepnotla Beppokpaacia, N TaXUTATA AVEUOU KoL N NALOKA aKTVOBOALa.
H aktwoBolia emnpedletal OUWG KOL oo TO €AV UTIAPXEL VEDwaN, oTolxelo un Stabatuo.
Ma To AOyo auTO UTRPXE Hia eTUAAEN Kol OAOL TOL OevVAPLA €EETACTNKOV OPXLKA HE KOl
XwpLlg Tov aplBud nuépag. Ta amoteAéopata tou Sladoplkol e€eAkTikol oAyopiBuou
oupnepAappavouy Tnv anodaocn ya xprion i OxtL TG CUYKEKPLUEVNG TTAPAUETPOU €L0OSOU.
Ye KABOe mepimtwon mAviwe oUTe n NALOKA oKTwoPBoAio avapévetal va £xel KaBopLOTIKO
POAO oTa ATMOTEAECATA.

11. O puBuog AvtAnong r EUMAOUTIOHOU €lval Lo TTOAU ONUAVTIKA TIAPAUETPOC Kal
EMNPEATEL ONUAVTLIKA TO USPAUALKO UP0C evOg uSpodopéa: ITNV MEPLOXA UTIAPXOUV SeKaéEL
TtNyasdla AvtAnong, oL MAPOXEG TWV OTOLWV avayvwplotnkav wg amapaitnteg HeTaPANTES
€L0060U (16 peTaPANTEG EL6OS0UV). INUAVTLIKO VO onUELWOEL elval OTL l0wG va UTIAPXOUV Kall
AaAAa mnyadla GvtAnong otnv TEPLOX TA omolo va pnv €ival kataysypappéva. Auto Ba
UMOPOUCE VO ELOAYEL €Va ULKPOTEPO N HUEYAAUTEPO OPAAMA OVAAOYQ HE TIG TIOPOXEG
AVTANONG KOl TN OXETKN Toug Béon wg mpog ta mnyddio mapatipnonc. To oddAua Ba
auvfavotav ylo peyalouc puBpolC¢ AviAnong Kal HIKpR amootachn omd Tta ohueia
TopaTpPNONG.

Ta SlaBéolpa Sedopéva yla OAeg Tic PeTaBANTEG €l06dou elval nuepAola yla éva
Saotnua SekaoKTw UNVWV. OL XPovooelpeg Ouwe dev eival mANpelg aAd mapouctalouv
KEVQ, Ta omola eMAEXONKE va N cUUMANPWBOOUV pe HeEBOSOUG CUUTTANPWONG XPOVOCELPWV.
O Baotkdg Adyoc sival emeldr) katL t€tolo Ba eloryoye oto VEUPwVLKO Siktuo edopéva pe
afepalotnta kol iowg to wholos vo TeplypdY el amokpioslg tou udpodopéa Tou va pUnv
QVTATOKPIVOVTAL OTNV TIPAYLATIKOTNTA.
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‘Eva emiumAéov pOPANUA TTOU TTAPOUGCLACTNKE NTAV OTL OL SL0POPETIKEC TIUEG OTN XPOVLKNA
UOTEPNON LETAKLVOUV KAl T KEVA TWV XpovooeslpwV. Ta dedopéva Tou TpETEL va eloayxBouv
oto apyxeio «neural_data.txt» mpocappolovral avaloya pe tnv mepimtwon. Mépa amod Tig
SLaPOPETIKEG TUMEG PpoxOmTwong adolpouvIal Kol Ta XPOVIKA onuela SeSopévwy mou
napouotalouv ENeln os Uia 1 TIEPLOCOTEPEG MAPAUETPOUG ELCOSOU.

Aoun tov Teyvnto Nevpwvikov AtkTU0U

Zuvoyifovtag, oL apAUETPOL EL0OSOU TOU VEUPWVIKOU SIKTUOU TIOU QITOTEAOUV KOl TOUG
KOUBOUG TOUu VEUPWVLKOU SIKTUOU NTav €lKOooWbU0 HE ELKOOLTPELG avaAloya HE TO av
XPNOLUOTIOLE(TAL ] OXL O aplBudg tNg nuépac. Toug umodAoumtoug KOUPoug amaptilouv n
Bepuokpaocia, n Bpoxomtwon amno 3 onueia, o pubuog avtAnong 16 mnyadlwy Kat n otadun
KOTA TNV TPONYOUWEVN XPOVLKNA OTWYHN Twv 2 mnyadlwv. Ol CUYKEKPLUEVEG TIOPALETPOL
ETUAEXONKAV VOl €XOUV AUECH OXEON HE TN OTABUN TOU UTIOYELOU VEPOU, Kal va KAAUTTTOUV
000 TO SUVATOV TEPLOCOTEPOUG amd TOUG KN oTtaBepol TaPAYOVIEC Tou udaTikoU
toouylou mou to ennpealouv. Quoka n emloyn MeplopileTal Kal ano tn dtabeouotnta
USPOAOYIKWYV Kal USPOYEWAOYLKWVY SESOUEVWV OTNV MEPLOXN.

H apxwkn Tt mou emAéxBnke yla tov aplOpd twv KOUBwv ota Kpudd emimeda Atav
TpLavta og KABe kpudO eminedo. Eneldn o aplOuog Twv KOUPwWV elcd6dou gival peyalog lowg
va xpeltalovral akopa meplocotepol kpudol kouBol. MNa tnv amodpuyn plag Sadikaciag
SoKLUNG Kal odaApatog ol aplBuol autol elonxBnoov wg petafAntéc amodaong otn
Sladikaoia BeAtiotonoinong pe to Stadoplko e€AKTIKO adyopLOpo.

Qg napapetpol e€6d0ou e€eTacTnNKAV SUO MEPUTTWOELC. ITNV MPWTN TO VEUPWVIKO SiKTuo
elye w¢ mapapétpoug €€6dou Ta LUSPAUALKA UYPn oe Vo onueio Mapatnpnong. Onwg
avaAlBnke ota mponyolpeva Kepahalo n 6ea auth €xel Bpel MoAEC sdappoyEG otnv
npocoopoiwon umoyewwv udpodopéwv. TNV mapoloa STpP n MEPMTTWoNn aAuth
XPNOLUOTIOLETAL YLO VOl Elval cUYKpLoLa T amoTeAéopata pe aAoldTePeG epyaoiec, Kabwg
eniong kot w¢ Paon yla tnv £€€tacn tng umobeong mou avaluBbnke oe TponyoUpeva
keddAala OTL n emloyn NG HETAPOANG OTABUNG €XEL UEYAAUTEPO PUOLKO VONUA Kol
avapévetal va Swoel KOAUTEPA AMOTEAECHOTA.

IXNUOTLKA OVATOPAOTOON TOU TeEXVNTOU VEUPWVIKOU SIKTUOU QIOTUTIWVETAL oTnV Elkdva
31. Q¢ mapAUeTPog €L0060U eudaviletal koL 0 ApOUOC NUEPAG. € TEPUTTWON TOU
adalpebel, adalpolvtal Kal oL CUVSECELC TOU HE TOUG KOUPBOUG Tou TMPWTOU Kpudou
erunédou. Q¢ koppol €€66ou daivovral ta vSpavAkd LPN 1 evaAlaktikd ol Stadopeg
otadung ota U0 mnyadla mopatnPnongG.

H televutaio MapApeTpog MOU TPEMEL va KO.OOPLOTEL OXETIKA UE TO VEUPWVLKO SIKTUO
glval o aplOpdg Twv yeviwy yla TG omnoleg Ba exmotdeutel. ApXIKa o aplOuog autoc Tédnke
100G e XiALeg yeviec. O aplBuog autdg eivat untepSUTAAOLOG ard Tov aplBuo Twv SlabéoLuwy
XPOVLKWV CNUElWV SeS0UEVWV.

OewpNTIKA €lval KAVOC VO CUYKALVEL O£ [0l TIUA yla T CUVOTTTLKG BApn, aA\a sival
UTLOPKTOC 0 Kivduvog, emeldn o aAlyoplBuog eknaideuong Sev elval EATLOTIKOC, TO opAApa
va apxioel va auvfdvel peta amod £vav aplOpd yeviwy. O alyoplBuog dev £xel €leyxo ylo
MPWLUN dlakomn og mepintwon mou To opaipa auénbel. Ma va amodeuxBel n elcaywyn
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odalpatog Aoyw umepBoAlkd MOAWY YeVEWV eKMAiSeUONng 0 aplOUOG YeEVIWV ATIOTEAEDE
pio ermumAéov mapapetpo tng Stadikaciog BeAtiotonoinong.

Osppokpacia |

Bpoyomwon 1

Bpoyomwon 3

> YopavAwkoé Oog/Aiadopa otaBung 1
b

I I I...I I...I I
~— Vil T . ;

AvtAnon 1 .
| : : Y&pavkwkd voc/Aladopd otabung 2
N . ]
AvtAnon 16 I '.
.':II II:'.
Y&pauvhwks 0ipog 1 .;::" ":I;:
Y&pavhko Oog 2
. . 1° Kpudo 2° Kpudo , .
Eninebo Ewodbou P & P i Enirtedo E{6Sou
Eninsbo Eninebo

Ewikova 31. Aopn TOU TEXVNTOU VEUPWVIKOU SIKTUOU OMWG auto £PapHOOTNKE OTNV TEPLOXN TNG
ATTIKAG.

BeAtiotomoinon pe Atx@opiko EEeAtktikd AAyopiOpo

O otoxog tng PeAtiotomoinong pe tov AE Atav n BeAtiwon twv apxtkwv TNA Omwg
anédaong ING
BeAtlotomoinong: o) Toug XPOVoug UoTEpNong Twv KOpPBwv tng PBpoxdmtwong (3

avoAUBNKE  TPONYOUMEVWG,  XPNOLULOTIOLWVIAS WG  TIOPOHETPOUG
napdpetpol), B) tov aplBud twv KOUPwv oe kabéva amd ta Svo kpudd emimeda (2
TLAPAUETPOL), Y) TOV aplOUd TWV EMOXWV TIOU Xpnolonoldnkav yla TNV eknaideuon tou
TNA (1 mapdpetpog) Kat 8) n xpron 1 Kn Tou aplBpol nuépag we MAPAUETPOU EL0OS0U Tou
TNA (1 mapapetpog). O Mivakag 2 cuvoyilel ta Gvw Kol KATW Opla Twv HeTaBAnTwy

andédaong tng dtadikaociag BeAtiotonoinong.

Nivakag 2. Katw Kot avw oplo Twv PeTafAntwv anodaong thg dtadikaciog BeAtiotonoinong.

MetaBAnth anddaong Kdatw 6plo Avw 0pl0  BApa
Xprion N un Tou aplBpou nuepag 0 1 1
Xpovikn votépnon Ppoxouetpikol otabuov 1 1 15 1
Xpovikn uotépnan PpoxoueTpikol otabuov 2 1 15 1
Xpovikn votépnaon Ppoxouetpikol otabuov 3 1 15 1
ApBu6C KOUBWY 0TO MPWTO KPU PO eminedo 5 50 1
AplOuoG KOUBwWV oto Seltepo Kpudo emimebo 5 50 1
AplBuo¢ emoywv Tou TNA 500 1000 50
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Kpttiplo ywa tnv afia tou amotedéopoto¢ tng Stadkaoiog eival ta opdaAuarta
ekmaldevong kal afloAOynong Tou VEUPWVIKOU SIKTUOU. H QVTIKELUEVIK OUVAPTNGON TNG
Sladikaoiag BeAtiotonoinong tébnke (on pe To NULaBpolopa Twv opaApdtwy ekmaibeuong
kat afloAdynong tou TNA.

Ypddua Ekraibevong + Ypdlua AéioAdynong
2

Avtikepeviky Zvvdptnon =

To opaApa eknaidevong ival évag deiktng Tou MOco KAAA TPOCOUOLWVEL TO SiKTUO T
oebopéva e to omola €xel ekmalbeutel. Tuxov TAPAAELPr] TOU QATIO TNV QAVTLKELLEVLKN
ouvaptnon Ba pmopouos va 0dnynoeL otnv emmloyn w¢ BEATLOTNG pLog ekmaldeuong mou
oamAd PeAtiotonolel to opaApa aflohoynonc. Autd Ba onualve umepekmaidevon Tou
SKTuou aAAd we tpog ta dedopéva afloAdynonc.

To odpdaApa afloAoynong eival évag SlkTng TNG LKAVOTNTAG TOU SIKTUOU va mopeUPAAEL
EVTOG TNG TIEPLOXNG EKMALGEVONC 1 VO CUVAYEL EKTOC QUTHG OFE TIEPLOXEG TOU UTIEPXWPOU
TOPAPETPWY €L0060U OTIC omoieg dev £xel ekmaldeutel. H evowpdtwor tou odpAApAToq
a€LOAOYNONG OTNV QVTLKELUEVLIKN cuvdptnon e€acdalilel tnv amoduyn unepeknaidsuong,
evw dlatnpel tnv tkavotnta yevikeuong tou TNA 600 to Suvatdv upnAotepa.

Ma tnv mARpn autopatonoinon tng dtadikaciag avamtuxdnkav alyoplduol dlaxeiplong
Sebopévwy ol omoiol StaPalav anod apxela €l0660U TG TIHEG TWV METABANTWY amodaong
Kot Snuwoupyovuoav wg apxeia e€66ou, Ta mpoBAenoueva apyeia L0060V TOU VEUPWVLKOU
Siktlou. Metd amod tnv ekTéAecn Tou aAyoplBupou ekmaideuong Tou VEUPWVIKOU SIKTUOU
AdpBavav TIC TIHEG Twv opalpatwy ekmaldeuong kal afloAdynong Kal amobrkevav tnv
oavtioTolyn TIUN TNG OVTLIKELUEVIKIG CUVAPTNONG 0To KATAANAo apxeio e€660u amo To onoio
Kol eloayotav otov Sladoplkd eEEALKTIKO adyoplOpo.

Ano tn OSwadikacia Pehtiotonoinong mpoékuPav €va  BeATIOTOMOLNUEVO TEXVNTO
VEUPWVIKO OIKTUO MPE USPAUALKA UPn WG TMOpOUETPOUG €£060UL, Kal €va SeUTEPO e
Sladopéc otabung wg moapapéTpous €E680U. ITN CUVEXELX Ta PeATIOTOMOLNEVA TEXVNTA
veupwvika Siktua umoPAnOnkav otn Stadikacio pecompoBeopung mpofAsdng, onwg autn
neplypddnke otn pebodoloyia, yia va eAeyxBel n KavoTNTA TOUG VA TIPOCOUOLWVOUV TV
andkplon tou Udpodopéa ylo TeEpLOoOTEPeG amod pio nuépeg. Ta amoteAéopata Ba
amoteAéoouv pia akopa anodelén yla To av MPEMEL VA TTPOTLUATAL N pia ard TG eMAOYEG
peTaBAnTwy e€660u.

4.2 T€Eag

ITnv napovoa epyacia £ywve xprion Slabéoluwy dedopévwy and petpnoelg mediov otov
udpodopéa Evtovapvtg oto Té€ag twv HMA yia tnv ekmaibeuon kat afloAdynon tou
nipotewvopevou TNA. O ubpodopéag Evtouapvtg oto TUAUO Zav Avtovio tng {wvng Tou
priypatog MmaAkoouvg (Balcones) oto vOTlo Kol Keviplkd TE€ag elval éva amd ta
HEYOAUTEPQ KOPOTIKA CUCTAMATA UTIOYVEIWV USATWYV Twv Hvwuévwy MoAtewwy. Mevika n
moLotnTa Tou vepol otov udpodopéa eivat uPnAn.

O ubpodopeag KaAUMTEL Lo eTudavela pe pnkog mepimou 300 km kat mAdtog 10 pe 80
km kot amotelel tn Baociky TNy USATOC yla TIC USPEUTIKEC OVAYKEC TNG TEPLOXAC
oupmnepAappovopévng Kat tng MOANG tou Tav Avtovio, TnS 7n¢ neyalutepng os MAnBuouo
TOANG Twv HMA. H ToAn €xeL kKAlpa Enpo pe Bpoxomtwoelg 25 pe 50 mm avd £Tog YEYOVOG
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mou aufavel tn onuacia tou vepol amd Tov udpodopia Evtouapvtg. Itnv Ewkova 32
onuelwvetal n B€on Tou nyadlol mapatipnong Kal Sivetal Yia YEVIKOTEPN AMOTUNTWGN TNG
£KTaong Tou udpodopéa.

Y6pogopéac ‘EvTovapvtg, TEEag

Meployxn Amoppornc

MnyabL mapatipnong

ApTeEC IOV 2wV

Bexar |-17
B
Fi by
0 10 20 40 6 &0 ST
[ T e ] "P'

Ewkova 32. @¢on tou nnyadiou napatipnong J-17 otov xaptn tou udpodopéa Evtouapvrg.

MoAAEG TOAELG £xouv LOpUBEl oe TomoBeoieg yUpw amd mnyEG otig omoieg ekdoptiletal o
uvdpodopag. KabBwe ol avaykeg avavovtav, dlavoixBnkav moAd mnyadia otnv mepLoxn
yla va cupPdarlouv otnv SlaBéoun mapoyxn ULSatog¢ amd TG TNyEG. EKTOC amod thv
€€a0dAALON TWV USPEUTIKWY AVAYKWY TWV TIOAEWV oTnV Tteploxn o udpodopag Evtouapvig
glvat n kUpLa nyn Vdatog yla apdeucn Kot Bopnxavikn xpnon Kot epodLalel TIC TNYEG UE
™V amnopaitntn mopoxn yla Tn Slotrpnon Tou evSLOLTAUOTOG AnMeAOUPEVWY WY, KOOWG
eniong kat yla PuxaywyKoU OKOToUG KaL Xpr)OELG OTA KATAVTN.

F'ewAoyla ™ Ieproxig

O ubpodopéag Evtouapvig mepikAeietal péca os opddeg aoPeoctoAiBou Evtouapvtg
Kpnudkng emoxng (acBeoctoAibou Evrouapvtg) kat cuvadn otpwpata. O uvdpodopéag
KOAUTITETAL 0t peyGAo TUAUA Tou amd dpyllo Del Rio (Ntel Pio) kol UTOKeltal tou
otpwpatog Upper Glen Rose (Amep kAev POoul), avwTePOU OTPWHUOTOG TOU LUSpodopEa
Tptvutt (Trinity Aquifer). O aoBeotdABog Eviouapvtg Kal Ta ocuvadr oTpWHATA KU HaivovTol
ard 450 £wg kot Aéov Twv 600 ft oe ayog otnv meploxn. Mia oelpd amoé pAypata otn {wvn
pnypatwv MmnoaAkéouvg (Balcones Fault Zone) €xel ekBéoel Tov aoBeotoAlBo Evtouapvig
otnv enidpAveLa KATA KRKOG Tou votiou oplou tng Kopntelag TéEag XA (Texas Hill Country).
TekTOVIKEG Slepyaoieg €xouv petakivrioel Tov aoBeotdAiBo Evtovoapvig oe peydlo Babog
and TtV eMUPAVELD OTO VOTIO KOL TO OVATOALKO Oplo. I€ OPLOMEVECG TIEPLOXEG UMOpPEl va
Bpebel yAUKO vepo otov aoPBeotoAlBo Evtoudpvtg akopa kal oe Badn 1200 pETPWY KATW
arnd tnv enudavela tou edadouc. (Schindel et al., 2007)
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AkolouBwvtag tov udpoloytkd KUKAO, To vepd Kiveital péow tou udpodopia amd TIg
TLEPLOXEC EUMAOUTIOMOU TIPOC Ta onpeia ekdpoptiong (mnyég kat mnyadia). Mepimou 1 250
TETPOYWVLIKA HiAlo aoPeotoAlBou Eviouapvtg eival ekteBelpévo empavelakd Kot amoteAet
N {wvn gUTAOUTIONOU Tou USpodopéa. Pudkia ou pEOuV VOTLO OITO TNV TIEPLOXN OTTOPPONG
XAvouv OAn N To PeyaAlTEPO TUNAMA TG BAGLKAC TOUC ponG, KoBwE SlooTaupwvovTal HE Th
{wvn gumAouTiopoU. EutAéoy, TUAMA TWV KOTAKpNUVIioEwY evtog tng {wvng EUMTAOUTIOUOU
katelobueL emiong otov udpodopéa. H pon Twv uToyeiwv LVEATWY pHEowW Tou udpodopéa
KaTaAnyel TEALKA o€ €va Peyaho aplOuod onueiwv ekdoptiong. O xpdvog MopapoviG HEoa
otov udpodopea Kupaivetal ano Alyeg WPeG 1 NUEPEC HEXPL TTOAA XpovLa, avdloya LE To
BabBog tng kukAodopiag, tTnv TomoBeaia Kol AAAEC mapapéTpoug tou udpodopea.(Schindel

et al., 2007)
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Ewkova 33. Xaptng tng Kopnteiag Mné€ap (Bexar County) pe onpewwpévn t 0€on tou mnyadlol

napakoAoOnong J-17 (AY-68-37-203). (Schindel et al. 2007)

O ubpodopéag Evtouapvig eivol KOPOTIKOG Kol Xapaktnpiletat amd tnv Unapén
kataBoBpwv, BuBLlOUEVWY pepdTwy, oltnAaiwy, HEYAAWY TINYWV KOl EVOC OAOKANPWUEVOU
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ouotnuartog umnoenidpavelakng Sloxéteuong Twv LSATwWv. Elval éva amo To mopaywyLlka
ouoTAUATA urtoyeiwv uSATWV ot Hvwpéveg MoAlteieg kal xapaktnpiletal anod eEalpeTkd
uPnAn SuvapkotnTta yl mnyadia avtAnong kot uvPnAég exkdoptioelg oe mnyég. O
uvdpodopéag mapouctalel efalpetikd peydlo (omnAawwdeg) mopwdeg kot  uPnAn
SLaMEPATOTNTA XAPAKTNPLOTIKO TIOAAWY KOPOTIKWY USpodopewy. AvtiBeta, uSpodopeig rou
epdavilovral oe Ao, KPOKAAES 1 AAAA (6N TIETPWUATWY OTIWG OL POHITEC £XOUV APKETA
HLKpOTEPN Slamepatdtnta. Emeldn o udpodopéag Evtouapvig eival yvwoTto OTL EXEL TIEPLOXES
pe vPnAn SlamepatdTNTA EMUTPETEL T HeTOPOPA PeEYAAWY OYKWY VEPOU, CUVENWG KaBLoTA
duvatr TN ypnyopn amoKplon NG otabung mnyadlwv TapaAtnpnong o€ YEYovota
Bpoxomtwong-eumAoutiopov.(Schindel et al., 2007)

loToplkd n moloTNTA Tou vepoU otov udpodopéa MPOOTATEVETOL Ao TO UEYAAO TOU
Babog¢ katw omd MANBUCHLAKA KEVIPOL KOL N QELOTIOLNUEVEG EKTACELS yng otn {wvn
EWTAOUTIOHOU KOl TNV Meploxn amoppong. MBavég ameldég yio TNV moLOTNTA Tou vepoU
glval utapkTEG amo SLadopeg MNYES CUUTIEPIAAUBAVOUEVWY TWV HETAPOPWY KAL TNS XPNONG
ETUKLVOUVWVY OoUCLWV Kal GAAwV XNULKwY otn {wvn EUTTAOUTIOMOU, EYKOTAAEAEIUUEVWY 1)
NULITEAWVY TINYOSLWV KOL OTIKWY KN CNUELOKWY armoppowv. To uPnAo mopwdec kat n uPnAn
USPAUALKN aywylotnTa tou udpodopéa EVIOUAPVTE EMLTPEMOUY TNV ELGPON PUMWV Omd TO
amno tnv entpavela tou edadoug Ue HIKP R Kol KaBOAou Katakpdatnaon.

To mnyadL mapatnpnong J-17 otnv kopnteia Mné€ap (Ewova 33) eival éva onpeio yla to
omoio elval KOTAYEYPOUUEVN N TIUA TNC OTAOUNG O NUEPNOLO XPOVIKO Brpa amd tig 12
NoeuBpiov 1932. Eival to onueio avadopadg yia tn otadun tou udpodopéa kal Bploketal
TIOAU KOVTA 0TV TTOAN TOoU Zav AVTovlo.

AwaBéowua Asdopsva

Ma tnv euplTEpPn TEPLOXN UTNPXAV KOTAYEYPAUUEVEG TILEG USPOAOYLKWV Kol
USPOYEWAOYIKWY TIAPAUETPWY YLla HEYAAA XPOVIKA SLACTAUOTA KOl HE NUEPHOLO XPOVIKO
BrApa. O Mivakag 3 cuvoilel TIC SLOBECIUEG TTAPAUETPOUC KOL TOV APLBUWY TWV NUEPNOLWV
TLLWV yLa KABe pia and autég. (Schindel et al., 2007)

Nivakag 3. AlaB£oLUEG NUEPNOLEG TIMEG TTAPAUETPWY OTNV TTEPLOXA TOU TECQG.

, Huepnoteg
Napapetpog Tuaéc
Méylotn Oeppokpacia 45093
Bpoyxomtwon 45100
JuvoAikr AvtAnon 11561
Méytotn Qplaia AvtAnon 7135
YSpauAikd Yog 26 883

1. H mapoxn mou elopéel erudavelakd and AAAeg Aekaveg amnoppong: Eav to uvdatikd
LoolUylo edappootel 6To oUVOAO TNC £KTAONG TIOU KAAUTITEL 0 uSpodopéag, dev UTIAPYEL
avavtn Aekavn amnopponc. uvekdoxika Sev sival duvatov va spmioutiletal o udpodopéag
amnd emupaveLaKES ELOPOEG.

2.  H mopoyxn mou ekpéel eMPAVELOKA amo Tt Aekdvn: AKOPA Kal TOL pUAKLO EVTOC TNG
TeEPLOXAC amoppong Adyw tng uPnAARC KopoTikomoinong Twv acBectolibwv ydvovtal otav
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ouvavtioouv TN {wvn eumAoutiopou. To e€atpetika peyaho Babog tou udpodopéa amod tnv
erudadvela tou edddoug ouvdualetal e To Peydlo mopwdeg kol Thv uPnAn uSpaUALKN
QywyLluotnTa, mapdAAnia paAlota pe To Enpd KALLa TG meploxnc. Ta mapandavw dsdopéva
ouvnyopoUv othnv mapadoyxn OTL n amoucia OQUTAC TNG TAPOUETPOU Ao TO OUVOAO
HeTaBAnTwv eLc0dou e Ba elodyel ONUOVTIKO OPAAUA OTO LOVTEAO.

3.  Hdwdopd udpauAikol Uoug petall evog onpeiou otny avavin AekAvn omopporng
KoL EVOC otnV pPeAetwpevn (A to udpauAikd LPog Tou udpodopsa): Aev umnpxav dtabéoipa
Sebopéva yla KAmolo mnydsdt avavtn Tou nnyoadlol mapatipnong, CUVENWE ETUAEXBNKE wg
TAPAUETPOC £10060U TO USPOAUAIKO UYOG oTo TNyddl mapatipnong tnv TponyoUUEvh
nuépa (1 mapAapeTpoC ELCOS0UL).

4. H Swadopad ubpaulikol UPoug HETALU €vOg onuelou NG HEAETWUEVNG AEKAVNG
QIOPPONG Kal EVOG TNG KOTAVTN (o€ Teplmtwon mou ekpéeL pog tn BGAacoa, To USPAUALKO
U og og éva onpeio Tou udpodopia): To USPAUALKO U OC OE £va CNUELO TOPATAPNONG EXEL
Nén elwoaxBel w¢ mapApeTpog €loddou. Asv UTHPXAV OTOLXELO Yyl onUela otnv KoTAvTn
Aekavn amopporg, OmOTe UumApxel mBavotnTta vo emnpedletal n  okpifsla  Twv
anoteAeopdatwy. Emeld] o udpodopiag sival KapoTikog, n €AAewn oToElWV yla TV
Katavtn Aekadvn amoppong 6ev avapEVETAlL va SnpLoUpyrnosl peydalo oddApa ota
amoteA£éoUATA TNE TPOCOUOoLlWwaoNG.

5. H katakpriuvion otnv Aekavn amoppong ivat StaBéoiun amnod éva povo onpeio Kat
gL0NX0n wg mapapetpog eloddou (1 mapapetpog eloddou): Kpivovtog amod tnv €Ktacn Tng
neploxng Ba Atav emBupnt) n Umapén evog Siktuou otabuwv Tou va Teplypadouv
KOAUTEPQ TNV KATAvVOUn TNG Bpoxomtwong otnv meploxn. Eival moAl mibavo n Béon tou
otaBuol va pnv ivol aviutpoowreuTiky oAOKANPNG TNG AEKAVNG OMOPPONG, CUVETNWGE va
UTLAPXOUV TLUEG BPOXOTTWONG TIOU VOl EMNPEAIOUV TO UTIOYELO CUCTNA, OL OTIOLEG VoL NV
kataypddovral e kaBe edpoapuoyn TEXVNTOU VEUPWVIKOU OSIKTUOU Kplvetal wdlaitepa
ONUOVTLKA N OWOTA EL00YWYN TNG KATAKPAUVLONG, KABWC eival kal n Baoikr cuvelopépouoa
TAPAUETPOC TOU udatikoU Looluyiou. Ma Tov MPoodloplopd TNG XPOVIKNAG UCTEPNONG TNG
OUYKEKPLUEVNG TIAPAPETPOU EYLVE AVAAUOT CUVTEAEOTWV CUCXETIONG. EE attiag tng peyding
£ktaong tou udpodopéa uTPXE N ekTipnon amd malalotepeg pehéteg (BA. Mewloyia Tng
Meploxng) 6tL 0 XPOVOG MAPAOVIG TOU VEPOU HEoa oTov USpodopea Sladépel avaloya pe
TNV TEPLOXN KO MMOPEL val Kupaivetal amo Alyeg wpeg péEXPL TMOAAEG NUEPEG 1] AKOMA KO
Xpovio. Auto o6nynoe otnv ULoBETNON MEPLOCOTEPWY TNG HIOC NUEPOC WG TAPAUETPWY
€L0060U. Avaloya e TNV aVAAUON TWV CUVTEAECTWY CUCXETLONG ETUAEYOVTAL TOOEC NUEPEC
0oe¢ daivetal va éxouv enidpoaon otn Sladopd NG otdbung. H emdoyn tou opiou, yla to
£WG TIOLAL TLU) TOU CUVTEAEDTH CUOXETLONG N emidpaon Bswpeital epdavng, eivol aubaipetn.
Eutuxwg n Bewpla EMITPEMEL TNV ElCOYWYN TIEPLOCOTEPWY TIOPAUETPWY ELOOSOU OTO
VEUPWVLKO Siktuo amd Tig anattolpeves. Autd pmopel pev va XL apvnTikn emidpacn oto
XPOVO TIOU XPELALETOL yla [ TAPN eKTEAECN TOU alyopiBuou Tou veupwvikol Siktlou,
oAAQ Sev avapévetal va aunoel To opaipa tou. Eav dev umdpxel Kaplo CUCYETLON KATIOLOG
HETABANTAC €L0080U pe TIC €€O60UG, TO VEUPWVIKO £XEL SUVNTIKA TNV LKOVOTNTA Vo
pundevioel to cuvamtikd Bapn ekeiva Tou cUVEEOUV TN KN CUCYXETIOUEVN TIUPAUETPO HE TIC
€€660ug, ouolaoTka adalpwvtag TV amno to Siktuo.
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6. H Beppokpaocia eival eniong pla ONUAVTIKG TTOPAUETPOC N omola evdExeTal va
TAPOUCLAZEL ONUAVTLIK XWPLKA PeTaBAntotnta. H emiSpaocn tng opwg, n omola yivetol
epdavng péow NG €€ATUONG KOL TNG SLATIVONG €lval AlyOTEPO ONUAVTIKI) O€ CUCTAUATO
UTtoYElwv LSATWV Ta omola epdavilovral os peyala BAaBn amod tnv enidaveila tou edadoug.
‘ETOL KAl OTN CUYKEKPLUEVN edapUoyn SeV OVAUEVETAL VA UTTAPEEL ONULAVTLKI ETIIMTWON OTO
odAAUO TOU POVTEAOU.

7. H vuypaocia tou edadoug Sev nrav SlabBEoiun otn OUYKEKPLUEVN Tieploxr. Me
Se80UEVN TNV XWPLKN HETOPANTOTNTA KAl TNG CUYKEKPLUEVNG TIAPOUETPOU, O TEPIMTWON
KOTA TNV ormola KpLvotayv amapaitnto va kataypadel ylo va xpnollomnotnel wg mapapeTpog
€L0060u Ba amattoloe éva OIKTUO OTABUWY HETPNONG OTWG KOL OL UTIOAOUTEG XWPLKA
petaBal\opeveg mapdpetpol. H amouoia tng Opwe amnod 1o cUvoho dedopévwy elcodou dev
OVOUEVETAL VO ETNPEACEL CNUOVTIKA TA amoteAéopata ywa Adyoug mou avaAudnkav
TOPATMAVW Kal oxetilovtal Ue TNV YEVIKOTEPN EMISPACN TNG EEATULONG KAl TNG SLAMVONG o€
£€va cUOTNUA OTIWG TO UEAETWHEVO.

8. Itowela yla TNV TOXUTNTA TOU QVEROU SEV ATAV KATOYEYPOUMEVA, OAAG KaBwg N
TOXUTNTA TOU QVEUOU ELvOiL il aKOUO TIOPAETPOG TIOU OXETI{ETAL HUE TNV EEATULON KL TN
Slamvon, 6ev avapévetal n €AAsWPn TWV OTOLXEIWV QUTWV Vo EMLPEPEL ONUOVTIKN
urtoBaduLon TNg moLdTNTAC TNE MPOKUTITOUCAG AUCNG.

9. H oyetiki uypacia Tou agpa, OTWE KoL OL TIPONYOULEVEG SUO TIOPAKETPOL, SEV RATAV
SlaBéoun kot dev mepleAndOn ot mopapétpous eloddou. OUTE OUWC N CUYKEKPLUEVN
ENELPN QVOUEVETAL VO EXEL LEYAAN EMUTTTWON OTO AMOTEAEGUATA TOU OVTEAOU.

10. Aev umApxav MANPodopLlec yLa TNV TIUH TNG NALAKNAS akTvoBoAiag. T0udpwva Opwg
LE TO GUAAOYLOUO TNG MPONYOUUEVNG hapUOYNG OTNV TEPLOXT TNG ATTLKAG £EETAOTNKE TO
evbexopevo va elooxBel w¢g petaBAnty €w0o6dou o aplBuog nuépag, dnAadn o avtwv
apLOUOC TNG NUEPAG EekvwvTag amo 1 yla tnv 1n lavouapiou kat kataAnyoviag o 365 yla
v 31n AskepPpiou (1 petapAntn ewoddou). H emidUAagn mou UTHPXE yLO TN XPON QUTAG
™G LeTaBANTAG 08rynoe otnv uloBétnon piag dtadikaoiag SoKLUAG Kal opaAparog, n onola
KaBoploe T Xpnon N MNn tou aplOpoU nuépac. AveEdptnta omd To ONMOTEAECUATO TNG
Sadkaoiag¢ n nAlokn aktivoPolia Sev avapévetal va £xel Kaboplotikd poho ota
amoteAéopata.

11. O puBudég AvtAnong 1 EUMAOUTIOMOU €lval pia omd TG TAEOV ONOVILKEG
TIOPOUETPOUC, OTAV TIPOKELTAL VLo KApoTlkoUC uSpodopelg. AlaBéoLpeg MTApAUETPOL NTAV h
OUVOALKNA Ttapoxf AvtAnong amd OAa ta mnyadla tng mePLoXnG, Kabwe Kol N wplaia PEyLoTn
mapoxn avtAnong. Avotuxwg Sev umnpyxav mAnpodopieg yla tnv dvtAnon kaBe mnyadlov
Eexwplotd, oUTE Kav avd opAdeg yeltovikwy mnyodiwv. Autd Snuiloupyel éva onpavtiko
nPOPANua, kabwg to Tnyadt mapatnpnong ennpealetal SladopeTIkA amd KABs Tnyadt
avtAnong avoloya e TV HETOEU TOUG AmOOTACN Kol TO TAPEUBOAAOUEVO YEWAOYIKO
umoBaBpo. H éAAewbn autrg tng mAnpodoplag evoéxeTal va £L0AYEL ONUAVTIKO odAApa
otnv mpooopoiwon. Me tnv avdAluon TwV OUVTEAECTWV CUCXETILONG €EETAOCTNKE €AQV N
TAPAUETPOC TNG OUVOALKNG TAPOXNAC TIPOUGCLATEL XPOVLKA UCTEPNCN Kol av TIPETEL Vol
gloayBel ylo meploodtepeg and pio nuépeg. H wplaio péylotn avtinon Ba pmopouos va
SwoeL pla mapanavw mAnpodopia yla TNy €vtaon Tng avtAnong, oAAd Kal TaAl Ba Atav
EMOUUNTOC £VAC KATAUEPLOMOC TNC VA TINYASL I} OUASA YELTOVIKWY TINYaSLwY AVTANoNG.
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OL xpovooelpeg twv Sedopévwy eixav HeplkeG eNeielg, omote ATav amapaitntn pia
npoegpyaoia yla tnv Slaypadrn TwV XPOVIKWV onueiwv Oedopévwv (nuepwv) omou
napouotalovtayv Kevd ota dedopéva. Aoyw Kal tnv Sladopdg oTo PNKOC TWV XPOVOSELPWY
ETUAEXONKAV LOVO TA XPOVIKA ONUELO EKELVA TTOU €lXaV TIANPEG GUVOAO TIHWV SeSOUEVWVY YLa
TLG TP APETPOUG ELOOSOU.

Aop) Tov Texvnto Nevpwvikov AtktOou

Juvoyilovtag, oL TAPAUETPOL EL0OSOU TOU VEUPWVIKOU SLKTUOU TIOU OIOTEAOUV KOl TOUG
KOUBoUG Tou veupwvikoU Olktiou amaptilouv n Bepuokpacia, n Bpoxomtwon yla
TIEPLOCOTEPEG AMO Mia NUEPECG, 0 PUBUOG AVTANONG ylo TIEPLOCOTEPEG Ao Pia NUEPEC, N
HEYLOTN wplaia avtAnon, n otabun Katd TtV TPonyoUUEVN XPOVLIKH OTLyUR OTO Tnyadt
TapPATAPNONG Kal EVOEXOUEVWE O aplBUOC NUEPAC, €dv oL SOKLUEG auvnyopolV OTn Xprnon
Tou. Ol OUYKEKPLUEVEG TIOPAUETPOL ETUAEXONKAV Yl TNV QUECN OXEON TIOU €XOUV HE TN
OTABWN TOU UTIOYELOU VEPOU Kal SLOTL KAAUTITOUV 600 TO SuVATOV EPLOCOTEPOUS ATIO TOUG
pun otabepolG mopayovieg tou udatikoU Looluyiou TIou To emnpedlouv. Adyw Twv
eMelewv og uSpoAoyLKA Kal USpoyewAOYLIKA dedopéva oTnV IEPLOXH LETAPBANTEG OL OTIOLEG
Ba elyav en\eyel, amouoldlouv amo To GUVOAO TIOPAUETPWY ELOOSOU.

Ap1BpogHpépag

OeppoKpaoia

Karakpipvion 1

Micpopd ZTaOung

Karakpripvion 6

AvtAnon 1

AvtAnon 4

Méyion AviAnen

YdpawAiko Yyog

2°Kpupo

Eninedo Eicod0u . Eminedo

Eninedo EE6d0u

Enimedo

1°Kpugé

Ewkova 34. Aopn TOU TEXVNTOU VEUPWVLKOU SIKTUOU OMwWG auto £POPHOOTNKE OTNV TEPLOXH TOU
Té€ac.

H apytkn T mou emidéxOnke ylo tov aplBuo twv kKOopPwv ota kpudd emineda Atov
TpLavra o KGO kpudo eminedo. Eival unepduthdolog Tou aplBpol Twv KOUBwWV eloddou Kot

lwavvng X. Tpxaxng



Nepurrdboeis Edappoyris

EMAEXONKE cUUDWVA UE TOV EUMELPLKO KOvOVa OTL £V oL KOPBOL ota Kpuda enineda sivat
SumAdotol A TputAdolol and ekeivoug Tou erumédou eloddou eival mBavotata apKeTol yla
Vo TIPOCOUOLWOOUV QaKOUO KOL N YPOAUULKEG ouvaptnoslg. EE autiag tou apketd
peyaAUutepou ouvolou SeSopévwy ekmaibeuong os autn tnv ebappoyr O OXEON HUE TNV
edapuoyr otnv ATTIK 0 XpOVOC TOU amoalthBnke yla pia ekmaldeucon ToU VEUPWVLKOU
SIKTUoU NTaV Katd TOAU PeyoAUTEPOG. AUTO KATEOTNOE QATAYOPEUTIKN TNG Xpnon uiog
Sladikaoiag BeAtiotonoinong. Enpemne ouvenwce, BACEL TNG TPONYOULEVNG EUTIELPLAG KL TWV
QTITOTEAEOUATWY TG EGOAPUOYAC OTNV ATTIKA VA YIVOUV OL ETIAOYEC EKELVEC VLA TO VEUPWVIKO
Siktuo ol omoieg bev Atav duvatdv va mpokUPouv w¢ amoteAéopata tng Stadlkaoiag
BeAtiotomnoinong.

H mwo eUkoAn emdoyn Ntav ekeivn tng napapétpou €660u. EKTOG amod to peyaAlTepo
duokd vonua, n emthoyn NG LETaBOANG oTABUNG £6wWoE Kal KAAUTEPO AMOTEAECUOTO KOTA
™V edappoyr otnv mMePLoXN TNG ATTIKAG. EToL w¢ Hovadiki MapAaUeTpog e€060u emAEXBNkKe
n Stadopd otabunc oto mNyadt mapatnpnong Letafl U0 SLASOXIKWY NUEPWV.

IXNHUOTLKE QVaTTapAoToon TOU TEXVNTOU VEUPWVLKOU SIKTUOU AmOTUTIWVETAL othv Elkdva
34. Q¢ mapauetpog £1006ou eudaviletal kat o aplOuog nuépoac. Ie TepimTwon Tou
adalpeBel, adalpolvtal Kal oL CUVSECELC TOU HE TOUG KOUPBouG Tou MPWTIoUu Kpudou
erunédou.

H emthoyr tou aplBpol Twv YEVEWV yLa TLC OToleG ekmalSeVeTaL TO LOVTENO, KaBopiloTnKe
HETA amd SoKlWEG. H Tt mou mpogkuPe Ntav xIAleg yeviég evw Tépa amod auth Ta
odalpata dev petafAANovToV GNUOVTLKA.
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Ke@alaio 50

Amotedéopata - Tvlntnon

H mpotewvopevn pebodoloyia, onwg tpomomoldnke yia va kaAudpBoUv oL avaykeg mou
Sdnuloupyoloav oL LELALTEPOTNTEG TNG KABEe Tieploxng, KaTéANEe o amoteAéoparta Ta onoia
delxvouv Tnv afla ™G €dapUoyng TNG ylo TPOOOUOLwon TNG OmMOKPLONG KAPOTLKWY
uvdpodopéwv. Ta amotedéopata nepthapPfavouv téco mAnpodopieg yla tn BEAtiotn Soun
TOU VEUPWVLKOU SIKTUOU OMw¢ auth mpoékuPe amod Sokuég 1 Stadikacio BeAtiotonoinong
000 Kal KABaUTA T ANMOTEAECOTO TTPOCOMOLWONG TNG OMOKPLONG.

TNV Meploxn TNG ATTIKAG ONMOU O XPOvog yla kdBe ekmaibeuon tou SiKTUOU HTOV
ULKPOTEPOG, UTIAPXE N duvatotnta mANRpoug edappoyng OAwV TwV TUNUATWY TNG
pebodoloyiag mou amattoUv MOAMATIAEG KTEAECELS TOU aAyopiBuou ekmaidsuong omwe n
BeAtlotomoinon pe Slodoplkd  e€eAKTIKO aAyoplOpo Kol n  evpeon  SLOOTNUATWY
gpmotoolvng pe tv HEBoSo bootstrap. Apxikd mapouctdovtal Ta ONMOTEAECUATO TIOU
TIPOKUTITOUV OO TNV OVAAUCH CUVTEAECTWVY CUGYXETIONG KoL ETIELTA T ATOTEAECUOTO TIOU
npogkuPav anod tn Sladikacia BeAtiotonoinong. Mapouoialovtal Ta MPOKUTITOVTO Ao TV
edappoyy twv SUo peBOSwv Slacthpata eumiotoouvng, Kabwg Kol avaluch Twv
OMOTEAECUATWY OXETIKA UE TIG TTANpodopieg mou Ba pnopoucav va ¢avouv XprRoLUEC yLa
HeEAOVTIKEG edoapuoyEg TG peBobdoloyiag. TéAog mapoucialovral Kal ovaAlovial o€
ouvtopia ta anoteAéopata ano tnv epapuoyn Stadopetikwy alyopiBuwv eknaidsuong Tou
VEUPWVLKOU SLKTUOU.

JTnv meploxn tou TE€ag umnpxav Slabéolueg oslpég SedoUEVwY yla HEYAND XPOVIKA
Slaotipata oAAd pe eAeldelg o€ BAOIKEG TAPAUETPOUG OTIWE N AVTANON amd KABe Tnyadt
Eexwplotd. H éNewpn mAnpodopiag mou dev pnmopoloe va cUPMANpwOEL pe dAAov TpoTo,
08NyNoe Og AMOTEAECUATA KATWTIEPNG TOLOTNTAG O CUYKPLON HE eKElva TNG edapUOYNAS
otnv Attikl. O 8g €falpeTIkA MEeYANOG XPOVOG €KMALOEUONG TOU VEUPWVLKOU SIKTUOU
anétpee tnv edpappoyn HeBOSdwY OTwe 0 Sladoplkog eEeAKTIKOC Kal n LEBodog bootstrap.
Mo tnv emAoyr MOPOUETPWY OXETIKWY HE TN Soun €ylvav SOKLUEG OE ULo TiPOooTIABEeLo va
HeEwwBel To odpalpa, ANV OUwG o Kapia mepimtwon 6ev pmopel va emteuxBel pe Alyeg
SOKLUEG N ghayloTomoinon tou opaApatog mou eival oe Béon va dwoel pla Siadkaoia
BeAtiotomoinong. IXOALOOUOC TWV QMOTEAECUATWY O CUYKPLON KOL LE TNV TIPONYOUUEVN
edapuoyn avalntd tpomoug mou Ba pnopoloav va BeATiwoouy Ta anoteAéopata. Kot otn
OUVKEKPLUEVN edappoyr Tapéxovtal Kal avoAvovtol Ta amnoteAéopota edapHUoyng
StadopeTikwy adyopiBuwy ylo TNV ekmaideuon Tou TexvnTol VEUPWVLKOU SIKTUOU.

ATTIKY)

Me Baon TG aAoldtepeg epyacieg mou €xouv avodepOel 0ToV TOPEN TNG TPOOOUOIWONG
umoyeiwv USATWY o€ CUVOUACUO LLE TNV TTPOCTIABELA yLa ETUAOYH TTAPAUETPWY cUUDWVA HE
To USATLKO LOOTUYLO TIPOKUTITEL ia apXLKH KATAOTACN avodopds TwV ANMOTEAECUATWY TIOU
Ba £6wve n edpappoyn evog TexvNToU VEUPWVLKOU SIKTUOU otnv meploxn. Ta amoteAéopata
aUTA Tpogpyovtal amo éva Siktuo To omoio Sev umoAoyilel TN XPOVLKN UCTEPNON Kal eV
£€xeL BeAtiotonoinuévn Soun (apBuo kouPwv ota kpudd emineda, aplOuod emoyxwv). O
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AnoteAéopata — Zulntnon

aplOpog Twv KOUPBWV emAéxBnke oog pe 30 o kABe kpudod emimedo kot o aplOpdS Twv
ETTOXWV YLA TIG OTtoleg ekmalbeVeTOL TO VEUPWVLIKO SikTuo loog pe 1000.

Inueio AsSopévwv
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Ewkova 35. Apxikr) Katdotaon avodopds TwV AnMOTEAECUATWY MPOCOUOIwoNG Tou USPAUALKOU

UvYoug Tou TpwTOU TINyadLov.

Napotnpnpéveg TiHEG
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Ewkova 36. ALAypOaLHO T(POCOHOLWHEVWV TIHWV WG TPOG TLG TIAPATNPNHEVEG VLA TO TTPWTO TNYAsL

oTNV apPXKN Katdotaocn avadopag.
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Onw¢ ¢aivetal amd ta amoteAéopata n opxlky katdaotacn avadopdg Tmapouclalel
aduvapieg oto TuAHA Twv Sedopévwy eléyxou (onueia dedopévwv 335-473) 1600 OTNV
Ewkdva 35 600 kal otnv Ewova 37. TuyKekpLéva TOo HOVTEADO aduvatel vo avamapayel Tig
VPNAEG KOPUDEG KAl UTTIOEKTIUA OTA MEPLOCOTEPO ONUEla TNV mapatnpnuévn TiunR. H tun
Tou odaApatog eknaidevong eival 6,3E-04 evw tou opaiparoc afloAoynong sivat 1,1E-03.
To yeyovog OtL To odpdaApa agloAdynong eival oxedov SutAdcto and to opaipa eknaidsuong
anotelel £vbel€n OtL To SikTUO PMopEel va €xelL utepekaLOEUTEL.
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Ewikova 37. ApXlkn Katdotaon avadopdag TwWV ONMOTEAECHATWV MPOGOUOLWOoNG TOUu USPAUALKOU
vYoug Tou dsutépou mnyasdlou.

Ta SlaypaupoTa Twy MAPATNPNUEVWY WG TIPOG TLG TIPOCOUOLWHEVEG TLUEG (Ewkova 36 kal
Ewkova 38) mopoucldlouv OXETIKA KOAN YPOUMLK) CUOCXETLON, WOTO0O0 evw LOAVIKA O
otaBepdc O0pog Ba £telve oto pUndEv Kal n KAlon tng euBesiag otn povada, ol TIHEC TwV
TIOPOUETPWY QUTWV QTIEXOUV MO TIG OAVIKA emBupntéG. Me Bdon autd TO VEUPWVIKO
OIKTUO KOl TO QMOTEAEOMATA TIOU TPOKUMTOUV ATNO aUTO HUIMOPOoUV va cuykplBouv ot
LETEMELTA TIPOTELVOUEVEG BeATlwoelg Kal va eleyxBel n afla touc. Katda tn Sidpkela twv
npoonabelwv yla BeAtiwon Tou veupwvikol SIKTUOU Kal gAaylotonoinon tou odpAANaTog
eAéyxOnkav opKeTéG O6€eg, amod TIC omois¢ TOMEG PeAtiwoov TO amotéAecpa Ko
oupmnepAappBavovtal oto TEALKA TIPOTELWVOUEVO VEUPWVLKO SIKTUO evw GAAEC SoKLUEG Sev
BeAtiwaoav TNV T Tou odpdApatog kat anoppidOnkav.

Yrnp€av opketéc mpoomaBeleg mou Sev  Bedtiwoav TOo odAApa. e QUTEG
oupnepthappavetal n dSnuloupyia EexwploTwy VEUPWVIKWY SIKTOWV yla kaBe €€odo tou
VEUPWVLIKOU. Mia GAAN Wéa mou 8 pelwaoe To odGApA ATAV N XPrioN TNG GUVOALKNG TTAPOXNG
w¢ enumA£ov petaBAntic e€66ou. e pila mpoomadOela va emiteuxOel KaAUTepn Mpocopoiwon
TWV akpaiwv onuelwv eéetdotnke n Sltaomoon Kabe petoPAntng e€66ou os SUo petofAnTEG.
ItV MPWIN HETAPANT avtlotolyoloe n OMaAn tAon tng petaPAntng €€68ou kal otnv
SeUltepn oL andtope alayEg (amdTtopn mtwon ) avodog) ol omoisg oxeTi{ovtol HE TO AV N
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peTaBoAn TG otabung oto onueio Sedopévwv ennpedletal amd AVIANGN CE YELTOVIKO
onueio. H pn Peitiwon tou odpdaApatog amotehel anodelen otL éva veupwvikd Siktuo dev
€XEL QVAYKN amoO HABNUOTIKEG TAPEUPACELG OTLG MAPAUETPOUC €L0OSOU Kal €060U, apkel
va UTIAPXOUV OO TA CUCXETLOUEVA SedopEéval.
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Napatnpnpéveg Tuég

Elkova 38. AldypOlpal TTPOCOMOLWHEVWY TIHWV WG TIPOG TLG TAPATNPNUEVES yLa To SeUTEPO INYaAsL
oTNV apXLKA Katdotaon avodopag.

AVAAU01) GUVTEAEGTWV CUOYETLONG

O Mivakog 4 TePLEXEL TIC TIUEC TWV OUVTEAECTWVY CUCXETLONCG LETAEU BpOoXOMTWONG Kot
Stadopag udpaulikol UPoug yla SLapOoPETIKEG TIUEC XPOVIKNG uotépnong. Me Bdon ta
QIOTEAEOUATO QUTA N KOAUTEPN ETIAOYN YLA TNV XPOVIKN UCTEPNON €lval 2 NUEPEG yLa ToV
BpoxoueTplkd otabuod 1, 11 nuépeC ylo Tov BPOXOUETPIKO OTAOUO 2 Kol 2 NUEPEC yLO. TOV
BpoxoueTplkd otabud 3. To mMPOPANUA TNG €MAOYNAG HLAG XPOVIKAG UCTEPNONG YLOL TOUG
BpoxoUeTpIKOUG oTabuou 1 kat 3 ATavV OTL O UEYLOTOG CUVTEAEDTHG CUOXETLONG Yla KAOe
ninyasdtL epdpavilotav yia dtadopeTikn TR TNE XPOVIKAC uoTtépnong (11 kat 2 avtiotowa). H
andéotaon HUETaEU TOU PBPOXOUETPIKOU otabuol kot kabBevog amd ta Suo mnyadia eival
Tepimou n 6La kat dgv uTtdpxouv OAAAYEC OTA YEWAOYLKA XAPAKTNPLOTIKA TTOU va €Enyouv
pLo Stadopd 9 nuepwv petafd tTwv SUo mMNyodlwv' cuVenw n okéPn yla ekmaidevon Vo
Sladopetikwy SikTUwV eykataieidpBnke adou otepeito Ppuoikol voruatog.

210 MPwTo TNyadL n enibpaon NG AVIANGCNG €lval OpKETA LeYaAUTEPN, YEYOVOC TIOU
odnyel O HIKPOTEPOUC OUVTEAEOTEG OUOXETIONG UETAEU PBpoyxomtwong kat Siadopdg
otadung. OL ouVTEAEOTEC OUOXETIONG yla To Seltepo mnyadt Sev elval katd TOAU
uPnAotepol, aAAA oL TEG ToUG eival oxedov SUTAAGCLEG amd eKELVEC TOU TTPWTOU Tthyadilou.
Mo tnv emdoyn Aoutdv evidiwv TIHWV XPOVIKAG UOTEPNONG Kol yla ta Svo mnyadla
XPNOLUOTIONONKAYV OL OUVTEAEOTEG CUOCXETIONG TOU OeuTépou mnyadlou, Kabwg €xouv
UPNAOTEPEC TWEG O CUYKPLON LE EKEIVOUC TOU TTIPWTOU TtNyadLou.
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Nivakag 4. ZuvteAeotég ocuoxEtiong Hetal Bpoxomtwong (armo 3 Ppoxouetpikou otaduolg - Bl,
B2, B3) kou Stadopdg udpavAikou UYoug (o 2 mnyddia - N1, M2) yia 51adopETIKEG TIUEG XPOVIKNAG
uoTEPNONCG.

Xpovikn votépnon (nuépeg)  B1-N1 B1-M2 B2-M1 B2-M2 B3-M1 B3-M2

0 0,0993 0,1948 0,0743 0,1386  0,0913 00,1628
1 0,0871 0,2088  0,0609 0,1576  0,0629 00,1939
2 0,1262 0,2517 0,0933 0,1838 0,1303 0,2374
3 0,0945 0,2375 0,0720 0,1811 0,0924 00,2152
4 0,1329 0,2350 -0,0189 0,1713 0,1221 00,2232
5 0,1089 0,2146  0,2052 0,1736  0,1110 00,2143
6 0,0927 0,1975 0,0729 0,1479 0,0926  0,1976
7 0,0806 0,1741  0,0453 0,1214 0,0747 00,1799
8 0,0812 0,1719 0,0303 0,1247 0,0786 00,1771
9 0,0852 0,1816 0,0834 0,0809 0,0873 00,1736
10 0,0627 0,1882 -0,0796 0,1487 0,0556 00,1727
11 0,1372  0,2153  0,2182 0,2231 0,1385 00,2013
12 0,0978 0,2140 0,0883 0,2203 0,0838 0,2034
13 0,0664 0,2034 0,0553 0,1334 0,0849 0,2169
14 0,1145 0,1935 0,0143 0,1230 0,1103 00,2075
15 0,0957 0,1794 00,1074 0,1165 0,1006  0,2051
16 0,0680 0,1635 0,0477 0,1098 0,0861 0,1964
17 0,0733 0,1592  0,0502 0,1059 0,0916  0,1905
18 0,0697 0,1480 0,0506 0,1019 0,0854  0,1806
19 0,0563 0,1493 0,0321 0,1038 0,1054  0,1820
20 0,0610 0,1565  0,0438 0,1731 0,0594 0,1810

Y8pavAika VPm wg tapapetpot €£680v tov TNA

Me Tn XpOoVLKr UCTEPNON TIou eTAEXDNKE ponyoupévwg, To TNA ekmaldevtnke yia 1000
eNox£g pe 30 koppoug og kabBéva amd ta Suo kpudd emimeda Kot £XOVTOG WG TAPAUETPOUC
€€660u ta USpavulika VPN ota Vo Tnyadia mapatiEnong. To CXETIKA AMOTEAECOTA TOU
npwtou TNA mou mepléxouv td00 TNV Tiepiodo ekmaideuvoncg/aflohdynong 6o Kal Tnv
niepiodo eAéyyou (yla kaBe xpovooelpd uSpaulikol Uouc) mapouactdalovtal otnv Elkova 39
Kal otnv Elkéva 41ywa to SUo mnyadia avtiotolya.

Ol TIPOCOUOLWHEVEG TIUEC TOU USPaUALKOU UPOUC WG TIPOC TIC TIAPATNPNUEVEG TLUEG
endavilovral otnv Ewkdva 40 yla to mpwto nnyadt kal otnv Ewkova 42 yia to SeUTeEPO. TIG
ELKOVEC QUTEG OTMOTUTIWVETAL €Miong n KoAUtepn subeia (LEBoSog ehayioTwy TETpAyWVWY)
kat n emBupntn eubeia y = x.

Ta opdApata eknaideuong kat afloAoynong Ppebnkav (oo pe 6,4E-04 kol 9,2E-04
avtiotolya. To yeyovdg Ot to odpalpa aflodoynong sival peyalltepo amd to opalpa
ekmaldevong umodnAwvel OtL n yevikeuon mou emitelxOnke amo to TNA Sev sival apketd
LKOVOTIOLNTLKI), YEYOVOCG TIOU UTOOTNPLleETal KAl omd TNV UTIOEKTIUNON Twv Sedopévwv
gAéyxou katd mepimou 1 pétpo. To RMSE tou ouykekpipévou TNA Atav 0,832 m yla tnv
niepiodo ekmaidevong kot aflohdynong kot 1,467 m yia tnv nepiodo eAéyyou.
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Ewkova 39. AntoteAéopata TPOCcoUoiwaong Tou LSPAaUALKOU UYPoUG TOU TPWTOU Ttnyadlol pe Xprion
TNG XPOVLKAG UGTEPNONG TOU TPOEKUYE amod TNV AVAAUGCH TWV CUVTEAECTWY CUCKETLONG.

30 Mnyést 1 ZuvteAeoTéC ZUOKETIONG
25
o« 20
)
=
= y = 0.9048x + 1.2007
& R?=0.9387
@
g15
2
=
=]
[=]
[=]
Q
E 10
5
0 T T T T T 1
0 5 10 15 20 25 30
Napatnpnuéveg TiESG

Ewkova 40. ALQypaLHO T(POCOHOLWHEVWV TIHWV WG TPOG TLG TIAPATNPNHEVEG VLA TO TTPWTO TNYAsL
KOL TTPOOSLOPLOMO TNG XPOVLKIG UOTEPNONG LE TN HEOO0SO TWV CUVTEAECTWV GUOXETLONG.
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Eikova 41. AnoteAéopata mMPooopoiwong tou uSpauAikol UPoug tou SsUTEpou Mnyodlol e
XPHON TNG XPOVIKIG UOTEPNONG TTOU TIPOEKUYPE IO TNV OVAAUCHN TWV CUVTEAECTWV CUOXETLONG.
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Napatnpnuéveg TiESG

Ewkova 42. AlAypOLLa TTPOCOHOLWHEVWVY TLHLWV WG TIPOG TLG TTOPATNPNHEVEG YLa TO SEUTEPO TNYASL
KOL TTPOOSLOPLOMO TNG XPOVLKIG UOTEPNONG LE TN HEOO0SO TWV CUVTEAECTWV GUOXETLONG.
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AnoteAéopata — 2ulAtnon

Onwcg elval epdaveg, ol TPOCOUOLWHUEVEC TILEC TEIVOUV VO UTTIOEKTILOUV TLG TIPOYLOTLKEC
avefdpTNTa amd TNV MAPATNPNUEVN TIUH, ELOLKA LETA TO XPOVLKO onueio dedopévwy 337
omote feKlvd TO OUVOAO Oebopévwy eAfyyou. EKTOC OPWG amod T YEVIKOTEPN TAOoN
UTTOEKTIUNONG €lval evBOPPUVTLKO TO YEYOVOG OTL TO VEUPWVLKO Siktuo £xel Tn Suvatotnta
va umnepPel o péyloto LSPaUALkG Uog to omoio umrpxe oto oUvoAo Oebopévwv
ekmaildevong. Auto eilval pla mpwtn €veelén OTL TO TEXVNTO VEUPWVIKO SIKTUO €XEL LKAVOTNTA

YEViKELUONG.

Ax@opég oTaduNng avda xpoviko pa wg tapduetpot ££68ov Tov TNA

Me tnv i6la Stadikacia ekmaldeutnke, afloAoynbnke kot eAéyxBnke kal éva de0tepo TNA
To onoio eixe TG SlapopEg oTABUNG ava XPoVIKO Brjpa ota U0 MNYAdla W MOPAPETPOUG
e€0bou. Ta odalpata skmaidbevong kot aflohoynong Ppébnkav 7,6E-04 kai 4,2E-04
avtiotoa. To RMSE tou ocuykekplpuévou TNA ntav 0,094 m ywa tnv nepiodo eknaidsuong
kot aflohoynong kot 0,142 m yia tnv mepiodo eAéyxou, mou eival pla taén peyeboug
LLKPOTEPO ATIO OTL Tou Tponyoupevou TNA. H Stadopd otabung £xel TOAU HUKPOTEPO €UPOG
oo To USPAUALKO UPOC KOl OTLG TIEPLOCOTEPEG TEPLTITWOELG N AmOAuTn T Sev Eemepva To
ULoO HETPO. Ta amOTEAEGUATA TNE IPOCOUOLWONG CUYKPIVOVTAL LE T TIPOYHATIKA Sedopéva
otnv Ewova 43 kat tnv Ewkdva 45 yia ta Suo mnyadla avtiotolya.

1 Mnyéét 1 SuvteAeotég SUGKETIONG
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Ewkova 43. AnoteAéopata MPOCOHoiwong TG LeETaBoArG uSpauAikol UPOUG TOU MPWTOU tRyadLou
LE XPNION TNG XPOVLKAG UOTEPNONG TTOU MPOEKLYPE Ao T HEB0SO TwV CUVTEAECTWV CUCXETLONG.

Onwg daivetal n yevikn taon twv OedOHEVWY TEPLYPADETAL APKETA KAAG aAmMO TO
VEUPWVLKO aV KOlL UTLAPXOUV KATIOLEG ETMOVES UTIEPEKTIUNOELG KOl UTIOEKTLIUAOELS. H uPnAn
Kopudn yUpw armo To Xpoviko BrApa 265 otnv Ewova 43 kat thv Elkdva 45 mtou Sev pmopet va
npocopolwBel amd to TNA, Tubavwg oxetiletal pe €va PN KATOYEYPAUUEVO CUMPAV
Bpoxomtwonc. Eva kevo umapyel ota dlabéoipa Sedopéva Alyeg LEPEC TIPLV TO TIEPLOTATIKO
mou Ba prmopouoe va eEnynoeL autr Ty mapatipnon. Ol AMOTOUES MITWOELC TTOU UIOPoUV
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va mapatnpnBolv €161KA 0To TPWTO TNYAdL Kal akoAouBouvtal and amotoues avodoug
(6nwg ota onuela 147-148, 151-152 kat 157-158) 6ev pmopolv va meplypadolv amod To
TNA. Autég oxetilovtal Pe To Yeyovog OTL TO TpWTOo MNyadL lvat mnyadt AvTAnonG Kol QUTEG
OL ATIOTOUEG SLAKUUAVOELG CUVSEOVTAL E TNV EVAPEN KOl TOV TEPUATLOUO TNG AVTANGNG.

MNnyadt 1 ZuvteAeotég ZUOKETIONG
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Noapatnpnuéves Tiég

Ewkova 44. AlQypOopo TTPOCOHOLWHEVWY TIMWV UETABOARG 0TAOUNG WG TIPOG TLG TOPATNPNHUEVEG
ylol TO IPWTO TtNYASL Kal TPOooSLopLOUO TNG XPOVLIKNAG UoTEPNoNG HE tn LEBodo twv cuvieAeotwv
GUOXETLONG,.

To 6eltepo mnyadt dev eival to 6o mnyadt avtinong aAAd Bploketal kovid os mnyadia
avtAnong. To TNA aduvartel va MPOCOUOLWOEL TOCO TOTIKA 000 Kol HeTARaTkA datvopeva
mou AauBavouv Ywpa ylo SLOOTAMOTA QPKETA MIKPOTEPA OO TO XPOVIKO Bripa Tou
XpnoLpomolnOnke katd tnv ekmaibevon tou TNA (Uia NUEPO OTN CUYKEKPLUEVN TTEPIMTWON —
Baocel twv SaBéoluwyv dedopévwy). Napd OPwWG OAEG AUTEC TIG acupdwvieg otav ta
anoteAéopata NG dltadopdg oTABUNG peTATPANOUV o USPAUALKO UYPOG UE TV IPpocbeon
Tou USpauALkol UWYoUC NG mponyouuevng nuépocg (Ewkova 47 kou Ewova 48) eival
npodavng n onuUavtik BeATiwon TOU EMITUYXAVETAL OE OXEOn HME TNV TPONYOUUEVN
npoondadela npooopoiwong (Ewkova 39 kat Etkéva 41).

Ol IPOCOUOLWHEVEG WG TIPOC TIC TTAPATNPNUEVES TIUEG peTaBoAnG otabunc (Ewova 44
kal Ewkova 46) epdavilouv cadwg xelpotepn cupnepldopd amd OTL Ol OVTIOTOLKEG TLUEG
udpauAikou UPoucg (Ewova 40 kat Ewova 42). Auto odeiletal otnv avénpévn SuokoAia tng
TMPOCEYYLONG Kol TNV LoLaitepa PeyGAn emidpacn mou €Xouv oL OmOTOUEG UETABOAEC TNG
otaodung, tig omnoleg eival advvaro va meplypdPel To poviéro. ElSIkA oto mpwto mnyadt
OTOU oL UETABOAEG aUTEG lval To epdavelg, TO LOVIEAO TEIVEL VA UTIEPEKTIUA TLC TIOAU
XOUNAECG TIMEG KOL VO UTIOEKTIUA TIG TIOAU uPnAég. Xto SeUtepo MNyAdL Ta amoteAéopata
elval apketd KaAuTtepa Kot n KaAuTtepn euBeia Bpioketal o kovtd otn SLXoToHo, evw gival
epdaveég OtL Ta onpeia mou dev mepLlypddovtal, OMwE ekeiva TG Kopudng yupw amd to
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onueio Sedopévwy 265, emnpedlouv Kot ot SU0 AmOTOES TITWOELS oTa onueia 97 kot 135.
Ta untoAouna onpeia epdaviovral moAl kovtd otnv eubeia y = x.
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Ewkova 45. AnoteAéopata mpooopoiwong tng MeTaBoAng udpaulikol UYPoug tou Seutépou
nnyadlod pe Xprion TG XPOVIKAG uctépnong mou mpoekuPe and tn HEB0So Twv cuvteAeoTwV

CUGCYETLONG.
MNnyadt 2 ZuvteAeotég ZUOKETIONG
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Ewkova 46. ALQypOpUO TTPOCOUOLWHEVWV TLHLWV HETABOANG OTAOUNG WG TPOG TLG TAPATNPNUEVES
ylo To S€UTEPO TNYASL Ko TPOOSLOPLOUO TNG XPOVIKAG LOTEPNONG LE TN MEOOSO TWV CUVTEAECTWV

GUGYETLONG.
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Ewkova 47. ATOTEAECHATO METATPOTAG TNG TPOCOUOLWUEVNG HeTaBOANG USpauAlkoU UYoug Tou
MPWTOU TNyadlol o€ USPAUALKO UYOG E XPNION TNG XPOVLKNG UCTEPNONG TIOU TIPOEKUYPE Ao TN
HEBOBO TWV CUVTEAECTWV CUGYKETLONG.

30 Mnyéét 2 SuvteAeoTEg SUGKETIONG
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Ewkova 48. ANOTEAECHOTO METATPOMAG TNG MPOCOUOLWUEVNG HETaBOANG USpauAkol UYoug Tou
SgUTEpPOU TNyadLov og uSPaUALKO UYPog e XproN TNG XPOVLIKNG UOTEPNONG TIOU TIPOEKUYPE Ao TN
LEOOBO TWV CUVTEAECTWV CUCYKETLONG.
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Me &edopévo OtL kal ol U0 poomdBeleg mMpooopoiwang eixav kowvn Slapopdwon Tou
TNA kal i6le¢ mapapétpoug eloddou, daivetal OTL elval TPOTIUOTEPN N XPron TN dtadopadg
oTAdUNG avti yla To uSpaUALKO Uog we apapétpou e€06ou Tou TNA. e autd cuvnyopel
KOl TO yEYovog OTL N Slapopd oTaBNG ava Xpoviko Brpa ival To MPAYHOTIKO OTTOTEAECHA
¢ Sladopdg TNG €LOPONG KAl TNG €KPONG Tou udpodopéa mMou TepLlypAdovTal amo TIG
TIAPAUETPOUC €l00Sou Tou TNA. AkOpa kot xwpi¢ pla Stadikacio BeAtioTonoinong yla th
XPOVLIKN uoTtépnan Kot thv Sdlapopdwon tou TNA ta amoteAéopato mou mpoékuav ATy
WOLaLTéEpwg KOAd, v avaloylotel Kavelg tnv MOAUTIAOKOTNTA TOU TPOBANUATOC KAl TO
YEYOVOG OTL OL XPOVOOELPEC NTav eAATELG. MoAaTaUTta Kal e OKOTIO TNV EKUETAAAEUON ULOG
muBavng BeAtiwong g mpoPAePng Kal TNG Lkavotntag yevikeuong tou TNA, epappootnke
€vag Atadoplkog EEEALKTIKOG AAyOpLBUOG yia Tov BEATLOTO TIPOOSLOPLOUO TG Slapdpdwang
Tou TNA kaBwg €miong Kal TNg XPOVIKNG UOTEPNONG ThS Bpoxontwong.

BeAtiotomoinomn tov TNA pe xprjon evog AE adyopiOpov

H extéleon tng Stadikaoiag PeAtiotonoinong eival xpovoBopa Kal XpeLAoTnKe Tepimou
14 nuépeg yLa va oAokANPwOEeL og €vav nAeKTpovIKO uTtoAoyLoth e enefepyaotr) Pentium D
3GHz, xpnotpomnotwvtag 100 yeviEg kat Evav MANBuouo 35 atopwy (5 popég tov aplBuo Twy
MAPAUETpWY amodacng tou TpoPARuatog BeAtiotomoinong). OL TIHEG TOU OUVIEAEOTH
otaduiong F kat tng otabepdg Staotavpwong Cr tou AE alyopiBuou téBnkav iosg pe 0,6 Kat
0,45 avtiotolya.

Y8pavAka vm w¢ mapapetpor e£068ov Tov TNA

Ma 1o mpwto TNA, mou eixe ta udpaUAKA LN w¢ Tapapétpouc e€660u, oL BEATIOTEC
TLUEC TWV TIAPAPETPpWY amodaong the PeAtiotonoinong eivat: a) 2, 12 kat 11 nUEPES XPOVLKNA
UOTEPNON YLlO TIC TPELG PETpnoelc Bpoxomtwong, PB) 37 kat 39 kouPot ota Vo kpudd
enineda, y) 900 emoyec ekmaideuong kat 8) pn xprion Tou aplOpol NUEPAG TWV XPOVOCELPWY
w¢ MapapéTpou eladdou tou TNA.

TuykAwon tou AE yuax to mpwto TNA
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Ewkova 49. Nopeia oUykAong tng OSladikaciog PeAtiotonoinong pe OStadoplkd €EEAKTIKO
aAyopLOpo yia to mpwto TNA.
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H &ladikacia BeAtiotonoinong katéAnée os éva opaipa ekmaidevong ioo pe 1,1E-05, kal
oe éva oddaipa aflohdynong oo pe 6,9E-06, mou eival pa BeAtiwon mepimouv 2 tafswv
Hey£Boug o cUYKPLON LE TIG avTioToLXEG TIUEG yia To (6lo Siktuo xwpic BeAtiotomnoinon. To
RMSE BeAtiwbnke kota mepimou pla tafn peyéboug ota 0,093 m ywa tnv mepiodo
ekmaldevong kat afloAdynong kot 0,206 m yLa thv nepiodo eAéyyou.

‘Eva ypddnua Tou TEPLEXEL TNV TOPEla GUYKALONG Tou avtiotowou AE aAyopiBuou
napouaotaletal otnv Ewova 49. Ta anoteAéopata tou BeAtiotonotnpévou TNA yia ta SUo
ninyadia ¢aivovtat otnv Ewova 50 kal otnv Ewkdva 52 avtiotolya. e olyKpLOon HE T
amoteAéopata tou Siktvou mpwv tn PBeAtiotomoinon (Ewkova 39 kat Ewova 41), pa
onuavtikn BeAtiwon eivatl pavepn kat yia ta dUo mnyadia.
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Ewkova 50. AnoteAéopata npocopoiwaong Tou udpavAitkol UPOUG ToU MPWTOU Inyadlol UE Xprion
TNG XPOVLKAG UOTEPNONG IOV TIPOEKUYE atd Tov SLadopiko EEALKTIKO adyopLlOpo.

Onwcg avodépbnke Tponyoupévwe, To TNYadL 1 ypnoluomoleital Kal ylwo AvtAnon,
yeyovog mou ouvtelel otnv gudAvion AmMOTOUWY MTWOEWV 0TO USPAUAIKO UYPOC Katd Tn
SLApKELD TNG AVIANONG Ol TTWOELG AUTEG Sev pocopolwvovtal and to TNA eneldn sival
TOTIKEG KOl peTafatikeée embpaoelg. TEToleg MTwoel Sev epdavilovral os peydio Boabuod
oto nnyadt 2, kabwg ekeivo b xpnolpomoleital yla avtAnon (av Kat éva mnyadt dvtAnong
Bploketal MOAU kovtad).

Katd tn Sudpkela tng meplddou eAéyxou yila to mnyadt 1 to TNA UTOEKTIUA TNV
unAoTepn TN Twv 24,01 pétpwv thv nuépa 349 kata mepimou 0,35 pétpa. Mo to Ssutepo
TNyasdL n umoektipnon tng uPnAoTePnS TUAG TG Tteplddou eléyyou (26,03 pétpa) slval
nepimou 0,33 pétpa. AUTEG ol TIHEC Oev eival kaBohou apelntésg otav Aappdvovtol
armodpaoelc Slaxelplong udATIKWY TIOPWV.

lwavvng X. Tpxaxng
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Ewkova 51. ALQypaHO T(POCOUOLWHEVWV TIHWY WG TPOG TLG TIAPATNPNHEVEG VLA TO TTPWTO TNYAsL
KOLL TTPOOSLOPLOLO TNG XPOVLKNG UOTEPNONG oo Tov SLadopiko eEALKTIKO adyopLOpo.
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Ewkova 52. AnoteAéopata mpooopoiwong tou udpaulikol UYouG Ttou Ssutépou mnyadiol pe
XPNON TNG XPOVLKNG UCTEPNONG TOU TIPOEKU Y E amod tov Stadopiko eeAKTIKO alyopLlOpo.
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Elkova 53. Aldypapal TPOCOMOLWHEVWY TILWV WG TIPOG TLG TTAPATNPNUEVEG YL TO SEUTEPO MNYAsL
KOLL TTPOOSLOPLOMO TNG XPOVLKIG UOTEPNONG Ao Tov Sladopiko e§eALKTIKO alyopLlOpo.

H BeAtiwon Ttwv aomoOTEASOHATWY OE QUTAV TNV TPOOoTABela eival PeydAn Kol ol
TIPOCOUOLWUEVEG Pplokovtal TIOAU KOVTA OTIG MOpOTNPnUEVEG TIHEC uSpaulAikol UYoug,
OMwCe eival epdavég otnv Ewova 51 kal otnv Ewkéva 53. Ta onuelo KOTA TO HEYAAUTEPO
mARBog toug tautifovtal pe tnv guBeia y = x. Ta amoteAéopata ya to dgUtepo mNyasdt
uotepoLV KATA eAAXLOTO, AOYW Kupiwg tng aduvauiog mepypadng tng uPnAng kopudng Tou
ouvolou Sedopévwy gAéyxou. H kavotnta va unepPBaivel To SIKTUO KOTA TIOAU TLG TIUEG HE
TIG OoTtoleg £Xel ekmaldeuTel elval €APETIKA ONUAVTLKY, EVW YEVIKOTEPA TA OMOTEAECUAT
yla to oUvolo O&ebopévwy ehéyxou KatadelkvOouv OTL To OiKTuo £XeEL  KOVOTNTO
npooopoiwong TG amokplong tou udpodopéa Xwplc va TPOKUTTOUV UTOVOLEG YL
mbavotnta unepekmnaideuonc.

AL @OopEG oTAOUNG VA XPOVIKO B w¢ TIapARETpOoL 080V Tov TNA

MNa to eutepo TNA, mou eixe TG SladopEG oTABUNG avA XPOVIKO BAKA WG TTAPAUETPOUG
£€060U, oL BEATIOTEG TIHEG TWV MOPAUETPWY amodaonc tng BeAtiotonoinong sivat: a) 7, 4
Kall 3 NUEPEG XPOVLKI UCTEPNON YLa TG TPELG HETPNOELS Bpoxomtwong, B) 43 kat 41 kOpuPot
ota Suo kpuda enineda, y) 1000 emoxEg ekmaideuong kat §) xprion Tou aplOUoU NUEPAG TWV
XPOVOOELPWV WG TAPAETPOU €l0OS0ou Tou TNA.

H Stadikacia BeAtiotonoinong katéAnée os éva opaiua eknaidevong loo pe 6,9E-04, kat
o€ éva odpaApa aflohoynong oo pe 3,0E-04, mou amoteAolv pia BeAtiwon mepinou 9% kal
28% avtiotowa, oe CUYKPLON HME TG TIMEC Tou idlou Sktuou xwpig BeAtiotonoinon. H
BeAtiwon tou RMSE ntav okopa pKpotepn 2,8% yla tnv meplodo ekmaideuong Kot
aloAoynong Kat 2,2% yla tnv nepiodo eAéyxou. Eva ypadnua mou TePLEXEL TNV Topeia
olyKkAlong Tou avtiotolou AE aAyopiBuou, mapouoialetal otnv Ewkova 54. H peiwon tng
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TWMAC TNC QVTLKELMEVIKNG OUVAPTNONG £lval ULKPOTEPN Ot OXEOn HE TNV TPOnyoUUEVNH
Sladikaoia BeAtioTonoinong € altiag TNG LLKPOTEPNG APXLKNC TLUNG TG CUVAPTNONG.

ZUyKAwon tou AE yua to 8sUtepo TNA
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Ewkova 54. Mopeia oUykAong tng OSiadikaciog PBeAtiotonoinong He Stadoplkd EEAKTIKO
aAyopLOpo yia to gUtepo TNA.

H uikpn BeAtiwon og oxéon pe To pn BeAtiotomolnpuévo TNA Atav avopeVopEevn, KaBwg
To Tteheutaio elxe N6n Owosl TMOAU KkoAd oamoteAéopata. To  aQmoteAéopoTra  TOU
BeAtiotomownuévou TNA ya tn dtadopd otdbung ota dvo mnyadia ¢aivovtal otnv Elkdva
55 kat otnv Ewkéva 57 avtiotowya.
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Elkova 55. AnoteAéopata npooopoiwong tng HetaBoAng udpauAikol UPoUG TOU MPWTOU TtRyadLoU
LE XPON TNG XPOVIKNG UCTEPNONG IOV TIPOEKUYPE amd To Stadoplkd eEEALKTIKO alyopLOpo.

lwavvng X. Tpxaxng



Anotehéopata - sulitnon B

Ytnv Ewkdva 56 kot otnv Ewkdva 58 amelkovilovtal ol TPOCOUOLWHEVES TIUEG Sladopag

OTABUNG WG TIPOG TLG TTAPATNPNHEVEG.

Mnyadt 1 Atadopkdg EEEAKTIKOG
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Elkova 56. ALAYPOHO TIPOCOHOLWHEVWY TLLWVY WG TTPOG TLG OPATNPNHUEVEG YL TO TPWTO THYAsL
KOLL TTPOOSLOPLOLLO TNG XPOVLKIG UOTEPNONG amd To SLadoptko €EEALKTIKO aAyopLOpo.
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Ewkova 57. AltoteAéopata MPocopoiwong thg LeETaBoAn uSpauAkol Uoug ToOU MPWTOU hyadLlov
LE XPNION TNG XPOVLIKAG UOTEPNONG TTOU TPOEKVYPE aro To Stadoptko eEEAIKTIKO adyopLOpo.
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Nnyadt 2 Atadopiko EEEALKTIKOG
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Elkova 58. ALdyp OO TTPOCOMOLWHEVWY TIUWV WG TTPOG TLG TTAPATNPNUEVES yLa TO SEUTEPO INYASL
KOLL TTPOOSLOPLOLO TNG XPOVLKIG LOTEPNONG Ao To Stadoptko €EEALKTIKO aAyopLOpo.

Ztnv Ewova 59 kat otnv Ewkova 60 ametkovilovial Ta amoTEAEGUATO ETA TN LETATPOT

TOUG 0 USPAUALKG LN pe TNV TPOaBrKn TNS 0TABUNG TNG PONYOUUEVNC NUEPAC.
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Elkova 59. AmMoteA£éopata UETATPONIG TNG MPOCOUOLWHEVNG LETOBOANG USpauAkoU UYoug tou
TPWTOU Thyadlou o€ LSPAUALKO UPOG ME XPAON TNG XPOVIKAG UCTEPNONG IOV MPOEKUPE amod to

SLadopiko €€eAIKTIKO aAyopLOpo.
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30 Nnyésdt 2 Awdopikdg EEEAKTIKOG

25 M\

NIV

15

e [lapATNPNUEVO
s [0 OCGOLOLWUEVO

10

Y&pauAwkd Yog (and petatponny) [m]

37

N OO NS O oo
n OV oo AN < 1 O
™ = = - AN NN NN

13
25
49
61
73
85
97
109
121
133
145
277
289
301
313
325
337
349
361
373
385
397
409

Inueio AsSopévwv

Elkova 60. ATOTEAEOMATA METATPOTG TNG MPOCOMOLWHEVNG LETABOARG USpaUAKoU UYoug tou
SeUTEPOU TNyadLov o uSPaUAKOG UYPog He XprRON TNG XPOVIKAG UOTEPNONG TIOU TTPOEKUYPE OO TO
SLadoptko eEEAKTIKO alyopLOpo.

Yrdpyel BeAtiwon ota amoteAéopoTa, OUWC Ol TIPOCOUOLWUEVEG TWEC £LSIKA ylOL TO
MPWTO TNYadL ouvexilouv va Slopopomolouvtal amo TIC TAPOTNPNUEVEC OE OPKETA
npoBAnUaTikd onpeia. Ma to peyaAltepo mARBo¢ twv Sedopévwy Kat el8IKA yLo To SeUTepO
Tnyasdt, omou Ta onuela Pe amotopeg avodoug Kol MTWOELG elval TOAU Alydtepa, Ta
anoteAéopata tou PBeAtiotonoinuévou TNA mou Baociletal otig dladopég otabung eival
e€alpeTik@ KOVTA oTa Tapatnpnuéva Sebopéva kol eival codpwg kKaAlutepa omd Ta
anoteAéopata tou TNA mou xpnolomolel ta uUSpAUALKA UPn w¢ mapapétpoug e€6dou. H
Sladopd OUWC Elval APKETA PLKPOTEPN OTNV TEPIMTWON TwV BEATIOTONMOLNUEVWY Ao Tov AE
Siktua og oxéon He Ta pn BeAtotomotnpéva.

O Nivakag 5 ouvoyilel Ta otolxeia yla o opaipa ekmaidevong kal aflohdynong kabe
TNA, 6mw¢ eniong KoL To LECO TETPAYWVLKO opAaApa (root mean square error — RMSE) yLa Tig
nieplodoug Pabuovopnong (ekmaibevong kat afloAdynong) kat gléyxou. Ta oddlpato
eknaidevong kat afloAdynong eival kavovikomolnuéva, dnAadn €xouv mpokUYPEL amo
TLAPATNPNUEVEG KOL TIPOCOLOLWHEVEC TILEC, OL OTIOLEG elyav peTaTpaTel e KATAAANAO TpOTO
wote va PBplokovral oto oUVOAO Toug evtog tou Slactipartog (0,1). Ta opalpata pe tov
TPOTO AUTOV £ival CUYKPIOLUA WE TIPOG TO TMOCO KAAA £XeL eKTOLSEUTEL TO VEUPWVLKO, Kol
ToLlo elval To OPAAUA TOU OE KOVOVLKOTIOLNUEVN KALJOKaA. AVTiBeTa TO HECO TETPAYWVLKO
odaApo Seixvel og MpaypaTIKOUC aplBpolc To MO0 Kovtd BpioKovTtal oL TIPOCOUOLWHEVES
TWMEG OTIG TapATNPNUEVEG. EXEL Hovadeg (Oleg e ekelveg Twv TOpapETpwy €€660U Kot
napéxel mAinpodopnon yla Ty agia Tou PoVTEAOU TOAU XproLUn yla €va PNXOVIKO. ALOTL
aveédptnta amnod 10 oPAAU0 cav TOo0oTO Ot TIOMEG ehAPUOYEC €XEL HEYAAN onupacio o
KaBapog aplBudG Tou HETPOU TOU ODAALATOG.
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Mivakag 5. ZpdaApa eknaidsvong, oafloAdynong (kavovikomoinpéva), RMSE 1tng meplodou
eknaibevong kot afloAoynong kat RMSE tng mepiddou eAéyxou kaBe TNA pe kot Xwpig
BeAtiotomoinon.

TNA Ipaipa Ihaipa RMSE sknaibsuon RMSE
eknaidevong  afloAdoynong & afloAdynon [m] €Aeyxog [m]

YBpawAwo Yipos - 6,4-10~* 9,2-107* 0,832 1,467
Xwpig BeAtiotonoinon
Awadopad ZTtabung — —a —4

, . 7,610 4,2-10 0,094 0,142
Xwpig BeAtiotonoinon
YepawAuo ¥pog - 1,1-1075 6,9-10° 0,093 0,206
Ue BeAtiotomnoinon
Atadopd 2rabng - 69-10* 3,0-10~* 0,091 0,139

pe Behtiotomnoinon

Ao tov mivaka ¢aivetol 0Tt KAAUTEPN EKTTALSEVON EMITUYXAVETOL LE TO USPAUALKO Uog
WG TAPAUETPO £€660U. AUTO eivarl Aoyko KabBwe To uSpauAko Uog elval pia pe SUo Tatelg
pey€EBoug peyalutepo amo tn Stadopd otabung. Etol eival moAU mio eUkoAo va pPelwBel To
KOVOVLKOTIOLNUEVO oPAApa. AvTiBeTa 0TO UECO TETPAYWVIKO OPAAUA TO ONMOTEAECUATO UE
™ Sadopd otabung wg mapapetpo £€06ou eival pla tad€n peyéBoug kaAltepa otnv
nepimtwon mou &ev umapxel PeAtotomoinon tN¢ Soung Tou Siktlou, EVvw TO
BeAtlotomoinuévo SIKTUO Helwvel, OAAA og ULKpOTEpO PBabuod, ta oddApota o OAo T
olvoAa Sebopgvwvy.

Xpnowomowwvtag Ta 8Vo TNA yia pecottpo0soun tpofAeym

Mna tnv aflohdynon tng kavotntag tou PBeAtioTomolnuévou mponyoupevws TNA va
TIPOPBAEP EL Tat USPAUALKA UIN YLO TIEPLOCOTEPEG TNG Hiag HEpag (LecompdBeopn tpoPAsYn,
oTn ouykekpluévn mepintwon 30 pe 90 NUEPEG UETA), TO TIPOCOUOLWHUEVO USPAUALKO Uog
NG MPONYOUHEVNG NUEPACG QVTL TOU TtapaTnPNUEVOU Xpnotomolnnke we eicodog ota TNA
(oL uTtOAOUTEG TAPAUETPOL TOV OL TIOPATNPNHEVES). AOYW OUWE TWV KEVWV OTLG SLABEOLUES
XPOVOOELPEG, N dladikaoia UTIOAOYLOMOU TIPEMEL VO ETIOVEKKLVIOEL UETA QMO KABE Kevo
XPNOLUOTIOLWVTAG TTAPATNPNUEVEG TIHEG USpauAikol UYPoug TNG mponyoUMEVNG nUEpag,
KaBw¢ dgv umapxouv SLABECIUEG TIPOCOUOLWUEVEC TIUEG. TO YEYOVOG QUTO dev eMETPeE va
eleyxBei to TNA yLa TteplocOTEPEC TWV 45 NUEPWV.

MNa to mpwto TNA, mou rtav Behtiotomolnpévo amod AE, ta Sedopéva eléyxou yia
pecompoBeopn mpoPAedn elval Ta THAMATA EKElVO TOU TUAUATOG SeS0UEVWV EAEYXOU TIOU
Sev mepléxouv Keva, dnAadn amd aplBud nuépag 120 (363) €we 161 (404) kal anod 164 (406)
£w¢ 180 (422). OL oplBuoi otic mapevBEéoelg avtiotolyolv otn Béon Tmou £xouv otn
XPOVOOELPA, OTw¢ daivovtal otov opllovrio afova otnv Ewkova 50 kat otnv Ewkdva 52.

To mpwto TNA (mou éxet udpauvAikd UPn wg €€68oucg) xpnolpomolibnke yia
pecompoBeopn mpoPAedin KoL Ta OXETIKA amoteAéopata yia tig SUo meplddoug Kat ta SUo
ninyasdia mapouoialovral otnv Ewkéva 61 kat otnv Ewkova 62. To cucowpeuévo opAipa
oTo TtéAo¢ ™G pwtng meptddou (40 nuépec) Ntav 0,9 m kot 1,16 m avtiotoya yio ta Svo
ninyasdio. To cucowpeupévo oddApa oto TéAog Tng Seltepnc meplodou eléyyou (15 nuépeg)
Atav 0,56 m kat 0,72 m avtiotolya. Itov Topéa NG Slaxeiplong umoyeiwv USATWY TETOLA
obpaApota OSev elval apeAntéo Kol yla TIPOAKTIKEC edappoyég xpetaletal KoAUTEpN
POCEyyLon.
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Ewkova 61. MeocomnpoBeon npofAsyn tov uSpauAikol UPOUG XPNOLHOTIOLWVTOG TA ANOTEAECHATA
tou npwtou TNA (mnyadt 1 — 1n ko 2n Xpoviki nepiodog).
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Ewkova 62. MecomnpoBeopun npoBAedn tou uSpauAkol UoUG XPNOLLOTIOLWVTOG TA OITOTEAECLOTOL
Tou npwtou TNA (rnyadt 2 — 1n Kat 2n XPOVLKA Tepiodog).

Ma to 6eutepo TNA (BeAtiotomoinpévo amo AE), mou €xel TG Sladopéc otdbung wg
mapapeTpouc e€0dou, Ta Sedopéva eAéyxou yia peconpdBeopn ipoBAsdn Atav amd apldOud
nuépag 117 (335) éwg 162 (401) kat amd 165 (403) éwg 181 (419). Ou apBuol otig
TapeVOECELG avTLOTOLYOUV OTn BEon TOU £X0UV LECQ OTN XPOVOOELPQ, OTWE daivovtal oTov
opliovtio afova otnv Ewova 55 kat otnv Ewova 57. H Ewova 63 kat n Etkdva 65 mepléxouv
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TG ouykpioelg Twv Stadopwyv otddung ava xpovikd BAua yla to tnyadia 1 kot 2 ywa thv
npwtn Tepiodo eAéyyou Twv 45 nuepwv Kal tn deUtepn Tepiobo eAéyxou Twv 16 nuepwv.
Me autd ta anoteAéopata Snuloupyndnkav kat ta ypadnuata ta onoia epdavilovral otnv
Elkova 64 kal otnv Ewkova 66 mou eiyvouv Ta OXETIKA USPAUALKA UPN yia KABe Ttnydsdt.
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Eikova 63. MeoompoBsopun mpofAsPn g METABOANG TNG OTAOUNG XPNOLLOTOLWVIAG TO
anoteAéopata tov Seutépou TNA (rtnyadt 1 — 1n Kot 2n XPovikn nepiodog).
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Ewkova 64. Metatponi) os udpauliko UYoG TG peconpoBeopung mPoBAedng TG HETABOANG TNG
otabung xpnouonowwvrag ta anoteAéopata tou dsutépou TNA (mnyasdt 1 — 1n Kot 2n XPOVIKA
nepiodog).

Ta opaApoata oto TEAOG TG PWTNG TEPLOSoU (45 NUEPEG) elval cadwe xapunAotepa and
eKelva Tou umoAoyiotnkav yla To mpwto TNA, dnAadr -0,01 m kat 0,03 m yLo To TPWTO Kot

lwavvng X. Tpxaxng
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10 SeUtepo mnyadt avtiotowa. Ta odpalpato oto téAog tne Seltepng neplddou ehéyyou (16
nNUEpPeG) eivat -0,001 m kat 0,01 m avtiotolya.
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Ewkova 65. MeoompoBsopun mpofAedn tng HeTaBoAng tNG OTAOUNG XPNOLUOMOLWVIAG To
anoteAéopata tov Seutépou TNA (rtnyddt 2 — 1n Kot 2n XPOVLIKN epiodog).
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Ewkova 66. Metatpon) og udpauAiko UYoG TG peconpoBeoung MPOBAeYPNG tNG HETABOANG TNG
oTaOuNG XpPnolponolwvTag Ta anoteAéopata tou dgutépou TNA (mnyddt 2 — 1n Kat 2n XPOViKA
nepiodog).

Ta anmoteAéopata NG peconpoBeoung mpoPAedng mapexouv emuTAéoV amodeltelg yia
TNV AvwTeEPOTNTA NG emAoyng Twv Stadopwv otadung wg mapapétpwy €66ou tou TNA.
E€aAAou katadeixtnke n kavotnta tou Seutepou TNA va mapdoyel akplfn anoteAéopata
yla peocomnpoBeopeg mpoPAEPELS. AUTO TPOKUTITEL QMO TO YEYOVOG OTL avtiBeta pe Tnv
nepimtwon omou ta udpouAwkd UYN eival ol mapdapetpol €€68ou Kal eudaviletal

lwavvng X. Tpxaxng
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oUCOWPEUCN OPAAUOTOG, TO VEUPWVLKO Siktuo pe T Sladopég otabung dev eudavilel
OUCOWPEUCHN TOU odpAAUATOC Kal TapéXeL To (610 akplfr amoTeAEéoUOTO AKOMO KAl ylo
SlaoTApATA TNG TAENG TWV 0APAVTIA NUEPWV.

M£0080¢ bootstrap

Mplwv amod tnv edapuoyn tng pebddou bootstrap efetdotnkav kal Sladopetikeég péBodot
UTIOAOYLOMOU €TUMESWY EUTILOTOOUVNG, OL OMOIEG OHwG 8ev £6woaV  KAVOTIOLNTIKA
anoteAéopata. Mo XapaAKINPLOTIKA amd oUTEG €ival pio Tpooeyylotikn pEB0SOG yla
UTTOAOYLOMO TWV SLOCTNUATWY EUTILOTOOUVNG EVOC amAoU VEUPWVIKOU SIKTUOU, OMWG QUTH
avamntuxbnke amod toug Rivals kot Personnaz to 2000 (Rivals & Personnaz, 2000). 3tn
dnuooieuon autr To VEUPWVIKO SikTtuo eixe povo €va kpudo emimedo kot 6AoL oL kouPot
elyav YpOoUULKEG cuvapTroEeLg evepyomoinong. To MPOBANUO TTOU TTAPOUCLACTNKE KATA TNV
epapuoyr TNG OUYKEKPLUEVNG HEBOSOU 0t €va TOAUTTAOKO VEUPWVIKO O6IKTUO HE N
VPOAUULKEG CUVAPTNOELG EvEpyomoinong TéEpa amo tn SUCKOALX KOTAOKEUNG TOU TIVOKQ LIE
TG SeUTEPEC MAPAYWYOUS NTAV OTL O TIVAKAG QUTOC KATEANYE va gival e€aLPETIKA KOKAG
KOTAOTOONG KAl ATav adlvatn n mopaywyn Tou avilotpodou tou. Qg ek TouTtou n HEBodog
eykataleidpOnke kot Sev MPOTEIVETAL O£ TIEPUTTWOELG OTIOU Xpnaotpomnotlovvral Siktua pe dUo
Kpudpa emimeda KAl YN YPOUMLKEC CUVOPTHOELS E€VEPYOTIOINONG. X€ MEPLMTWON TOU TO
VEUPWVLKO SLKTUO £XEL Eva KpU O eMimMedo Kal YPOUKLKA) CUVAPTNON EVEPYOTIOLNONG UTTAPXEL
TOavoTnTa N CUYKEKPLUEVN LEBOSOC va pUmopeael va SWOoeL To ETIBUUNTA ATTOTEAECUATOL UE
HLKPEG OUMALTAOELG O UTTOAOYLOTIKO $OPTO Kal Xpovo Kal Oa aile va emavefeTtooTel.

H péBobog bootstrap epapudotnke oe SU0 mMNyadla evog OVTALOOTACIOU OTnV ATTIKN.
AaBéopa Sedopéva udpauAkol UPoug, AVIANOEWYV KoL UETEWPOAOYIKWY TIAPAUETPWV
Xpnolgomownbnkav ya tv ekmaibevon evog¢ TNA ylwo mpooopoiwon tng HeTaBoAng
udpavuAikou UPouc. H emloyn TNG MeTaBoAnG uSpauAlkol UPouC wG MopapETpou €060V
£xel amodelxOel apketd SuckoldTepn, MapoAa autd £XeL TIOAU TeploodTeEPO GUGLKO vonua.
Ta yvwotda Béuata pe tv mponyolpsvn edappoyr elvol: a) OTL To MPWTo mNyasdt
TapaATAPNONG XpPNOoLUoToLelTal KAl yLo AvtAnon kat B) otL éva cuppav Bpoxomtwaong dev €xeL
Kata naoca mbavotnta kataypodel. To MPWTO €XEL AVOYVWPLOTEL WG 0 AOYOG YL TOV OToio
TO MOVTENO SEV UMOPEL VA TIPOCOUOLWOEL TIC ATIOTOUEG TITWOELG KoL 0vOS0ou¢ evw To SeUTEPO
ouvteAel otnv amdAutn aduvapia Tou HOVIEAOU va TIPOCOMOLWOEL ULlot Avodo yUpw OTO
onueio dedopévwv 260.

H péBobdog bootstrap amaitnos moAég dtadoxikég Stadikaoieg ekmaidsuong tou TNA
yeyovog mou rtav xpovoPopo. Mia mARpNnG ektéAeon Tou aAyopiBuou xpeldotnke 44 wpeg
oe évav umoloyloth pe enefepyacth 2.1 GHz Intel® Core™ 2 Duo pe 3 GB pviung RAM. H
apepoOAnmTn emtaxupévn HEBoSoc xpeLdotnke MUTAEOV TOV UTTOAOYLOWO TNG EMLTAXUVONG, O
omolo¢ ouvenwc amnaitnoe mneploootepeg Sladikaocieg ekmaibeuong tou TNA. H OAn
Sladikacia avfnoe Tov UTIOAOYLOTIKO XPOvVo Katd Tepimou 12%. Eutuxwg n peBodoloyia
puropel €UKoAO. vo. TIPOYPOUMOTIOTEL pe TapAAANAo TPOMO oUTWC WOTeE vo HelwOsl
ONUOVTLKA O ATOLTOUEVOC XPOVOG.

[MocooTaia SLHoTHATA ERTLOTOGVVIC YLX OVOUXOTIKT) KAAvym 95%

Onwg avadépbnke Mapamdvw, To TPWTO TNYAdL TG mapoloag epyaciag eivatl mnyasdt
AavtAnong kat Bploketal kovtd Kal oe GAAa tRyadia AviAnong. Auto SnLoUPYEL aMOTOUES
MTWOEL Kal ovodoug otn Xpovooelpd HeTtofoAng udpaulikol UYPoug KoL av Kol To
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VEUPWVLKO £ival o€ B€on va MPOCOUOLWOEL TNV B€0N TwV MTWOoEwWV aduVaTEL va avamapayel
™V TLun.

Jtnv Ewkéva 67 kal thv Elkova 68 mapouctdlovtol Ta amoTEAECHATA TWV TIOCOOTLAWY
SL0OTNUATWY EUTLOTOCUVNG Mall UE TIC TIAPATNPNUEVEG AAAA KOL TLG TIPDOCOUOLWUEVEC TLUEG
arnd to TNA. Ta onueia dedopévwy 1 €wg 335 xpnoponotndnkav yia Babuovopnon kot ta
umolouna kpatnbnkav yla £éleyxo. E¢ attiag tng tuxaiag emloyng onueiwv yla ekmaibeuon
Kal afLoAoynon vtog tou aAyopiBuou tou TNA eival duokoAo ta SUo autd cUVOAd va
TLAPOUCLOOTOUV EEXWPLOTA.

H Siwadopd tng pebodou bootstrap pe Tt TUTIKA SLACTAMATO EUMLOTOCUVNG TIOU
TLAPAYOVTAL ATIO VO TUTILKO OPAAUA LE TNV UTTOBEON LLOG KAVOVLKAG KATAVONG Elvatl OTL Ta
MPWTA £€XOUV HETAPANTO €UPOC OvAAOyQ HE TIG TWWEC Twv Sdedopévwy elc0bou. Otav
TIPOKELTAL YLO ATMOTOUEG TITWOELC KAl avodoug Ta SLACTAATA EUTILOTOCUVNG OMOSELKVUETAL
otL Sev pmopouv va Tig meplypadouv. Aedopévou tou OtL To TNA (HovtéNo) lval TPAKTIKA
adlvatov va TPOCOUOLWOEL aUTA Ta TPOTUTa, elval BEBalo OTL oL aUTOSUVOUEG TLUEG
€€66ou Ba elval aduvatov va TEPLEXOUV TI MAPATNPNHUEVES. EKTOC amd Ta onueio mou
Uropouv va BewpnBoulv akpaia, Ta SLACTANOTO EUTLOTOCUVNG TIEPLKAEIOUV TNV TAON TWV
TAPATNPNUEVWY XPOVOOELPWY OPKETA LKAVOTIOLNTLKA. Mo TNV TTOCOTIKOMOLNoN TNG eMmLTu)iag
urtohoyi{ovtal o€ EMOUEVN MAPAYPAPO OL TIHEG TNV TTPAYUATIKNAG KAAu NG Kot cuykpivovtal
LLE TLG OVOLLOLOTLKEG TLUEG.

Mnyadt 1 - MocooTtwaio SLacTAPATO EUMLOTOoUVNG UE 95% eminedo eUmoToolvng
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Elkova 67. Napatnpnuévn, TPOCOHUOLWHEVN TLUN KoL TTOoooTLaio StaoTRpaTa EUnLoTocuvnG 95%
ylal TO TPWTO TNYAsL.

Akop Kot oto oUvolo sdopévwy ehéyyou (onueia Sedopévwy 336-419), ta Staotripota
TEPIKAELOUV TIC TTAPATNPNUEVEG TIUEC EKTOC OO TIC EMTA aKpaieg. Mmopel va UTIAPXEL Eval
Bépa He Ta SLAOTAUOTA Ta OTola £X0UV OPKETO €UPOC yLO ONUELA e TIAPATNPNMEVN TLUNA
Kovtd oto pndév. Autd eival amotédecpo Tou OTL Stodopetikd oautodUvapa cUvola
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6ebopévwy €loodou pmopel va Swoouv onUavtikd SladopeTIKEG TIUEG €€060U yla TIG
OUYKEKPLUEVEG TIUEG £L00S0U. OTav KATOLEG TEG El0OS0U elval pndevikég n ekmaidsuon Ba
auénoel ta Bapn Twv pn pndevikwy 006wV yla eflooppomnnon. Autd odnyel oe auénuévn
Slakbpaveon tng e€66ou €€ oU Kal TO PEYAAUTEPO €UPOG TWV SLACTNUATWY EUMLOTOCOUVNG.

Mnyadt 2 - MocooTtiaio SLAcTAPATO EUMLOTOCUVNG e 95% eMinedo eUMIoTOoUVNG
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Ewkova 68. Napatnpnuévn, TPOCOHUOLWHEVN TLUN KoL TTOCOOTLOiO SLooTAMAT EUNLoTOcUVNG 95%
yLa to dgUtEPO TINyasdL.

H edappoyn ¢ nocootiaiag pebddou oto deltepo mnNyadl aneédwoe apKeTA oTevOTEPQ
SdlaotApata amno ekeiva Tou MpwTtou mnyadlol. Auto sival puolko emeldn g Aappavel ywpa
AvtAnon péoa n mopamAelpws oto Seutepo mnyadl EToL oL MPOCOUOWWUEVEG TLUEG ATAV
g€apxng MoAL KOVTA OTIC tapatnPenUEVeS. H o mpoPANUATIKY TIEPLOXA OTN GUYKEKPLUEVN
nepinmtwon gival n avodoc yupw amod to onpeio dedopévwy 260 o6mou n mpodavng ENewdn
oebopévwy €l0060U Tou enmnpedlouv to MovtEAo Oev pmopel va femepaotel pe TNV
enavalapBavopevn detypoatoAndio tne pebodou bootstrap. H emibpacn tng kKopudng auTig
puropel va Bswpnbel o klplog¢ Adyog yla v acupdwvio HPETAEL OVOUOOTIKNAG KoL
TPAYMOTIKNAG KAAUYPNG TOOO Yyl TO GUVOAO SedOUEVWY EKTTALSEUONG OCO KOl YL TO GUVOAO
Sebopévwv aflohdynong, kabwe n kopudn €xel katavepnBel pe Tuxailo tPOmo petafl Twv
S0o. AvrtiBeta t0 cUvolo Sebopévwv eléyyou (336-419) Se daivetal va meplhapPBavel
TPOPBANUATIKA onpelo KoL OL TTPOCOUOLWHEVEG TIUEG NTav NdN o uPnAn cupdwvia HE TLg
TAPATNPNUEVEG.

APEPOANTITA EMLITAYVUEVA SLAGTI|UATA ELTLOTOGVVIC YLX OVOUXGTLKT) KAAUYm
95%

Ta aueEPOANMTA EMITAXUMEVA SLOOTAUOTA EUMLOTOOUVNG ATOV KOVIA ot avtiotoua
nooootaia Kot TOAU ULKpEC Stadopeg pmopouv vo BpeBouv. Ta amoteAéopata ylo To
MPWTO TINYASL akoAouBoUV TIG TIPOCOUOLWUEVEC TLHEC Alyo KaAUTEpQ Kol to Staothpata
elval pkpdtepa amd ta mocootiaia (Ewkova 69). Autd esival €va apketd emiBupnto
XOPAKTNPLOTIKO apKel val pn Snpoupyet mpoBARpata otny mpaypatiki kaAudn.
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Mnyadt 1 - BCa Siaotipata epniotoolvng Le 95% eninedo epmotoolvng
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Ewkova 69. Mapatnpnuévn, MPOCOUOLWHUEVN TLUA KOL OUEPOANTTA ETUTAXUUEVA SlaoThpato
€MMLoTOoUVNG 95% yLol TO MPWTO TNy AdL.

Mnyadt 2 - BCa SLooTAHATa EUTILOTOOUVNG UE 95% eminedo epmiotoolvng
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Znuelo AeSopévwv

Ewkova 70. Mapatnpnuévn, TPOCOUOLWHEVN TIMNA KOL OHEPOANTTA ETLTOAXUMEVA SlaoThpaTa
guruotoolvng 95% yLa to SsUtEpO nyasdL.

AuOTUXWG OUTE T OPEPOANTITA ETUTOXUHEVA SLAOTAUATA EUTLOTOOUVNG ATAV LKAVA va

nieplypddouv TG amdTOUEG MTWOELS Katl avodoug, kabBw autod sival éva mpoBAnua mou Sev

urmopel va avtiuetwrniosl n texvikn emavaloppavopevng SetypatoAndiag. Movo éva

HOVTEAO TOU Ba PMopoUcE KATW OO OUYKEKPLUEVEG TIEPLOTACEL] VO TIPOCOMUOLWOEL

enakpLBwg KABe TEToLo TPOTUTIO, Ba TV SUVOTOV VoL AUGEL TO CUYKEKPLUEVO TIPOBANUOL.
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AnoteAéopata — 2ulAtnon

To deltepo mnyadt (Eikdva 70), ovtag pla moAU 1o omAn mepintwon, €ixe mapopola
amoteAéopata He TNV Tocootiaio pEBodo. Ita meplocotepa onueia Sedopévwv Sev
UTLAPXOUV ONUAVTIKEC SLadopeG oUTE O0TO £UPOG TWV SLAOTNUATWY OUTE OTLG OPLOKEC TLUEC.
OL TOAU TILO CUVEMEIC UE TIC TTAPATNPNMEVEG TIPOCOUOLWHUEVEC TIHEC 06YNOAV O QPKETA
oTeVOTEPA SLAOTAUATA O OXEON E EKELVA TOU TTPWTOU Ttnyadiol. Qotdco N mpoPAnUATIKA
Kopudn yupw amod to onueio dedopévwyv 260 MAPAUEVEL OMWEG AVOUEVOTAV EKTOC TWV
SLAOTNUATWY EUTLOTOOUVNG.

Yrnp€av okéPelg ya mbavr BeAtiwon Twv AMOTEAECUATWY HETA amo adaipeon Tng
TPOBANUATIKAG KOPUPAG KAl TWV OMOTOUWY TITWOEWV KAl avoSdwVv ToU MPWTou Tnyadlov
anmd TO OUVOAO Twv Tapatnpnuévwy Sedopévwv. O AOyo¢ ToOU TeEAKA Oev
TPAYUOTOTIOLNBNKE KATL TETOLO NTAV ETELSN OMALTOUOE LA UTIOKELUEVIK amodacn Tou TL
uropet va BewpnBel akpaia ) mpoPAnuatiky T, Autd avitibeto euBEwg otnv TANPWG
OUTOUOTOTIOLNUEVN TIPOCEYYLON TIOU UTIAPXEL OTO UTIOAOLTIO TNG Ttapoloag £pyaoiag.
Mropei va LoxUEL OTL TOL CUYKEKPLUEVA TIPOTUTIO AIALToUV emUmA£ov pn Stabéoipa Sedopéva
yla va meplypadolv Kol O HEPLKEG TIEPUTTWOELG O EPEUVNTNG Oev Umopel va yvwpllel To
OKPLBEC 160G TwV CUYKEKPLUEVWY Sedopévwy. Ev ToUTOoLG, N EMEUBOON OTO MOPATNPNUEVO
olUvolo Sedopévwy ektog amd Tubavr adaipeon onueiwv SeSopévwv TOU UTOpoLV va
npooopolwBouv, Ba peiwve to péyeBog tou cuvohou Babuovounong kal Ba adalpoloe
OKPOALlEC TIHEG €L0OBOU Kol €€060U amd To cUvolo ekmaibsuong. AuTO Hmopel cUVEKSOXIKA
va EAATTWOEL TNV LKAVOTNTA TTapeBOANG Kat e€aywyng tou TNA.

Mpaypatikn kAAvym yx Sta@opetikd emtineda BefardotnTag

Tnv Swadopetiky kaAudn yla kdBe mnyddt kat kabéva omd to Tpia umocUvola
Sebopévwy (exmaibevong, afloAdynong Kol ehéyxou) yla Ta Tooootlaio Slaocthpata
napouotalel o MNivakag 6 (kat n Ewkova 71) kot yla Ta ApePOANTITA ETUTOXUUEVA SlaoTAAT
gpmotoolvng o Mivakag 7 (kat n Ewkova 72). O aplBudc twv onpelwv dedopévwy oe Kabe
urmtocUvolo Sedopévwy eival avtiotowa 244, 91 kat 84. Auto deiyvel OtL pa Stadopd akOpa
Kall TNG TAENG Tou 5% (mou Ba pumopouoce va BswpnBel onpavtiki) HeTafl BewpnTIKAG Kot
MPAYUOTIKAG KAAUPNG oto umocUVolo eAéyxou Ba pmopouce vo odeiletal o 4 povo
onueia, SnAadn Ba prmopoloe va sival éva tuxaio yeyovoc.

Nivakag 6. OEWPNTIKA KoL TTPAYHOTIKI) KAAUYPN TWV TOCOCTLALWV SLaoTNUATWY EUNLOTOOUVNG.

Oswpnuik Eknaidevon A§loAoynon ‘EAeyxog Eknaideuon AloAdynon ‘EAeyxog
KGAuyn Mnyaée 1 Mnyaée 1 Mnyaéil MNnyaéi2 Mnyaée 2 Mnyaée 2

10% 7.8% 7.7% 25.0% 9.4% 6.6% 9.5%

20% 17.2% 14.3% 35.7% 13.1% 12.1% 17.9%
30% 25.8% 22.0% 48.8% 20.9% 14.3% 28.6%
40% 34.4% 30.8% 60.7% 25.8% 16.5% 40.5%
50% 39.3% 37.4% 69.0% 32.0% 20.9% 58.3%
60% 50.0% 42.9% 72.6% 42.2% 34.1% 71.4%
70% 57.0% 51.6% 78.6% 48.8% 40.7% 77.4%
80% 63.9% 59.3% 84.5% 59.8% 51.6% 88.1%
90% 74.6% 69.2% 89.3% 73.4% 64.8% 92.9%
95% 77.9% 80.2% 89.3% 83.2% 75.8% 94.0%
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NMocooTiaia MéBodog
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Ewkova 71. Moocootd mpayHatikng KAAUYPNG TWV TTOCOCTLALWY SLUOTHATWY EUTILOTOOUVNG WG TTPOG
TOL OVOLLOLOTLKAL.

H mpaypatikn kaAudn tng mooootiaiag peBodou yla kabe utooUvolo Sev nTav lon Pe TN
BewpnTikl oAAG TNV aKOAOUBOUOE HE OXETIKN OUVETIELD, OKOUO KOL €AV OF MEPLKEC
TIEPUTTWOELG UTIEPEKTIUA, EVW O OAAEG UTIOEKTLUA, TO SLOOTARATA gUmLoToouvng. Kot ta
U0 umoouUvola Babpovounong Tou MpwWTou Tnyadlol mopouctalouv payUatiky KaAun
TTAVTO. XOUNAOTEPN QO TNV QVIIOTOLXN OVOUAOTIKN. AUTO pmopel va amodobel otn
SlaKUPAVON TWV TOPATNPNUEVWY TIUWY OKOHA KAl O HIKPRA KAlpaka evw n avénon tng
SLadopag HeTOEU OVOUAOTIKAG KOL TIPAYMOTIKNAG KAAUYNC, TO EAAEMA KAAUPING, umopel va
BewpnBel AMOTEAECUA TWV ATTOTOWV MTTWOEWV KAl AVOSWV.

To umooUvoAo eAéyXou TOU TPWTOU TINYadloU eixe HOVO Alyeg QMOTOUEC MTWOELG KOl
avodoug (yla tnv akpifela emtd) Kal autég ival Tbavotata o Adyog mou Sev pmopel va
dtaoel pla mpaypatiky kaAuyn 95%, mou Ba anattoloe HOvo Técoepa onuela va peivouv
€KTOC TWV SLAOTNUATWY eumiotocuvne. H mpayupatiky KGAUPn TOU GUYKEKPLUEVOU
UTTOGUVOAOU €ival ylo To MEYOAUTEPO MEPOG TOU OPKETA TIAVW QMO TNV OVOUAOTIKA WG
QMOTEAECUA TNG OMAAOTEPNG TACNG TOU UTOOUVOAOU Kal TNG €AAeWpng ométouwv
Slakupdvoswv. Qotoéco o pubudg avénong tng MPAYUATIKAC KAALPNG elvol Kovtd otov
BewpnTIKO.

To O6eUtepo mnyadL eival apketd OStadopetikd. Onwg avadEpBnke TPONYOUUEVWC
umapxouVv TOAU Alydtepa TpoBANUATIKG onueia, ta omoia oto ocUVOAG Touc spdavilovrat
ota 6U0 umooUvola BaBuovounong. H yevikotepn emituxia eival Kovtd oe €Keivn Tou
MPWTOU TNyadlol, HE TNV TPAYUOTIKA KOAUPNn va €lval OPKETA WULKPOTEPN amod TV
OVOUOOTIKN, AN vo akoAoUuBel pe cuvénela tnv avénon tng deltepnc. H oiyoupn €AAsldn
Sebopévwv BpoxOMTWONG yla TNV HeYAAn Kopudn €xel avayvwplotel wg n kupla attia tou
eMeippotog KAAUYPNC Kot Sev PMopel val OVTLUETWTILOTEL pe GAAQ pE€oa €KTOG amd Ttnv
mapoxn Twv emumAéov Sedopévwy Tou Asimouv f t Staypadn Twv MPOPANUATIKWY CHUEIWV
ard o oUVoAo eSopévwy.
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Nivakag 7. OswpnTIKA KoL TTPAYHOTIKI) KAAUYPN TWV OLEPOANTITWY SLACTNUATWVY EUNLOTOCUVNG.

Oswpnuik Eknaideuvon AfloAdynon ‘EAeyxoc Exknaidsuon AgloAoynon ‘EAeyxog
KAAvyn Mnyaéde 1 Mnyaéde 1 Mnyadt Mnyadét 2 Mnyaée 2 Mnyaét

1 2
10% 8.2% 6.6% 10.7% 6.6% 6.6% 17.9%
20% 16.0% 14.3% 27.4% 13.1% 11.0% 28.6%
30% 24.6% 19.8% 36.9% 20.1% 13.2% 38.1%
40% 29.1% 30.8% 54.8% 27.9% 23.1% 47.6%
50% 39.8% 35.2% 67.9% 34.0% 27.5% 61.9%
60% 45.5% 42.9% 73.8% 39.3% 30.8% 66.7%
70% 52.5% 53.8% 81.0% 46.3% 39.6% 76.2%
80% 65.2% 61.5% 84.5% 54.9% 50.5% 84.5%
90% 73.8% 74.7% 88.1% 70.9% 64.8% 91.7%
95% 77.9% 78.0% 89.3% 84.0% 73.6% 96.4%

To MO eMITUXNUEVO UTMOCUVOAO TNG TPOcOUOoiwong umd TtV £vvolo OTL TIAPEXEL TN
BéATiotn oupdwvia TNG TPAYUATIKAG HE TNV OVOUAOTIKR KAAuyn ntav to oUvoAo
Sebopévwy eAéyyou tou Seutépou mnyadlov. Amd tnv apxn MEXPL To TEAOC TG dadikaaoiag
n KaAuyn eival €opeTikd KOVTa otn BewpnTikr OXL HOVO yla XAUNAEC TIUEG OVOUOIOTIKAG
KAAudng aAAd Kal ylo uPnAég. Autd pmopel va BswpnBolv ta embupntd amoteAéopata
yia pia Stadkooiao UTTOAOYLOHOU  SLOOTNUATWY EUMLOTOOUVNG Kal elval eEalpeTiKa
ONUOVTLKO OTL TO HOVO UTIOGUVOAO TNG Tipooopoiwong mou Sev mepleixe mpoBAnuUaTiKa
onueia 6ebopévwy anédwoe to KOAUTEPQ ATOTEAECHATO.
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Elkova 72. MNocootd MpayHatikng KAAuYNnG TtTwv OUEPOANTITIWV ETUTAXUUEVWV SLOOTNUATWY
EUMLOTOOUVNG WG TTPOG TOL OVOLLOLOTLKAL.

EAGxlotor SLopopETIKN Ao TNE MOCOOTIONG, N MPAYHATIK KAAUYN TNG auepOANTTNG
ETUTAXUUEVNG HEOOSOU TAPAUEVEL OTIC TIEPLOCOTEPEC TIEPUTTWOEL HOKPLA QT TNV
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OVOUaOoTIKN) QoToco Ta SlaoTAHOTA £(val OTEVOTEPO KOl QUTO TIPETEL VO GUVUTIOAOYLOTEL
Katd tnv emhoyn piog pebddou bootstrap umoAoylopol Slaotnuatwy eumiotoouvng. Kot
TAAL 0 puBUOG avénong tng Mpayuatikng KAAuPng akolouBel tov BewpnTikd Kat yla pia
oKOpn dopd Ta UTtooUVoAa eAEyXoU Kal yla Ta dUo mnyadla Teivouv va £€xouv uPnAOTEPN
KaAudn anod tnv erbupntn.

Ma tv akpifela n mpaypatikn KAAuyn Tou MpwTtou nnyadlol evw EeKva amod eva TEAELO
10,7% ywa Bswpntiky kaAupn 10% apyilel va peyalwvel tn Stadopd HEXPL TEAKA va
HeEwwBel kal va ¢dtdosl otnv oplakn TR 89,3% Omw¢ kol othv mooootiaia péBodo. H
PAyUOTIKN KAAuYn Tou Seutépou mtnyadiou Ntav 4 pe 11% vPnAotepn amno thv BewpnTiki
MEXPL TIOU OUVEKALVE UE TNV ovopooTiki kaAupn oto 90 kot 95%. Ta apepoOAnmrta
ETUTOXUUEVA SLAOTALATO WOTOCO YLol TO GUYKEKPLUEVO UTTOCUVOAO rTtav eAadpws eupuTEpA
ano Ta mocootiaia mbavotata eneldn N TIUA TN EMLTAXUVONG TTOU UTtoAoyiotnke amnod To
oUvoho debopévwy Babuovounong ntav uPnAotepn amod TV ovouaotikh, €€ attiag Twv
npoBAnuatikwy onueiwv dedopévwy.

Awx@opeTikég péBodol ekmaidsvong

H xpnon &ladopetikwy peBodwy ekmaibeuong Tou VEUPWVIKOU SLKTUOU E€YLVE yla va
avadelxBolv oL Sladopég avapsoa otoug oAyopibuoug kot va aflodoynBel umd moleg
ouvOnkecg Ba pmopolos va TPOTIUNOEL Evog oUYKEKPLUEVOSG aAyOpLOUOG avTil evog aAAou. O
Mivakag 8 TEePLEXEL TIG TWECG TWV odoAUATWY ekmaibeuong kot afloAdynong kabwg kal To
XPOVO TIOU amoalthBnke ylo tnv ektéleon kdBe oAyoplBuou exkmaibeuong. To VEUPWVIKO
Siktuo mou xpnolponolnOnke Atav To BEATIOTOMOLNUEVO SIKTUO HE TIC METABOAEG oTABUNG
w¢ Tapapétpoug e€68ou.

Nivakag 8. Zdpalpa eknaidsuong kot afloAoynong Kol amaltoUMEVOG XPOVoG yia kaBe aAyoplOuo
eknaibgvong otnv nepLloxn TG ATTKAG.

AAyopLBpog Ipalua Eknaidevong  IpaApa A§lohoynong  Xpovog
1000 Backpropagation (BP) 2.66E-04 1.73E-04 0.1h
enavoAidelg  Tuyxaiog Nepinatog (RW)  1.49E-04 1.03E-04 1h
10 000 Backpropagation (BP) 2.01E-04 1.34E-04 1h
enavolidelg  Tuyxaiog Nepinatog (RW)  1.35E-04 1.02E-04 9.4 h
100 BAuata Juluywv KAioewv (CG) 2.59E-04 1.68E-04 0.5h

O tponomnotlnpévog Tuxaiog nepimatog (RW) daivetal va kataAnyel oe kaAUtepn Auon
armd otL oL GAAoL SUo alyoplBpol kat paiiota akopa kot o 1000 Brpata. Autd umopel va
anodoBel otnv wavotnta eéepelivnong mou €xel. AvtiBeta, peTtafl XIALOOTAG Kal SEKAKLG
XWALOOTNG YEVLAG EMITUYXAVETAL UIKPN BeATiwon TG Taéng tou 9,4%. Auto dalvetal KATIWG
mepiepyo, kaBwg umovoel OtL kamola and ta tuxaio smleypéva Bapn otnv apxn TNg
Sladikaoiag ekmaidevong kal ta omola dev €xouv PBeAtiotomolnBel €xouv aonuovtn
enidpaon Mavw otV T Tou 0AALATOC.

O alyoplBuog backpropagation pstwvel 1o opdApa katd dUo TGelg pey£Boug amo Tig
MPWTEG entd emavaAnPelg, aAAd €€ altiog TnNG KATAUOKEUNE TOU va UNV €lval €ALTLOTLKOG
epdavilovtal moAAég Stakupdvoelg. H BeAtiwon amd T xiAeg emavalnelg otig S&ka
X\Ladeg eival peyaAltepn amo OTL oTNV MEPIMTWON ToU Tuxaiou meputdtou oAAd Sev sivol
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EVTUTIWOLOKNA €AV OVOAOYLOTEL KAVELG TN ONUAVTLKA avénon Tou UTTOAOYLOTIKOU XPOVOU TIoU

oUoLLTELTaL.

ElSIka yla Tov aAyoplBpo culuywv KAloswv umopel va etmwBel OTL oL apyLKES TIUEG, oL
omoieg lval tuxaieg, dev ATOV OPKETA KOVTA OTO OALKO gldxloto. O alyoplbuog sixe pla
taxutatn cUykAlon oe pia Abon, oxL Opwe otn BEATIoTN. Tn AUon auth otnv onola KotéAnge
HETA amo HOALS 28 Bripata, dev Atav duvatdv va Ty BeATiwoel mepaltépw. Aloonpeiwto
elval OTL 08 HEPLKEC BOKLUOOTIKEG EKTEAETELC TOU, O aAyoplBuog culuywv KAloswv €6el€e
e€alpeTik@ peyahn svalobnoia os omoladnmote alayr TwV APXIKWV TLUWV, YEYOVOC TIoU
umodnAwvel otL pla Sladopetiky ulomoinon tou oAyopiBuou lowg va €8wve KaAutepa
anoteAéopata. OAot ot alyoplBuol katéAnéav oe pkpotepo adpaipa afloAdynong amod otL
ekmaldevong. Auto NTav avapevopevo KaBweg UTHPXOV TEPLOCOTEPA akpaia onueia oto

oUvoAo eknaideuong.

H BeAtiwon tou opAALATOC OTOV TPOTIONMOLNUEVO TUXALO TTEPLTATO cuvodeUeTal amod pia
HeYAAn avénon, Katd pia Tagn pey£6oucg, otov amaltoupevo Xpovo urtoloylopoU. EvtouTolg,
XiAleg¢ emavaAnPeLg Tou TuXOiOU TEPUTATOU ammoltoUV tov (Slo Xpovo pe S€ka XALASEG
enavaAnelg backpropagation kal to opAAA TTOU TIPOKUTITEL (val ULKPOTEPO.

Jtnv Ewkéva 73 mapouotaletal n mopeio cUYKALONG TWV TPLWV olyopiBuwyv ekmaidsuonc.
Mpémel va onuewwBel OtL otov opuloviio afova eudaviletalr 0 aplBuog Pnuatwv 1
emavaAnPewv, OxL 0 AMOLTOUMEVOS XPOVoG. Omwe daivetal oTIG TIUEG TTOU TAPOUGCLALEL O
Mivakag 8, o aAyoplBUOC TOU TUXOIOU TIEPLTATOU XPELAOTNKE Tiepimou SekamAAoLo Xpovo
ava enavainn os oxéon pe tov alyoplBuo backpropagation.

1
—CG ZdaApa EAéyxou
0.1 - —BP IdaApa EAéyxou
—RW ZdpaApa EAéyxou
]
3
3
b4 0.01
W
=
2
-
0.001
0.0001

1} 10 100 1000 10000
ApLOpd¢ Bnudtwv/EnavoAiPewv

Ewkova 73. PuBudg olykAlong tou opalpatog afloAdynong yla tig tpelg pebodoug eknaideuong
oTNV EPLOXT) TNG ATTIKNG.
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Attkn Minyadi 1 - Tponomnownpévog Tuxaiog Nepinatog

06
Uv.0

/" y=0.2608x+0.0124
R?=0.2678

Npooopolwpéveg Tipég [m]

=)
)

-1.5 -1.0 -0.5 0.0 0.5 1.0
Napatnpnpéveg Tiuég [m]

Ewkova 74. NMPOCOUOLWUEVEG WG TIPOG TLG TAPATNPNUEVES TLUEG HeTABOANG TNG OTAOUNG OTO TPWTO
TUNYASL YL TO VEUPWVIKO SLKTUO LLE TNV EAAXLOTN TN OVTLKELREVLKIG CUVAPTNONG.

Attikr) Mnyadt 2 - Tponomownpévog Tuxaiog Nepinatog
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Ewkova 75. MPOCOHOLWUEVEG WG TIPOG TLG TTOPATNPNHEVES TLUEG LETABOANG TNG 0TAOUNG oTO SEUTEPO
TUNYASL YL TO VEUPWVIKO SLKTUO LE TNV EAGXLOTN T OVTLKELUEVLKIG CUVAPTNONG.

Jtnv Ewkéva 74 mapouolalovial ol TIPOCOUOLWUEVES WE TIPOG TIG TTOPATNPNUEVEG TUIEG
TOU TPWTOU TNYadloU ylol TO QTMOTEAECHO TOU TPOTIOTIOLNUEVOU TUXQLOU TIEPUTATOU, EVW
otnv Ewdéva 75 mapouotdlovtol ta avtiotolyo amoteAéopota ylo to Seltepo mnyadt.
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JUYKPLVOUEVO UE TO amoteAéopata tou PeAtiotomotnpévou Siktuou amod 1o Sladoplko
€€eAIKTIKO aAyoplOuo, To TPWTo TNYadL mapoucialel pio pikpy Peitiwon evw Ta
amoteAéopata yla To 8eUtepo mNyasdL emSevwvovtal. AUTO SnHLoUpYeL OKEWELS yLa TO KATA
Tooo eival mo enmtBupunth pio Abon mou dev pnopel va meplypaPel TO00 KAAAQ TO TNyadL Pe
Ta AlyOTEpQ OKpaia onpeia.

Elval mBavo av cuvexlotel n eknaideuon He ToV TPOTOTMOLNUEVO TuXaio Tepinato va
npokUPeL pla akdpo kaAutepn AUon, n omola vo avamopdyel 660 to Suvatdv KOAUTEPA TIG
ermBupntég e€66oug. ANA o KAMOLO onueio TBeTaL TO gpwTnUa €av TAéov n HEBobog
propel va mpotaBel yla MPOKTIKEG edopUoyEC 1 BplokeTal kal Ba moapapeivel Yoo oth
odaipa TG akadnuaikng €pguvac, xwplc va €xel kapia afla yla évav epeuvntr mou avalnta
aflomiota epyaleia yla TNV MPOCOUOIWoN TWV AVAUEVOUEVWY ATIOKPploEWV evog puokol
OUCTAMATOC,.

TéEac

AVAAUO1) GUVTEAEGTWV CUGYETIONG

OL OUVTEAECTEC OUCYETLONG TNC Bpoxomtwong f tng AvtAnong HE tn HETABoAn Ttou
USPAUALKOU UPoUC yla SLadOPETIKEG TILEG XPOVLKAC UOTEPNONG TOU TEPLEXEL O Mivakag 9
urtodnAwvouv . uPnA CUOXETION YL TIEPLOCOTEPEG QMO Ml NUEPEC HETALY
Bpoxomtwong f avtAnong kot LetaBoAng udpauvAikot UPouc. To yeyovog autd £xel Gpuaotkd
vonua, kabwg n emnidpacn evoc cupBavroc Ppoxomtwong i AvtAnong umopsl va sivat
gudavng otn Slakupavon tng otabung tou vdpodopou opilovta yLo MEPLOCOTEPES OO Uia
NUEPES.

Nivakag 9. ZuvteAeotég ouoxEtiong tng Ppoxomtwong Kot tng AviAnong He tn HeTafoAn
uSpauAkoU UYPoug yia SLAPOPEG TIMEG XPOVLKAG UOTEPNONG.

Xpovikn Bpoxomtwon AvtAnon
votépnon — MetapoAn udpavAtkol Uoug — MetapoAn udpauvAikol LYoug

0 0.3225 -0.2870

1 0.4059 -0.2515

2 0.2451 -0.1278

3 0.1577 -0.0725

4 0.1000 -0.0409

5 0.0793 -0.0176

6 0.0489 -0.0131

7 0.0390 -0.0172

8 0.0268 -0.0071

9 0.0184 0.0123

10 0.0168 0.0171

Eav emiheyel éva Oplo ouvteleotr cuox£tiong 0.05 tote 6 nuépec Bpoxomtwong kat 4
NUEPEC AVTANONG TPOKplvovial Ww¢ TOPAUETPOL €L00S0U. 3TNV TEPIMTWON TIOU O
OUVTEAEOTIG CUOXETLONG ELvaL TIAPATIAQVNTIKOG KOl 0 aplOUOG TwV NUEPWVY ToU emnpedlouv
Sev gival TO00 PeyANOC, TO VEUPWVIKO SIKTUO MPEMEL VoL elval LKOVO Vo TO EVTOTILOEL KATA TN
Slapkela NG ekmaibeuong kat va e€aleiel TV enibpaon TwV MEPLTTWV MAPAUETPWY KATA
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Vv aAAayn Twv Bapwv. Eva mpoBAnua mou MPoKUMTEL lval f @okomn avénon Tou Xpovou
TIOU QUTALTELTOL YL TNV EKTTALSEV G TOU VEUPWVLKOU SIKTUOU.

BaBpovounomn kot €éAeyyog

To veupwviko Siktuo ekmatdeltnke yla 1000 emoXEG Kol XPELAOTNKE Alyotepo amo Suo
wpeg oe €vav umoloylot pe emefepyaoty Pentium D 3.00 GHz. H O&uwadikaoia
BaBuovounong mapnyaye ta Bapn kabwg kal odalpara skmaidevong kot afloAdynong
1.8E-04 kot 2.0E-04 avtiotouya. Ot TLwEC Sev umodnAwvouv umepekmnaidevon kat deixvouv
OTL £xel emuiteuyOel pia emapkng eknaidevon.

Meta tnv ekmaidevon kat tnv afloAdynon Tou VeEUPwVIKOU Siktuou Tta Bapn Tmou
napnxbnoav xpnoluomolbnkav yla TOV UTOAOYLOUO TWV TIPOCOUOLWUEVWY TLHWV
udpauAlkou UPoug yla to ouvolo twv OSlabéopwv Sedopévwv (Ewkova 76). Mua
Aemtopépela mapouaotaletal otnv Ewkova 77. H petafolrn tou udpauiikou UPouc pmopet
LETEMELTA VO PeTaTparnel oe USPaUALKO UPoc. H yevik TAON TWV MOPATNPNHUEVWY TIHWV
akoAouBeitatl amno TG MPOCOUOLWUEVES. OUWC TO VEUPWVLKO SIKTUO OTETUXE va TteplypaeL
Kamola akpaio onueia mou pmopolv va anodoBbolv oe avtAfoelg mAnciov tou mnyoadlol
napatnpnong. Eival éva yvwoto B£pa twv apxtkwv SeSopEVwy OTL N TN TS AVTANONG NTav
OUVOALKR yla OAa Tol TNyadla Tng meploxng avti ylo kKabe mnyadt fexwplotd. Auto
OVOUEVETOL VO ELOAYEL £V CUYKEKPLUEVO ODAALA OTNV MTPOCGOUOLWON.

8.00 MNnyadi Mapatipnong Mmegap [J-17]
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Elkova 76. NopatnpnHUEVEG KOl TTPOCOMOLWUEVEG TLHEG LETABOARG USPOUALKOU UPouG 6To TtRyAdt
napatipnong J-17 (AY-68-37-203).

E€ attiag Tou peydlou mANBoug Twv dedopévwy Katl TnG duokoAiog AnPng EekaBapng
glKOvaG yla tnv afia tng Babuovounong povo amd tnv Ewkoéva 76 kal thv Ewkdva 77, pua
otatlotik enefepyacia Twv oPaApdtwy TG Tpocopoiwong kpibnke avaykaio yla tov
€\eyxo tn¢ aflomiotiag tng mpooopoiwong. To oddAua tng mpooopoiwong dlaxwplotnke oe
{wveg tou 1 ft kal urtoAoyiotnke n ocuxvoTNTA TWV NUEPWV HE ODAAUA TIOU VA OVAKEL OE
KaBe avtiotolyn {wvn n omoila oOtn CUVEXELD OLOLPEBNKE LLE TOV OUVOALKO aplOUo Twv
nuepwv. Ta avtiotolya amoteAéoparta, (Mivakag 10) Seiyvouv OTL To opAApa yLa mepinmou
95% TwV NUePWV Kupalvetal petafy 0 kat 1 ft (0 kat 30 cm). To opaApa autd Unopet va
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BewpnBel amodektd, Sedopévng tng vPnAng Slakvpavong tou udpauldikol UYoug Tou
vdpodopéa.

8.00 - [Nnyddi MNapatipnong Mméap [J-17]
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Elkova 77. AEMTOUEPELN TWV TTAPATNPNUEVWV KOL TTPOCOLOLWHUEVWV TIUWV METABOANG USPAUALKOU
vYoug oto ntnyasdL napatipnongJ-17 (AY-68-37-203).

Nivakag 10. Zuxvotnta Kat rtdavotnta to opAaApa vo BpLloKETL EVTOE CUYKEKPLUEVOU EVPOUG.

Twn opdAparog  Zuyxvotnta [d] MBavothta

-2 1 0.01%

-1 48 0.68%

0 3008 42.31%

1 3730 52.47%

2 255 3.59%

3 44 0.62%

4 11 0.15%

5 7 0.10%

6 5 0.07%
Z0volo 7109 100%

AnO T0 O0GAGApa TIOU TPOEKUPE KOl HETEMELTA UTIOAOYLOMOUG TWV OTATLOTLKWV
XOPAKTNPLOTIKWY TO VEUPWVLIKO SikTUO eMédelfe pia cuvoAilkn Taon MoAwong (LEco opaipa)
0,12 ft (3,7 cm), éva péco andluto adpdipa 0,33 ft (10 cm) kat pio pila HECOU TETPOYWVIKOU
odaApatog 0,53 ft (16 cm). To péco oddApa UTIOSNAWVEL OTL OL TIPOCOMOLWHMEVEC TLUEG
TE(VOUV VO UTIOEKTIUAOOUV TIC TIAPATNPNUEVEG TIUEC, YEYOVOG OV Uiopel va eEnynBel amd
TG OKpOieG TLUEG TToU TO poviédo TNA aduvartel va mpooopolwoel. To opdipa Sev eivol
OHEANTED OTAV TIPOKELTAL Yo Slaxeiplon udatikwy opwvy, dAAA o€ OpoUC MTPOCOHOLWaNG
uroyeiwv vbdatwv 6 Bewpeital urepPoAtkd. OL AKPALEG TILEC TTIOU SEV TIPOCOOLWVOVTOL
ard to povtédo TNA, amodidovtal oto yeyovog OtL avtAnoelc AdapBavouy xwpa oAU Kovtd
ota onueio mapatipnong. Asdopévou Tou peydlou TANBoug Slabéolpwy Sedouévwy ol
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OKpaleG TIUEG elval €va MIKPO TUNUA Twv OlaBéolpwy OSeSopévwv  yeyovog Tou
umooTtnplleTal Kal amno To AMOTEAECUATO TNG OTATLOTIKNG AVAAUCNG.

Alx@opeTikEG néEBodol ekmaidsvong

Mapopola PE TA AMOTEAECUOTA TNG TPWTING MEPLOXNAC NTAV KOl EKElva Tou udpodopa
‘Evtovapvic. H PBaoikn Sladopd eival OTL Kol oTtoug Tpelg oAyopiBuouc T0 oddAua
afLoAdynong sivat peyoAltepo amo to opaipa ekmaidbsuonc. Auto pmnopet va dikatoAoynBet
arnd To yeyovog OTL To opAApa ekmaideuong eival N AVIKELWEVIK ) CUVAPTNON TNV TUA TNG
omoilag mpoomaBbolv va ehaylotomoloouv oL aAyoplBuol. Edv Opwg TO OodpAApa
afloAdynong ival Katd MoAU PeEYAAUTEPO UTTIAPXEL TIBAVOTNTO VO £XEL UTIEPEKTIOLOEUTEL TO
VEUPWVLKO Siktuo. O Mivakag 11 cuvoyilel ta opalpata eknaidsuong kat afloAdynong yla
KABe alyoplBuo eknaideuong, aAAd Kal To XpOVO TIOU amaltnOnke ylo mMANpn eKTéEAecn Tou
kaBe alyopiBuou.

Nivakag 11. paApa eknaidesuong kot afloAdynong Ko anattoUpeVog Xpovog yla Kabs alyoplOuo
eknaibegvong atnv neploxn tou TEEac.

AAyopLOpog IpaApa Exnaidevong  IddaApa ASloAdynong Xpovog
1000 Backpropagation (BP) 6.29E-05 6.49E-05 1h
enavoAndelg  Tuxaiog Mepimatog (RW)  3.97E-05 4.33E-05 5.7h
10 000 Backpropagation (BP) 4.20E-05 4.57E-05 10h
enavoAndelg  Tuxaiog Mepimatog (RW)  1.78E-05 2.09E-05 56.2 h
100 BApata  Tuluywv KAicswv (CG) 6.98E-05 7.23E-05 0.3h

O Boaolopévog otov Tuxaio meplmato aAyoplOuog mopayeL Kot TTAAL TO pLKPOTEPO odalpa,
av Kol auti tn dopd n BeAtiwon Twv evvéa XAASWY emMAéwy enavalnPewyv eivat oAU
peyaAUTepn (55%) amo ekeivn Tng epapuoyng otnv Attikn. Eniong eviunwotakn davtalet n
peiwon tou odpdApatog os olykpLon He Toug dAloucg Vo aAyopiBuoug, aAld Tpémel va
onuewwBel otL n mpooopoiwon Tou ouykekplpuévou udpodopiéa Sev ATtav TO (SO
ETUTUXNHUEVN HE TNV pooopoiwon Tou udpodopéa otnv ATTK. AUTO onuaivel OTL UTHPXE
peyoAUtepo meplOwplo PeAtiwong.

O aAyoplBuog culuywv KAloswv ixe kal og autnh v edappoyr tnv TaxUTeEPn GUYKALON,
OAAQ TIPOG pial AUON QPKETA XELPOTEPN MO €KElvn TNV omola mapeixe o Baclopévog otov
tuyaio mepinarto alyoplBpog. H oUykAlon emetel)On petd amno 19 Bripato. H andotacn Tou
apxLkoU tuxaiou onueiou amd 1o BEATLOTO elval yia pia akopa dopd n mbavotepn attio yla
NV Teploplopévn emtuxioa tou alyopiBuou. H péBodocg backpropagation mapouoialet
SlaKUHAVOELS Kal otnv mopolca ebapuoyn, evw n Peitiwon twv Séka YALASWV
enavaANPewv amevavtl otig xiAle¢ NTav peyoAutepn Kal dyylte to 33%. Autd odeiletal
mubavotata ota peyaAutepa neplbwpla BeAtiwonc.

O TtpomomolnNpévog TuXaiog TePLMATOC XPELACTNKE TEPLOCOTEPO XpOvo amd Tov
oAyoplBuo backpropagation (mepimou efamAdolo). AAG Ta QMOTEAECUATA TOU TuXaiou
TEPUTATOU HETA amd XiAleg emavaAnelg, mou mpaypatonoliénkav os 5,7 wpeg, eivat
KaAUtepa omd ekeiva petd omd Séka xAadeg emoavalnpelc backpropagation, mou
npaypotonol)dnkav os 10 wpeg.
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Ewkova 78. PuBudg olykAlong tov opalpartog afloAdynong yla tig tpelg pebodoug eknaideuong
otnVv neploxn tou TE€ag.

Jtnv Ewkdva 78 mapouotdletal n mopeio cUYKALONG TWV TpLWV aAyopiBuwy ekmaibeuonc.
Jtov opllovtio atova gpudaviletal o aplOpos Twv PAUATWY i 0 apLlBUOG TwV emoavalPewV.
Onwg koL otnv avtiotolyn mepinmtwon Katd thv epapuoyr otnv MEPLOXN tNG ATTKAC O
XPOVOG ToU amaltnOnke KL edw yla KaBe emavaindn eivatl Stadopetikog avaioya Ue Tov
oAyopLOuo ekmaidevong. Ao to Sldypappa Yivetol EUKOAQ avTIANMTO OTL 0 aAyopLBuog Tou
TPOTIOTIOLNEVOU TIEPLTIATOU KaTadpEPVEL va avakaAUP el AUoelg péoa otnv ePIKTr MePLOX
HE TIOAU UIKPOTEPN TIUA OPAAUATOC, EVW Kal 0 pubudg pelwong tou odalpartog esival
OPKETA peyahog kab’ 6An tn Sldpkela twv emavaAnPewv. Movo npog to TéAog epdavilovrat
onuadia emBpaduvong tou pubpol pelwong Tou oPAApaTod.

Me Bdon Ta amoteAéopata TNG EKMALSELONG UE TOV TPOTIOTIOLNUEVO TUXaio Tepimato
umoloylotnkav kat moapouctdlovtal otnv Ewkova 79 oL TMPOCOUOWWHEVEG WG TPOG TLIG
TLAPATNPNUEVEG TILEC HETABOANG oTABUNG otov uSpodopéa Eviouapvts. e cUYKPLON UE TA
amoteAéopata anmé TNV Tipocopoiwon pe PBdon Ta amoteAéopara TNG avaluong
OUVTEAEOTWV CUOXETLONG elval epdavic n BeAtiwon tng cupdwviag LETALY mopatnPNUEVWY
KOl TIPOCOUOLWHEVWY. AKOMO OPWG KOL UE QUTA Ta amoteAéopota n mpocopoiwon &¢
uropel va BswpnBel Slaitepa emtuxnuévn. Ymapxouv oL meploplopol oto Stabfoipa
debopéva ol omoiol Sev elvat Suvatov va Eemepactouv amnod évav aAyoplOuo eknaidsuong.
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YépodopéagEvtovapvrig - Tponomnownuévog Tuxaiog Nepinatog
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Elkova 79. MPOCOUOLWHEVEG WG TIPOG TLG MAPOTNPNHUEVEG TLHEG METABOANG TNG 0TABUNG 0TO MNyAdtL
TOLPOALTAPNONG YLOL TO VEUPWVLKO SIKTUO PE TRV EAAXLOTN TLUH OVTLKELLEVLKAG OUVAPTNONG.
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LUUTEPAC AT

H mpooopoiwon t¢ otabung tou umoyelou USATOC ot KapoTkoUG udpodopeic pe
povtéha Baocilopéva otn Bewpla TWV TEXVNTWV VEUPWVIKWY SIKTUWV UMOopPEel va amodEpet
aflOAOya ATOTEAECLATA O TIEPUTTWOELS ME AVEMOPKELG TANpodopieg yla Ta yewAoylkd
XOPAKTNPLOTIKA TOU KOPOTIKOU GUOTHUATOC, apKel va eival SlaBéoiun o AETTOUEPNS
XPOVOOELPA USpOYEWAOYLKWY SeSoUEVWV. Ze avtiBeon Pe Ta aplBUNTIKA LOVTEAQ UTTOYELWY
USATWY TIOU OMOLTOUV AEMTOUEPN YVWON TWV YEWAOYLKWV XAPAKTNPLOTIKWY TWV
TETPWHATWY KOl TWV YEWHETPLKWV YOPOKTNPLOTIKWYV TwV SLAKAACEWY O KOPOTIKOUG
udpodopeic, Ta VEUPWVIKA SIKTUO XPNOLUOTIOLOUV UL TIPOCEYYLON HOUPOU KOUTLOU TIOU
AapBavel ur OoPv povo ta XPovika HeTaBaAlopeva pépn tou udatikoU Looluyiou Kal
EVOWUOTWVEL Ta otabepd pépn PEOA OTA CUVATTIKA Bdapn tou SlKTUoU péoa amo pia
Sladikaoia ekmaibeuong. Qotoco, €vag PeyaAog aplOuog dtadopeTikwy dedopévwy eival
oavaykaiog yla va emiteuxBei pia owotn ekmaidevon kot kabe ENewdn plog mopapéTpou
Tou €xel enidpacn oto ubatiko Wollylo slodysl éva opAalpa oto HovtéAlo mou elval
aduvarto va e€aleldpBel pe SlapopeTikd TpoTMO.

Otav éva TexvnNTd VeEUPWVIKO OIKTUO TPOKELTOL va XpnolpomolnBel yia Slaxeipion
USATIKWY TTOPWV, TIPOTEIVETAL OL TTAPAPETPOL L0OSOU va eMIAEYOVTAL LE TETOLO TPOTIO WOTE
va Teplypadouv 660 To Suvatov KOAUTEPA TOUG XPOVLKA LETABAANOUEVOUC TTAPAYOVTEG TOU
vdatikoU Looluyiou. EVOELKTIKA, WC TMOPAUETPOL EL6OS0U TPOTEIVOVTAL OL TTAPOXEG AVTANONG
oAQ Kol oL otdBuec mnyadwwv NG mMeploXng Kabwg emiong n Ppoxomtwon Kot n
Bepuokpacio and 6coug MePLOCOTEPOUG SLaBEaIuoug oTtabuoug otnv upUlTEPN TEPLOXN,
EVW TIPETEL VAL CUMTIEPAABAvVETAL (OTav UTIAPXEL SLABETLUn) KoL N eMLbAVELAKT ATIOPPON.
OMa ta dedopéva mpénel va dlatiBevral pe to 8lo xpovikd Brua (nuepnota, efdopadiaia
KTA.). Z€ TIOAAEG TTEPUTTWOELG N TiLo SUOKOAN MOPAUETPOG va Bpebel eival n avtAnon amno
KaBe avtiotolyo mnyadt otnv meploxn. H akplBAg yvwon g MapapeTpou wotdoo elvat
amodaCLOTIKNG oNUAcilag yia Thv ekmaibeuon evog vEUPWVIKOU SIKTUOU TIOU TIEPLYPAPEL TIC
EMOKOAOUBEG amotopeg METABOAEG 0TO USPAUALKO UYPog Tou eival LOLALTEPA ONUOVTLKES
OTOUC KapoTLkoUG uSpodopeig.

EVOEXOUEVWC UEPLKEG TIAPAUETPOL ELCOSOU va epdavilouv XPOVIKI UCTEPNON WG TIPOG TLG
TapapeTpoug €€660u. Eva TumikO {euydplL TMOPOUETPWY TIOU epdaviletal to davouevo,
elvat n Ppoxomtwon kot n petafoAn tng otabung tou udpodopéa. Evag owotdg
TPOaSLOPLOUOC TNC XPOVIKNG uoTEpnong amodeixBnke Kpiolpwog otnv mpoomdBsia opbng
npocopoiwaong Tou udatikol Looluyiou Tou udpodopea.

TNV MPoomdbela emAOYNG TWV TOPAUETPWY EL0OS0U TOU VEUPWVIKOU SIKTUOU HLa
aVAAUGON CUVTEAECTWY CUOYETLONG Urtopel va Swoel TMAnpodopleg yLa TO TOLEG TTAPAUETPOL
elval ONUAVTIKEG Kal TPEMEL va eloaxBoUv. € KATIOLEG TIEPUTTWOELG, OTAV n eMiSpacn WLOg
OUVKEKPLUEVNG TIOPOUETPOU elval epdavng yla TePLOoOTEPEG amd Hia nUEPEG, oL
TIAPAUETPOL ELGOSOU UMopPouV va TEPAOUPBAVOUV TIEPLOCOTEPEG NUEPES TNG CUYKEKPLUEVNG
mapapétpou. Eav n eknaideuon eival owotr) Ba pndeviosl ta Bdpn omMolwVEATOTE MEPLTTWY
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KOUPwv eoobou. Mia mio efeAypévn péBoSO¢ meplhapPdavel tnv aflomoinon &vog
Sladoplkol efeAlktikol aAyoplBuou ylo Tov PEATIOTO TPOCSLOPLOPO TNG XPOVLKAG
UOTEPNONG TWV HETAPANTWV £LC0OSOU (TLY. TNG Bpoxomtwong), kabwe Kot TG Soung tou TNA
KOlL TWV TTOPAUETPWY eKmaideuonc.

Eywve edbappoyn TG Tpotelvopevng pebodoloyiag oe SUo TEpLOXEG, OMOU UTPXOV
SlaBéopa dedopéva. H mpwtn meploxn Bpiloketal otnv ATTikA, Omou efetdotnkav SUo
Slapopetikd TNA e KOWVEG TTOPAUETPOUG EL0OSOU oUVOESEUEVEG LOXUPA e LETOPANTEG TOU
vdatikol Looluyiou, oUTWE wWote va amodidouv duacikd vonua oto oxedlacpévo diktuo. To
npwto &iktuo TpoéPAene to LUSPAUAKO UPog os SUo TMnyadla mopatnPnong &vw TO
Oeutepo TpomomolNBnke wote va TPoPAEmeLl T HeTtafoAn tng otabung (Siadopa
USpauUALkoU UPouG) HeTaEU U0 SLASOXIKWY NUEPWV OTLG OVTLOTOLYEC TOOBOETILEG.

Ta amnoteAéopata NG mpooopoiwong £6etav OtL To MPWTo OIKTUO aTMETUXE va
e€aodaliosl pla KaAn mpooyylon Tou Guaotkol datvopévou, evw to delTtepo £6elée pla
ONUOVTIKA BeATiwuévn cupmeplpopd. AUTO GUVSEETAL E TO YEYOVOC OTL TEPLOCOTEPO N
Sladopd otadung ava Xpovikod Brpa mapd autd kabautd to udpaulikd UPog oxetiletal e
Vv mapapeTtpo AS tou udatikol Looluyiou kot cuvemakoAouBa n dtadopd otabung eival
KOAUTEPO OUOCYETIOMEVN HE OAEC TIC TAPAUETPOUC e€loddou Tou TNA, oL omoieg
TIPOCOUOLWVOUV TNV ELOPON Kal TNV gkpor USOTOG 0To PUCLKO cloTnua, OTWG SNAWVETOL
amno tnv e€lowon tou vdatikou Looluyiou.

Meta amnoé BeAtiotonoinon pe €vav Stadoplkd e€eAKTIKO alyoplOuo to mpwTto Siktuo
eMESELEE ONUAVTIKA KOAUTEPN cuunepLdopd, evw ylo To Seutepo biktuo n BeAtiwon Atav
ULKPOTEPN, adou eixe kataAnéel n6n o olaitepa kKahd apxilkd amoteAéoparta. H Stadikacia
BeAtiotomnoinong ntav xpovoPopa Katl tiBetal éva B£pa yla To KAtd TOCO pla TETOL
Sladikaoia prnopel va xpnolpomnolnBel eUKoAa 0 TPOKTLKEG EdapUOYEC. AKOUa, N BeAtiwon
Tou eTuTeEL)XONKE e To SeUTePO SikTUO NTAV OPLOKA yLa TN dedopévn epimtwon (repimou
9% kol 28% yla ta opaApata eknaideuong kat aflohoynong avtiotola). H BeAtiwon opwg
Tou eTuTeVXONKe amd to MPWTO SIKTUO UTIOSNAWVEL OTL O EUMELPLKOC TIPOCSLOPLOUOG TWV
mapapeTpwyv tou TNA kat tng Soung tou dev elval TAvTo ApKeTOC Kal pia Stadkaoia
BeAtlotomoinong pmopel va  KataAnéel o onUOVTIKA KOAUTEpPA  amOTEAEopaTA
npocopoiwong.

Je TponyoUUEVeC evotnteg €yve oadeg OtL n Sladopd otdbung ava Xpovikd Bnua
OUVOEETAL TILO PUOLKA HE TIC TTAPAUETPOUC Tou udaTtikoU Looluyiou, TTOU TIPOCOUOLWVOUV
TNV €L0POI TIPOG KoL TNV €kpor amod tov udpodopéa, oe oxeon e To uSpaulikd UYog. Etal
€val povtédo TNA pmopel va avamapactioel mo UKOAA ThV PWTIN oxéon amd O,TL T
Seltepn xwpic TNV avaykn el8LKAC HeTaxeiplong tg Soung kat tng Stadikaoiag ekmaibsuong
tou TNA. Qaivetat ot amAa (un PeAtiotonownuéva) TNA pmopoUv eUkoAa va
TIPOCOUOLWOOUV aUTH TN oxéon. QoTdo0o otnV Mepimtwon xprRong tou udpauAikol UPOUG WG
mapapETpou €€060U n oxéon HeTaEl TOPOUETPWY e0odou Kal e€d6dou daivetal va
nepumAéketal. Q¢ amotéAeoua, n meploxn mbavwv Souwv TNA mou elval KaveéG va
katalnéouv oe amodektéc mpoPALPelg otevelel Kal €vog oAyoplOupoc BeAtiotomoinong
Xpetaletol ywo va Ppebel n BéAtiotn Soun otnv TePLOX QUTH. TNV TepimTwon Tou
xpnotlgomnoleitatl n dtadopd otabung, n Alon mpwv tn BeAtotonoinon eival ndn apketa
Kovta otn BéAtiotn, £toL n XpAon tng PeAtiotonoinong mapéXel OXETIKA UIKP BeAtiwon.
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TNV mepimtwon mou xpnoluornoleital to udpaulikd UYPog n PBeAtiotomoinon umopel va
amodWOoEL CNUAVTLKEG BEATIWOELG, KABwWG To apXko TNA pmopel va eival apkeTd HakpLd ano
TN BEATIOTN TtEpLo)N).

Ta anoteléopata tou RMSE yia tnv nepiodo gAéyxou emiBefatlwvouv TNV umEPOXN TNG
ETUAOYNG TNG LETABOANG OTAOUNG WG MAPOUETPOU 660U, Aciyvouv OTL OKOUA KAl LETA TN
Sladikaoia BeAtiotonoinong to TNA pe to udpauAiko U og €xel uPpnAdtepo RMSE amd otL
€Kelvo Tou xpnotpomolel tnv Stadopd otddBUNg avd Xpoviko PBrApo akOUa Kol TPV Thn
Sladikaoia PeAtiotonoinong Ttou Tteleutaiou. uvenmwg pmopel vo  emiteuyBel  pia
BeATlwpéVn oX€on METACL TAPAUETPWY €L00S0oU Kal €€680u Kol £TOL TO SIKTUO ATOKTA
ePLooOTEPO UOLKO vonua. Mpotelvetal Aoutdv otnv nepimtwon npocopoiwong unoyeiwy
vddatwv pe TNA, va xpnowdormoleital n Stadopd otdbung ava Xpovikd Bnuoa, avti tou
LVSpaUALKOU UPoug, KaBwG £XEL TIEPLOCOTEPO HUTLKO VONUA.

Av kal n PeAtotomoinon ue AE eival xpovoBopa, upmopel va amobelxbel apketd
amodOoTIK) 0 OUYKPLON HE EUTELPLKEG TIPOKTIKEG SoKLNG Kal oddaApartog. Emiong n
Stadkacoia BeAtiotonoinong eival MARPWE AUTOUOTOMOLNUEVN Kol Umopel va emitayuvOel av
uloBetnBel mMapdAANAOG TIPOYPAUUATIONOGC. To UTIOAOYLOTIKO KOoTo¢ TNnG Sladikaciag
BeAtlotomnoinong pmopel va pewwBel edv emileyel HKPOTEPOG OpPLOUOC TOPAUETPWY
anodacng, adalpwvrag TIC TIAPOAUETPOUC EKEIVEC TOU €XOouv HIKpH Eemibpaocn otnv
OVTLKELUEVIKN ouvaptnon. O AE alyoplBuog dev mapxel té€tola mAnpodopnon yL auto
Xpelaletol va ekteheotel pa Eexwplotr avaluon svalodnoiag. Autd opwe Stadelyel Tou
okomoU TN¢ mapouoag epyaciag Kot pmopel va BewpnBei 16€a yLar peANoVTLKA £pguval.

Kat ta 600 (BeAtiotomoinuéva pe AE) TNA xpnotpomolnonkov TEAog ylo. LecompoBeaun
npoBAedn kat eAéyxBnkav yia SVo meplodoug mepimou 45 kot 16 nuepwv. Ma TG
TPOBAEYPELG AUTEG TA TIPOCOUOLWHUEVA USPAUALKA U XPNOLLOTIOLOUVTAV WG TTAPAUETPOL
€L0060u ota 6iktua. To opAAPA LETAEU TWV TIPOCOMOLWHEVWY KAL TWV TIOPATNPNMEVWY
TLUWV UTtoAOYLOTNKE OTO TEAOC KABE TePLOSOU EAEYXOU, TIOPEXOVTAG EMLTTAEOV AMOSEEELC Yo
TNV avWTEPOTNTA TNG ETUAOYNG TNG Stadopdg oTdbung ava Xpoviko BrAua w¢ MApAUETPOU
€€66ou tou TNA ywa tnv emitevén opbwv amoteAeopdtwyv MPOPAEPNC yla HeYaAUTEPEC
XPOVIKEC TtepLOSouc.

H &eutepn neploxn Bploketal oto Te€ag twv H.M.A. KoL TO TEXVNTO VEUPWVLKO SIKTUO TIOU
Xpnolpomnoibnke eixe w¢ MopAUeTPo €£060U TN PeTABOAN TNG OTABUNG O €va TNyadL
napatipnonc. Ta dtabéolpa otolyeia amoaptiloviav amd NUEPHOLEG TIUEG USPOAOYIKWY Kol
udpoyewAoyikwyv Sedopévwy ald umipxe EAAeldn Sedopévwy AVTIANONG EEXWPLOTA yLa
KABe mnyadL tng meploxng. H ouvoAkn avtAnon amd oA ta mnyadla oTnv mepLoxn Unopst
oe plo Ttétola mepimtwon vo xpnotpomnolnBel ywa va meplypadel n tédon aAld oxL Kat ot
anOTopES SLAKUMAVOELG TNG 0TABUNG TOU UTIOYELoU USpodopea. Auth n EAeun dedopévwy
Bewpeltat wg o KUPLOG AOYoG TIou lonyoye oddApa ota onueia Sedopévwy pe P NAEC TIUEG
petaBoAng udpavAikol UPoug. To odpalpa Tou MPoekuPe HPETAEY TMOPOTNPNHUEVWY KO
TUPOGOUOLWHEVWY TILWV LETABOANG USPAUALKOU UPoug ATAV yLa TO 95% TWV NEPWY LETALY
0 kat 1 ft (0 kot 30 cm). Autd Sev eival apeAntéo otav mpoKeLtoL yio Stoxeipion vdatvwy
nopwv, al\a propei va BewpnOel avekto yla mpocopoiwaon umoyeiwv udatwv.

E€ autlag tng mpooéyylong wg pavpo koutt to TNA Sev mapéxel mAnpodopieg ya tn
ONUOVTLKOTNTA KAOe TapapéTpou £l0060U ot KABe mapdpetpo £€660u. Autd umopel va
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emteuxOel pe pla YETEMELTA avAAUoh KUPLWV CUCTATIKWYV (principal component analysis —
PCA), mou eival éva oAU evdladEpov nedio yla HeAAoOVTIKA £peuva.

O auénuévog aplBuoc epappoywv mou £xouv Bpel ta TNA otnv udpoloyia e cuvduaoud
LE TNV aVAYKN HETABAONG OO MPOoodLopLoTIK €060 O£ OTOXAOTIKN ATV oL AdyolL yla thv
avalntnon pag pebodoloyiag mou Ba pmopoloe va ebAPUOOTEL yla VO KOTAOKEUAOEL
SlaoTApATA EUTLOTOOUVNG yla €va ouykekplpévo TNA. EE attiog Tng MOAUMAOKOTNTAG TWV
HOONUATIKWY OUTWY UOVTEAWV OL EKTLUACELS TWV €AAXIOTWY TETPAYWVWY UMOPEL va pnv
elval edappodolpeg, edikd otav to TNA €xel MoAAoUG KOUPOUG KATOVEUNUEVOUCG OF
TEPLOOOTEPA A0 €va Kpudad emineda.

Jtn Saxeiplon umoyeiwv uddatwv o kaBoplopog tng afeBatdtntag evog TNA pmopel va
elvat Wolattepa onuavtikog 6tav e€etaletal To 0XESLO0 AVTANGNG O IO TIEPLOXN) ETILPPETL OF
UGOALUPLVON ATIO LA YELTOVLKN OKTH. € QUTEG TLG TIEPUTTWOELG UIMOPEL va elval Kplolo yla
TN OTABUn O OUYKEKPLUEVA Tinyadla TapatApnong va TAPOUEIVEL TTOVW amd [
OUYKEKPLUEVN TLUN YL TNV amoduyr umoBabuiong tng moldtntac.

Mua oxetikad eUKoAn otnv edapuoyn HEBodog sival n péBodoc bootstrap, n omoia ival
UTIOAOYLOTIKA. QITaTNTIKA aAAQ €XEL EAAXLOTA TIPOATALTOULEVA KOL Ol UTOBECELS TNG
KaAUmtovtal o peydlo BaBud. H povn umobeon mou yivetal sivol ot to TNA €xel tnv
Kavotnta va meplypael emakplpwe to Guolkd cuotnpua. Auto pmopel va mapapBLaletal o
Kamola akpailo onueia dedopévwv alAd yevika n pEBOSOC KATAANYEL OE LKOVOTIOLNTLKA
amoteAéopartal.

Ma va efetaotel n opbBotNTa TWV QUTOSUVAHWY SLOCTNUATWY EUTLOTOCUVNG, N
MPAYUATIK KAAupn Twv mapatnpnuévwyv oelpwv OeSouévwyv  ouykplBnke pe tnv
ovouooTIKN KGAUN. Ta anoteAéopata deixvouv OtTL 6Twe avadépetat otn PLBAloypadia n
OVOMOOTIKN KAAUYPN Sev LooUTaL PE TNV TTPAYUATIKN. AuTO dev eival mpoPAnua kKabBautig
™G HeBOSoU aANG AMOTEAECHA TOU UIKPOU aplBpol onpeilwv SE60UEVWV CUYKPLTIKA LIE TOV
amnepo BewpnTikd. Evag GAAOG mopAyovTag o eMNPEAlEL TNV MPAYUOTKN KGAupn eival n
Umopén akpalwv TUWV oTo cUVOAO SebSopévwy. AUTEG OL akpaieg TILEG UmOpoUV eTiong va
auénoouv Tn Slakupavon TwWV TLHWV €68ou Sleupuvovtag Ta SlooTuaTa.

H mooootiaia péBodog ntav sUuKoAOTEPO va ehOpUOOTEL KAl OMESWOE LKOVOTIOLNTIKA
anoteAéopata. H mpaypatik KGAUPn aufavotav PE CUVETELA Kol pUBUO MApPOUOoLo UE
ekelvov NG Bewpntikng Kot omowodnmote EAAelupa KAAuyng pmopel va anodobel ota
npoBANUATIKA onpeia Se80UEVWV CUYKEKPLUEVWY UTOOUVOAWV. To cUvolo Sedopévwy
eAéyxou tou O&eutépou mnyadlol Tou bev Tepleixe mMpoPAnuatikd onueila €dwoe Ta
KaAUTtepa amoteAéopata. AuTO Kol HOVO TO Yeyovog apkel yla va BswpnBel n pébodog
TLOAAG UTIOGXOUEVN.

Ovrtag o ouvBetn, kabwg amnattel TNV ektipnon Tng 510pBwWONG LEPOANTITIKAG TACNS Kall
™G emTayuvong, n opePOANMTn  emtayupévn HEB0SOG ameédwoe YEVIKA OTEVOTEPQ
SaotApata Ywpic onuOVTIKEG alayEéG OTIG TMEG TNG TMPAYMOTIKAG KAAudng. To povo
oUvolo Sedopévwy OTO omoio SleUpuve TA SLACTAMATA NTAV TO UTIOCUVOAO €AEyXOU TOU
Seutépou mnyadilol mbavotata Adyw tn¢ uPNANAG TIUAG TNC EMLTAXUVONG TTOU UTTOAOYLOTNKE
artd to olvolo dedopévwy Babupovopnong.
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JUVOAIKA N OUEPOANTITN EMUITAXUUEVN €lval Tilo mponyuévn HEBodo¢ Kkal Bswpeital
KaAUTEPN emiloyn OTav MPOKELTOL yla dnuoupyia SLaoTNUATWY EUMLOTOCUVNG WOTOCO
puropel va katoAnéel oe eupltepa amd to avaykaio SlootApata, €dv o Opo¢ NG
ETUTAXUVONG EMNPEATETAL ATO AKPOLEG TIUES. Z€ AUTH TNV MepiMTwaon n mooootlaio pébodog
UTopel vol SWOEL LKAVOTIONTIKA ATOTEAECUATO XWPLG TOV EMLTAEOV UTIOAOYLOTIKO POPTO TNG
OUEPOANTITNG ETLTOXUHEVNC (Ttepimou 12% emumAéov GpOPTOC, 0 GUYKPLON LE TNV MooooTLaia
nEBodo).

Evw n uéBodocg bootstrap eivat éva Suvato Kal amoTeAsoPATIKO epyaleio yla dnpoupyia
SlaoTnUATwy gpmiotoolvng, n Unapén onueiwv dedopévwy ta omola sival adlvatov va
neplypadouv amnod to poviého avefaptnta and ta Bapn tou TNA &g cuvumoAoyiletal otn
Sladikaoia kal ta onueia dgv kaAlTtovtal amod Ta Slaotpata. AUTOG O TIEPLOPLOUOG TIPETEL
va cuvuriodoyiletal mavra otav amatteital uPnAn akpifela. AAAwote autr Sev elval pLa
HEB0SOC yla va KaAUPEL TNV AVETIAPKELA TOU LOVTEAOU TIAPA HLOVO YLO. VO TTIOCOTIKOTIOLROEL
NV aBeBaldTNTO TOU ELCAYETAL OTO CUYKEKPLUEVO HOVTEND amd ta SeSopéva eloddou Kol Th
ouvbuagouévn Toug emidpacn KATA TN SLAPKELD TNG TIPOCAPLIOYNC TWV Bapwv.

MNapd ta mAeovekTApOTA TG N LEBoSog bootstrap amodeixBnke xpovoBopa. To cUVOALKO
UTIOAOYLOTIKO KOOTOG yla pia mARpn ektélecn tou aAyopiBuou ntav pdailiov upnAo (44
wpeg). Qotooo n pebodoloyia umopet eukoAa va vAomonBei pe mapAaAAnAo Tpomo, oUTWC
WOTE VA HELWBEL ONUAVTLKA O UTIOAOYLOTIKOG XpOvog. Map’ OAd aUTA TIPOUEVEL OPKETA
HLEYAAOG ylo TIPAKTIKEG edappoyEéG Kal £tol n péBodog bootstrap Sev mpoteivetal yla
KaOnuepvi xpnon, €L8IKA €AV N AVAyKn yLol UTTOAOYLOUO SLAOTNUATWY gumiotoouvng 8¢
SikaloAoyel Tov amaltoUeVO Xpovo Kot GpopTo.

Edappoyn g uebodou yia aAouc tumoug poBAnUATwy ou emAbovtal pe TNA propet
va mpotaBel apkel va tkavomoleital pia mpoinoBeon. To HOVTEAD TIPEMEL val €lval LKAVO va
TEPLYPAYPEL TIG TOPATNPNUEVEG TIUEG APKETA KOAA XWPLG va ayvoel ta akpaio onuela.
Mépav toutou dev yivovtal AAAeg uTtoBEoeLg amod Tig autodUvapeg pebodouc.

H peMovtiky €peuva otov Topéa tng edapupoyng TNA ywa mpooopoiwon otabung
uroyelwv uddtwv TpEMeL va emikevipwBel otnv PeAtiotonoinon Tou MPOoodLoPLOTIKOU
povtélou otov peéytloto Suvato Babuo mpwv amd tnv edappoyn plog pebddou bootstrap yla
TOV UTIOAOYLOMO TWV SLOCTNUATWY EUTTLOTOOUVNG TG €€080U.

AmAol oAyoplBuol, Baocilopévol otov Tuxaio mepimato pmopel va KataAnéouv oe
KaAUTtepeg AUoeLg oto POBAnUa thg BeAtiotonoinong Twv Bapwy evog VEUPWVIKOU SIKTUOU
(kata TN Sldpkela TN ekmaideuong) oe ouykplon He eupEwg SladeSopévoug alyopiBuoug
Omw¢ o alyoplBuog backpropagation. Q¢ kUpla attia pmopel va BewpnBel n mbavotnta
geykAwPBLopoU Tou tedeutaiou os Tomika eAdxiota. ElSIkd étav n cuvaptnon tou odAApaToC
elval meplmAokn kol Tepléxel TOAAQ TOTUKA €AAXLOTA, OL aAyoplBuol evoéxetal va
kataAnéouv oe pia Abon moAl umodeéotepn NG BEATIOTNG. AvTIOETWG oL BacLlopévol aTov
tuxaio mepimoto oAyoplOpol £xouv eyyevr] kavotnta efepelivnong, n omoila  TIG
neploootepe; GopEG toug BonBa otnv elpeon piag kaAUtepng AUong. TiMNUA ylo TV
g€epeuvnTikn 1810TNTA £ival o LPNAOGC uTToAOYLOTIKOC XPOVOG Kat N afePfatotnta cuykAlonc.
Otav £va teXxvNTo VeUpWVIKO Siktuo umoPfdaAetal os pia Stadwaocio BeAtiotonoinong Ko
TIOAAOTTAEG  €KTEAECELC TOU OAyopiBuou ekmaideuong eival amapaitnteg, o auénuévog
XPOVOG umtoAoylopol eivol cadwe Eva UELOVEKTNO TO omoio Ba pmopolaos va anotpeYet
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€vav epeuvnT amod TNV EmMAOYN TOU OUYKEKPLUEVOU aAyopiBuou mpog O0deAog €vog
TaxUtepou. MOVO Og TIEPUTTWOELG TIOU KOL N HLKPOTEPN Suvartr BeAtiwon tou odAAUATOog
Bewpeltal onuavtiky Umopolv va Bpouv edpapuoyr alyoplOuol Tuxailou TEPUTATOU OE
ekmaidevon veupwvikwy Siktuwv. Mapapévouv OHwG €va XpNowo epyadeio yla évav
€peLVNTA Tou emBU el va eAéy€el Tnv endpkela aAyoplBuwyv omwe o backpropagation va
QVTLUETWTTIOOUV £VOl CUYKEKPLUEVO TPOPANUa. la mapddelypa, €av €vag €PEUVNTAG
emBupel va eniBefatwoel 0tL N AVon otnv omoia katéAnée o alyoplBuog backpropagation
elval kovtd otn PéAtotn, €vag eUKOAOC TPOTMOC eival péow TNG oUYKPLONG HE Ta
QTOTEAEOUATO TIOU TIPOKUTTOUV amo Tnv e£bapuoyny €vOg TPOTOMOLNUEVOU Tuxaiou
TLEPLTATOU.
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lpotaceig yia MeAdovtikt) 'Epsuva

MoAAEG eival ol kateuBUvaoeLg oTig omoieg pnopel va KvnBel n LeEANOVTIKY £pEUva TTAVW
OTO QVTIKELJEVO TNG pocopoiwong unoyeiwv udatwy pe Xxpnon LeBOSwV UMOAOYLOTLKAC
VONUOOoUVNG. ZNUAVIIKA OTOTEAECUATO MUIMOPEL va TpoKUPouv amod tnv ef€taon
SLaPOPETIKWY OPXLTEKTOVIKWY SOUWV OMWE Ta SIKTUA LE aKTWVIK ouvaptnon Baong (radial
basis function — RBF), 1 kat Stadopetikwy pebddwv eknaibeuong onmwg n Levenberg —
Marquardt. EvoAAaktikég péBodol ekmaibeuong Ba pmopoloav va XPNOLUOTOLCOUV
ouvduaoTikolg aAyopiBuoucg culuywy KAIOEWV Kol TUXLOU TTEPUTATOU OE pio mpoomdBela
va enwdeAnBouv amnod tnv toyutatn cLyKALon Kol ard tnv KaBoAikr e€epelvnon.

Emiong Ba pmopoucav va efetactouv pEBodoL BeAtiotomoinong onmwe ol eEeAKTiKol
aAyoplOpuol, we alyoplBuol eknaideuong evog TexvnTol VEUPWVIKOU SIKTUOoU. Av Kol Umopet
va anodelxbel avamoteAeopatTikO o peydla Siktua pe TOANOUC KOUBOUCG Kal Kpudd
enineda €€ awtiag tou auvénuévou xpovou Tou Ba amaltroel, o PKpA Siktua pmopel va
anodelyOel TaxUtepn evalakTiki LeBOSWV TUXALOU TTEPUTATOU.

H avdluon twv Slabéoluwv Ssbopévwv Ba ntav evdladépouosa yla tnv KoAUTEPN
Katavonon twv dtadikaotwy ou AapBavouy xwpa péca oto Guoko cloTnua. H paopatiki
avaAuon pmopel va xpnotpornotnBet yla t Slamictwon av pio oslpd XL EMOXIKOTNTA Kol
Tov KOBOoPLOPO TNC EMOXLKAG oUVIOTWOOG. Ml avaluon yla TG NUEPEG UE UnSevIKA
Bpoxomtwon elvalt duvatdov va Ponbrosl otnv katavonon tng $PpuoLKAC TAONS TOU
oUCTHUATOC.

H XWPLKN CUOCXETLON TWV XPOVOOELPWV HUE YEWOTATIOTIKEG HeBOSoUC pmopel va dwaoel
TIANPOPOPLEG OYETIKA LIE TNV KATAVOUI TOUG O OAOKANPN TNV TEPLOXI| LEAETNG. EmumAéov n
oUVOEDN TWV VEUPWVIKWY SIKTUWV HE YEWOTATIOTIKEG HeBOSOUG umopel va xpnotpomnotndet
yla TNV KOTOOKEUN TILE(OUETPIKWY XOPTWV KAl XOpTwv afefatdtntag, oUTwG WOTE va
petadpepBel otov Ywpo n povodildotatn onpelakn mAnpodopia tng e€680u VoG VEUPWVIKOU
Siktuou Tou adopd otnv amdkplon TNG OTABUNG TOu UToysiou vepoU oe £va Tmnyadt
TopaATpNoNG.

ISlaltepa onuavtik Ba Atav Kal n mpoyvwon tng afefaldtnrag Tou HOViéEAou o€
pecomnpoBeoun npoPAedn. H pébBobdoc bootstrap Ba pmopolos va xpnolpomnolnBei edv o
UTLOAOYLOTIKOG $OPTOG TG UeBdSou
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Optimal selection of artificial neural network parameters
for the prediction of a karstic aquifer’s response
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Abstract:

The simulation of karstic aquifers is difficult using traditional groundwater numerical simulators, as the exact knowledge of
the hydraulic characteristics of the physical system in small scale is rarely available and the numerical simulators produce
results of limited reliability. In the present work, artificial neural networks (ANNs) are utilized to predict the response of a
karstic aquifer, using the hydraulic head change per time step rather than the hydraulic head itself as output parameter of the
network. As it will be demonstrated, in the first case a better approximation of the physical system’s response is achieved as
the change of the hydraulic head is more naturally connected to the input parameters of the network, which model the aquatic
equilibrium of the system. The correlation of rainfall and hydraulic head change per time step was initially used to determine
the time lag of the rainfall input data, which represents the time needed by the rainfall to percolate and reach the water table.
In a second step, a differential evolution (DE) algorithm is utilized for the optimal selection of rainfall time lag as well as
ANN’s architecture and training parameters. Although a time consuming procedure, the improvement obtained suggests that
the empirical determination of the ANN parameters and structure is not always sufficient and an optimization procedure, which
minimizes the training and evaluation errors of the ANN, may provide substantially better simulation results. The optimized
networks were finally used for midterm predictions (30 to 90 days ahead) of the hydraulic head, showing the ability of the
ANN with hydraulic head change as output parameter to provide predictions with high accuracy at the end of the considered
time period. Copyright © 2009 John Wiley & Sons, Ltd.
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INTRODUCTION residual so that the gaps are enlarged with the dilution
procedure and permit the water flow through. To those
types of bedrock, which are known as karstic (Bogli,
1980), belong carbonate rocks, such as limestone and
dolomite, which are quite widespread in Greece.

Carbonate karst aquifers have long been conceptual-
ized as containing three types of porosity: matrix bedrock
porosity, conduit porosity and fracture porosity. Very
often, for simplification reasons it is considered that water
flow occurs only in the conduits but there are cases where
the intergranular porosity contributes a significant part of
the flow depending on the rainfall period (wet—dry) (Mar-
tin and Dean, 2001). Observations of the water table show
that the availability of freshwater in a coastal karst aquifer
depends on the amount of water that arrives through the
vadose zone rather than by the slow percolation through
the small fissure network.

Simulation difficulty, regardless of the model, of the
water table seems to be due to the significant variability
of natural recharge rates and storage, or the presence of
other variables (such as the exact location of the karstic
channels or a complex unknown geological formation
and also meteorological data that do not cover the area
of study to its full extend) that are not accounted for
in the model (Jocson et al., 2002). For an accurate

In the recent past, artificial neural networks (ANNs)
have found application in many different fields. The
use of these universal approximators in hydrology in
general or specifically in groundwater hydraulic head
simulation is quite new, with a limited number of
publications (Coppola et al., 2005b; Daliakopoulos et al.,
2005; Lallahem et al., 2005; Nayak et al., 2006). The
main objective of the present study is to examine the
performance of ANN models in a groundwater flow
simulation of a karstic aquifer. The simulation of a karstic
aquifer is quite difficult using traditional methods due to
the fact that there is an extremely high degree of spatial
diversity of hydraulic characteristics, such as hydraulic
conductivity, porosity, specific storage etc., that prevent
the researcher from constructing a trustworthy model
analogue to the physical system.

Karstic aquifers

The occurrence of karstic phenomena is always connected
with the existence of certain types of bedrock, which
have a high solubility in water and leave hardly any

* Correspondence to: George P. Karatzas, Department of Environmental
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prediction two parameters are considered critical in
groundwater simulation: (a) the ability to characterize
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precisely the geometrical and hydrological characteristics
using geophysical methods for measurement, and (b) the
increase of computational effort that will allow the view
of flow and mass transport in three-dimensional flow
systems and at large scales (Berkowitz, 2002).

Problems like the difficulty of simulating the exact
mechanisms of the natural system and the need for more
accurate measures of geometrical parameters can be over-
come using a model based on neural network theory
that is able to simulate the hydraulic head without thor-
ough knowledge of the geological and hydrogeological
properties of the natural system. Having a completely
different approach than that of numerical models, where
the aquifer is the simulation object, the use of an ANN
model is focused on simulating the hydrologic cycle. This
method has the advantage of applicability in any type of
aquifer. The only requirement, yet not always easy to
meet, is a variety of data (meteorological, groundwater
levels) for long time periods that are not always avail-
able. These data time-series are all that is needed for
training (calibrating) the neural network and for evaluat-
ing the reliability of the calibrated ANN model. ANNs
can theoretically approximate complicated functions pro-
vided that sufficient training data and number of hidden
nodes are used (Haykin, 1998). However, in real cases,
limitations on their predictive and generalization capabil-
ities are frequently observed, due to the lack of sufficient
and trustworthy training data, the possible existence of
other parameters that influence the physical system not
taken into account, and the computational limitations that
prevent the use of large networks and optimization pro-
cedures (Pinkus, 1999).

ANNSs in hydrology

Among the fields of artificial intelligence (AI), the
ANN modeling can be seen as a sophisticated data
oriented modeling technique to find relationship between
input and output patterns without using detailed process
knowledge (Lallahem and Mania, 2003b). This is most
convenient when the physical model is not explicitly
known or extremely difficult to be described accurately,
and/or when there are insufficient data to run a detailed
model.

The artificial neural networks were initially formed as
an oversimplified parallel to biological neural networks.
The fact is that in both networks there are processing
units (neurons), which communicate by sending signals to
each other over a large number of weighted connections.
In ANN each unit performs the relatively simple job
of receiving input from neighbours or external sources
and of using this to compute an output signal which
is propagated to other units (Krose and van der Smagt,
1996).

Several ANN applications in groundwater and surface
water hydrology have been recently published. In ground-
water hydrology these include simulation of a numeri-
cal model in order to obtain results in less time with
smaller computational effort (Arndt er al., 2005; Hani

Copyright © 2009 John Wiley & Sons, Ltd.
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et al., 2006; Nikolos et al., 2008); estimation of aquifer
parameters (hydraulic conductivity), using an inverse
problem method where, using hydraulic head measure-
ments, the aquifer parameters are calculated (Zio, 1997,
Wosten et al., 2001; Garcia and Shigidi, 2006; Samani
et al., 2007); forecasting spring outflow, combining a
mathematical model that calculates input parameters of
a neural network (Lallahem and Mania, 2003a); predic-
tion of a flow field, which is still in initial level and
combines a conventional numerical model with ANN
in order to produce a map of the flow field (Benning
et al., 2001); and prediction of contamination risk, based
on conductance, precipitation, temperature, and pump-
ing data (Kuo et al., 2004; Coppola et al., 2005a; Sahoo
et al., 2006). In surface water hydrology the main imple-
mentation concerns catchment flow prediction for manag-
ing flood-risk or reservoir storage (Coulibaly et al., 2000;
Aqil et al., 2007); rainfall runoff modeling, which can be
either lumped or semi-distributed (Sajikumar and Than-
daveswara, 1999; Lallahem and Mania, 2003b; Chen and
Adams, 2006); and time series modeling, which in asso-
ciation with fuzzy logic has been applied for river flow
modeling (Nayak et al., 2004).

In hydrology, the basic equation that all ANNs sim-
ulate is the aquatic equilibrium. Neural networks can
simulate parameters like hydraulic head that are related
to other parameters such as rainfall and evapotranspira-
tion. During training with known input and output, the
synaptic weights are adjusted so that the network yields,
for a given input, an output as close as possible to the
observed. This process incorporates within the weights
any constant parameter of the aquatic equation. Because
of the black box approach and the complicated struc-
ture of the network each constant parameter cannot be
directly identified as a certain synaptic weight but the
whole process is taking all the constant parameters into
consideration through the training procedure, resulting in
a non linear mapping between the input and output data.
Regarding the karstic aquifers, the ANN model does not
need to know all the complex parameters that affect the
output, as it has an excellent ability to describe relations
between parameters. Given the high correlation among
aquatic equilibrium parameters, such as rainfall, ground-
water storage change, runoff, evapotranspiration etc., all
constant value factors can be omitted, as they will be
incorporated in the weights that will be calculated by the
ANN model.

Different ANN architectures can be used, such as feed-
forward, recurrent, or radial basis function networks,
depending on the problem under consideration, as there
is a possibility of one structure to respond better than
the others. Moreover, the choice of the most suitable
training algorithm can further improve the network’s
ability. Important work has been done in this field with
the use and evaluation of different methods, in order to
find the most suitable for the simulation of the study area
(Daliakopoulos et al., 2005). In the recent past there have
been some attempts to apply ANN models for various
aquifers.

Hydrol. Process. 23, 2956—2969 (2009)
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In northern France (Lallahem et al., 2005), a multi
layer perceptron (MLP) ANN model is used in order to
simulate the response of the aquifer at a certain well loca-
tion. For each data point (day) the input parameters are
rainfall, effective rainfall, mean temperature, and evap-
otranspiration from two stations and twelve hydraulic
heads from nearby wells. The authors also examined the
case of using the hydraulic heads of more days as input
parameters; however, there is a doubt whether there is a
physical meaning in this.

The neural network that was applied in India (Nayak
et al., 20006) used as input the monthly rainfall, irrigation
canal release, and the hydraulic heads, not only for the
previous month, but for up to four months in advance.
The output is the groundwater level at two well locations,
and the results are reasonably accurate for up to four
months prediction. However, the physical meaning has
to be examined when it comes to a four month time lag
either for rainfall or hydraulic head, since the water in
karst aquifers flows with relatively high velocities.

A simpler network was used in New Jersey, USA
(Coppola et al., 2005b) that takes as input variables the
30-day mean temperature, rainfall, pumping rates from
3 wells, cumulative pumping rate, and the initial head
at an observation well. The output is a 30 days ahead
prediction of the head at the observation well. This is a
case that can be used to get a rough picture of the system
and its behaviour.

Many issues arise when ANN models are used to
simulate a phenomenon subject to physical laws, due
to their black box approach. There have been questions
raised by researchers concerning the value of such models
and the interpretation of their results (Christakos, 2002).
It is true that when a model puts the emphasis on the
mathematics and fails to incorporate some knowledge of
the physical system, it will provide—more often than
not—non interpretable results. With this fact in mind, the
approach of this study focuses on the physical system as
well as the ANN itself. The objective of this work is to
support the construction of ANNs with the knowledge
of the physical system and provide physical meaning
to the parameters used as input and output parameters
of the ANNSs, in order to overcome their “black box
approach”. Calibrating with mathematical terms only
is the problematic part of many ANN models, which
may provide results that are in a poor agreement with
the underlying physical laws. Two different multi layer
perceptron ANNs were utilized; the first one was used
to predict the hydraulic head at two observation wells,
while the second one was modified to predict the change
to the hydraulic head between two successive days, at
the corresponding locations. A correlation analysis of the
measured data was initially used to determine the time
lag between the current day and the day used for input
of the measured rainfall levels. A differential evolution
algorithm was subsequently used to optimally define the
time lag in the rainfall measurements as well as ANN’s
architecture and training parameters.

Copyright © 2009 John Wiley & Sons, Ltd.
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The proposed methodology suggests all input parame-
ters to be directly or indirectly connected to the aquatic
equilibrium and the ANN to be treated as a sophisti-
cated analog to empirical models of the past. A major
concern was to quantify the time lag of input parame-
ters in order to retain a physical meaning, rather than
just try to minimize the error in a mathematical way by
adding or removing parameters as in (Lallahem et al.,
2005). The correlation coefficients of time series are
thought to be a useful tool for time lag quantification
without optimization, while the DE was used to fur-
ther examine alternative possibilities and provide the
optimal ones.

CASE STUDY

The area of study is found in the North West part of
the prefecture of Attica in Greece at the pumping site
of Mavrosouvala (Figure 1). The site provides water to
some villages nearby, but is also connected to the main
network of the capital (Athens), for times when surface
sources can’t cover the demand.

The geology of the aquifer consists mainly of lime-
stone. The recharge of the aquifer comes from the moun-
tains in the south. The water table is rather low, about
100 m below ground surface and 15-20 m above mean
sea level (MSL). The wells of the pumping site are drilled
so that the end is near MSL. Because of proximity to the
coast, there is a fear of saltwater intrusion if the water
table drops. When the water table gets below 12 m above
MSL, an increase of the electrical conductivity has been
observed (Demopoulos, 2000). This is a potential prob-
lem as the aquifer provides drinking water and it is of
great importance to keep the quality high.

The karstic system of the region is not described
accurately by a geophysical analysis; therefore, it is
impossible to build a groundwater model such as dual
porosity, or pipe flow, yet the neural networks can give
an approximation on the aquifer response. A previous
attempt to simulate this aquifer has used an equivalent
porous medium (EPM) approach that gave moderate
results (Trichakis and Baltas, 2006).

The available field data for the area consisted of
daily values of temperature, rainfall (from three differ-
ent stations in the region), pumping duration (of the 16

Figure 1. The map of the greater region

Hydrol. Process. 23, 2956—-2969 (2009)
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wells that are within the pumping site), and hydraulic
heads from two observation wells (AS1 and N4). The
first observation well (AS1) was also used for pump-
ing. The fact that the pumping was not constant but
frequently interrupted, and that pumping was taking
place inside AS1 and close to N4 was the reason for
the sudden drop of hydraulic heads and the consequent
rise back.

THE ADOPTED METHODOLOGY

The equation that is actually simulated by a neural
network in most hydrological applications is the water
budget. The aquatic equilibrium is described by the
following equation:

AS=1—0+P—EPT+Q (1)

where, AS is the change in the aquifer’s storage, [/
is the inflow of the water basin, O is the outflow to
other water basins, P is the precipitation in the basin,
EPT is the evapotranspiration that takes place within
the basin, and Q is the pumping/recharging. Naturally,
having in mind the complexity of the physical system in
most cases, there are no available data for all the time
varying parameters. A selection of the most important is
necessary when the input parameters of the network are
chosen. In this case study rainfall, temperature, pumping
rates, and previous day hydraulic heads were selected as
input parameters.

Since the area of study is highly karstified and no
surface streams exist within it (Demopoulos, 2000) it can
be assumed that there is no surface inflow or outflow;
therefore, I and O in (1) are not taken into account in
this model. In case where surface streams are present,
the flow rate of those streams should be added to
the input parameters. P is a direct input to the ANN
model (using three precipitation station measurements).
The evapotranspiration is related to the temperature and
probably the day number (i.e. the number of the day
starting from 1 for January 1st to 365 for December
31st). The use or not of the day number as an input
parameter will be decided by the optimization procedure,
as it is later discussed. In empirical models widely used,
such as the Penman or Penman—Montieth equation,
data for daily mean temperature, wind speed, relative
humidity, and solar radiation are needed. Data for wind
speed and relative humidity were not available but
would be desirable. The only available data connected to
evapotranspiration were temperature and the day number,
but since the latter’s importance is questionable its use
or not as an input was decided by the optimization
process.

The initial thought of using the hydraulic head as an
output parameter was due to this being a common practice
(Arndt et al., 2005; Coppola et al., 2005b; Daliakopoulos
et al., 2005; Lallahem et al., 2005; Nayak et al., 2006;
Feng et al., 2008; Krishna et al., 2008). However, the
use of previous day hydraulic head as an input parameter

Copyright © 2009 John Wiley & Sons, Ltd.
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and hydraulic head as an output parameter raises some
questions. These two parameters were highly correlated
(correlation coefficient >0-998) and this fact can give the
ANN an undesirable bias and lead to underestimation of
other input parameters’ importance. In order to reduce
the error, the option of having the hydraulic head change
per time step (i.e. the difference of the hydraulic head at
a certain day minus the one observed the previous day at
the same location) rather than the actual hydraulic head
as an output parameter was examined. The ANN training
method had no modification other than the change of the
output parameter in the training data set.

The artificial neural network

After the collection of field data, an ANN (Nikolos et al.,
2008) was modified in order to describe the simulation of
the aquifer’s response at certain wells. The ANN adopted
is a classic fully connected multilayer perceptron, trained
in a supervised manner with the error back-propagation
algorithm. Two hidden layers are used and a schematic
representation of the network is presented in Figure 2.
It should be noted that if a second hidden layer is
introduced, the local features of the fitting function are
extracted in the first hidden layer and the global features
are extracted in the second hidden layer (Chester, 1990;
Funahashi, 1989; Haykin, 1998). The activation function
is the commonly used logistic function, while the synaptic
weights are determined in the training procedure through
successive weight adaptations. The number of nodes in
each one of the hidden layers was initially set equal to 30;
however, the final number of nodes in each hidden layer
was the outcome of an optimization procedure, using
a DE algorithm as it will be described in a following
paragraph.

The back-propagation learning algorithm was applied
in a sequential mode, where weight updating is performed
after the presentation of each training example to the
network. A learning-rate parameter equal to 0-01 and a
momentum constant equal to 0-9 were used throughout
this work. The available data set was initially partitioned
into the training and testing parts. The first 80% of the
available data was used for the training part and the rest
20% used to test the ANN (see for example Figures 3 and
4). Moreover, the training set was further partitioned into
two disjoint subsets: the estimation subset used to train
the ANN and the validation subset used to validate the
ANN. The training and evaluation errors of the neural
network are calculated as the summed squared error
between desired and calculated output for the training
and evaluation data sets respectively. In order to have
comparable error values for all ANNs used in this work
the errors are calculated for the normalized (from zero to
one) values of the desired and calculated output:

E = ZEP 2)
P
where
1 Qe 5
EP =23 (d—50) 3)

o=1

Hydrol. Process. 23, 2956—2969 (2009)
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Figure 2. The neural network has 23 input parameters, 2 hidden layers, and 2 output parameters

and p refers to the input pattern (known input that yields
known output), N, is the number of output nodes, d? the
desired output of node o for input pattern p, and y? is
the calculated output (Krése and van der Smagt, 1996).

Determination of the rainfall time lag

The rainfall that percolates through the ground needs
some time before it reaches the water table. This time lag
between rainfall and hydraulic head change is important
in order to import the correct input parameter. For the
time lag estimation, the correlation coefficients of rainfall
and hydraulic head change for different time lags were
calculated. The correlation coefficient of two time series
A and B is given by:

> (a—a)(b—b)
\/Z(a—a)zz(b—E)2

where a and b are the elements and @ and b their average
of time series A and B respectively. The time lags with
the highest correlations were selected in order to train two
ANNS, the first having the hydraulic head as an output,
and the second having the hydraulic head change per
day as an output. In the latter case the results were also
converted to hydraulic head, by adding the previous day
hydraulic head, in order to be comparable to the results
of the former case.

After the first simulation was completed, using time
lags based on the correlation coefficients, a DE algorithm
was implemented as an alternative method to search
for the time lags that minimize the ANN training and
evaluation errors. The DE algorithm used in this work
has been employed in the past for the optimization of
different groundwater management problems (Nikolos,

Correl(A, B) = 4)

Copyright © 2009 John Wiley & Sons, Ltd.

2004; Karterakis et al., 2007). The optimization of time
lags (parameters with physical meaning) was coupled
with the optimization of the parameters of the ANN itself
(number of nodes in each hidden layer and number of
training epochs) in the same optimization procedure.

In order to perform such an optimization run in an
automated manner, different data sets are needed for the
ANN for different values of the rainfall time lag. For
this reason a simple software was developed in order to
automatically transform the initial data set and provide
the appropriate input files to the ANN, given the different
time lags and the use or not of the day number as
an input parameter. Data points with incomplete set of
input and output parameters were excluded from the data
set. Moreover, when the data series are transposed for
different time lags the excluded data points are placed
in different positions in the time series; consequently for
different values of time lag slightly different data series
are used.

The differential evolution algorithm

DE (Price et al., 2005; Storn and Price, 1995), being
a recent development in the field of optimization algo-
rithms, is a simply implemented evolutionary algorithm
(EA) that has demonstrated better convergence perfor-
mance than other EAs. The DE algorithm represents a
type of evolutionary strategy, especially formed in such
a way that it can effectively deal with the continuous opti-
mization problems often encountered in engineering and
environmental design. It can be easily modified to handle
discrete and integer design variables, and multiple con-
straints. DE has been demonstrated to be one of the most
promising novel EAs, in terms of efficiency, effective-
ness, and robustness, and these are the reasons for its use
in this work. The classic DE algorithm evolves a fixed

Hydrol. Process. 23, 2956—-2969 (2009)
DOI: 10.1002/hyp
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Figure 3. (a) Observed and simulated (using ANN) values of the hydraulic head (well 1). (b) Observed and simulated (using ANN) values of the
hydraulic head change (well 1). (¢) Computation of the hydraulic head using the results of the ANN for the hydraulic head change (well 1)

size population that is randomly initialized. After initial-
izing the population, an iterative process is started and
at each generation a new population is produced until
a stopping condition is satisfied, which in our case is
the maximum number of generations. At each generation,
each member of the population can be replaced with a
new generated one. The new element is a linear com-
bination between a randomly selected element (which is
called the donor) and the difference between two other
randomly selected elements (members of the current pop-
ulation). The selection procedure is a deterministic one
and each member of the population is compared, with
respect to the cost function, with the corresponding new
element. A detailed description of the algorithm used in
this work is presented in Karterakis et al. (2007).

Copyright © 2009 John Wiley & Sons, Ltd.

NUMERICAL RESULTS

Correlation coefficients analysis

The correlation coefficients of precipitation with
hydraulic head change for different time lags are pre-
sented in Table I. Based on these results the best choice
for the time lag is 2 days for rainfall station 1, 11 days
for rainfall station 2, and 2 days for rainfall station 3.
The problem of choosing a time lag for rainfall stations
1 and 3 was that the maximum correlation coefficient for
each well appeared at different time lags (namely 11 and
2). The distance between the rainfall station and each one
of the two wells is about the same and no differences in
the geological characteristics (Demopoulos, 2000) exist
that would explain a difference in time lag of 9 days

Hydrol. Process. 23, 2956—2969 (2009)
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Figure 4. (a) Observed and simulated (using ANN) values of the hydraulic head (well 2). (b) Observed and simulated (using ANN) values of the
hydraulic head change (well 2). (¢) Computation of the hydraulic head using the results of the ANN for the hydraulic head change (well 2)

between the two wells; consequently, the initial thought
of training separate neural networks for each well was
abandoned as it lacked any physical meaning. In the first
well the effect of pumping is much greater, leading to
lower correlation coefficients of rainfall and hydraulic
head change. For the second well, the corresponding cor-
relation coefficients are not much higher, but have values
almost twice as high as those for the first well. In order
to select a unique time lag for both wells, the correlation
coefficients for the second well were used, as they have
higher values compared to those of the first well. The
training and testing error of each ANN, as well as the
root mean square error (RMSE) for the calibration (test-
ing and evaluation) and the testing periods, is presented
in Table II.

Copyright © 2009 John Wiley & Sons, Ltd.

Using hydraulic heads as ANN output parameters.
Using the previously selected time lags, an ANN was
trained for 1000 epochs with 30 nodes in each one
of the two hidden layers (Haykin, 1998) and taking
the hydraulic heads at the two wells as the output
parameters. The corresponding results of the first ANN,
containing both training/evaluation and testing periods
(for each hydraulic head time series), are presented in
Figures 3a and 4a for the two wells respectively. The
training/evaluation and testing periods are separated by a
vertical line in each graph. The training and evaluation
errors were found to be equal to 6-4E-04 and 9-2E-04
respectively. The fact that the evaluation error is larger
than the training one suggests that the generalization
achieved by the ANN is not adequate enough, which
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Table 1. Correlation coefficients of rainfall (from 3 rainfall stations—R1, R2, R3) and hydraulic head change (at 2 wells—W1, W2)
for different time lags

Time lag (days) R1-WI1 R1-W2 R2-W1 R2-W2 R3-W1 R3-W2
0 0-0993 0-1948 0-0743 0-1386 0-0913 0-1628
1 0-0871 0-2088 0-0609 0-1576 0-0629 0-1939
2 0-1262 0-2517 0-0933 0-1838 0-1303 0-2374
3 0-0945 0-2375 0-0720 0-1811 0-0924 0-2152
4 0-1329 0-2350 —0-0189 0-1713 0-1221 0-2232
5 0-1089 0-2146 0-2052 0-1736 0-1110 0-2143
6 0-0927 0-1975 0-0729 0-1479 0-0926 0-1976
7 0-0806 0-1741 0-0453 0-1214 0-0747 0-1799
8 0-0812 0-1719 0-0303 0-1247 0-0786 0-1771
9 0-0852 0-1816 0-0834 0-0809 0-0873 0-1736

10 0-0627 0-1882 —0-0796 0-1487 0-0556 0-1727

11 0-1372 0-2153 0-2182 0-2231 0-1385 0-2013

12 0-0978 0-2140 0-0883 0-2203 0-0838 0-2034

13 0-0664 0-2034 0-0553 0-1334 0-0849 0-2169

14 0-1145 0-1935 0-0143 0-1230 0-1103 0-2075

15 0-0957 0-1794 0-1074 0-1165 0-1006 0-2051

16 0-0680 0-1635 0-0477 0-1098 0-0861 0-1964

17 0-0733 0-1592 0-0502 0-1059 0-0916 0-1905

18 0-0697 0-1480 0-0506 0-1019 0-0854 0-1806

19 0-0563 0-1493 0-0321 0-1038 0-1054 0-1820

20 0-0610 0-1565 0-0438 0-1731 0-0594 0-1810

Table II. Training, evaluation error (normalized), RMSE of the training and evaluation period, and RMSE of the testing period of
each ANN with and without optimization

ANN Training Evaluation RMSE RMSE
error error training and evaluation [m] testing [m]
Hydraulic head—w/o optimization 6-4E-04 9-2E-04 0-832 1-467
Hydraulic head change—w/o optimization 7-6E-04 4-2E-04 0-094 0-142
Hydraulic head—with optimization 1-1E-05 6-9E-06 0-093 0-206
Hydraulic head change—with optimization 6-9E-04 3.0E-04 0-091 0-139

is supported by the underestimation of the testing data
by approximately 1 m. The RMSE for this ANN was
0-832 m for the training and evaluation period and
1-467 m for the testing period.

Using hydraulic head changes per time step as ANN
output parameters. Using the same procedure a second
ANN, having now hydraulic head change per time step
at the two wells as output parameters, was trained, eval-
uated, and tested, with the training and evaluation errors
being 7-6E-04 and 4-2E-04 respectively. The RMSE in
this case is 0-094 m for the training and evaluation period
and 0-142 m for the testing period which is an order
of magnitude less than that of the previous ANN. The
hydraulic head change has a much smaller range than the
hydraulic head itself, and takes in most cases (absolute)
values of less than 0-5 m. The simulation results are com-
pared to the measured data in Figures 3b and 4b for the
two wells respectively. As it can be observed, the gen-
eral trend is described well enough by the ANN, although
some over and underestimations are present, which have
a more persistent character. The high peak around time
step 265 in Figures 3b and 4b, which cannot be approxi-
mated by the ANN, may be related to a rainfall incident
that was not recorded by the measurement devices. A

Copyright © 2009 John Wiley & Sons, Ltd.

gap exists in the available data set a few days before
this incident, which could explain this observation. Sud-
den drops, followed by sudden rises, especially for the
first well, can be observed (e.g. data points 147-148,
151-152 and 157-158), which ANN fails to simulate.
These are related to the fact that well 1 is also a pump-
ing well and these sudden variations are connected to the
starting and stopping of the pumping procedure. The sec-
ond well is not a pumping well itself, but a pumping well
is located in the near district. The ANN can not simulate
such local and transient phenomena that take place for a
time period that is much smaller than the time step used
in ANN training (one day for this study - based on the
available data). However, despite all these discrepancies,
when the results of the hydraulic head change are con-
verted to hydraulic head, by adding the hydraulic head
of the previous day (Figures 3c and 4c), an obvious and
significant improvement is accomplished compared to the
former simulation attempt (Figures 3a and 4a, Table II).

Taking into account the fact that both simulations were
obtained with the same topology in the ANNs and the
same input variables, it seems that the use of the change
to the hydraulic head rather than the hydraulic head itself
should be used as the output parameter of the ANN
procedure. This is supported by the fact that the change
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Table III. Lower and upper bounds of the parameters under optimization

Variable Low bound Up bound Step
Use/no use of day number 0 1 1
Time lag of rainfall station 1 1 15 1
Time lag of rainfall station 2 1 15 1
Time lag of rainfall station 3 1 15 1
Number of nodes on the first hidden layer 5 50 1
Number of nodes on the second hidden layer 5 50 1
Number of epochs of the ANN 500 1000 50

in the hydraulic head per time step is actually the result
of the inflow minus the outflow of the aquifer, which is
represented here by the input parameters of the ANN.
Even without using an optimization procedure for the
time lag and the ANN topology, the obtained results are
very good, given the high complexity of the problem
and the fractured input data-series. Nevertheless, in order
to exploit the possibilities for further improving the
prediction and generalization capabilities of the ANN, a
differential evolution algorithm was applied to optimally
determine the ANN’s topology as well as the rainfall
time lag.

Optimization of the ANN using the DE algorithm

The target of the DE optimization procedure was to
optimize the previously presented ANNs with respect
to their training and evaluation errors, using as free
parameters of the optimization procedure (1) the time
lag, used for the rainfall at the corresponding ANN input
nodes (three parameters), (2) the number of nodes at
each one of the two hidden layers (two parameters),
(3) the number of epochs used for training the ANN (one
parameter), and d) the use or not of the day number as
an input parameter of the ANN (one parameter). The
upper and lower bounds of the decision variables in the
optimization procedure are shown in Table III.

The cost function of the optimization procedure was
set equal to the average value of ANN’s training and
evaluation errors ((training error + evaluation error)/2).
The training error is an indicator of how well an ANN
simulates the data trained with. The evaluation error is an
indicator of the ANN’s ability to interpolate or extrapo-
late in other regions of the input parameters’ hyperspace,
not used in the training procedure. Incorporating the eval-
uation error in the cost function ensures the overtraining
avoidance while keeping the generalization ability of the
ANN as high as possible.

The optimization run was a time consuming operation,
which needed approximately 14 days to complete in a
Pentium D 3GHz processor, using 100 generations and
a population size equal to 35 (five times the number of
the free parameters of the optimization procedure). The
values used for weighting factor F' and crossover constant
C, of the DE optimizer (Storn and Price, 1995; Price
et al., 2005) were 0-6 and 0-45 respectively.

Using hydraulic heads as ANN output parameters. For
the first ANN, which used hydraulic heads as output

Copyright © 2009 John Wiley & Sons, Ltd.

parameters, the optimal values of the free parameters of
the optimization procedure are (1) 2, 12 and 11 days time
lag for the three rainfall measurements, (2) 37 and 39
nodes at the two hidden layers, c) 900 epochs of training,
and d) no use of the day number of the time series as an
input parameter to the ANN.

The optimization procedure resulted in a value of the
training error equal to 1-1E-05, and for the evaluation
error equal to 6-9E-06, which is an improvement of
approximately two orders of magnitude compared to
the corresponding values for the same network without
optimization, presented in section, Using hydraulic heads
as ANN output parameters. The RMSE improved by
approximately one order of magnitude to 0-093 m for the
training and evaluation period and 0-206 m for the testing
period. A graph containing the convergence history of
the corresponding DE run is presented in Figure 5. The
capabilities of the optimized ANN are presented for the
two wells in Figures 6a and 7a respectively. Compared to
the results of the non-optimized network (Figures 3a and
4a respectively), a substantial improvement is evident for
both wells.

As it was previously mentioned well 1 is used for
pumping also, which results in sudden drops of its
hydraulic head when pumping is taking place; these drops
cannot be predicted by the ANN as they are local and
transient effects. Such drops are not as pronounced in
well 2, as it is not used as a pumping well (although
a pumping well is placed near by). During the testing
period for well 1, the ANN under predicts the highest
value of 24-01 m on day 349 by approximately 0-35 m.
For the second well the under prediction of the highest
value in the testing period (26-03 m) is about 0-33 m.

Convergence of DE for the first ANN
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Figure 5. Convergence history of the DE optimization procedure for the
first ANN
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Figure 6. (a) Observed and simulated (using ANN) values of the hydraulic head (well 1) after DE optimization. (b) Observed and simulated (using
ANN) values of the hydraulic head change (well 1) after DE optimization. (¢) Computation of the hydraulic head using the results of the ANN for
the hydraulic head change (well 1) after DE optimization

These values are by no means small when water man-
agement considerations are taking place.

Using hydraulic head changes per time step as ANN
output parameters. For the second ANN, which used
hydraulic head changes per time step as output param-
eters, the optimal values of the free parameters of the
optimization procedure are (1) 7, 4, and 3 days time lag
for the three rainfall measurements, (2) 43 and 41 nodes
at the two hidden layers, (3) 1000 epochs of training, and
d) use of the day number of the time series as an input
parameter to the ANN.

The optimization procedure resulted in a value of the
training error equal to 6-9E-04, and for the evaluation

Copyright © 2009 John Wiley & Sons, Ltd.

error equal to 3-0E-04, which amount to an improvement
of approximately 9% and 28% respectively, compared to
the corresponding values for the same network without
optimization, presented in section, Using hydraulic head
changes per time step as ANN output parameters. The
improvement of the RMSE was even smaller 2-8% for
the training and evaluation period and 2-2% for the testing
period. A graph containing the convergence history of the
corresponding DE run is presented in Figure 8. The small
improvement compared to the non-optimized ANN was
expected as the latter already provided very good results.
The capabilities of the optimized ANN are presented
for the two wells in Figures 6b and 7b respectively,
concerning the hydraulic head changes. Figures 6¢ and
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Figure 7. (a) Observed and simulated (using ANN) values of the hydraulic
ANN) values of the hydraulic head change (well 2) after DE optimization.

head (well 2) after DE optimization. (b) Observed and simulated (using
(c) Computation of the hydraulic head using the results of the ANN for

the hydraulic head change (well 2) after DE optimization

7c contain the corresponding calculations of the resulting
hydraulic heads after adding the hydraulic head changes
to the hydraulic heads of the previous day. The results of
the optimized ANN based on the hydraulic heads changes
are extremely close to the measured data and obviously
better than the results of the ANN that uses hydraulic
heads as output parameters. However this difference is
much less pronounced for the DE optimized networks
than the non-optimized ones.

Using both ANNs for midterm prediction

In order to evaluate the ability of the previously optimized
ANNS to predict the hydraulic heads for periods of time
longer than just one day (midterm prediction, in our
case 30 to 90 days ahead), the simulated rather than

Copyright © 2009 John Wiley & Sons, Ltd.
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Figure 8. Convergence history of the DE optimization procedure for the
second ANN

the observed previous day hydraulic heads were used
as input to the ANNs (the rest input parameters being
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Figure 9. Midterm prediction of the hydraulic head using the results of
the first ANN (well 1 — 1% and 2™ time periods)
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Figure 10. Midterm prediction of the hydraulic head using the results of
the first ANN (well 2 — 1% and 2"¢ time periods)

the measured ones). However, due to the gaps in the
available data time series, the computation process must
restart after a gap, using measured values of the previous
day hydraulic heads, as there are no simulated values
available. This prevented the testing of the ANN for
longer than 45 days.

For the first ANN, optimized using DE, the testing
data sets for mid term prediction were those parts of
the testing data set that had no gaps, that is from day
number 120 (363) to 161 (404) and from 164 (406) to
180 (422). The numbers in parentheses correspond to the
time series position, as in the horizontal axis in Figures 6a
and 7a.

The first ANN (having hydraulic heads as output) was
used for midterm prediction and the corresponding results
for the two time periods and the two wells are presented
in Figures 9 and 10. The accumulated error at the end of
the first testing period (40 days) was 0-9 m and 1-16 m
for the two wells respectively. The accumulated error at
the end of the second testing period (15 days) was 0-56 m
and 0-72 m respectively. For groundwater management
applications such errors are far from negligible and better
approximation is needed for practical applications.

For the second ANN (DE optimized), which uses
the hydraulic head changes as output parameters, the
testing data sets for midterm prediction were from day
number 117 (355) to 162 (401) and from 165 (403)
to 181 (419). The numbers in parentheses correspond
to the time series position, as in the horizontal axis
in Figures 6b and 7b. Figures 11a and 12a contain the
comparisons for the hydraulic head change per time step
for wells 1 and 2, for the first testing period of 45 days
and the second testing period of 16 days. Using these

Copyright © 2009 John Wiley & Sons, Ltd.
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results, the graphs in Figures 11b and 12b were prepared,
which show the corresponding hydraulic heads, for each
well. The errors at the end of the first testing period
(45 days) are much lower than those computed using
the first ANN, namely —0-01 m and 0-03 m for the first
and second well respectively. The errors at the end of
the second testing period (16 days) are —0-001 m and
0-01 m respectively.

The midterm prediction results provide an addi-
tional evidence for the superiority of selecting the
hydraulic head changes than the hydraulic heads as output
parameters of the ANN. Additionally, the ability of the
second ANN to provide accurate results for midterm pre-
dictions was demonstrated.

CONCLUDING REMARKS

The simulation of groundwater levels in karstic aquifers
with ANN models can provide valuable results in cases
with inadequate information on the geological charac-
teristics of the karstic system, provided that a detailed
data time series of the hydrometeorological parameters
is available. In this work two different ANNs were pro-
posed, both having input parameters highly associated
with the aquatic equilibrium variables, in order to pro-
vide physical meaning to the constructed network. The
first network predicted the hydraulic head at two obser-
vation wells, while the second one was modified in order
to predict the change to the hydraulic head between two
successive days, at the corresponding locations.

A correct determination of the time lag between the
current day and the day used for input to the ANN of
the measured rainfall levels was proved to be critical in
the correct modeling of the aquifer’s aquatic equilibrium.
Because of the karstic nature of the aquifer this time
lag should not be very long. A correlation analysis
of the measured data was initially used to determine
these time lags for both networks. The simulation results
showed that the first network failed to provide good
approximation of the physical phenomenon, while the
second one showed a significantly improved behavior.
This is connected to the fact that the hydraulic head
change per time step rather than the hydraulic head
itself is related to the aquatic equilibrium parameter AS
(Equation (1)) and as a result the hydraulic head change
is better related to all ANN’s input parameters, which
model the water inflow and outflow, as Equation (1)
clearly states. The results of the RMSE for the testing
period support this reasoning as they show that even after
the optimization process, the ANN with hydraulic head
has a higher RMSE than the one using hydraulic head
change per time step even before the optimization of the
latter. As a result, an improved association between input
and output parameters can be achieved and the network
obtains better physical meaning. It is therefore suggested
that, when groundwater simulation is taking place using
ANNSs, the hydraulic head change per time step rather
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than the hydraulic head itself should be used as it has
more physical meaning.

In a second stage, a Differential Evolution algorithm
was used to optimally define the time lag in the rain-
fall measurements as well as ANN’s architecture and
training parameters. A significant improvement in the
behavior of the first network was achieved, while for
the second one the improvement was smaller as the ini-
tial results were already very good. The optimization

Copyright © 2009 John Wiley & Sons, Ltd.
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procedure was time consuming and there is a question if
such a procedure can be easily used for practical imple-
mentations. Moreover, the improvement obtained for the
second network was marginal for the case considered
(improvement of approximately 9% and 28% for the
training and the evaluation errors respectively). However,
the improvement obtained for the first network suggests
that the empirical determination of the ANN parameters
and structure is not always sufficient and an optimization
procedure may provide substantially better simulation
results.

In previous sections it was made clear that the
hydraulic head change per time step is more physically
connected to the aquatic equilibrium parameters which
model the inflow/outflow to the aquifer, rather than the
hydraulic head itself. As a result, an ANN model can
more easily represent the first relationship rather than
the second one, without needing special treatments for
the ANN structure and training procedure. It seems that
simple (non-optimized) ANNSs can easily model this rela-
tionship. However, in the case of using the hydraulic
head as an output parameter, the relationship between
the input and output parameters seems to be more com-
plicated; as a result the region of possible ANN structures
that can provide acceptable predictions becomes narrow
and an optimization algorithm is needed to find the opti-
mal structure in this region. In the case where hydraulic
head change is used, the solution without optimization
is already very close to the optimal one, so the use of
an optimizer provides relatively small improvements. In
the case where hydraulic head is used, the optimizer can
provide substantial improvements as the initial ANN may
be far from the optimal region.

Although DE optimization was time consuming it
may be proved time efficient if compared to empiri-
cal trial-and-error practices. Moreover, the optimization
procedure is fully automated and can be accelerated if
parallel implementation is adopted. The computational
effort of the optimization procedure may be decreased
if a smaller number of decision variables are used, by
omitting those variables with a small impact on the cost
function. The DE optimization algorithm can not pro-
vide such information and a separate sensitivity analy-
sis should be performed. However, this is beyond the
scope of the present work and may be considered for
future work.

Both (DE optimized) ANNs were finally used for
midterm prediction and they were tested for two time
periods of about 45 and 16 days. For these predictions the
simulated hydraulic heads of the previous day were used
as inputs to the networks. The error between the predicted
and the measured hydraulic heads at the end of each
testing period was computed, providing an additional
evidence for the superiority of selecting the hydraulic
head change per time step as the output parameter to the
ANN for achieving accurate prediction results for longer
time periods.

Ongoing research includes the implementation and
testing of the previously proposed methodology to other
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case studies of karstic aquifers, although such experimen-
tal data series are very rare in the open literature.
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Abstract A relatively new method of addressing different hydrological problems is
the use of artificial neural networks (ANN). In groundwater management ANNSs are
usually used to predict the hydraulic head at a well location. ANNs can prove to be
very useful because, unlike numerical groundwater models, they are very easy to
implement in karstic regions without the need of explicit knowledge of the exact
flow conduit geometry and they avoid the creation of extremely complex models
in the rare cases when all the necessary information is available. With hydrological
parameters like rainfall and temperature, as well as with hydrogeological parameters
like pumping rates from nearby wells as input, the ANN applies a black box approach
and yields the simulated hydraulic head. During the calibration process the network
is trained using a set of available field data and its performance is evaluated with
a different set. Available measured data from Edward’s aquifer in Texas, USA are
used in this work to train and evaluate the proposed ANN. The Edwards Aquifer
is a unique groundwater system and one of the most prolific artesian aquifers in
the world. The present work focuses on simulation of hydraulic head change at an
observation well in the area. The adopted ANN is a classic fully connected multilayer
perceptron, with two hidden layers. All input parameters are directly or indirectly
connected to the aquatic equilibrium and the ANN is treated as a sophisticated
analogue to empirical models of the past. A correlation analysis of the measured data
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is used to determine the time lag between the current day and the day used for input
of the measured rainfall levels. After the calibration process the testing data were
used in order to check the ability of the ANN to interpolate or extrapolate in other
regions, not used in the training procedure. The results show that there is a need for
exact knowledge of pumping from each well in karstic aquifers as it is difficult to
simulate the sudden drops and rises, which in this case can be more than 6 ft (approx.
2 m). That aside, the ANN is still a useful way to simulate karstic aquifers that are
difficult to be simulated by numerical groundwater models.

Keywords Artificial neural networks - Hydraulic head simulation - Karstic aquifer

1 Introduction

The objective of this study is to examine whether the simulation of a karstic aquifer
hydraulic head can be performed by the sole use of a model based on the neural
network theory. The karstic aquifers are quite difficult to simulate with numerical
methods due to the fact that there is an extremely high degree of spatial diversity
of hydraulic characteristics, such as hydraulic conductivity, specific storage etc. that
prevent the researcher of constructing a trustworthy model analogue to the physical
aquifer.

With a completely different approach than that of numerical models, where the
aquifer is the simulation object, the use of a neural network model is focused on
simulating the hydrologic cycle. This approach has the advantage of applicability
in any type of aquifer. The only requirement is a variety of data (meteorological,
groundwater levels) in long periods of time that are not always available.

1.1 Karstic Aquifers

The occurrence of karstic phenomena is always connected with the existence of
certain types of bedrock, which have a high solubility in water and leave hardly any
residual so that the gaps are enlarged with the dilution procedure and permit the
water flow through. To those bedrock, which are known as karstic (Boegli 1980)
belong carbonate rocks such as limestone and dolomite. Karstic aquifers respond
differently than porous because water can travel through the fractures of the rock
with high velocities. In most cases the governing equations are these of flow in open
channel rather than through porous medium. Given the complexity of the fracture
network which makes it practically impossible to describe exactly and simulate an
aquifer in large scale, scientists try to find ways to bypass this issue using conceptual
models that simplify the problem such as equivalent porous medium (Scanlon et al.
2003). Another method that has been applied lately is the use of an artificial neural
network to simulate water table fluctuation at observation well locations.

1.2 Artificial Neural Networks in Hydrology

In the recent past, artificial neural networks (ANN) have found application in many
hydrological problems (Bhattacharjya and Datta 2005; Coulibaly et al. 2000; Garcia
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and Shigidi 2006; Lallahem and Mania 2003; Maier and Dandy 2000; Mohanty et al.
2009; Safavi et al. 2009). In groundwater management ANNs are usually used to
predict the hydraulic head at a well location (Coppola et al. 2005; Feng et al.
2008; Lallahem et al. 2005; Nayak et al. 2006; Trichakis et al. 2009). The reason
behind using ANNSs is that numerical groundwater modeling can be very difficult
to implement in karstic regions as the exact geometry of the flow conduits is rarely
available and even when it is available in detail the aquifer is still very difficult to be
simulated.

The neural networks were initially formed as an oversimplified parallel to ‘bio-
logical’ models. The fact is that in both cases there are processing units (neurons),
which communicate by sending signals to each other over a large number of weighted
connections. In ANN each unit performs the relatively simple job of receiving input
from neighbors or external sources and use of this to compute an output signal which
is propagated to other units (Haykin 1999).

A black box approach is used by ANNs to simulate the hydraulic head, taking
as input hydrological parameters such as rainfall and temperature, as well as hydro-
geological parameters such as pumping rates from nearby wells. Available field data
are used to train the network and evaluate the training process. The fact with neural
network implementation in karstic aquifers is that the model does not need to know
all the complex parameters that affect the output as it has an excellent ability to
describe relations between parameters.

The reason why explicit knowledge of the complex hydrogeological parameters is
not necessary is simple. The factors of the aquatic equilibrium can be divided into
two categories: those that change over time such as rainfall, temperature etc, and the
constant ones such as hydraulic conductivity. If during training of an ANN all time-
changing parameters are given, the constants will be incorporated in the weights that
will be calculated.

2 Area of Study

Available measured data from Edward’s aquifer in Texas, USA are used in this work
to train and evaluate the proposed ANN (Nikolos et al. 2008). The San Antonio
Segment of the Balcones Fault Zone Edwards Aquifer in south central Texas is
one of the largest karst aquifer systems in the USA. The aquifer covers an area
approximately 180 miles long and 5 to 40 miles wide and is the primary water source
for much of this area, including the City of San Antonio, America’s seventh largest
city. The city has a semi-arid climate, and this makes water from the Edwards aquifer
very important. Besides providing drinking water for cities in the region, the Edwards
Aquifer is the principal source of water for agriculture and industry and provides
spring-flow required for endangered species habitat, as well as recreational purposes
and downstream uses.

Approximately 1 250 miles? of Edwards Limestone is exposed at the ground sur-
face and composes the recharge zone of the aquifer. Streams flow south from the
drainage area (the Texas Hill Country) and lose all or most of their baseflow as they
cross the recharge zone. In addition, part of the rain that falls directly on the recharge
zone also enters the aquifer. Groundwater moves through the aquifer and ultimately
discharges from a number of locations. The residence time of water in the aquifer
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ranges from a few hours or days to many years, depending on the depth of circulation,
location, and other aquifer parameters (Schindel et al. 2007).

The Edwards Aquifer (Fig. 1) is a karst aquifer, characterized by the presence
of sinkholes, sinking streams, caves, large springs, and a well-integrated subsurface
drainage system. It is one of the most productive groundwater systems in the USA,
characterized by extremely high capacity water wells and high spring discharges. The
aquifer exhibits extremely high (cavernous) porosity and permeability, characteristic
of many karst aquifers. In contrast, aquifers that occur in sand and gravel or in other
rock types, such as sandstone, have a much lower permeability. Because the Edwards
Aquifer is known for having areas of high permeability, it allows the transmission of
large volumes of water, consequently enabling groundwater levels to respond quickly
to rainfall (recharge) events (Schindel et al. 2007).
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Fig. 1 Map of Bexar County showing location of monitoring well J-17 [AY-68-37-203](Schindel
et al. 2007)
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3 Methodology

The equation that is actually simulated by a neural network in most hydrologi-
cal applications is the water budget. The present work focuses on simulation of
hydraulic head change at an observation well. The adopted ANN is a classic fully
connected multilayer perceptron, trained in a supervised manner with the error back-
propagation algorithm. Two hidden layers are used, thus the local features of the
fitting function are extracted in the first hidden layer and the global features are
extracted in the second hidden layer (Chester 1990). The activation function is the
commonly used logistic function, while the synaptic weights are determined in the
training procedure through successive weight adaptations.

All input parameters are directly or indirectly connected to the aquatic equilib-
rium and the ANN is treated as a sophisticated analogue to empirical models of the
past. More specifically, among the input parameters the precipitation and the pump-
ing are parts of the water budget while day number and temperature are connected to
evapotranspiration. The hydraulic head is associated with the inflow and outflow of
the aquifer. A question arose when rainfall and pumping were concerned of whether
the impact to hydraulic head change was instant or it delayed by a time lag. A major
concern was to quantify the time lag of input parameters in order to retain a physical
meaning. A correlation analysis of the measured data was used to determine the
input parameters.

The output parameter that was selected is also highly connected with another
aquatic equilibrium factor i.e. the change in the aquifer’s storage. In similar works
in the past, the output parameters have always been hydraulic head, yet the high
correlation of the hydraulic head with the hydraulic head of the previous day that
1s an input parameter and the more focused training of an algorithm that the use of
hydraulic head change provides, were the reasons for this choice.

After the correlation analysis the final neural network consisted of 14 input nodes
namely (day number, temperature, rainfall from 6 days, cumulative pumping from
4 days, peak pumping and hydraulic head of the previous day. Each hidden layer
consisted of 40 nodes and the output layer had the hydraulic head change of the
observation well as a single output node (Fig 2). This is the structure of the ANN
that was used henceforth.

Fig. 2 Architecture of a fully
connected artificial neural
network with fourteen input
nodes, 40 nodes in each of
the two hidden layers and

a single output node

1*'Hidden 2" Hidden
Input Layer Layer Output Layer

@ Springer



1148 I.C. Trichakis et al.

Using back-propagation the neural network modified the connecting weights in
order to minimize the training error. During the training phase 80% of the available
data were used to train the model, and the rest of the data were kept for further
testing. Moreover, 10% of the training data are used for evaluation purposes, and
the evaluation error is computed in order to avoid overtraining. The training and
evaluation errors of the neural network are calculated as the summed squared error
between desired and calculated output for the training and evaluation data sets
respectively.

N

> (dh—yh)’. (1)

o=1

(=)

N =

53

where p refers to the input pattern (known input that yield known output), No
is the number of output nodes, d the desired output of node o for input pattern
p, and y} is the calculated output (Kroese and van der Smagt 1996). The testing,
using the remaining 20% of the available data not used for training, provided useful
information about the ability of the network to generalize its results can show if
the network can expand knowledge of the system behaviour to unknown areas
(interpolate and extrapolate). Testing is the final measure against overtraining and
shows, if passed, that the model can be used with fictional scenarios about future
condition of the system (e.g. climatic change models). In order to ensure that the
training was successful, a testing data set (that was not used during calibration) is then
processed through the trained ANN and the network produces simulated output.
This is compared to the actually observed in order to establish the relevant error. In
order to evaluate the calibration process and quantify the magnitude of the error, the
bias, mean absolute error and root mean square error were subsequently calculated
and conclusions were deduced.

It is important to note here that if new field data are collected and the researcher
wants to update the ANN weights, the calibration process must be repeated.

4 Results
4.1 Correlation Analysis

The correlation coefficients of rainfall or pumping with hydraulic head change for
different values of time lag shown in Table 1 suggest that there is high correlation for
more than 1 day between rainfall or pumping and hydraulic head change. This has a
physical meaning as the effect of a rainfall incident or pumping might be apparent in
the water table fluctuation for more than 1 day.

If a threshold of a 0.05 correlation coefficient is chosen, 6 days of rainfall and
4 days of hydraulic head will qualify as input parameters. In case the correlation
coefficient is misleading and the days are not so many the neural network should
be able to detect this during training and eliminate the effect of the unnecessary
parameters when changing the weights.
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Table 1 Correlation

- ) Time lag Rainfall—Hydraulic Pumping—Hydraulic
COfolCleIlt‘S of the rainfall head change head change
and pumping with the
hydraulic head change for 0 0.3225 —0.2870
different values of time lag 1 0.4059 —0.2515

2 0.2451 —0.1278
3 0.1577 —0.0725
4 0.1000 —0.0409
5 0.0793 —0.0176
6 0.0489 —0.0131
7 0.0390 —0.0172
8 0.0268 —0.0071
9 0.0184 0.0123
10 0.0168 0.0171

4.2 Calibration and Testing

The neural network was trained for 1 000 epochs and needed less than two hours
on a computer with a 3.00 GHz Pentium D processor. The calibration procedure
produced the weights as well as the training and evaluation error of 1.8E-04 and
2.0E-04 respectively. The values do not suggest overtraining and show that a fair
training has been achieved.

After training and evaluation of the neural network the produced weights were
used to obtain the simulated values of the hydraulic head change for the whole
data set (Fig. 3). A detail of Fig. 3 is shown in Fig. 4. The hydraulic head change
values were then converted to hydraulic head (Fig. 4). The general trend of the
observed values is followed by the simulated ones. However, the neural network has

8.00 Index well Bexar [J-17]
+ + + Observed
6.00 . T4 osi 1
+ * i Simulated

Hydraulic head change [ft]

0 1000 2000 3000 4000 5000 6000 7000 8000
Data point

Fig. 3 Observed and simulated values of hydraulic head change at monitoring well J-17 (AY-68-
37-203)
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Fig. 4 Detail of observed and simulated values of hydraulic head at monitoring well J-17 (AY-68-
37-203)

failed to describe some extreme points that can be attributed to pumping near the
observation well. It was a known issue of the initial data set that the pumping value
was cumulative for all wells in the region rather than separate for each well. This is
expected to import a certain error to the simulation.

Because of the large amount of data and the difficulty to get a clear picture of the
calibration’s value just from Figs. 3 and 4, a statistical processing of the yielded error
was considered necessary in order to check the reliability of the simulation. The
error of the simulation was divided in zones of 1 ft and the frequency of days with
error belonging to the corresponding zones was computed and then divided by the
total number of days. The corresponding results, (Table 2) demonstrate that the error
for about 95% of the days spans between 0 and 1 ft (0 and 30 cm). This error can be
considered as acceptable, given the high fluctuation of the aquifer’s hydraulic head.

From the error yielded and the subsequent calculations of its statistical character-
istics, the neural network showed an overall bias (average error) of 0.12 ft (3.7 cm), a
mean absolute error of 0.33 ft (10 cm) and a root mean square error of 0.53 ft (16 cm).

Table 2_ .Frequency and Bin range Frequency [d] Probability

probability of error to be

in a certain range -2 1 0.01%
-1 48 0.68%
0 3008 42.31%
1 3730 52.47%
2 255 3.59%
3 44 0.62%
4 11 0.15%
5 7 0.10%
6 5 0.07%
Total 7109 100.00%
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The bias suggests that the simulated values tend to underestimate the observed
values and it can be explained by the extreme values which are not simulated by
the ANN model. The error is not negligible when it comes to water resources
management but in groundwater modeling terms it is not considered unreasonable.
The extreme values that are not simulated by the ANN model are attributed to
the fact that the pumping activities take place very close to observation locations.
Considering the large amount of available data, the extreme values (in Figs. 3 and 4)
are a small portion of the available data, which is supported by the results of the
statistical analysis.

5 Conclusions

Artificial neural networks are considered as a promising tool for karstic groundwater
simulation when detailed time series of hydrological and meteorological data are
available. Unlike numerical groundwater models, which require thorough knowledge
of the geological characteristics of the rocks and the geometrical characteristics of
fractures in karstic aquifers, neural networks use a black box approach that considers
only changing parts of the aquatic equilibrium and incorporates the stable parts in the
networks weights through a training process. However, a large number of diverse
data is needed in order to achieve a successful training and any lack of a parameter
that has an effect in the water budget introduces an error in the model that cannot
be eliminated otherwise.

When trying to decide the input parameters of the neural network a correlation
coefficient analysis of the parameters can give hints of which parameters are impor-
tant and should be included. In some cases when the effect of a certain parameter is
obvious for more than 1 day, the input nodes can include multiple days of a certain
parameter. If the training is successful it should nullify the weights of any unnecessary
input nodes.

In many cases the most difficult parameter to find is pumping from each one of the
corresponding wells in the region. The exact knowledge of this parameter however is
critical in order to train the network to effectively describe resulting abrupt changes
of hydraulic head, very significant in karstic aquifers. The cumulative pumping of all
the wells in a region can be used to describe the trend but not the sudden fluctuations
of the water table. This lack of data is thought to be the main reason that introduced
the error in data points with high values of hydraulic head change.

The resulting error between observed and simulated hydraulic head change is in
95% of the days between 0 and 1 ft (0 and 30 cm). This is not negligible when water
management is concerned, but is acceptable for groundwater simulation.

When an artificial neural network is going to be used for water resources manage-
ment, data from each well in the region are needed as well as rainfall and temperature
data from as many stations in the region are available, while when surface runoff
occurs it should also be an input variable. All data must be available with the same
frequency (daily, weekly etc.).

Due to the black box approach, the ANN does not provide information on the
importance of each input to the output neuron. This can be achieved by a subsequent
principal component analysis (PCA), which although beyond the scope of this work,
is an interesting field for future research.
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Abstract:

Following many applications artificial neural networks (ANNs) have found in hydrology, a question has been rising for
quantification of the output uncertainty. A pre-optimized ANN simulated the hydraulic head change at two observation wells,
having as input hydrological and meteorological parameters. In order to calculate confidence intervals (CI) for the ANN
output two bootstrap methods were examined namely bootstrap percentile and BCa (Bias-Corrected and accelerated). The
actual coverage of the CI was compared to the theoretical coverage for different certainty levels as a means of examining the
method’s reliability. The results of this work support the idea that the bootstrap methods provide a simple tool for confidence
interval computation of ANNs. Comparing the two methods, the percentile requires fewer calculations and yields narrower
intervals with similar actual coverage to that of BCa. Overall, the actual coverage was proved lower than desired when not
modeled points were present in the data subset. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

The increasing use of artificial neural networks (ANNSs)
in hydrology (Aitkenhead and Cooper, 2008; Agil
et al., 2007; Kisi, 2007; Kisi, 2008; Krishna et al.,
2008; Nikolos et al., 2008; Samani et al., 2007; Szi-
darovszky et al., 2007; Terzic et al., 2007; Trichakis
et al., 2009; Varol et al., 2007) combined with a signif-
icant growth in available computational power over the
years made it both interesting and possible to start con-
sidering the computation of ANN confidence intervals
(CD.

Moving from a deterministic ANN output to a stochas-
tic one has long been considered challenging (Maier and
Dandy, 2000). Yet, in the past decade, a debate has started
amongst hydrology researchers on whether it is preferred
to quantify a model’s uncertainty or not. This dispute
is about whether uncertainty quantification is helpful or
leads to undermining the hydrological models. The prob-
lem arises especially when large uncertainty intervals are
calculated, that are neither accurate nor can be useful
to a decision maker, thus diminishing the value of the
model itself and any possibility for future use (Todini
and Mantovan, 2007). In other words it could discard a
useful model. On the other hand, an issue might come
forth if the intervals are narrower than they should, and
are underestimating the model’s uncertainty, as this could
lead to incorrect judgment. Despite issues though that will
certainly come forth and which should be dealt with, it
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is most likely that the future of hydrological modelling
is heading towards stochastic outputs, rather than deter-
ministic. Especially in environmental management it is
often desired to have a quantification of the model’s out-
put uncertainty (Beven, 2008; Maier and Dandy, 2000).
The supporters of the idea are mainly focusing on the
quality of an environmental model and claim that if deci-
sion makers are to utilize a model they need to know
not only the model’s output but also the probability of
that output. The fact that stakeholders and model users
have always had to deal with uncertainties has been
addressed in the past (Beven, 2006) as well as other
often used arguments of the supporters of deterministic
models.

The determination of an ANN uncertainty may be of
great importance when the management of a dam or the
pumping scheme of a region prone to saltwater intrusion
from a neighbouring coast is concerned. For example,
in groundwater management, it might be critical for the
water level at certain observation wells to be above a
certain value in order to prevent quality deterioration
(Karterakis et al., 2007; Nikolos et al., 2008). With a
deterministic model, the decision maker does not have
a tool to help in the choice of a value according to the
desired confidence level.

The major issue when it comes to ANNSs is that if
one avoids the black-box approach and tries to han-
dle them as functions, in order for example to find
their Hessian matrix, they have very complicated math-
ematical formulas and their partial derivatives over each
synaptic weight are respectively quite complex. There-
fore, since traditional methods used for CI generation
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are practically inapplicable, a practical alternative is the
use of resampling techniques such as the bootstrap.
The method’s scientific background is well documented
(Efron and Tibshirani, 1993) and has been used in the
past for CI calculation of ANNS or simpler models (Abel
and Berger, 1986; Bolle et al., 2004; Brey, 1990; Car-
penter, 1999; Cawley et al., 2007; Chernick et al., 1985;
Egmont-Petersen et al., 2005; Ferrari and Cribari-Neto,
1998; Ferrari and Cribari-Neto, 1999).

This work focuses on different ways to create CI
for an already optimized ANN used to forecast daily
change of an aquifer’s level. The bootstrap methodology
has been chosen due to its ability to deal with the
rather difficult task of CI generation of an ANN, as
previous attempts to create CI with traditional statistical
methods, treating the ANN as a function, have failed
due to the complexity of the problem. An application
of a least squares approximation proposed in a research
article (Rivals and Personnaz, 2000) led to a very ill-
conditioned matrix that was impossible to be inverted.
The assumption of normally distributed error that is made
in least squares methods (Chryssolouris et al., 1996) is
not satisfied. Since the error distribution is non-Gaussian,
least-squares estimation is not suitable and, regardless
of what estimation procedure is used, it is difficult to
determine confidence intervals for the parameters or
to obtain prediction intervals for the response variable
(Chernick, 2008).

METHODOLOGY

Deterministic ANN model

With a concept motivated by the human neural net-
work, artificial neural networks are mathematical struc-
tures that can be used to simulate various functions. There
are cases where datasets of dependent (output) and inde-
pendent (input) parameters have been observed but a
mathematical formula of the function is not known. The
ANNS are able to map the underlying function that pro-
duces a specific output for a given input. When long time
series of inputs-outputs are available, then a successful
training of the ANN is possible, leading to a trustwor-
thy analogue to the physical model. However the train-
ing’s evaluation and the researcher’s certainty about the
ANN’s results are disputable. The most widely applied
method for estimating the training procedure value is
testing with observed unused data. If the error of the
testing phase is near that of the training one, the train-
ing is considered successful. The question of uncertainty
estimation in ANNs was not asked in the early stages
of the method’s implementation in environmental mod-
elling but has been arising frequently over the past years
(Chryssolouris et al., 1996).

Due to their black-box approach and ability to approx-
imate a wide variety of functional responses ANNSs
have found application both in surface and groundwater
hydrology (Coppola et al., 2005; Lallahem and Mania,
2003; Lallahem et al., 2005; Nayak et al., 2006). The
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input parameters are usually connected to the aquatic
equilibrium and the output parameters can be runoff
of a watershed, spring discharge, groundwater level or
other hydrological parameters. During training the ANN
is given observed data series of hydrological and mete-
orological data for input and output parameters and the
weights of the network are adjusted in order to describe
the pattern that connects the former with the latter. After
training, the network is able to predict output of any set
of input parameters in a deterministic way: the network
produces always the same set of output data for a certain
set of input data.

The main reason for ANN application in groundwater
hydrology is that it can be used in regions where the
exact geological characteristics are not available to the
researcher or too complex to be described accurately with
a numerical model. In that situation the ANN can give
a simulation of the aquifer’s response with the condition
of available hydrologic data time-series.

In a previous work of the present authors (Trichakis
et al., 2009) different ANNs were compared for ground-
water level simulation. The daily change of hydraulic
head has been proven to be a better choice as an
ANN output, compared to the hydraulic head itself.
The network architecture was optimized by a differen-
tial evolutionary algorithm in order to minimize the error
value. The optimized network architecture is illustrated
in Figure 1.

The ANN is a fully connected Multi-Layer Perceptron
trained in a supervised way using the error back propaga-
tion algorithm. The ANN consists of the input layer, two
hidden layers and the output layer. The activation func-
tion of both hidden and output nodes is the commonly
used logistic function.

Input parameters of the optimal ANN were the temper-
ature, precipitation from three stations, pumping from 16
nearby wells, the hydraulic head at the observation wells
the previous day and the day number. The use of day
number as an input parameter was a result of the optimi-
sation procedure. It is related with evapotranspiration in
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Figure 1. The optimal ANN architecture as obtained from a previous
work (Trichakis et al., 2009)
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a physical sense but the connection is rather faint com-
pared to the high degree of correlation the other input
variables have with the aquatic equilibrium.

The optimisation was also employed for the rainfall
time lag determination. The time lag has the physical
meaning that rainfall does not have an immediate effect
on groundwater level, especially in large river basins, and
the input parameters must be selected in a way that takes
this into consideration. The three optimal time lags were
7,4, and 3 days for the corresponding stations.

The hidden nodes number of the two hidden layers
was also optimized so that the ANN is complex enough
to describe the physical model, without the risk of
overtraining. The optimized network has 43 nodes in
the first and 41 nodes in the second hidden layer. The
optimal number of epochs, that is, complete presentations
of the entire training set, was 1000 and the optimisation
procedure ensured that the ANN is not over-trained.

The observation and pumping wells are located at the
pumping site of Mavrosouvala, placed in the northwest
part of the prefecture of Attica in Greece. Besides
covering for local water demand, the site is used for
supplying the main network of the capital (Athens) with
potable water, for times when the main surface sources
are depleted.

The aquifer geology consists mainly of karstified lime-
stone. The aquifer recharge comes from the mountains in
the south (Mount Parnitha). The water table is rather low,
about 100 m below ground surface and 15-20 m above
mean sea level (MSL). Owing to its nearness to the coast
(less than 6 km), there is a fear of saltwater intrusion if
the water table drops (Trichakis et al., 2009).

In this work, the previously optimized ANN for the
observation wells of the specific region was selected as
the deterministic model and confidence intervals of the
output were estimated for different certainty levels.

Bootstrap methodology applied in ANNs

The complete dataset (used for ANN’s training and
validation) consisted of 419 data points, i.e. days with
available data for all input and output parameters. It was
divided to a calibration data-set and a testing one. The
first set was further divided, by the ANN algorithm during
the calibration process, to training and evaluation data-
sets. Though the evaluation data-set has practically the
same function with the testing data-set, the existence
of the latter is mandated since the former consists of
randomly chosen data points from the calibration data-
set. This makes it impossible to have a separate visual
representation of the training and evaluation data-set
results. The first 80% of the time-sorted original data
were used for calibration and each data point had a
0-7 probability of being selected for the training data-
set. This means that in the end, approximately 56% of
the field measurements constituted the training, 24% the
evaluation and 20% the testing data-set.

The bootstrap is a statistical method first introduced
by Efron (Efron, 1979). It is a form of a larger class
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of methods that resample from the original data-set and
thus are called resampling procedures. It is a method to
determine the estimator of a particular parameter of inter-
est and the accuracy of that estimator (Chernick, 2008).
When there is a sample with size B of a certain parame-
ter, this sample has an empirical distribution that has easy
to obtain statistical characteristics. The bootstrap idea is
simply to replace the unknown population distributiin
with the known empirical distribution. Properties of the
estimator, such as its standard error, are then determined
based on the empirical distribution. Practical application
of the technique requires the generation of bootstrap sam-
ples (i.e. samples obtained by independently sampling
with replacement from the original sample). From the
bootstrap sampling, a Monte Carlo approximation of the
bootstrap estimate is obtained. The procedure is straight-
forward (Chernick, 2008):

1. Generate a sample with replacement from the original
sample (a bootstrap sample),

2. Compute the value of the parameter of interest obtained
by using the bootstrap sample in place of the original
sample,

3. Repeat steps 1 and 2 for B times.

By replicating steps 1 and 2 for B times, a Monte
Carlo approximation to the distribution of the parameter
of interest is obtained. The key idea of bootstrap is that,
for B sufficiently large, the Monte Carlo approximation is
nearly the same as the actual distribution. Although this
might seem odd at first glance, the accuracy of bootstrap
has been demonstrated in many published articles (Bickel
and Freedman, 1981; Schervish, 1995; Singh, 1981). The
second order accuracy and the convergence of the method
are also well documented (Singh, 1981).

The procedure that was followed in order to produce
the ANN confidence intervals is illustrated in Figure 2.
The original calibration data-set constituted of 335 data
points (days) with observed inputs that produce observed
output values. With a random selection procedure, 2000
discrete bootstrap calibration data-sets were produced
from the original calibration data-set. All different boot-
strap data-sets have the same length as the original one
(i.e. 335 data points). For the generation of each boot-
strap data-set, data points are chosen with replacement
from the original calibration data-set and each data point
has the same probability of being selected (1/335). This
procedure continues until there are 335 data points in
each bootstrap data-set.

Each dataset in the original training set consists of
observed hydrological and hydrogeological data that
yielded an observed response. It is reasonable to assume
that if the same input pattern reoccurred, the same
response would be expected. Therefore, the bootstrap
calibration datasets that contain some datasets of the
original training set more than once still retain a physical
meaning. They still contain observed values of input
parameters that yield observed values of the output
parameters.

Hydrol. Process. (2011)
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Figure 2. Illustration of the bootstrap methodology for artificial neural network confidence intervals calculation

Each of the 2000 bootstrap calibration datasets was
used to train the network. After each training process, the
bootstrap neural weights were used for bootstrap output
values calculation for both calibration and testing datasets
(419 data points). In the end of the process there were
2000 bootstrap output values for each of the 419 data
points. The main objective of this work, and perhaps
the most intriguing task in the whole process, was the
selection of the endpoints that constitute the confidence
intervals of the output values of the ANN.

In their book, Efron and Tibshirani (Efron and Tibshi-
rani, 1993) propose four different ways to create con-
fidence intervals utilising bootstrap. The simplest one
includes an estimation of the standard error and the
assumption that the output’s random value is indepen-
dent of the input value and follows a certain distribution
(e.g. normal or Student). If z® indicates the (100 - ) th
percentile point of a N(0,1) distribution, then the confi-
dence intervals of a parameter # with standard error se
and confidence level 100 - (1 — 2a)% are calculated as:

(D

o~

Bo=0—27""% s and f,, =0 — 2 - %

A way to bypass the need for the assumption that the
output follows a known distribution is the calculation of
percentile confidence intervals. The percentile method is
the most obvious way to construct a confidence interval
for a parameter based on bootstrap estimates (Efron
and Tibshirani, 1993). After the bootstrapping procedure,
there are B bootstrap estimates of the output. If the
population is large enough an interval that contains i.e.
90% of the bootstrap estimates can be considered to
contain the actual value of the output with 90% certainty.
The most sensible way to choose the intervals is to find
the ones that exclude the lowest 5% and the highest 5%.

A bootstrap confidence interval generated in this way is
called a percentile method confidence interval. In order
to avoid assumptions that the output follows a certain
distribution, the percentile method was the first to be
deployed in this work. In order to calculate the percentile
intervals, the 2000 bootstrap output values are sorted in
ascending order and the upper and lower value for a
specific confidence level can be found. For example, if
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the nominal coverage is 95% (o = 0-025) the lower value
would be the value that lies in the sorted list at the place
(eB) = (0-025 2000) = 50. Likewise, the upper value of
the confidence interval would be the 1950th sorted in
ascending order value.

In order to remove the bias from the results, an
improved methodology has been proposed (Efron and
Tibshirani, 1993), called BCa (Bias-Corrected and Accel-
erated), which requires the calculation of the bias correc-
tion (Zo) and the acceleration (o). The bias correction is
easily estimated as the inverse standard normal cumula-
tive probability of the percentage of bootstrap estimates
that are less than the simulated (model) value.

# of bootstrap estimates less

than the simulated value

Z20=d!
0 B

2)

®~!(.) indicating the inverse function of a standard
normal cumulative distribution function.

For the acceleration Efron proposes to be computed
using the jackknife values of the statistic 6 = s(x). Let
Xx() be the original sample with the ith point x; deleted,
let 9(,‘) = S(X(i)) and define 9(.) = Z?:l G(i)/n. Then

> (30fi0)

=l 3)

NS EE
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The bias correction moves the average of the empirical
distribution to the opposite direction of the bias while the
acceleration refers to the rate of change of the standard
error of 6 with respect to the true parameter value 6.

The BCa interval for intended coverage 1-2q, is given
by

BCa: (Do, Bup) = (07, 0") )
where
5 (@)
o 20+ 2
a=Q |0+ —F— (5)
< 1 —“(Zo—}—z(“)))
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®(-) indicating the standard normal cumulative distribu-
tion function and z® is the (100a)th percentile point
of a standard normal distribution (Efron and Tibshirani,
1993).

The BCa method was also used in order to produce
theoretically more sophisticated CI. The bias correction
and acceleration were calculated as previously described.
The former needed no extra computations, while the latter
demanded a number of calibrations in order to acquire the
jackknife estimates.

Noteworthy is the fact that throughout the whole
process, bootstrapping pairs was preferred since it is less
sensitive to assumptions (Efron and Tibshirani, 1993).

The fourth way is referred to as ABC intervals, which
stands for ‘Approximate Bootstrap Confidence’ intervals.
The resampling vector that consists of the proportions
of the initial data that are chosen in a bootstrap sample
is calculated instead of the bootstrap samples and a
mathematical expression of the parameter as a function
of the resampling vector is required. Unfortunately, this
cannot be applied in our problem since the ANN structure
is too complex and such a mathematical expression is
inexistent.

The bootstrap applications range among diverse scien-
tific fields from medical research for the analysis of drug
testing data (Wahrendorf and Brown, 1980) to geostatis-
tics for variability determination of kriging contours (Dia-
conis and Efron, 1983), and from astronomy statistics,
astrostatistics (Babu and Feigelson, 1996), to psychol-
ogy, for confidence intervals generation (Efron, 1988).
Nearly every field that utilizes statistical methods for data
analysis might find a use for bootstrap. A bibliographi-
cal review about the bootstrap methodology (Chernick,
2008) revealed more than 2000 references in the subject.

Most commonly ANNs are used for classification or
regression. The former includes pattern recognition and
bootstrap can be applied to evaluate performance (da
Silva et al., 2005; Mougiakakou et al., 2007; Silva and
Mery, 2007), the latter has a wider range of applications,
yet, bootstrapping in that case can be applied for the
production of confidence intervals for the simulated
value (Papadopoulos et al., 2001), selection of optimum
number of hidden nodes (Tsujitani and Sakon, 2009)
or for determining the relevance of network inputs
(White and Racine, 2001). The use of bootstrap for
CI generation in groundwater hydrology has also found
applications during the past years for estimation of
groundwater level (Cooley, 1997; Masumoto, 2003),
mass transfer coefficients (Chrysikopoulos et al., 2002)
or even microbial distribution (Thomas et al., 2009).

The adopted methodology however has its own disad-
vantages. The produced confidence intervals do not take
into account the uncertainty that derives from the net-
work’s inability to exactly describe some of the observed
values. This is because the technique only considers that
the different output we might have obtained is due to

2o +207 )
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the different input that might have occurred. Neverthe-
less there are some observed data points that the model
would never be able to simulate mainly because of the
lack of some additional data which affect the output but
are unfortunately not taken into account or just unavail-
able.

In order to have a clear picture of how good the boot-
strap confidence intervals are, the actual coverage was
calculated and was compared to the nominal one. Actual
coverage is the probability of an observed (measured)
value to be within the confidence intervals. The results
of actual coverage, i.e. the percentage of observed points
that lie within the intervals, will show how successful
the application of bootstrap methodology was. Accord-
ing to the available literature the actual coverage of a
confidence procedure is rarely equal to the desired (nom-
inal) one, and often is substantially different (Efron and
Tibshirani, 1993). Especially in small-sample situations
like ours, bootstrap intervals are not exact and can be far
from perfect (Efron, 2003).

The confidence intervals can be used in order to
ensure that when evaluating scenarios for groundwater
management the groundwater level keeps above a certain
threshold for a given confidence level.

RESULTS

The bootstrap methodology was applied to two wells
at a pumping site in Attica, Greece. Available data of
hydraulic head, pumping and meteorological parame-
ters have been used to train an ANN for hydraulic
head change simulation. The selection of hydraulic head
change rather than hydraulic head as an output has proven
to be a much more challenging task; nevertheless it has
far more physical meaning. The known issues from the
previous application are: (i) that the first observation well
is also used for pumping, and (ii) that a rainfall incident
is most probably not recorded. The former has been iden-
tified as the reason the model cannot simulate the sudden
peaks and dips, while the latter results in the total inabil-
ity of the model to simulate that certain peak around data
point 260 (Trichakis et al., 2009) (Figures 3, 4).

Well 1 - Percentile confidence intervals with 95% certainty level
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Figure 3. Observed, simulated value and percentile confidence intervals
of hydraulic head change at the first well
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Well 2 - Percentile confidence intervals with 95% certainty level
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Figure 4. Observed, simulated value and percentile confidence intervals
of hydraulic head change at the second well

Table 1. Minimum, average and maximum confidence intervals
width of the two methods (in meters)

CI width [m] min average max
Percentile Well 1 0.108 0.175 0.654
Percentile Well 2 0.056 0.082 0.132
BCa Well 1 0.108 0.176 0.680
BCa Well 2 0.057 0.087 0.136

The bootstrap methodology required many successive
trainings of the ANN, which is a time consuming proce-
dure. A complete run of the algorithm needed 44 hours
in a 2-1 GHz Intel® Core™ 2 Duo with 3 GB of RAM.
The BCa method required the additional calculation of
acceleration, which consequently required more ANN
trainings. The whole process increased the computa-
tional time by approximately 12%. Luckily the method-
ology can be easily coded in a multi-threaded appli-
cation that can considerably reduce the computational
time.

Percentile confidence intervals for 95% nominal
coverage

In Figures 3 and 4, the results of the percentile upper
and lower confidence intervals are displayed along with
the observed and simulated by the ANN using the original
training dataset values. Data points from 1 to 335 were
used for calibration and the rest were kept for testing.
Owing to the random selection of data points for training
or evaluation inside the ANN algorithm it is difficult
for them to be displayed separately. The maximum,
minimum and average values of the confidence intervals
width are summarized in Table I.

As explained in a previous work, Trichakis et al.,
(2009) also applied to the same site, the first well of this
study is a pumping well, and is also very close to other
pumping wells. This generates sharp peaks and dips in
the hydraulic head change time series, and, even though
the ANN is able to simulate the position of the dips, it is
unable to reproduce their value.

From the results it is obvious that bootstrap confidence
intervals have variable width depending on the range
of output values that each set of input data yields.

Copyright © 2011 John Wiley & Sons, Ltd.

The narrowest interval was 0-108 m, the widest 0-654 m
while the average width was 0-175 m. When it comes to
sharp peaks and dips, considering the fact that the ANN
(model) is practically unable to simulate these patterns,
it is certain that the bootstrap output values will also be
unable to contain the observed. Aside from the points
that could have been considered not modelled points, the
confidence intervals enclose the trend of the observed
time series quite satisfactory.

Even in the testing dataset (data points 336-419), the
intervals enclose the observed data apart from the seven
un-modelled points. An increased uncertainty of the ANN
output seems to appear for observed values close to zero,
but it is also understood that the uncertainty can increase
in data points where many of the input parameters have
zero values. This comes as a result of the fact that
different bootstrap input datasets may yield significantly
different output for that kind of input values. When some
input values are zero the training will increase the weights
of the non-zero inputs to cover for that. This would
lead to greater variance of the output, hence the wider
intervals.

The application of the percentile method to the second
well yielded far narrower intervals than those of the first
well. The narrowest interval was 0-056 m, the widest
0-132 m while the average width was 0-082 m, less than
half the average interval of the first well. This comes
naturally due to the fact that pumping does not occur
in or adjacently to the second well. Thus the simulated
values were very close to the observed ones in the
first place. The most problematic region in this case
is the peak around data point 260, where the model is
unable to simulate the response. The inherent model’s
inability cannot be overcome by the bootstrap resampling.
The impact of this peak can be considered as the main
reason for the discordance of nominal and actual coverage
for both the training and evaluation datasets, as the
peak has been distributed in a random manner between
them. On the contrary, the testing dataset (336—419)
seems to contain no problematic data points and the
simulated values were already in high accordance with
the observed.

BCa confidence intervals for 95% nominal coverage

The bias corrected and accelerated confidence inter-
vals performed slightly worse than their percentile coun-
terparts in terms of intervals width, as they yielded
marginally wider intervals (Table I). This however has to
be considered in conjunction with the agreement of nomi-
nal to actual coverage in order to conclude the supremacy
of one method over the other.

The results for the first well are illustrated in Figure 5.
Unfortunately neither the BCa confidence intervals were
able to account for the sudden dips and peaks, since this
is a problem, the resampling technique cannot manage.
Only a model that could, under certain circumstances,
explicitly simulate each of those patterns might be a
solution to such problem. The confidence intervals were
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Well 1 - BCa confidence intervals with 95% certainty level
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Figure 5. Observed, simulated value and BCa confidence intervals of
hydraulic head change at the first well

Well 2 - BCa confidence intervals with 95% certainty level
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Figure 6. Observed, simulated value and BCa confidence intervals of
hydraulic head change at the second well

wider than their percentile counterparts by only 0-001 m
on average. The widest interval increased by 0-026 m yet
this is not definitively a mistake, as it might have occurred
in an attempt to better simulate the sudden peaks and
dips.

The second well (Figure 6) yielded results marginally
wider than those of the percentile method. The average
increase was 0-005 m (about 6%), which is not a con-
siderably high value. The much more consistent with the
observed, simulated values lead to much narrower inter-
vals than those of the first well. Still the problematic
peak around data point 260 remains as expected out of
the confidence intervals.

There were thoughts that it might be better to exclude
those values completely from the observed dataset, along
with the sudden peaks and dips of the first well. The
reason that this did not happen is that is calls for a
subjective decision of what can be considered as an un-
modelled point. This contradicted the fully automated
approach in the rest of this work. It might be true that
those patterns require additional unavailable data in order
to be described, and in some cases the researcher cannot
know the exact kind of those data. Yet, the interference
with the observation dataset, apart from the potential
exclusion of data points that can be simulated, also might
reduce the size of the calibration dataset and remove
extreme input and output values from the training set.
This might diminish the extrapolative and interpolative
ability of the ANN.

Actual coverage for different certainty levels

The separate coverage for each well and each of the
three data subsets (training, evaluation and testing) for
the percentile intervals is shown in Table II, and for BCa
confidence intervals in Table III. The number of data
points in each data subset is 244, 91, and 84, respectively.
This alone indicated that a difference of even 5% (which
could be considered substantial) between theoretical and
actual coverage in the testing subset might be due to 4
single points, so it can be just a random occurrence.

The percentile method actual coverage for every sub-
set is not equal to the theoretical, nevertheless, it follows
the theoretical rather consistently. Even though in some
cases it underestimates and in other overestimates the
confidence intervals. Both calibration subsets actual cov-
erage values for the first well are always lower than
their nominal counterparts. This can be attributed to
the fluctuation of the observed values even in small
scale, while the increase of the difference between
nominal and actual coverage, this lack of coverage,
can be thought as a result of the sudden peaks and
dips.

The testing subset of the first well has only few
sudden peaks and dips (namely 7), probably the reason
it cannot reach an actual coverage of 95%, which would
require only 4 points to be left out of the confidence
intervals. The actual coverage of this subset is for the

Table II. Theoretical and actual coverage of the percentile bootstrap confidence intervals

Theoretical coverage%  Training Well =~ Evaluation Well

Testing Well

Training Well ~ Evaluation Well ~ Testing Well

1% 1% 1% 2% 2% 2%
10 7-8 77 250 9-4 6-6 9-5
20 172 14.3 35.7 131 12-1 17-9
30 25-8 220 48-8 20-9 143 28-6
40 34.4 30-8 60-7 25-8 165 40-5
50 39.3 374 69-0 320 20-9 58-3
60 50-0 429 72-6 422 341 71-4
70 57-0 51-6 78-6 48-8 40-7 77-4
80 63-9 59-3 84.5 59-8 51-6 88-1
90 74-6 69-2 89-3 73-4 64-8 929
95 779 80-2 89-3 83.2 75-8 940

Copyright © 2011 John Wiley & Sons, Ltd.
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Table III. Theoretical and actual coverage of the BCa bootstrap confidence intervals

Theoretical coverage%  Training Well ~ Evaluation Well

Testing Well

Training Well ~ Evaluation Well ~ Testing Well

1% 1% 1% 2% 2% 2%
10 82 6-6 10-7 6-6 6-6 17-9
20 16-0 143 274 13-1 11-0 28-6
30 24-6 19-8 369 20-1 132 38-1
40 29-1 30-8 54-8 279 231 47-6
50 39-8 352 67-9 34.0 27-5 61-9
60 45-5 42.9 73-8 39.3 30-8 66-7
70 52-5 53-8 81-0 46-3 39-6 762
80 652 61-5 84-5 549 505 84.5
90 73-8 747 88-1 70-9 64-8 91.7
95 779 78-0 89-3 84-0 73-6 96-4

most part way above the nominal as a result of the
smoother trend of this subset and the lack of sudden
fluctuations. Still, the rate of increase is close to that
of the theoretical one.

The second well is quite different. As mentioned
above, there are less problematic data points all of which
are found in the two calibration subsets. The general
success is close to that of the first well, the actual
coverage being quite less than the nominal but following
consistently its increase. The definite lack of rainfall data
for the great peak is acknowledged as the main cause of
the lack of coverage, and cannot be dealt with by means
other than providing additional data or exclusion of the
problematic data points from the dataset.

The most successful subset of the simulation in the
sense that it provided the best accordance of actual to
nominal coverage is the testing dataset of the second well.
Throughout the process, the coverage is very close to the
theoretical not only for low nominal coverage values but
also for high. These could be considered to be the desired
results for a confidence intervals calculation procedure,
and it is really important that the only subset of this
simulation that did not contain problematic data points
yielded the best results.

Only slightly different than the percentile, the actual
coverage of the BCa method is still in most cases far
from the nominal. However the intervals are wider, and
this is suggesting that the additional computational effort
is not reflected in the actual coverage. Again, the actual
coverage increase rate follows the rate of the theoretical,
and again, the testing subsets for both wells tend to have
greater coverage than the desired.

In fact, the actual coverage of the first well although
starts from a perfect 10-7% for a 10% theoretical cover-
age, starts to widen the difference until finally diminishes
it and reaches the 89-3% limit, same as the percentile
method. The second well actual coverage was 411%
higher than the theoretical until it closed in for nomi-
nal coverage of 90 and 95%. The BCa intervals for this
subset were also slightly wider than the percentile inter-
vals, probably because the method does not behave well
with heavy tails.

Copyright © 2011 John Wiley & Sons, Ltd.

SUMMARY AND CONCLUSIONS

The increased number of applications that ANNs have
in hydrology combined with the need to move from the
deterministic output to a stochastic one, were the reasons
to search for a methodology that could be implemented to
provide confidence intervals for a certain ANN. Owing
to the complexity of these mathematical models, least
squares estimations might not be applicable, especially
when the ANN has many neurons distributed among more
than one hidden layers.

In groundwater management, the determination of an
ANN’s uncertainty may be of great importance when the
pumping scheme of a region prone to saltwater intrusion
from a neighbouring coast is concerned. In those cases, it
might be critical for the water level at certain observation
wells to remain above a certain value in order to prevent
quality deterioration.

A rather easy to implement this method is the bootstrap
one, which is computer-intensive but demands little
prerequisites and its assumptions are covered for the most
part. The only assumption that is made is the ability of
the ANN to describe exactly the physical model. This
can be slightly violated in some un-modelled data points,
but in general, the method yields satisfactory results.

In order to examine the accuracy of bootstrap con-
fidence intervals, the actual coverage for observed data
series has been compared to the nominal coverage. The
results show that, as mentioned in the bibliography, the
nominal coverage is not equal to the actual one. This is
not a problem of the method per se, but a result of the
small number of data points compared to the theoretical
infinite. Another factor that affects the actual coverage
is the existence of not modelled points in the dataset.
These not modelled points also can increase the output
value fluctuation, thus widening the intervals.

The percentile method was easier to implement and
yielded satisfactory results. The actual coverage was
consistently increasing with a rate similar to that of the
theoretical one, and any lack of coverage can be attributed
to the problematic data points of certain subsets. The
second well’s testing dataset that did not contain not
modelled points or other problematic data points gave
the best results. From this fact alone, the method can be
considered promising.
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Being more complicated, as it requires the evaluation
of bias and acceleration terms, the BCa method yielded
generally wider intervals without significant improve-
ments in the actual coverage values. Depending on the
findings of this work, the BCa cannot be considered
a better choice when it comes to confidence intervals
generation for the output of an ANN model that has
not modelled points. The percentile method gave bet-
ter results without the extra computational effort of BCa
(about 12% additional effort, compared to the percentile
method).

While the bootstrap is a powerful and efficient tool
for CI creation, data points that cannot be described by
the model regardless of the ANN weights are not taken
into account in the procedure and are not covered by
the intervals. This limitation should always be taken into
account when high accuracy is needed. After all, this is
not a method to cover for a model’s inefficiency, rather to
quantify the uncertainty that is introduced in that specific
model from the input data and their combined effect
during the weight adjustment.

Besides its advantages, the bootstrap methodology was
proved to be time consuming. The computational cost
for a full run of the algorithm was rather high (44 h).
However, the methodology can be easily coded in a
multi-threaded application that can considerably reduce
the computational time. This can also be combined with
more time efficient ANN training algorithms. Neverthe-
less this is still quite long for practical applications, so
the bootstrap methodology is not yet recommended for
everyday use, especially if the need for CI calculation
does not justify the required time and effort.

Application of the method for other types of problems
solved using ANN can be recommended as long as a basic
condition is met: The model should be able to describe
the observed values quite well, without ignoring extreme
points. Other than that there are no assumptions from the
bootstrap methods.

Further research in the field of ANN application
in groundwater level simulation should be focused on
optimisation of the deterministic model to the greatest
possible degree before the application of a bootstrap
method to compute the output’s confidence intervals.
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