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ABSTRACT

Short-rermt urban traffic flow forccasting 15 an essential part of o real-
tune maffic manazement system. The present thess focuscs on
developing o2 mathematical mede] based on the principles of Anificial
Meural Metworks for short-termn urban traffic volame prediction. The
model development follows a three step process. First, one slep ahead
traffic volume prediction 1s obtained for two sepatare lime pereds of
the day (5:30-10:00 and 17:30-20:00). Second, the nze of the same
madel for prediceing maffic volume during both time periodds is 1esled.
Third, an atlempt 15 made to oxpand the predictive honzon uple 15
minutes shead, The results of the present thesis suggest that the newral
netdely developed has an average predicogn etvor of 100735 for the
periad &:30- 100 and 10,2% for the period 17.30-20:00. Finaly, the
petzntial of neural networks in traffic volume {orecusting  are
discussed with an emphasis on the use of such methods in real-time

traffic manapement system.
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wrekicy{ict 0T £ivey emcipte v to Repiidaiov Kol oupfidis omy 1axitepy
abanen o seckogopios  (Dpeviloexdisms, 1997y B Arepeipien e
Kurdngogics paopel vo exeevyBs (owiua 1.1}
e Me v mo emoTeAeopanIET iEyELpT) TG s s
* Me m pewwon ™o ST P pETEEOpLs K alikoTope g
pmporcinem;  smpatkol  pésol  RoTd TIC REMOSOUC  avepc
(Arreipon Zimons Metoxaviioesy).
e Mes v MO OAOTEARCUOTIC]  YPNETHOTOINT TG TAGDYOUCTL
CUFPROIAORTS 0SB0 TG { Alaygipion Zvooyparos Metapopa),
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Zhplzpo, 10 ewbhuofpoy TRYKesWoS CTPSDETN GE P ool ekt
Hewption o0 eLévyon kol Surgsimong s Kehogopieg, Rou Exel g [emigo
ALovie T SayeiplaT) T TANPOMOPLS, oW TURERETHL OO0 GWVErTUYLSw

TERWOACYIKIY KA T STELCOTM LK, CUCTH AT,

1.2 AYNAMIKI AIAXEIFIZHN KYKAODOFPIAL

1.2.1 H ENMCHA

Evus grd TOU ONPOVTIKGTERO ALTFOIC TIO0 T OWEELDOT) Kotk o Shepror
TG KUKADQUODIN GRUCEtel TAgdv T M0 WICTSASOUWTING Rpucivyum) Ty
CVTIRNTIORLGY] Ton ApofANWIIag TOU KOpagHon Of 0Tk TEpwdyds 2ivan T
SUMBOAT TT)g TEpVOATIL SToY TP i loyg Kow STESepyeciung Soiopivi,
KBS KO T GUTOLNTURTCTYST) TG SI0OKeaios, AqppTe amoipasamy. A morst sop
givi 1 avistrobn macTnd Ty Suwepsipuwtc KukAoqopiies mow pRopoine v
uvTIpoDy pe o 1oy pdno 10U petaBailovicl o Spopas KURRO00 aKEs
mwihikes. Te guomipara outé KahouwTer covijdec cdvwiikd v ESumg
Toorjuuta Agzlrong Kowhooopiaege (Intelligent Transportation Swatens),

Tr Efwmwr Dwaripata dweyeipuoms g Koxdogops atigeovur ooy
OPAT 0T T TV ETITURRNEVN KT GTOTSASTUGTINN  ALITOneme  Touy s
ECTROAITITG ) YVl T3] KOTAOTUFNG Tol STIXARTE vl TR o] oro Sderoa,
e et iy oy Feeornmeofeanm avegesrcerng Rardararge {Slathopoutos, 20001)
{3 Cheslow ot al. ¢ 1992] c& e Toaadoepn apvonaie ooy avantoln ESumvay
FUOTTUATEY  ELCYYOD KL Sl0poplot)g  KDeANpODa:  kotdinioay  oro
CUETEpoTj 0T o H S1vadmm T Suvapon LLEF o TN KUKADOGRIMIC G eTr
1 ouvEyT) DwEnwnyT) Tpo[TAEyEmy KIKAKEORIOKOT  QUpTeD kel o
Mobpopiis e OpEETE AERTG  UNPUOTA  (PNCUUOTOWNTIC  SEAOMEAT T

PR AEAOVTIAL O PV LEETLRG Fpavom
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1.2.2 AJAXEIPTLH NMAHPOBOPIAL

Meyidn enuocin o2 fwe moTErecpomG oRETEG SurgEiplons g
KURLOPOPIS ExE1 1) ROWTE TG TANPGORIeS Tou TUPEYETaL oTau; YioTes
TOU AXYRHVIVIOKO Y JIKTO0U, BOUTE Wi PROPOTV vie ivouy £E0mves ERoyEs
dodpogeic, 1) SToUS ¥EYNOTEC Tow B0 TOL oUETINRTO; SulySipuemg, GOTE vo
exepfoaivony fcATwticd orig kukhopopioks: ouvinkes. H mqpogopin oo
EfwiL EULOVICG Vo Exer Go To Suvird Svvopd yopometijpe.

Mpos v ke awr Aotovwpysl o0 To 1996 Evig duvopuwa
RTINS KkhoPoping tov kévepow Tig Ao, wou givin mposicpos péoom
T SiwtO0n TRAspK: Tov EMIT wim divey manpopopizs yun 1o péysfoc oy
KUAQQopIekon popren, T fatpd xckopopuesilg quppdomon:, whid ko Tov
ERTHGORMEVD #p0w0 PeTaiwang od Supope smAsysve onqpeia g abin
TEkog, mopiyovm whnpogopie; o g mo [fefopmpevig Suadpopic g
TpApYnDLET G uepas (ompa 1.2) O pipTms avivedveroy o 15 dered, H
EFIPUOTT EXEL EUPEL TRT]ETION KU WTOTEAET LML GO TUG TPETE; BQaEyopéc Y
duvapna)] everapieTanT) e Kehogopckny qevihpciy of aomia) aepoy

.
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(1 agetyalnt o fel @ B anuiay: dvafrasary wp aovagra iy anivmy

S &3 Ao Xaeoms Kindopogia; e Ades.

Fivon yeyovds o1 N RAnpogopia yur Ty KGTECTRON MO EMKPOTE ove
TROU CTUYHT) ©F EVD CUYKOLYOWIOKD CIMFTpa Eh WMEITEpT evauapipons,
WPOU TRPEXEL LIE OVIRENICTOET] TR Suvoipikngg Mg wokkopopias. Eiven duo:
OVILNITG 0T e TETOWE  wmhpaopta dev  wmopef  wo omotekgost
CIOTEASOUOTING Epyehein yur 0 Afym axcpdosoy [y TepdSerypa aliemm
REson, abhepl] TpoypeuparopuaT e Rebpopric, ehlar) Gpe wekiopopiog i
Kl ORCBAPEUAGT]  KOKAODOPIGS ATV oT  pOEmon e QuaTEnedy
onuoTodoTiy Ka) To00 e Tow; ofnyolc 000 WEU VI TOW YEUNOTE, TOU
Frpkooviaeol dmrvod, Eiver cwpbog erodertd Omoor susdopopumis
gl eg petefielAoveal pe 0 yPOVe K DROPAGER, Tow TEPL Shvm ol
BElnoTe;, peTd omd Aipe AeAmd sivin mBmvd we pmv Ebwy, Exopdvoc, T
TOPo@opie yir ™ Bpoyurpoleoun woTdatoa) 100 ovotuaros oF fva £Evmvo
FUSTIE SASYZOD ®04 SWgelpianc e susdopoping v mfoed v Elnm
CTLOVTUROTERT] TO0O YIO TO @] o1, So0 Kal yuX 17 Sumyepuertii o).
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1.}  EGBFAXYIIPOSEZH IIFOBAEYH

1.5.1 HAZIA THZ BPAXSYTIPOSGEEIMHL [TPOBAEYHE

H gmotshecugnieemmoe oy Ebomaoy  Zoommpimoy Aryripers s
Eafppov oo)g KURAGDOPIES STNpLtel Sty ouyOTh e tovn GUETTRTNS vit
METOTHAEE TG WLKAGPOPUIEG;  cuvBiKes  or Tampogopie; g v
PBpmnmpolizoun wetiotuon) o ovorjpeces,. H BpoyumpdBecun yvian To
Kok AnpopLainy peyaloy v dinitepn Ton KIAORKST POPTO W mepdral T
SUATUTITE T CUTTTHHG vl o lapavel mpoanmeme poAo oTov Topas Tou
SagYYOT KTl THG SRS TG KIKAMPODEG WL STV Eoooy| i lgmorasa
TAT|POHIOPTERN 70U Od ik,

Aurd mon Irpopiinn o oapdTuan [ieromrpofeopng  wpofiayng
KIHCAQUHIPLE KO PEPTIoT ofitd T AQPsdduekd Tporoia ipdflepnc Chmong
ElvGL O OpILOVIGE NG rpofacyns, Zo avoiteoT] Aoy Le T maynridoond
RROTWIL TPGFALYS TG JIOyaTS Tow vagipovTin o6 ApKETE fR00VIE (TP T,
o wpdroac Poegumpddecuns Tpdfiiseng KikAOQOpako) uoprow apofiiézony
KOKACHPOUIKES CUVETIRED EVTOS MOV Soa T o, U g, Erapivos, o
oA TG yapartpae oy Edureay Zvatnuatwy Chdvyou xon Awayeimoi)s
e Kuklogopias cEatol oo 1 dnatgy axpifinompng Bparemnpdlecuss
mpofFhireng.

H  wwemmedn  Evdg  OROTCASGUATINGY  APOTOEOL  [payutpobscpg
AP EETG Khopnparad goptor Exer wrobegbel du shvo po opeeti
imeakohn eprame. H fpayempofeoun mpdddheym Sysn um eveped ablik pn
Do TinTy Tpoistopia (Davis and SNibam, 1995) Oh Dougherty and Cober
(1997)  warmaatiypouy  oto oupmfpacpa OTL 0 GVARTUEN  Evds  apoTimou

Fpoywmpobeopn: mpofpms mapuenadCe, dugeoAlr vl
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L H mpdllleym wuwropopuekoy quvdrkoy sivol molveulotots mpdfanpoe
imultidimensional problem), aou MUSEETIZEC PETIRE Ty omobiow |
FLAALVT] EVEFEL FIOPRES KILE 0vIKESS ALpopoaer| S,

18 IT fdemn dedopiniy fviga arnven anerurasd Bonnf fresy data),

[ To rpdmuro wpdfieeyts B TREmal W Fiviel ToAT: 0D Yl we uropel
W OAVTURSZEAMEL oF punvopevo Omwc ravBucpévec ) thamels T

G LEATE0I.

1.3.2 MEQOAOQI TIPOBAE'PHE

T pefodoacyizg mon ypympodomivom e Teofeyny pmopony va
opLoToly TE SR Puemis wemtpopiss oy epmepnEy ki ons Seepiynds. O
TRINTAL WVIMPEQOVTIL Of  OTRTWITLK] CARECpyooio @ou niviel s@ gpeerd
dgdedopdvr, (0 dsleepeg Syouy Wi RAVOWY pe apdtta rou fuoilownel o
IOVETATNTELS TN EVVOLIDY TTC TPEFgupies Kel T ST TTjams.

Mg vii wizl ehdopdpa pelodolovio yue o1 SeSwrwoy) mpofibiyomny
stwar 1o Tepente Novparewdsr Awtva. Ta Teomed NMowpovikd Alsooo
AT TUZEI KO ALK TV TROGTAOELT TG ETIOTNILGY VI KETOVoNooy I
HETEHpOODd AT puOUpUoy  oToy  avBporTeo  Emdpaio weL T AsSarnr
FERAETIDN TS 1] DHLALE, TE PR Ko EfUspi, Opos, ameTsaoy e nshoan
RE  =uphTOTO  POOg Spuppoedy dakks T oupmigon  dRdopfvioy, N
BerfidionemaT, 1 KOIyOOWEomarn  Se0opevioy Ko 1 meomepaatam)
TUYIPRTTTENR,

Av Kol TO ¥P0VIKG BAeThWe 10w FyRL proodafiiorn ard tdte Tou 1)
pEdode; vt dppos v eoeppoletn ong Metagpopic kil m Avesipigy) gy
Kuoniopopin:s v sSngemiet poepd, o ciprpoeets ooy Trywizoy Neuposcry

A THOR B8 FUTRGMOVILIEE TP f UGt Sival upretEs Ko Emsuysic,
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1A YEHIOX AUTADMATIKEX

EXOTOS TG WUPOGTW;  GGTAGMATIRGS  EEvesiey el T el
B e Ty mpaThiry peE 1) pefodo taov TEpm oy Mevpervicmy Aty yie
mv [penrrpditecun mpdfhzym Korho@opiorod @ogtal TE ot apmpie Ko
M GUECETTET] TG SRR TG DIV, TOW KOKACDODLEKOLY QépTol i)

[ riineny g mpefierteds uiins ey mpoTimoy,

1.3 AlAGPOZN ANIAGMATIKHE

H nopobos Surhouonir) epvocie siviee dounpém oo mevte Pomkd
WEAPQALTINE:

e T " gEgdiarn pvaETOl Wi BWWERETT] OO QVIIKEIEVD TN
[oppolaourc mpdPleyms Kuksopoekae popTo.

o Lo 2V pppaiasrn VINCTHL €viepopd o TLANOTEPLS (FYATLEES |E 10
CVTIKLIEVD EpEUvEs,

o g JY wmpapiadtro FEMPEITAL T cAthoyl] o pEPodon e Topemymiow
Moopuvicin Atioy opifovtdl 0F [fomiedtepss  Snoes ki
ORI 1 BEnpie Tow.

o Ewo o mepdaie TEPURRUPETOL 1) deedisaedio snelsryuciog Tow
apafhneres, o aephapfdve oy ool tou pol oo
Kl e gReodosoying, T Aoy Kol EEEESpynog Tow
STOLYELON, TIY ETLAOT] KL TPOEToMetl Ty MIapupleTpon, Ty
EROYWT] To0v METPETROM I GLCTo0, TV EThery] 11 LS
TOU  IPOTHACUKHE TN AECOUra v Awglocbovwy o

AOTEASTpI T T TRORALYT]S TOw RO TR KER 1) UvELAUTY) Tos,

o Tio I wepdoor  TORODMAIRCTOL  TH SURTCPUTEETE TR

APOEUTTOW OEG TV £TEESPY0aio thiy RTPTOENY KL Sivowtoe
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COLTHAVES  WOKROpopwRES  EPUEKTIIGRL,.  Tu EAPETACLL

RO POMVETAEL JLE Cynepogil 08 TIPOTITEL Ve REPOUTE D £sive,
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BIBALOMPATIKII ANAXKOQIIHEH

:.1  EIEATQH

Vv, e apopasy yopertpilenm g fiaom o peovicd opilovre
STOV LI0IOY SverpEpeTae. BT ey Rl 1 Ik pifnEi, ) pecoapaleaun km
N [pogompifeopn mpofiepn, Moo svduedpoy ST GUTEDOVE GUCTI LT
Guysipmgs  wuokaopopwe meilol 1y fprgpmpdbecun mpoflRaam e
LRGSOV K G Kl HWEIESpe 1 TATROE 0P LU TV KETEOTIADT] TU
FLTTULWTeR; S ok g Jipoctd (one sep ahead prediction).

Yy epkaric efideonrs spoppoyic apoTimey apdfilepns ms
DIEOOPOUE  CUYKHVOVIGKONS  TouEl, DL MEPUITOTERE;  wwupdpovTml  on
UrepiRE e ohong kol on nARUREpag Rowipdpous. Doy popd oty ootikts
QT PLES, L SO0 UOyEs Sivill aaoms AHTEpes. ANTO MpRIASTIL ST0 s dTL
N TAnpoqopie o s LUARGVTIKT] KOTOOTIMTE] FNIC WOTIKTS (OPFTT P Sivil
Tlevey v gl wvoxmfine Arpe olg SookKohing oo oToy  opuweud Tow
TOPGUETREY 0L GEHOTALOUY TR DLEBQORE K O@OEWKE Lepeth), 000 Ko ot
SRYoOC, OTL GRUVHE ToPsyonTol oTOw] EPEUVTel PETPASEs wukpifdcls koo
TAIPEL,

Chomo duededopevey pethodoharyizg apallayng ookt gopon
rivin N avispon Xpovoeoeipdy  [Time-Senes  Analysis) ww o Topoa
Eupnpiie Al {Ammbcial Neural Metworks) Exnés omd s aopomiee,

YONoMOTMoUNTIL ko Ghhey pEtodol dmes o betopias deEceg, 0 M-
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Mepapstown Llwsvpdpnon, Supepa wpomimn aposowaioner s elos wn

SIPE-POVIKDL T RYTLHTLE.

2.2 IIPOTYIIA ITPORALYHE

DTV TOpATPOOpo ety plYsTil UMD OuYTOMY OVOSKOMTTY] T R

STILYFIRG ALOTOMO TRGHE YT TOT S0uw (i oloro Bl STy KT oupopi,

T2 1 [ZTOPIEAYE MEZOZ QPO

Il pethodoy cum) omid grpmuoaest 1o wEco dpo ey sopeh oo
METAMUEWDY Tuylsy $dpTow 7 va Spofidyet o) WeALovDRT KuodoToo.
Yoppifatol AnAedY] ompY O KUKAKT] UOT) TOw  KURACOROPekm oopton. o
MELCVERTT I TNE Eivie O 8w Sxal [Om0 vin meTiinn T Seae iy ah s
TN TGTIUMETO: (o mapaderyua o8 mevd onpmuatah [Tpotoae [ooopteoi
BACoou Epouy CopPoTtel Y I ALysipus] MTTHOTOL KDEAMpOHOT G
panke yopoe (UTCS) {Stephanedes e al, [981), walé: wm ce Sdgope
TAM PPkl FnadTpetn Sty Eupewrr), dees to AUTOCUTDE Oetlrey o
al., 1987 ko to LISE (Kayst et al, 1593,

222 MA-TTAPAMETPIKEL MESOAC

Il wn-moapepetmkn mehwdpipna peepel va Oeepniel kol wg
uwiloibos  Guvopeas  ouadonoinome, Mo My Tp0o8yem ovT vIVGTRL
TPOSRANZI  WE  venEDeLoToNY OUdAsD gnouglny ortoe aopeiBy mon
TOpOUCIILOUY P0G POpERTIIIONT PR TE HEPEKT)oTiKd tow
FLOERIG; T orvun o apdfieyns Sewpeiten Srvepoa] pEfodieg et
tploket mopdpo Ouddi SESOpAVIIY vIe (RD TV KTET T fpopisyme, avil
VI CEHOTOLED TO TpeTwolpove oTongsia uE PooT) Ta pepasTmoneg Tong, N
WEAGAK, T IR popsTIKTE e ApOUNOS SANITTTCETEL  TIMNVEFLE TI
TEAEUTUE 20 ypdvur, whAL O1 EDEppontEs TS 00 RGO TEY ORIy

ANTEATEY vl widaoy topopapsves L Devis and Niban, 19910,
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225 TIPOTYTTA XPOSNOZEIFON

S TEOTURE TOMY OTLTIOTIRAY X POWOOELDEY, OO0 T ApOTUy T
Avromemyrniiopcvor  Keoiuovon  Mioow Opow  (Autoregrassive Moving
Averape], yivato Apodradar vo avantuelel podnuoIeg tpoTune mow sEnva
TP TR OTRHE CRULILOL O HE TO1 KIHCATHPOJHCRDTE QOTO0 5 TOMEFE R s
T FPEVO KAL GTT) SUVEFEIR VL SPOpUecTal v Ty ®Rpofesym 1 uekiovning;
auUmEgepRg, | POt AR A Sy 2goppaatel GTo LTUS [Okutan and
Stephanedes, 1934] o va npafeawn poprou e si:0B2pn Acospopo (Kom aned
Huobetka, 19493),

Ta mpotoage ARMA ompitovier ooy dmepdn oy singovs faomc
dudopdvury, dnaadn oy addcomr) seysd Ty S2hopevor, AuoTuyig, oTde o
HETPTORLS Fivel TAT)nals, KoeHois PO GUEFTTILETIE £ RpUnvACUnTieL STOVTCL (R Wi
Avoreroupriss, Gwg GUTS 00 0@EhovinL Ot EAETTEMATKD CUC TN
FUAATYT)C METRTTEY, TS DISAZIES Ty LTy EREKOGrIRTTLD 1) AKOHE kil G140
TPOFANILATICG  AcvITKS  clinel avaporipnvo v oDt os gl
gpofianuankd otouein apog enefgevoma [Tapdio wou wmigrpowe eprets
tevikgg Sdpboeng 1 mwamhapoong ms famg delopiee, 1odpsave ExeL
BEISOL OTL TT HPOTURG XpUvoselpons e mPEmel wie Soprolowtal B IR
ST AEPITTEacT Jov o apofigin vivetol apkame moadetokn (Temy et al
L GRénh

224 TEXNHTA MEYPONIEA AIETYA (TN A}

To Tepvnta beevpovect Mkree Civan uafyponet teotunoe Pociopér
gTic dpyic T Tepmms Sompoginms, aoe il TCALUTCIE R0V drouwy
KOTRRENEL Vil KEpAETOY SHOpas o 0T WE fhacs uBodong ooy tonkn Tev
FUVKOLIEK DY By,  Ta JEdio Siperals Tl sResiveETl o
LROTIHTG ¥ LEAETT] KURAOEOPWIROT popTont Rl SAETFOU KIKALDOPIn, Eokl kIl

ML TIRTGE STy i] S HATo.
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A Ko DTNy Todad sit Menpmnninr Aweniesy, 7@tk Sdedopdie
CTVEE IO TO0 GyETICavTeer sy Omeodpopn Mezogpopa Zgtpotos (Freor
Back-Propagator), ywil o pébodor oo Pecileron op pue  ghpog
wvortoyuest Buoplie. H omaBddpopr Sddoon opdhpetos il sevn va
aFIROATRITE URoamellivoDges OyEanls Ustasl tov dedoubvun, mou fdgs
PEHOAGE VTR T EVTORTLIOUY,

T fiktee pota dey AnTonppoly g mpodroypopiEe Brpere
(uetmuerwots  obyopibuous), addl srmmdstovmel we Pdom mreawtepde
grovyrie. H dweduwenowe mou aweeouwbeion proo o8 Sva Topmnd Nevporakd
Alerue Mz Omeladpopr Auddoen Dpdhpotog slvos aovorntwd i edhg (Clark,
921}

L. Trx HEGOUFC FLBTPOVERL T MOTT L Bl TROmENTm ¢ Jupepdeg

TILED TOUS oY ST,

-

AR0LEEL 1 AP0 Tro EVDLERCOD CLio CrehopYa g,

3, Tu wlpoiopuoe oTo EVOWINSTU SRAGTEG0 CUTICOVTEL KOl PRTogpdsmTiL
ST £5000.

d. TuykpIVETIL T WAOTEAEOWE MHE o eI T, OmOTE ik
TLRORTKTTRL FVIL CRMLARLTE.

5. To opdipme smiopiusl ot GIKTI kR EWEKITOVEIETAL WAt 0 (a8 )

LOTOaTE aLFpopo; KEs otorreion oo TeAKe GnotEhego.
Lo Aberoe pe Crraiddpopy Awrdormy Lok petog pabasonm gl dpmeg

o% GEOUEC mepudsrrpdToy pE Gsdopivn srdhom win emboumtdg fiuss wiodo.
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Ay OTUTEATAL O L5 LTS CPLTUOS TG MOPPTS TS GUVARTNGT S Tou TROTIIL,
Emndin] o pop topOaoman ty aysasny Wiy Setopivioy amddon e 1o sudopiva
FEOOCN  MPOYUATOTOWNITOL W SOWTEPIKTY ACITepyin ToT SThon, Tétuas
LEgS BTKTENT e omcHe oy nEperht) Enedalir Mupds oo, o ]'|:_|:||;_n|:|:ﬁ|_1_'|r|j|.r_l.',_|_|_:_h;
TOAR TRET2EY LTl Tey PnTRAnTon CuTdony Kl RSB0 dov civel sowoloL.
e ootdy GARWSTE TO Ady0 T TERMTA Naupovikd AT avapépoviol oy
moyas e aiacryzegpie ko o «hiodpa Kouwtus,

H Omotaspoun Awdoon Deeaporos éral encdaiglel 0T wvemaplord
OO TEALIUOE G OALRADKES p)-yperpnmds oydoets (Bishop, 1995y Eivie dpor
bovertd O AlkTeo v wAoOTol TRECPEKWiATRG] Uf @ToTEhiouc v
QRO OWEDEL T Tricen petedo tor petofatwy swoddon Kun oodan, auv
VO SKIIRMOETETO vE FEVIKSLEL TV O LS. Enopoves, yue vir evimzupisl fve
KT io TR0, o oo the apdmen vt éx2l apoofioot) oo plg pepiag
BocT Sedopfdn: cArd wul v kpivel TOTE K oy B atoporios Ty

£ KL E .

23 [POIENEEZTEMH ETFYNA

23] TENIKA

Heideg sivon oo peBodokoyics mo dpouy pprmpooulfsl o epyaicin
fppumpdfeapmg TpafAnge KUKAQORKOL QOPTON, ATOC 01 YPOVORTSIES
Box-denking, n un-napepetpod] aoAnvdpounoT, 1 pédedos Tou Srpopdon
HEFow Opow, 01 TERVKES P plhtpi kol e MNeupeviki Alktoo. Ter kols
PO KT oW Lefodon IpaPloyns oRapaend Kl mopeidorés mou
Eyomy v HOvOUy = TN HOpPT TG CUWAPTIOTG K0T ROpMectTHeEr o
KIEAGQOPLERS POPTO KOL TNY SRACTYT THe KEEGYOLNG Mou geRekimpiis o
CipeApLTO ToU poTinen. Covcdropo, AL 0L TUpURIMD FRGAPES £P00y Wi
KOOV e TNV o] Kl T gpovin nploovee Tpofisyne, O givace: 2.1
aemiapfavel, P ypovorovie ovapopd, Tw Kemotepes puaBodolorizs mow

£y FRTOT oo el oy mrykoc i, b Aioepoepue:
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Meviho evdwgipoy tupouodd oy o nélodol o Xpovoosipon ke e
slenpoanse Alkmog, Kol To TEASVIONE PENE 01 TEPURTOTERG SPTUVES T
FpoyorpeBaopn mpolasum wocaopopurkiry EVEBEY plvovToe UL Pear) oyTe;

o GO0 [EBSHONG,

232 ANAAYIH ZPONOLEIF(IN

g Fpoavepéptiics o owiiba XPOovOoelpdn Eivil pix e
Gt EacuT) poBodoloyin uo TORAS; COIPUOYLS Kol MORkE; mapoakiavic. 1
Hashern el al. (1995 ypmmponeinooy o mpdrems ARIMA {0100 o
Ppwumpddiaopn mpofhoyy on 5 ootk apmnpiog ow Apay v arédaday on
Hvz, aprRetd wohd orotsASoUore GhAE Wl 07 WTOpEl ORSTIKG mIKkoha viz
UATOMEEL STV TPAST Cpol CEaITil T TLACUTAED LILOADYWTIEVD SoHiipde Ko
1% Oy POVES, ILETPROALS,

Ch Lec wn Fambro {1999 gpmoncaeinoay or sfhien oid tou Sar
Angonmo e paoopdde ton apommen ARIMA ki amédetfav d1e fve
KohutEpsy Bpopempiteces mpofiliyss gopTon and On To TARpED mpoTne
ARIMA . (péco apdiun 21 70w Shorro g oo waipes tpdrume ARIM A ki
[G.20 (i FAEmeo v Ty vreopide o mporimow ARIMAY Télog, were wov
Willlams  (2000]  prr eobloustofanmm xpoaéyyuny oty Tpd{lioyy
KORRODOMOD  whpTon  of CEfumns Kowhopopoke  Tuntiuotn e

LOTIRLOTERT] KL TNV TLHITTOm T ¥PTeRls Tpe T AN A

233 TEXNHTA NEYPONIEA AIKTYA

A Ty meenkocpuee [ifawrpapie mepetpoitin 0T v péthodes Tww
MuEDpIVIEGY ALKTIONY Sxe fPMGIPIOEOTeL L ST OF TEITOG0L -
VPUPMIEDY  GUGETICENY, ETov  Topda g [fpoyurpoflecpns  meofheyns

Kk oprpaekot dpton o1 Yun et ol 198 cuvexkpoeoey Tpie ot Noopdiovoguy
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Avctboy, 1 Omolddpopns Awsdoomg  (Back-Propagation), 1
Emcovndepllovinoes (Recurrent] wol e Fiute Impulse Hesponse oo gpeg
SUOPOPETIKEG  epappoyie: oF st oad (petasd Seoul ko Incheon), as
shetepn Asooipo (peteti Byukiae win Pajou) weon ge oo npogpin. To
SULREGHTN TG SPAUWES Ty GT1 P P Tofuiods Kanpsn oo scdoprvey
e sEovelapfovopovn dikooe umcpiyovy, el ot FIR faetoee omodidooy
WEATTEPU 0N mepusdoan;  wwvodpevt) Poon dedopdven  (foomapoRsa
Apofaepn @opTon pe peovee oploovte G0 herode: béso Dyenkd Zpddpe
12, 22% v OhmugBobpouns AuJboom)s blkTeo O SOtk dpTmpii).

e myETiRT) Epstve, ot Pham ko Lo (19593) anédaioy Omocifn 2ioos
vEDpuna kol S TDon £5F1 TUKEKPIPEYE TALOVEKTIWITE KMl EREIOVERTILEETI KIrL
FLVETER 1 aRpifens g mpofspng keshogomerin weveley EEERTRTEL 16 e
YHEKTIIPLTTLIRD TS [, Sefolmwny SO enaLmownito

O Gilmare e al. (1993) sofjppoes éva Todemimssn Perceptron vy wi
rpoefiipel v wopeopd o ebols. Eidiworepy, fusmlopavor o8 tapshHodons
HETRWEAL., KUKASCOOPORDON  QOpTon, IO BIROM 2ov evdtmols SoveTol v
AROFRERET SR L OUPOER G POPTO PEFL K0 JLCT) 0 [T TIL.

Ch Makatsuji et al. {1993), mpokspivon vi GIRoAve]l Ty EKTuidnm]
Tow FOANETIESo Perceplron ooy mpdfhayn wncdhopomora gdpron, appikd
KATTYOPIOEOITOE TG UaTPTant, Tou o palvov Ty ard Kietdotior shoufnpng
PG OF KOIAO TG Kopecuon, kil avibsos o= wils Kurmyopia fea MNeopuvnd
Alwrno.

O Somth ¢t all (1997} ce e cdwddynon g amododns  Tow
Moopevkoy AREdwy GR TyLom pR STOTOTKES uefofos] ooy Topin T
APOFLEPNG KUK pomekoD popTon, SSeday 0T T OTOTEAETUOTO RIMOTIVTIL
T wewiedo PeBpd ard oy apePlonec goovikd opOoiTe S0l e owerogite
N wetpieret, amd o0 STatpua Swipsipeang T8 KOKASEORIa: o duo Suronsds
TN MO KUPECUEYR EAEDRELTS Ancopdpou TG WICEMIM. Kol JE opifovoo
ARy 15 ARTTA pIpadTi TpoRTTaL pooe ciuiagc 295 % - 17 00 %

€ Chen (1997 pomoworoings Sva arsd otealddpopnc duidoons

CUOAPOTOS VERpEnIKS AlkTeo o sapdPiepn paptom g |5 ACOTE pAposSTa
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ooy srToknTodpomn M2S ot Aovdivo ko fEtoye npofiayn uo apestd
WO TLET) ek Pl [edhoto s folg KaTh Spdiue 11%%).

CF Yaadl ( 199 naddeils AT gpaoplomounvying il a0 Topi LeTpo, T
KLk Cnpononit kO eprn, 1 BpgguagiAeg o ety pdnTton gy sl odd
B3Y9 e Inppavias sivay anotchaop oenkr) Ge Pudue qow Slvel Kaam mecikdver
s aAporpankamias. To divtoo aou pomeiporainge oy timou Jordan woo
TYLOMICTIKE ETOL W0TE L AEGOUEVES T NPT EYED TROTE D TULES (T
v RPOQREREE TOW KLKAMPOHERD popTo 15 Asmeg urpoati (to péco cipdiuo
ERTR@WOR BOCTE TT) Sldprelle s uipns shvur 0002,

Ch Chen wgt Orand-Buller  (2000)  sp@mpotomoey duvaped
ppporikd Alemen otov M2S momokmnobpopo oo Aoviivg, oo o
KOVOVIKES, OLvETKES WUuKAopopite, OO0 sl o8 ouvinres cropipotos. woc
pridoifov by dvouy koADTepn apdiloyy KuRAopopuicot pdprou omo T
OTATED. AVED Ul TO KPP Ty EADFIEIEOY TETPOpERIRe ¥ eRpOTED iy
pletpe Kalman ko &bndey om0 o aml wong EReTD emdlamo mpliag v
metfrayr 15 et ptpoTtl letawEtae o Y, 5% o8 Sped ne outd mov Shinge
o orenkd oncrea {1 1%}

OF Trig £2000) ypomaonoiiviog s ermwcheBevipess dikteo, 6s
aetokemrespope petedt Brsbane ko Gold Coast, exédals o via wpofizwn
POETOL Kl TEMTYTRG P fpavika apifovin and 5 reg LS fatd, weyusitoen
wiepifizn diver 1o dikroo it 5 Aerti {okpifeur mpofazyn 93.05%).

O Van Trer Voort et al, (19900 ppnaoaningey sva cvvduoaapd
LPOVOCELDNY KO VELDW YR GIKTHROY o0 WIUPEL v pnanoamnls ko o
pakpopedwe  mpofisym. To JieToo onTé RYRU Sva Tpoicprks  Auto-
pproviEve  Kotmropwrems Kohonen cuvdouspsvo ue @ mpdroomn
ARIMA. Te otogrin oy gprimponoviinkny apopaddoy  WSTPMoEL,  OF
TR OUS QUK TOSpopor pETeE) Beaune, Avalled, Langres ko Beune-
| .e3-1James mow qukiowoveny v 30 aercrd. To mpotune BLARIM & mpocfecyr
o 45%% 10U deiypoTos shdyrou T npGfReyng g ekl e Enc 5%

h Dougherty ko Cobbett (1397 ypnoponcmooy S wmhd

TOADRTLTESD [urpdetie; popoadimnene dlkwa un omoBodpopn durdoom
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itz tos pwe T Ppoyospolesn  mpdfleym popTow, TuaydmTos K
KOTOATIYTS OOOCTRITO. O CUTSRIVITTOSROUO0LS hWetadn Ourtpeymne km
Poreprrop o goovecd opifover mpofleyme 3220 acwra popoertd. Maopoe
ey iElme; Trow dwzomimkmy T Anerooe fipdlnes dm o Slvon smoperE
Tua ey Ppayuepodcaun TpGfzeun gopTon Kow REREAL; RALG ol oIty
poPacyn T teyhTTwC,

Thoe, ot Pack et al. { 1999 v rpd flapn) koklagopkod pdpron ooy
Zhzispn Arapapo [IS290 oo Houston, ypnopozoiymny Sulpopong Thmon;
TOOTOLMLY YU SUpOPOLS XPoviko by OpilovTES, ZuTkplvovTas £We (MEGUETIkG
VETROIVING GIKTRO pur fvo alad ToAnamnehn tixmoo, ne mpoffiopn and 5 dog
30 Acand unpooTd, anddealoy O 0 POaNETRD dET gmodidel KaAhropo.
{Meqo Aratoro Dpdiwe %) e rhvrs mopddonc perpootd: 3.7 120, 14,5, 163,
18.3% yur o omdd moaneminsdo veupukG aingc, £vg e To poopetikd T2-

15.79%0.

24 EYNOYH

Meniho vy oo SENoNE TUTTTIATE St EWIOT)C KOG,
AopOWIEAsEL 1) fpepompofooun mpofkap i kit IDweiTspe ] AT pIin yur Ty
KETEOTHOT T CUSTRUeTOS &vi gpovikd (e uapooti {ane step ahead
prediciion). Ymappony aproTic nclimoys; SEENHOYES AROTURRY ApdFRaync o8
AuidHyDg  FUPRDTREAIERDNE  topsng, D REMITRGTENE]  OVIQLPOVTEL  of
WILCPRGTICES OO00C Wi ge CARMIIpEg Azoupopous. Oooy wipopd oTw, adtucic
CRTNPEL, U1 EPEPUOTEG Slvol quyis AP rEpeg,

(h ma obciowaves peBodokoyics mpoploums wchapopiekon guopron
eival T oaApdtrmn Xpovoedsipin {Time-Yeries Analysist wat o Tewnnud
Menpenke dxme (Antficial Neural Networksy Te sedentuio, maoovekton
IO VEYOVK OTL Ay QUERLITETTRL O 22 apylls epIopoc 2 Lopgns TG CuvipTmcT;
o mpaTeaen, Eradn o yiptoppegmen ooy oRyELapy DRy A0 Sy suasdaa)

LE Tr dcoopser cEGBOU  MPOYLOTOMOAEITOL b ECWITEPIRT, Afzoupvie fon
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SIKTUOU, TETORG BOQPTE SIKTUG TupuuGLAiony poydan cuesiiin. Mropoilv v
TWIEEHATTIGU0Y ITOLBTES TR auvapTiory SO MOARTAORT] Kl oy niwe i
TRADS FA TRG T OVTIROTZPN. TAEOVERTTILATE TOW; Fivil S31 pmopoiy
FUROAL o wPTapomenEoice oF EpopueyEs CF BRoviarisd o
H wpooorney] oviegkiangm mys huepapios oompest oo tpie Pooor
(T AT U | LAT T
* O SQOpILOYES TIOT Somy PINEL VI [HiWeyipOResn) madEiey pdprou pe
T woppn T Tenmuens Neupovidy ARTDwy T TEAAnTele i
Siandl REpOPITLEYEs AvId oqelieTl grov Bnkl thpo  Sokoho
ey PO TIOLD TN ATK T,
e [n fhosw dedoudvew, mou Spouy ypr@ilomomisl oTIC uSypt Tihpo
APYALOIRS, APOLQPOTIL TyEh0Y wToKhrieTId o Sriispes Aewpdpong,
HE CARIGTES ESnplos oo medit Ty GOTIRY QPTT)pUbY.
e {h mpopfiivoe PociCovisl oL GTOUYCIE Gl TUpIImeels dFmd s1oTed
ORG T CRRI0 AVAWBPRNOVIOS,  ONWOWTOS TN Suvopuay  Tow
KUK PUMEKOD OPTUT O TRENT UL REOMYOINVTUL ANDEIRTON T2
SINVOPUKTC Tow @EapTow yiveton oy spyacie oy Stathopoulos and
Karlattes (2001b), qov wpopd atmy aosupstefinm popoypove
AVILALHFTY KIKADPOMOKOR) QOgYIon O e Tua] Trpud). Yy spyosio aur
VivETAl HTFETISLGE T METPNGERY ORG  £v0 quopemn] THC AL
AlpEovipas PC PCTPTCCIC omd IPOTPPOULEWOR, oEnarhl, ohAo Kal
TUSKETIONGS Te0Y LETPT T dRd Evin ot WUE ¥PuviKDs KTTEpRSa

TRy LTS 4pin peLTs).

ho [faom) AoV TR TOpOavm TOWEEDGGUTE, Kl we Ty cpyomie
T Sralbopoulos amd Karlafte (2000, mow wpopd oy mornestifirm
PWPOYPOYIKG  OVIADOY  KUKAQPORTKOD  @QOpTOD 0L WOTIKT AEPWGTY. 01
HMAINOTUN] G0 TROTEMETRL Bve TROTUTO MNsupovron Awroou e mw
[pryumpotsonn g iharn MusAogropuaEon popTon GE TTRED TS AnWpapou
AArErrvdpers, A p[OVTOG IWTOWYT T DUREHLKT TOW pOPTan e Snuele 1o

pfelely (el AT P TE
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_[I GEQFLA TON TEXNHTON NEYPONIRLIN ATRTY 2N

3.1 EIZEATOTH

To LpETo KR ELCTT POV EVOITQEAGTTOC T T VELDLVIKD K TN
Pwpdvmice g tn pEkéry e MeCullech wm Pids (19430 orouc
AT OO LEVOS PENPIMVED, STT] HEASTT] WOTT| O VERUWED TIPULGTHICTTIKREY 400

T LT KA UETLY STOU (LROPOUIL WE FXTZALEGOTY IITDADYWTLES Sfydoite.

3 I

Xy E-"'fﬁ'l-'dﬂ-j_f

e A il |;|:.-r.-:.|;.lm;.l.'rl1_.'1 Sy vy Tiew e Cadliod e hee Pz Srepun: Py e i il 5o aQda

Epmradio ooy avdmrudn o vy dieeiioy Dzwpndnee to fiiiio
tors TWinsky wiw Papert (1969} nou mpowTios: T RCEwWERTpEme ov
ooy Porceptrons, Koo TUAAES ypmUetodoToalg MOFETETKEY Go EAALL
T SARLAQUOE, Y1 TV FILO3T), il cpovany, Movo pEmeot cpauiTes, Gmo:
o Kohonen, Grossberg, Anderson v Fukushuna, covigooy g wpoomifne
TTOY TOE TS TEPWTITNG VO LOTT]S

To pviuwrpipoy ne o0 VAUPIVIKA demon ovaloTupoinke ot epkd
EVTUMACLIAKE (CTOINALTUOTE Epevwvidy ons apyEs ¢ dexazting 50, dmmg ny

v T3 Cmenodponny Mizpooas Soaapanog {error back-propagation ) e
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KA AAE0 1 ILALGT L TOR TLHLITR NMEY MaMHIRE 2 RTEN

UL and v SRS Ty SeTUTATOY STECEPGIUC TEV FAKKTIOVLCTIY
VLA OFTE. ATITO TO LYBLIQENOY covEavikchiren oony aLENem Ty spauvitooy,
TO TANHGS Kl TO EVENDS Tey SRGRORMYNGEy., Ten auvedpioy ke v o
20y ANPOMCHENOY IO GPRTILOVION Pe T vEspdowikd dlktoa, Dfwepe, ono
TELUTTOTEPO. Gt T Mg S ToVREWT M SeplAcpiynTi  Tpew

VERIPHIWLE A BLKTTHO.

301 OPEMOZ

Argrouboiy popol aTd ToL; Mo WeoTOh: opidpoos tey TEpnpToy
Nrupwaricdy Awmoey, O Darpa { 18] mopppdpat:
w., Memrainded AleTtnd LIV SV TONTRUE STUTRAONNEVG TG FAAN
ey povidey emeCEaaaiar g1 mupAAiian, T udon g Adritong)ro
RElscE e (g o) Ao Tow dwmeon, T dugn T SWHGEmY Kl
TV ETEIEONIATEN AOW LSRR Pt DR NETING TRt feforemnty
o e ).
O Hawkin {1494 ) gwispepel:
s NWonood dlruo sive Sreg smagepvae e Imassively distriluced
Precessen mov Spdr T @umid cukodla ve amolbpelst spmsipm
P Al v T OrgvEWen Tpoegueonaie ooy avBimeng oondeado,
SESITIRG SO 1T T v
3 HOWIENRY TEOEAYETA G0 T dradmerie e eneda e
s £ Ganainisa] Tary evALTECIY JVEIOTES K (o] TRVATTING
et FONFRUamOnLIer e Y amoflieeuoy o
FLAITRC. B
[ L devegaarteed, & Migrin (19937 opida
s NEDACR R ST B e eDADNE OTOTEALEEN ETe UEpdan
RRIETLG RTADY JTHLrEf e e iy fod [ llovTar OIS fels Ty
Supiopiciov vappevioy. Kelfs arogein omelnppadIad aomolyel e

TCUTUEN TARGUME R 1Y CTC 0K POVTOHEVE. 2
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Tehoc,o Lurada {1992 upitle:
s figpvgre Neppowiwa Zvomte Shal 0 ouamiuet aou

GTORTONY, ZFOEMKENGDY K0T FoRaiuOx oL Y EQTETIRIT e, o

To Tepmze Nevperwd  Aiwtoe (TMNAD propody  gevike  wvi
FUPEKTTIOFTOM W3 oA LITRA FROTHIan o EYOUV RIS IKED O TEL,
Mg 1) WEVOTIES We TPecrppilovtan 1) vo padobamee, voo *CVIKELOUY, Wi
oprdomTy e oppevmvouy Sedupieva Bomipevn oy Sodooie e
Aeprsdniag oaninoyuoies, TTupohovta, o1 agpomdvey WGTHIE, Paepoly
Loty R G GOTE IR T TROTuaE. He moig Fefpd, fpoes, wm o mow
LETOON] T MROCEneTy pr oo To VOopovied Gikmon sl TROTWGTEDRT] YL
opiouivee sowpuoviEs: bMiypl ougpe,. aRptfg kel A PS eadvman oo

LTI LUt dey givr Suwem v dolled,

312 FPHEH TERNHTSINMNEYFL IS AR TY LM

Téd TEVTRTE VERIOIY IKG, AT TR Alcpdpon of Todbd Frorsie and o
VACGAGUIIL EROYPRAMNETE TEAMTHC VOTROFnTE, 28 VTIHERT pe T TEACVYTRIn, T
TEFVITIEL VRIONIKIE HIKEINL BEY ¥PTILOToeii GoLSap etk quiloopd
maal ETwToTed  oeasoropd (Clark, 199010, Asvy Siven omooamoed Ko
MOMLWIAOKR, £W0 T UILOADUTE TPOTPLRRNRSTE TERTTIS  VOTLOKTUMIG  STHY
APOTTIEEW TOLC vi R mpoey KADE SUWETs KETLOHIoT nopoty W oy
eftupatied Alorpomnn, wofos KEF eonolprpw mpofanpe sivial mliovd g
FPEIATETTL QARG Koewdva pus v emtulan,

AKOROD, TO VEWHIVIKSY dETUG duTouars TRRrRplocov il 58 el via
ROTASTCN Kol TERRA T yEViKEDoY. AVTIHENL, T¢E IPOYPRppeTe ToA|E)S
VOTLUTENT]S ST LLavpryoThe mErETioew, Proiusvi oT aroTeAST UIeTE v Kdihs
rewsry wotdgateoy. Muw ctvrpun oy THAD pe oo énomnes evog HYY

periveTal ooy mivikoe 3.1,
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ERILTE O TS 0 w0 A Fatreyiars wody ooy
Far@iuedmanm) e i w o e a1 n e o AT T D dehe il it v TORAEAEH ST, AU R L AR
YRR LT KR T T AT
KA 'I-\.r';| LR, TITTRLING
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iy P LA
Lirevremusam MATmiTEity
Aoy Eun i lresdenegsdeg
PR Tt IO LICI - ST TP 4 A YT uz'n:li-'l,'-i:-ru-. Vo A=ry iz -'_l"__-'-'-\!-i'."l' T TG A
Aln AverH T Zoarpuers AVERTIL L DyEiguatie
A P TN Flgran, 1iss ks pie: i Do oI Ty, H.-E:' ICuc s cullieay.
I pifpmpa Ap,
'|'|'\:I|'.|1-].-u T JETOTE R .Tq.;-_||||,|_1,.|ll,.'\-.|_-r\-i run .'|.-_II'.:-1"-CI:|.|'.'|1-III '|'|'|‘|:|'|| | T BT JAETLRAN S ;r_l.l.l.- |-"!:|'| L TTRTR I Evlil.l'_-n'\.“-
M pii Anrpifin
IO TG Aol Zien e
E oL DT T Fasappampdeam i _
Wlnwa ars g I pon TGSl sn i K00 o0 IS O T Eofa LANT IRUpsL L LR LAMIT] KO Ur 0O 00 L KT,
DIRILERTE [ ol= Ty S LYTTRN TR

Sivance 70 Eipnonen Teeeeees NYeopearivar S o A 1Y (g Clark, (900

Ta Tepvntis “svpervikt AlkTod ceaoboiovion pe U )y SUmetpie.
Apykd, To CDOTNUO KOTEOKEMWICETE Kol OOV GUVERSED TROMOSOTETOL |
WMkl mepoAeTyeTo (T KE T QEOTEASTRTE TORD). ReTa ) dulpral
NS FEMESEVoT Lopuyer OTOMGKE [0U] STKOETOTVIG, KOWOVES. K10 TEha;
TS SRMEIDEHTNG TiviL CTOIR0 v vOvKEDTEL K jE Y TPogoddnon pe via

dchopivn v mipipzl epofFadyew; {Clark, 1991},
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