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Ewsayoyn-ockomog tng epyaciog

OMlot  umopolOpe vo  OOMIGTOGOVUE TNV  CNUOVIIKOTNTO  TNG
KOTOVON OGS TOV TAGEMV TNG TAYKOGHOG ayopds. Mo t€tola katavonon
umopel clyovpa vo 0OMYNOEL GE EMTLYNUEVEG KIVIOELS GTNV CKAKLEPOL
TV enevdvcewv. Katd v mapodo tov ypoévov £xovv avamtvydel ToALd
HOVTEAQ TTOL TTPOooTAONGAV Vo TPOPAEYOLV TIC TIUEG LETOYDV, OLOAOY®V,
EMTOKIWV, GLVOALLYLLATOG KOl TTOAADV S10pOP®Y OIKOVOUIK®OV HEYEDDV.
AALO TO TTETVY AV GE KATO10 Paduod Kot GALa Gyt yio 01popovg AdyouG.

Yy mopovoa epyacio mpayuatoroleital TpoOPAEYN TOV emtToKion
Euribor. To Euribor (Euro Interbank Offered Rate) givon éva kafnpepva
KOUOLVOUEVO €MITOKIO e TO 0moio ot tpdmelec otnv Evpomokn ayopd
daveilovtal KePAAo amd TNV ELPOTOLKT] OIKOVOLUKT ayopd.

Avt | TpOPAEYT , o€ QLT TNV EPYAGia, YIVETOL LE VEVPO-UCAPTH
AOYIKN KOl GUYKEKPIUEVO LE TO TPOCOPUOCTIKO VEVPO-ACAUPES CUGTILLOL
eCayoyng ovunepocudtov ANFIS (adaptive neuro-fuzzy inference
system). ‘Eyxet mponynOei avamtuén koowa mov tpéyel oe meplPdAiov
MATLAB o onoiog ypnowomnotei tov adyopidpo ANFIS.

H epyocia Eexwvdelr pe pwoo ovooKOTNoN OTNV  TOYKOCULO
apBpoypapio oYeTIKA e TIG TPOPAEYELC OIKOVOUIK®V LEYEDDV , divovTtog
peyodvtepn  Eupoon  otnv  wpoOPAeyn  OPOpOV  EMTOKIMOV
(cvvaArdypotog , Incavpoviakiov, OLOAOGY®V) .

Axorovbel n Aemtopepng avaypoen tov Bewpntikod vrodPabdpov
™G Bepiog 0caPOV GLVOL®Y Kol VELPO-0GOPOVS AOYIKNG Kot 1| aKplBng
neptypaenc tov cvotnuotog ANFIS.

Téhog mopatiBevtol To OmOTEAEGUATO OO TNV EPOPUOYT TOL
HOVTELOL OV TTPOTEIVETOL KOl O GYOMOAGLAG TOVG OTTMG Kot 1 GVYKPIOoT
TOL HOVTEAOL pe Ta povtéda AR kot ARMA.

Omnowog Belnoel va avatpééel oty avaeépovso apbpoypaeio
Bdon ¢ omoing €xer cvvtaybel to 0ehTEPO KEPAAOMO TNG €PYOGING
ciyovpa Bo amokTOEL TOAAEG AMOPIEC GYETIKA UE OUKOVOUKOVS OPOVC
e0KA av d0ev elvor eotkelwpévog pe Béparto otkovopias. Ia avtd 1o
AOyo oto mapdptnuo e epyociog mapotiBevror kdmowor Pacikol
olKovokoi 6pot Tov Tnyalovv péca amod v apboypapio.

YUYKEVIPOTIKA, OKOTOG NG €pyaciog eivor m mapovciacn Tov
ovykekpiuévov cvotnuotog ANFIS kot 1 mpoPoAn tov mAeovekTnudTtmV
TOV GE GLVOLOCUO UE TNV KOTAVONGoM TOL podnuatikod tov vedfabpov
aALG Kot M evaoyOAnon pe To Tedio TV TPOPAEYEDV GTOV OIKOVOLIKO
TOULEQ.



KE®AAAIO 1

Anpooctevpéva apOpa mTpofreyng emToKI®MV KOl GAAMV OLKOVOULKAOV
peyedov

[Mopokdteo axoiovBel m  avaypagpn mEPMNYewV omd  TPLAvIQ
ONUOGIEVGES OV  apopoLy  TPoPAEYELS  emttoKiV Kot GAA®V
OIKOVOLUK®V UEYEDDMV pE TNV ApNon Oapopwv HOVTEA®V TPOPAEYTC.

¥10 épBpo tov Michael Hu ko1 tov Xpnotov Toovkald eEetaletor M
anddoon otic mPoPAEYEl TECTOPOV HOVTEA®V aotdbelag (volatility
models) mov TPAyUATOTOI0VVTOL LE SETYUA TO GUVOAANYUATIKG ETITOKLO
tov Evponaikod vopucpatikov cvetiuotog (European Monetary System
—EMS). Avta ta téccepa poviéha eivar ta e€ng : GARCH, EGARCH,
IGARCH kot MAV. T'a va mopayBodv amotelespoticéc mpoPréyelg to
OMOTEAEGUATO GLVOLALOVTOL UEG® HOVIEAOL amANg eaywyng HEowV
opov (simple averaging) , pe éva ocvvnbiocuévo poviéro ehayictwv
TETPAYOVOV KOl HE EVO LOVTEAO TEYVNTOL VELPOVIKOD OIKTVOV. AnAadn
TpokvITToVY Tpia akoun poviéda : ‘Eva povtého AVE éva OLS «at éva
ANN. Ta oedouéva mov ypnoporombnkav mnydlovv amd v Pdon
dedopévorv  Datastream Kot a@opovv  KaOnueptvd  GUVOAAOYUOTUKA
EMTOKLOL OEKOATEVTE YPOV@V, amd tnVv dpvom tov EMS | otig 13 Maptiov
1979 éwg 30 AexepuPpiov 1994. Ta oamoteléopoto TOV EPTE GLVOAKA
HOVTEL®V ekTunOnkav pe tovg otatioTikovg 0povg MAPE (1 péoo
andivto mocootwio ocediua) kot RMSE ( pila pécov tetpaymvikov
o@arpatoc). Ta cvunepdopata vrootnpifovv 61t to poviého EGARCH
vmeptepel  Wwoitepa peETd TNV Kpiomn TOV EEVOV  GUVOAAAYDV TOV
Avyovosto tov 1993. H avotepdtmra tov poviéhov EGARCH éyet
ocuvvaeetla pe tn evomn tov EMS. Eniong to povtélo ANN &iye kaAvtepec
amodocels katd Tov Avyovsto tov 1993 pécw MAPE.

Ta povtéha mpoOPreync emtokiov cvvaAAdyuotog eivar yvootd OTL
VOTEPOVV GE GUYKPION HE TO HOVTEAO Tuyaiov mepurdtov (random walk
model). X10 apBpo tovg ,01 Blomberg ka1 Hess vrmootnpilovv 611 awtd
opeiletar otV EAAEWYN TOMTIKOV Topaydvtwv. Avty mn vrobeon
dokipdleton mePAOUPAVOVTOG TOMTIKEG HETAPANTEG 7OV  amodidovv
CUYKEKPIUEVO YOPAKTNPIOTIKE KOUUATOV , EKAOYDV Kot vroymeiov. To
amoTeAECUATO JElYVOLV OTL TO HOVIEAO OV TEPLAUPAVEL OVTEG TIC
TOMTIKES UETOPANTEG LIEPTEPEL TOV HOVTEAOL TLYAIOV TEPUTATOV GE
opilovteg mpOPAeYNC eVOG €mG OMOEKO UNMVAOV Y10 TOL CLUVOAAXYLOTUKA



emtokw pound/dollar, pound/mark, mark/dollar . IInyn dedouévav :
USECON, IFS data sources.

Kotd v ddpkelo t¢ AcloTikng otkovoutkng kpiong tov 1997-1998
elyav exdo0el mpoPréyelg evoc Mmayeslovoy O1VOGUATIOKOD LOVTEAOL
avtomailvopdunong (Bayesian vector autoregressive model-BVAR) 1o
omoio £0etyve OTL M| Kpiom Oa eiye WKPEG EMMTMOCELS GTNV OIKOVOULD TNG
Avotpoiiog Tapd TOV ATOTPOGAVATOMGUO TNG 1GOPPOTIOS TOV EUTOPIOv.
To é\heno tov eumopiov yepotépeve Kal €161 GAAEG TPOPAEYELC
VTOONAOVOV TTOGCT TOL AVCTPaAlavoL akabdpiotov £Bvikod TPolOVTOg
GDP (gross domestic product). £t0 @pbpo tov 0 Summers vVTooTnPilel
OTL 01 0 AToGLO00EEG TPOPAEYELS £dmOAY TOAATY onuacio otnV Gyéon
TV EOTEPIKAOV AVGTPAAOVOV GLVOAAAYDV Kot NG avamtuéng GDP.
Yvykexkpyévo o Summers Vrootnpilel O6TL M €IGAY®YN GTO HOVTELO
BVAR 1tV omotelecpdTOV TNG 100ppOTIOG TOL EUTOPIOL TaPAYEL
amoc1000&ec mpoPAéyelc TANO®PIGHOL KOl EMITOKIOV VA 1 €1G0YWOYN
TOV EEYOPIOTOV PODV TOL EUTOPIOV GTO HOVIEAO TOPAYEL OUGLOO0EEG
pofAdyels.

10 GpOpo TV ATGardKT , MIeEAA®VIO Kol ZOTovVvidn YIVETOL EQAPLLOYT
VELPOACAPOVS  TEYVIKNG o€  MHOVTEAO  mpOPAeymg  emitokimv
opoomovolakav ypeoypdoowv tov H.ILA. H vevpoacapng teyvikn
EPYETOL GOUPMVO, LE TOVG CLYYPOPELS VO GUUTANPADGEL TOL KEVA €VOG
HOVTELOL VELPOVIKOD SIKTOOV TO OTOT0 dEV UTOPETL VOL YEIPIGTEL TOLOTIKES
TAnpoopiec ko yapoakmpiletal amd T0 GLVOPOUO TOV HLOVPOV KOLTIOV.
To povtéro Pacileton mwhvo oe cvotnue ANFIS (adaptive neuro-fuzzy
inference system). Ta omoteléopota delyvouv OTL amd TO HOVTEAO
TPoPAETOVTOL  TKOVOTOMNTIKGL — OWKOVOMIKES — YPOVOCEIPESG,  OMANON
OKOVOLUKA UeYEON mov petafaAlovtol cuveYmdS HE TNV TAPOSO TOL
ypovov. Emiong dwomiotdbnke o011 10 poviédo vmeptepel towv AR ko
ARMA oamo ouykpicelg mov éywvav ota otatiotikd peyédn MSE, RMSE,
MAE, xon MAPE. To povtélo tpoPrénel o ypovikd opilova evoc uiva. .

>10 apBpo twv Atcardakn kot Boiafdavn ypnoipomoteitar  Eva
vevpoacapsg Lovtédo mov otnpileton oto cvotue ANFIS. Bdon avton
TOL HOVTEAOVL Yivetal EAdeyyog petoyav .To amotedéopata apeiofntodv
to povtého EMH (efficient market hypothesis) a@od mapdyovion
KaAVTEPEG TPOPAEYELS 0 GUYKPIOT KOl LE GAAEG TPOCEYYIOELS OTIMG OVTH
TOV BPoyurpodecu®mV TACEDV TOV HETOYMOV KOl CLYKEKPIUEVO TNG TAONG
™G emopevng Nuépag. Ta dedopéva €16000V TOV HOVTEAOL EMAEYOM KOV
Baon cuvILACUOV SEKATEVTE TIULDV UETOYDV Kol TPOPAETOLY TNV TIUN
™G  emdpevne muépoc.  EmAéyOnkov  ykoovolovéC  GLVOPTNCELS



ooppetoyns (XX ) ovtl Y0 KOUTOVOEONG KOl TPLYOVIKEG YL TNV
aca@oToinon TV €60dmv (input) Tov cvotiuatog. Ta dedopéva Tov
ypnopomomdnkay gival omd T ypnuotiotiple g AdMvag kot e Néag
Yopxnc. Xvumepaivetor 0Tt T0 HOVTELO OV Ypnoipomomdnke gival mo
akpBéc amd v otpatnyikn buy and hold.

Emomuovikés perétec o6t m axpifela toov  Bpoyvrpobecuwmv
OIKOVOLUK®V TpoPfAdyemv MTav yaunAn Kot dgv moapovciale onuddio
BeAtioong. Xt1o dpOpo tovg , ot Ormerod xou Mounfield oynuoatiCovv
évav mivaka kabvotépnong (delay matrix) pe 0€00UEVO YPOVOGEIPAS TNG
OWKOVOUIKNG avanTuéne. Xpnowomotovvtor péBodol g Bewpiog tov
ToyoimV TvaKkov (random matrix) yio vo, avoAvBet o mivakog cuoyETiong
ToL TivaKo KoBvoTéEPNoNG. AVTO TPAYLATOTOIEITOL Y1oL ETNOLN OEOOUEVQL
and 1o 1871 émw¢ 10 1994 yia dekatésoepig okovopies . Ot 1010t TEC TMOV
TWVOKOV TILOV Kou Oolovuopdtov ( eigenvalues eigenvectors ) Ttov
povtélov etvarl mapopotleg ahrd oyl 101eg . [lpokdmter 6t 01 awbevTiKeg
TANPOPOPIEC TNG OIKOVOUKNG avATTLUENG elval Alyeg o€ mosdT T , KO
OTL M amotvyia TV TpoPAdyewv myalel and avtd TO YEYOVOC.

10 4pBpo tv Byers ko1 Nowman yiveton mpodpreyn emrokiov EYPQ-
ocuvoAllaypatog tov HILA wor tov H.B. pe v ypnon poviéhwv
ouveyoLg xpovov. Zvykekpuyuéva ypnowomoteiton to poviéAo CKLS (
Chan, Karoly, Longstaff, Sanders) kot o1popeg mapairayéc avtol : (
Merton, CIRVR, CEV «é. ). Ta dedopéva Aapfdvovtal oe gfdopadioio
gvpog ypoévov yuu 627 efdouddec kot M wpOPAeyn TV EmTOKi®MV
npaypatomotleiton og opilovta pag efdouddag , evoc , Tpudv , €€ kot
dMOEKN UNVAV Yo TNV K0Be ayopd. e kdbe mepintmon yiveton chykpion
HETOED TNG OTOOOTIKOTNTOG TWV HOVIEA®MV UE TNV YXPNON OTOTICTIKOV
uefodwv  (uéco amdAvto oEAANM, pEGo  opaAuo, pila  pécov
TETPAYOVIKOD GOAALOTOC).

>10 apOpo twv Elger, Jones, Nilsson yiveton mpoPieyn pe tm ypnon
SLOVLGLLATIKNG avTomaAMvdpounong (vector autoregressive VAR) ko pe
o mopoilaynq ovtng (regime-switching (RS) VAR). Ta dedouéva
aQOPOLY TO, EMTOKIN TOV YPAUUATIOV TOv Oncavpopviakiov towv H.IT.A
Kol &xovv Anedel oe e€apnviaio ypovikd €Opog om’ GTOV TPOKLITEL O
nécog o0poc . H mpdPreym yiveton oe ypdvia avdrloyo pHe TO YPOVIKE
opiocpata mov Ba ypnoyomomBodv GTIG AVTIGTOIYEG GUVAPTNOCELS TOV
povtélov. H a&oddynon tov poviédmv yivetor pe to €N OTATIOTIKA
Kpunp: puéso amoivto cedipn (MAE), péco opdipa (ME) ko piCa
pécov teTpaymvikov oedipatog (RMSE).



¥10 apBpo tov Miguel A. Ferreira eetdleton n Odikacion LoviEAOL
SlKOHOVONG — GLVIKLIOVOTG PBpayvnpdbecumy emiTtokiov mTOL Ogv
eumepéyovv pioxo. To dedouéva apopodv emroxkio [epuaviog ot
TIaAAioc v mpoEvpd emoyn . H derypatoinyia €ytve yioo v mepiodo
and 10 1981 émwc to 1997 oe gfdopadiaia cvyvotnra. H pébodog mov
ypnowomnoteitan agopd éva molvmoikiho VECH povtélo to omoio sivar
otV ovcia éva amlomomuévo poviého GARCH . H a&lioldynon avtig
™G nebodov umopel vo yivetow otatotikd pe v pilo Tov HEGOL
TETPAYOVIKOD  OQAALOTOS 7oL  OlveTol omd TNV  CUYKPIGY TV
TPoPAEYEWV.

>10 GpBpo tov Turan Bali yiveton pua mpoomadeia va povtedomomOei n
OTOYOOTIKY] GUUTEPLPOPE TV Bpayvrpofecumy enttokiov . Mo mouciiio
HOVTEL®Y  S1dyuonG TOL €VOG TOPAYOVTO GLYKPIVOVTOL LLE GTOYOCTIKA
aotad” povTéAa dVO TOPOYOVIMV Yo VA GOVEL TOWO €ivol O KAvO Vol
OLYUOAMTICEL TOV OLVOUIKO YOPOKTIPO TNG 00TAOENG TOV EMTOKIMV.
>V ovcia o cvyypapéag enekteivel To povtédo BDT ( Black , Derman ,
Toy) Tov evdg mapdyovia 6€ va LOVTELO VO TTaPAYOVI®MY. LTO LOVTEAO
BDT onuovpyeitoan éva dvovouikd oévipo . Ta dedopéva  mov
YPNOLOTOMONKAY  aUPOPOVV KOONUEPIVES TOPOTNPNCELS TOV UNVIOI®V |,
TpNVIcioV Kol eEoaunvicioyv  emrokiov Tov TNV omofeudTov ToV
Evpwdorrapiov (EURODOLLAR) . Ot extyunocelg £ywvav og opilovia
TOV €VOC TOV TPV Kot TV €61 unvav . H obykpilon tov anotelespatmv
TOV  HOVTEA®V €ytve HE TNV otaTwoTik)  péBodo g peyiotng
mBoavoedavelog (maximum likelihood).

>10 GpBpo twv Min Qi xou Peter Zhang , yiveton mpoPAreyn emitokiwv
OncavpoPvAiaKiov Kol GUVIAAAYUOTOS UE XPNOT TEYVNTOV VELPOVIKOV
dwtvwv (artificial neural networks ASS) . T v avdivon twv
OMOTEAEGUAT®OV  YPNOUOTOIOVVTOL TOAAG HOVTIEAD TO OToio Ko
cuyKkpivovtor petald tovg . AemTouepng ovaAvon yivetal ota HLOVTELQ
avaivong amotelecpdtov mpoPreyng AIC ( Akaike’s information
criterion) kot BIC  (Bayesian iformation criterion). Ta vrdAouna
kpupe mov  mopatiBevror eivar ta SSE  (dOpoioua  tETpOydVOL
ocparpdtov ) to RMSE ( pilo péoov tetpaywvikohd c@AApaTog ) T0
MAE (péoo amdivto ocpdipa) 1o MAPE (puéco amdAvto mocootioio
ocpdarua) , 7o ME (péco copdipa ) to DA (axpifela kotevBovong ) kot
10 Sign ( T0GOoTO GWOoTMOV evoeitemv-percentage of correct signs). Ta
dedopéva, Tov ypnowomombnkay ywo v wpdPAieyn eivor o pnviaio
emtoko ypauudtiov Oncavpoeviakiov (T-bill) kot 10 efdopadiaio
EMTOKIO0 GLVOALAYLOTOG peTa&D ¢ Bpetavikng Avpag kot Tov dodapiov



tov HILA . O opifovrag mpofreyng oTig dVO TEPWMTMOOELS €ivol I TO
TE0GEPA N TOL OKTD YPOVIOL .

10 dpBpo twv Kyong Oh kot Ingoo Han , yivetoanr mpoPreyn emtokiwv.
H Paocwn 10éo 100 poviéAov mov ypMOUOTOLEiTOL €ivar M ANym
SOGTNUATOV OPEUEVOV OO GTUEia EAEYYOL , 1] TOWTOTTOINGT) TOLG GOV
YKPOLT ONUEI®V OAAYNC KOl 1] PNOUOTOINGT| TOVS 6TV TPOPAEYN TV
emrokiov. H dwdwoscio yopiletoar o tpia otdowo. [Ipotov yivetoan o
EVIOTIOUOG EMTLY®OV onueimv aAlayng pésa amd v Pdorn dedopévmv
tov emtokiov . Koatdmv yiveton n tpdPreyn Tov yKpounm twv onueiomv-
aAAOYNG HE TO VEVPOVIKO 01KTVLO Tiow-o1adoong (BPN). To teAikd otddio
etvar va mpoPrepBel to TEMKO amotédespo pe to BPN.  Emiong
eetdletal M amwodoTIKOTNTA EVOG OAOKANPOUEVOD VEVPMOVIKOD OIKTOOV
oL YPNOWOTolEl evtomopd onueiov oaAlaync. To oedopéva mov
ypnoomomdnkay eivoar pnvioiec amodOCE TOV  ACQOAICEDV TOV
Oncavpoeuvraxiov twv H.IL.A and tov lavovdpro tov 1977 émg tov Mdawo
tov 1999. O opilovtag mpoPreync ivar o évag ypdvos . Ta otatioTikd
Kprmpo. a&loAdynone Tov HOVIEAOL 7oL Ypnoomomdnkoy gival to
RMSE (pila péoov tetpaymvikod cparpotog) 1o MAE (uéco amodivto
o@dipua ) kot to MAPE (1éGo amOAVTO TOGOGTIONO GOAALLL).

10 dpBpo tov 0 Gordon Richards ovclocTiKG TOPOVSIALEL TOV XOOTIKO
yopaktpa (fractal) Tov cvvarlaypotik®v kol Tov Bpayvrpddecuwnv
emrokiov . Avtdg 0 YaoTIKOG YopaKINpos , kotd tov Richards , €xet
peydieg Slopopég omd To YOOTIKA HOVIEAX TNG (QUGIKNG ETCTAUNG.
Avtifeta pe TV QULGIKN OTOL TO YOOTIKG GLGTHUOTO TOPOLGLALOVV
dVVaTEG KAMUOKOTEG GLUEETPlEG avTd dev 1oyvel ota emtokia . Edd ot
KMUOKOTEG ovuuetpieg eivar advvoueg ko oe Pabog ypdvov 1o
GUVOALYLOTIKG ETITOKIO. GLYKAIVOLV o€ pa un yootikn ( non-fractal )
katdotaon. Ta id1a 1oyvovv Kot Yo ta. Bpayvmpoddecua emttokio . XT0
apBpo avtd mpoteivetan Evag alydpBuog mpoPreyng mov Pacileton oe
petafotikd otddia. OvolaoTIKA YivETO EKUETAAAEVCT TOV KAMUOKOTOV
CUUUETPLOV Yoo TNV avdrtuén  oAyopiBuwv. Ta dedopéva  mov
YPNOIUOTO0VVTOL EIVOL GUVOAAAYUATIKO EMITOKIO OO OLBPOPES YDPESG
aALG Kot To emtdklo Tov €Bvikov amobépatog tov HILLA . H cuyvomta
Mg dedopévarv gival fdopadiaia Kot o ypovikoc opilovtag TpoPreyng
etvar ot €En unves. To kpumplo a&loAdynong tov poviéAov eivar to
RMSE ( piCa pécov tetpaymvikod GOAAUATOG).
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Y10 apBpo twv Black , Corrigan «xou Dowd eEetaletonr av oTig
TpoPAEYELS TOV TIUOV ToV TIHAPOn®VY kotavaimnth ( CPI consumer price
index ) kot T@V TGOV TV TApOneY Tapaywyov ( PPI producer price
index) pmopovv vo ypnopomomBovv PonOntikés petafAntéc Ommg
EMTOKLO, , EMTOKIL OLOAGY®V OnGavpoPvAaKiov Kot GAAC VOLUGUOTIKA
ocOVoAd . ATO TV €pevuva OV TpoyLatortomOnKke domet®veTol OTL TO
opudroyo Ponbodv ommv mpoOPreyn Prounyovikng mopoymyne N Tov
TPOAYUOTIKOV KATA KeQaAnv ecodnuotog ( real personal income) Otov
ypnopomomOnkav dedopéva amd to 1980 €mwg to 1997. Xe avtiBeon ta
VOUIOUOTIKG oOvoAa mapéyovv mAnpogopiec ywoo 1o CPI wor 710
VOLUGHOTIKO KATA KEPUAT l00dnua (nominal personal income) aAAd Oyt
yw 10 PPL. O a)lyopiBuog mov ypnoyomombnke yo v mopomdve
épevva etvar éva O1vuGHATIKO HOVTEAD avTtomaAlvopdunong ( vector
autoregression model ). To otaTIGTIKO KPITHPLO TTOVL YPNCLOTOONKE
Ntav to MAPE ( pécso andivto mocooTiaio GeaAua )

>10 apBpo twv James Stock xou Mark Watson , yiveton diepedvnon
mpoPAéyewv tov mAnBwpicuod tov H.ILA oe ypovikd opilovia 12
unvov. To Poacwod poviédo epyoareio mov ypnopomoteitor eivor 1
kopumOoAn Philips ( Philips curve ). To onueio évapéng eivar 1o copPartikd
onueio pvOuov avepyiag otnv KaumdAn Philips to omoio efetdletan oe
éva. mTAoiclo mPOPAEYNG oL TPWOOUEIDVETOL UE OetypatoAnyio. Ot
npoPArEyel; mov mapeiyOnoav and v kapmoAn Philips elval yevika mo
akppeis and mpoPAéyelg mov Paciomkov 6€ GAAEG LOKPOOUKOVOUIKES
HETOPANTEG OTIMG EMTOKIN , YPNUATIKEG KO EUTOPEVUATIKEG 0EIEG. AVTEC
ot mpoPAéyelg pmopovdv , Kotd TOLG CLYYPOPElS , va Peitiwbovv
YPNOCLOTOIDOVTOAG £VOL LOVTELO YeVIKELUEVNC KoumOANG Philips Baciopévo
0€ UETPNGELS TPAYUATIKMOV GLUVOAMV dPACTNPLOTHTOV SLUPOPETIKMOV OO
mv avepyia , €WK Evag vEog TILEPIOUOC GUVOLMY dPACTNPLOTITMOV TOV
Baoiletor og 168 otkovopKovg OeikTEG.

10 apBpo tov Prasad Bidarkota e€etdleton to e€ng epdTNUA : umopet o
BeATiopévn TpoOPAEYN TOV TPAYUATIKOV EMLTOKIOV , OGOV aPopd KATOo
KaAd kaBopiopéva kprenpia , va tpaypoatorombel AapuBdvoviag v’ oym
Vo PEYOADTEPO GET TANPOPOPLOV 1) OTAG YPNCLLOTOIDOVTAG HOVO TO
napeABOV g petafAntg mov  mpokerroan  va  wpoPrepdet ;
[Ipaypatomombnke oOykpion TV 0m0OOGE®Y TOV  EVOAAAKTIKOV
HOVTEL®V 7OV YPNOCLUOTOMONKAY KOl OTIS KOVIIWVEG OAAL KOl OTIC
pnoxpwvée  mpoPréyelc. Ta  amoteAéopato  TOV  UOVIEA®Y OV
ypnopomomdnkay €d6ei&av 0Tl 6€ Ypovikd opilovia Hog TEPLOdOL Ol
mpofAéyelg amd 1o molvuetafAntd poviédo ( bivariate model ) Mrav

11



IKOVOTOMTIKEG EVD GE YPOVIKO 0pilovTa TOAADY YPOVIKAOV TEPIOO®V TO
aroteAéopata NTav eTeyd . Ta povtéloa mov ypnooromdnkay givol
ypoppkd . XpnowomomOnkayv povtédo pog petofiAntig ( uucm
univariable unobserved components model ) kot povtélo TOAAGDV
uetafintov ypovooelpds ( mtsm multivariate time series model). Ta
dedopéva mov  ypnowwomombnkav eivar emtokio TANOwpiopoy Ko
vouopotikd tpiunvieio emitokio HILLA . Yroloyiomnkov To GTOTIGTIKA
kprtpe AIC ( Akaike information criterion ) kou to SBC (Schwarz
Bayesian Criterion ).

¥10 épBpo twv Ju , Kim war Shim yiveronr mpdPfreyn oKovoutKdv
dedopévarv ¢  Kopéag kot povieAomoinomn  S0dIKOGI®OV IOV
eEedlooovion 6To YpoOvo (EmTOKIN) LE TNV XPNoN acaPovs Aoyikng (fuzzy
logic) kot yevetik®dv aiyopiBuwv ( GAs) . ITo ovykexkpyéva yivetot
CLVOLOGHOG OCOPOVE AOYIKNG KOl YEVETIKOV aAyopifuwv . Avtdg o
cuvovacpudg pmopet var Bpel epapuoyn oto TPOPANUa g mpOPAeyng
emrokiov g Kopedtikng owovopkng ayopas. Katd toug cuyypageic ot
acaeic kavoves (fuzzy rules) pmwopoviv va avTimpoc®TELTOHV GLVOTTIKA
He €va M mEPLGGOTEPOVG TIVAKESG UVNUNG aco@ovs cvoyétione (FAM
fuzzy associative memory). ['tvetou ypnion yevetikaov aiyopiBuwv (Gas )
vy va viofetnBovv o1 kataywpnoels tov mvikov FAM étor oote to
TpOPANUa TNE TPOPAEYNS TV EMTOKIWV Vo, 0dnyeital o€ pia BeEATIOUET
viomoinon. Ovclactikd 6 avtd T0 ApBpo YyiveTon pio Tapovcioon evog
acaPoVg HOVTEAOL Pociopévo o yevetikd aiyopiBuo ( GBEM genetic-
base fuzzy model). Eniong yiveton pior cOyKpion peta&d omoTeEAeGUATOV
and 10 acapés povtélo kot 1o povtého GBEM og ypovikd opilovra
poPreync evvéa etddv Ot cLYYpPOQEIG TIGTEVOVY OTL 1| LOVTELOTTOINGT UE
acaen cvoTiuate €ivorl pia oV EVOAOKTIKY GTO VELPOVIKA dikTvo
Kol G OAAO LOVTELQL.

Y10 apBpo twv Kim wor Noh yiveton mpoPreyn emtokiov UHECH
VELPOVIKOV SIKTO®V . ZVYKEKPEVA ypnopomomnkay ovo  &ion
HOVTEAOL VELPOVIK®OV dIkTV®V. Eva povtélo attioddynong mov Paciletot
oe mepumtwoel ( CBR case-based reasoning) wxot €va  HOVTEAO
olokAnpopévne uebodoroyiag mov  ovvovdler poviehomoinom  Ue
VELPWVIKA diKTLO Kol LoVTEAD autlohdynong —neputtdcemv (CBR) . Ztnv
TEPIMTMOON TOL OAOKANP®UEVOL povTtéAov 1M pnéBodoc CBR mapéyet
EKTIUNOCELS Ol OTOIES YPNOUOTOOVVTAL GOV UETAPANTEC €GOS0V Y10, TO
LOVTELO TOL VELPWVIKOD d1kTvoV. [TapatnpnOnie Evag apBuodg dtopopdv
KAtd TNV OIpKEW TOV aplOuNTIKOV TEPOUITOV CE £VO CTUTIOTIKA
onuoavtiko eninedo. Ta armoteAéopata Epyovrol o€ avtifeon pe v Kowd
dwdedopévn amoyn OtL elval dVoKoAo va emtevyBel otnv mPA&n Tto
HovtéAo Tov Tuyaiov eputatov (random walk model). Tlpayupatomoteiton
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oLYKPLoN TOV dVO HOVTEAMV HETAED TOVG KOl LLE TO LOVTEAD TOV TLYOIOV
TEPTATOL KVPIWG LE TNV XpNoM T®V oTatioTik®Vv Kprtnpiov RMSE (pila
nécov teTpaywvikod opdipatog ) ko MAPE (puéco amdAlvto mocootioio
oc@aAua). Xav dedopéva ypnoporomOnkay to emitokia tov HILA kot
¢ Kopéag. Awomotodnke 011 1 TpoPreyn yia ta emtokio tov HILA
elvor mo €OKOAN Kot KOADMTEL TO HOVTEAO TOL TLYAIOL TEPTATOV.
Avtifeta otig mpoPArdyelc pue ta Kopedtiko emtdéxio n mpdPfieyn oev
YIVETOL GE IKOVOTOMTIKO €MIMEdO Kol OV €ivol GNUOVTIKO CTOTIGTIKG,
avOTEPT A TO LOVTELO TOV TVY IOV TEPITATOVL.

¥10 apBpo twv Fletcher ka1 Galley yiveton mpoomafeia va emextabel m
evtog delypatog (in-sample) teyvikn mpoPAréyewv Tov Mishkin og o
extog Oetypartog (out- of- sample) teyvikn . Ot cvyypageig Aapfdvovv
TEGOEPIC OLUPOPETIKEG LETPNOELS TANOWPIGHOV Y10 VA TaPAyovV TEGCEPQ
dwpopetikd emtokio  (real interest rates) . XpnollomooHVTOL TPELS
Swpopetikég pnéBodor mpoPreyng : avaPabuiocpuévn moivdopdunon
KVAOpEVN ToAvdpoumon kot 1 pébodog ARMA . Ot mpoPAréyetg £yvav
Yoo xpovikd opilovia pog meptodov. Avtég ot texVikEG mpoPreymg
ocvykpivovtor Leta&d tovg Kot pe to povtélo tov Mishkin pe v ypnon
TEGOAPWOV GTATICTIK®OV O yVOOTIKOV . Tn péon oamdAvtn Soxduavon
(MAD),

m pia péoov terpaymvikod cedipatoc (RMSE) , to péoo amodivto
nocootioio opdipo (MAPE) xot to U tov Theil’s ( Theil’s U).
Avtifeta pe 10 poviého tov Mishkin ot cuvyypageic avafaduilovv 1o
HOVTELDO pe VEEG TANPOPOPIES GTNV TOPEi. TOL YPOVOL Kol TAPAYOLV
npoPréyelc extog delypatog (out-of-sample). Ot mopdpetpor TV
povtélmwv aArdlovv péca otov ¥pOvVo Kol 0OMyoUV GE SPOPETIKA
aroteAéopato amd avtd Tov poviélov Mishkin. Ta cvunepdopota mTov
Byaivouv elvar 0Tt evd 10 povtéAo Mishkin moapdyet KaAOTEPES
OTATIGTIKEG OLYVAOGELS , TO, LOVTEAQ TTOV TTPOTEIVOVTOL VITOAOYILOVV TO
KOAG TO TAOC AEITOVPYOVV Ol TAPAYWYOl TPOYVAOSTIKOV. Ta dedopéva Tov
YPNOOTO0VVTOL Elval unviaio Kot apopoldV €TTOKIO TOL €VOG KOL TMV
POV unvav ord 1o 1959 £mc to 1992.

>10 dpBpo twv Estrellla ka1 Mishkin e€etaleton  6yéon ¢ doung twv
emrokiov pe ta Opyovo NG VOMUGUOTIKNG TOAITIKNG KOlU HE TO
VTOKOTAGTOTO TNG MPOAYUATIKAG OpacTNPOTNTOS Kot TOV TANOmpIoud
otig HITA xot tqv Evponn. H oyxéon pe ta dpyava g VOUIGHOTIKNG
TOMTIKNG dev €xel depevvnBel oto mTapeldov . Ta amotedéspata avtov
T0V ApBpov delyvouv OTL M VOUIGHOTIKY] TOAITIKY €ivol onUovVTIKO
oToLEl0 TNG SIUHOPP®ONG TNG KAUTOANG amddoong( term structure) oAAd
dev eivar 10 pévo. H épevva yiveton toco otigc HITA 660 o oty
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Evpomm . Ze moAAég mepmt®doelg ,  KapmOAn amddoong (yield curve)
EYEL OMNUOVTIKN 1KOvVOTNTO TPOYVOONG Y. TO EMTOKIO KOl TOV
TAnBwpiopd , Yoo ypovikovg opilovieg €vOg Kol OLO YPOVAOV Yo TO
EMTOKIO Kot yio peyodvtepo opilovta yio tov mAnfwpiopo.

10 4pHo g Kanta Marwah avantooceton éva poviého TpoPAeync powv
KEQOAOIOL Kol GLVOAAQYUOTIKOV emttokiov . Il ovykekpyéva to
HOVTEAO  glvol  QOUIKO  1G0PPOTIIDY — TANPOUOV TV  Eévov
CUVOALOYLOTIKOV ayop®V Tov Koavoadd , €vOoyevomolmvtog TS PoEC
KEPOAOIOV , TOL CIUELKA KOl LEAAOVTIKG EMITOKIO GUVOAAGYLLATOG KOl TIG
OVTOTNTEG TOV VOMGUATIKOD Topéd. Ta dedopéva mov yp1oILoTOlovVTOL
etvar amd 1o 1971 éwc 10 1981. O poég keparaiov £xovv ywpiotei oe 10
Katnyopieg Kot o GLVOALAYHOTIKA emitokia Tov Kovaduod dolapiov
&xovv avalvdei og oxéon pe 5 facikd cuvarraypata. Kabdg to povtédo
OEV TPOGKOAAATOL OWOTNPG GTNV OYOPOUCTIKY] KOVOTNTO TNG 100TIUI0G
TOV emrokiov , TNV oavayvopilel kol EKUETOAAEVETOL KOl GAAQ
Ocpeddon owovoukd peyédn oOmwg mpoPAéyelg ko pioka. Ot
KLPepvNTIKEG TOPEUPOAEC TOCOTIKOTOLOVVTOL GE TTAYKOGLA KAMpaKka. To
HovtéAo aviyvevel v peta-Bretton Woods evdodetrypatikn (in-sample)
eunelpio kot mopayel koAég mpoPréyels. Ta oTOTIOTIKA KPITHPLOL TOL
ypnoomomdnkayv yo v a&tordynon tev npoPréyewnv eivan to RMSE
pila pécov teTpaymvikod opdipatog kot to U tov Theil 1 cuviedeotig
avicottog ( inequality coefficient ).

>10 apBpo twv Vinod kon Basu , mapovoidlovtar dvo &ion poviéhwv
tpoPreync . Xto mpdto €idoc kabopilovion EMTOKIO KOl E1GOONLATO
e€oyevg and éva ddvuopa avtortaitvopounons ( VAR ) to omoio ta
Katoympel oe €va pLovtéLo dtooThratog Katdotaong SS ( state space )
mov KaBopilel Tov deiktn KaTavdAm®oNG. X10 0gVTEPO €100C 0 O&iKTNG
KOTOVAA®ONG €1600MUATOV Kol To. €mMTOKlO €lvor O evooyevn . To
npdto poviédo eivor to Exo-1 xou pmopel va meprypagel cov €va
TpOPANUa duvakng PeAtiotomoinong 6mov o1 OeikTeG EIGOIMUATOV Kot
To. EMTOKIOL TEPLEYOVIOL GE £vol  OLAVLGU  OVTOTOAVOPOUNGNG  (
autoregression ). Xto doe0tepo povtéAo Endo-I yivetan extipnon SS tomov
Aoki. Emiong to mpdto €idog povtélov givor mapopotlo pe avtd tov Hall
eV 1O 080TEPO TPOocEYYilel TOV SLVOUIKO YOPAKTIPO E€VOC KUKAIKOV
povtélov etarpeiog tov Christiano. Ot cvyypageic cvuumepaivouy O6TL TO
devtepo  €100¢ amodidel KoAég mpoPAéyelg emtokiov. EmumAéov 1
KOADTEPT] OHOADTNTO TOV OEIKTN KATAVAAW®GNG £YEL GLUVETELEG GE KATOL0
Bépota , OTMC 6€ KOHKAOVS ETOPEIDV KOl GTNV TTOALTIKY] TOL 0KOAOLOOVV .
Ta otatioTiKd Kprtiplo Tov ypnoiporomdnkay yio v aSloAdynon tov
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pnovtélov givan 10 MSE ( péoo tetpayovikd cedipa), 1o MAD ( puéon
amdivtn amokAion) kot to RSQ (pila teTrpaymvikng cuoy£Tiong).

10 GpOpo tov Peter Phillips ypnoyonoteitol £va T€6T TPOGAVATOAIGLOV
Yoo ™ ektipnon povtéAwv to omoia mpoPAémovy Ge ypovikd opilovia
uoc meptodov. Ta poviéda mov cvykpivovion givor poviédo Bayes tov
omoimV 01 eKTMUEVOL cuvTeAeoTES avoPaduilovtor oe kébe mepiodo
otav eivar dwbéoua kavovplo dedouéva. ‘Eva amd to povréla €xet
oTafepn TOPAUETPIKY] LOPPT , 1| OTOld Yoo TNV EEAYWYN OMOTEAECUATMOV
etvar n [AR(3)+linear trend ] povtého to omoio €xel ypnoiponombel e
LOKPOOIKOVOLUKES ypovooelpés. To dAAo poviédo eivar 10 KOAOTEPO
novtélo Bayes tov omoiov m moapapeTpikyy popen koabopiletoar oe KAOe
nePiodo YPNOWOTODVTOG TO Kpltnplo emAoyng poviédwv PIC . Ta
povtéla epapuodlovion ota dedopéva Nelson-Plosser kot Schotman-van
Dijk 16T0pIKéC LOKPOOIKOVOUIKEG YPOVOGEPEG TNG OIKOVOUIOG TV
H.ILA. Ta dedopéva Eextvovv amd to 1900 kot koatarnyovv 1o 1970. Ot
npoPAréyerg eivar amd to 1970 £mg o 1990. XpnoipomomOnke to RMSE (
pilo LEGOV TETPAYOVIKOD GOAALOTOG) Y10 GTATIGTIKY] EKTIUNGON.

Mw yvoot) KpUuIK 7OV OOKEITOL TAVEO GTNV  HLGTIKOTNTO TV
KEVIPIKAOV Tpameldv eivar | memoidnomn 01t 0dnyel o€ younAng akpipelag
TpoPAEYEIS OGOV aPOPA TOLG WIMTIKOVG TPAKTOPES. XTO GpOBpo TOL
Jeremy Rudin mpoteivetor éva poviéAo 1O OmOi0 HEIDVEL OLTAV TN
LLOTIKOTNTO TOV TPATEldV Kol OTOOEIKVIEL OTL £TGL UEUDVETOL KOL 1)
akpifela T@v mTpoPrAEYEOV TOV WIOTIKOV TPOKTOP®V TNG OKOVOUIOG
otav avayvopiletor 6Tl KATO101 TPAKTOPES KATAGKOTEVOVV TIC TPAmeleC
Kol GAAOL Oyxl. Avtd TO OmOTEAECUO EKTIMTEL €MEWON 1 Oladikocio
SOUOPPMOONG TOV EMTOKIMV EEAPTATAL EV UEPEL AT TIC TAN|POPOPIES TOV
YPNOWOTO0VV 01 TPAKTOPES Yo TNV UEAAOVTIKY TPOPAey”n TV
emrtokiov. Emiong @aivetor OTL peiwvoviag tnv HLGTIKOTNTO TOV
tpanel@dv aviavetonr n yopic Opovg OaxduUavon TOV emTokiov. (
unconditional variance) . OAe¢ o1 TAPATAVED 10£EC AVTUTPOCOTEDOVTOL
amd éva  amAOmOMUEVO  HOVTEAO  dladkaciog  un  davellOpEVOV
amobepdtwv ( non-borrowed reserves ) . Eilval éva mapoaAiloaypévo
novtélo amd avtd mov avéntuée o Dotsey (1987).

10 GpOpo Tov Gupta kot Moazzami  avo@EPETOL OTL 0L GTULOVTIKY] TN

aoTAfel0g KoL 1) amoTLYio TV EEI0MOEMV UEIOUEVNC popeng (reduced-
form) va mpoPAéyovy dkpmg TpoOGPaTa Kol aoTadn eTTOKIO OPEIAETOL
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OTNV amoTVYI0 OVTOV TOV EEICMOGEMY VO, LOVIEAOTON|GOVY TO OLVOLIKO
YOPOKTAPO aVTAOV TOV cvotnudteov . Otav mepvhpe ovtd to gUnddlo
OVOKOADTTETOL OTL OVTE 1 0OTAOEW TOV TOPUUETPWV OVTE Ol KOKEG
npoPréyelc ovveyilovtar. Xe avtd 10 ApBpo mpoteivetar por véa
otpatnyikn Paciouévn oto poviédo tov Hendry 6mov m ovvnOiouévn
vdleon TV oTadEPOV CLVIEAECTOV TPOCUPLOYNS GE TETOWL LOVTEAN
umopel va. unv etvar mévta eyyonuévn kol mwpoteiveton €vag TPOTOg
LOVTEAOTOINONG TV GUVIEAEGTAOV TPOGUPUOYNS TOV EVOAALCCOVTAL |LE
TOV YPOVO Kol TOVTOYPOVO EMITPEMOVYV JOKPITEG aAAayEC. AVt 1
TPOGEYYIOT TPOTIUATOL ATd QVTAV OTOV EMTPEMETAL N 1) EVTOC OelyLaTOC
N N evtog EVOIIUECOV LIO-OElyIaTOC oAAayn mopapétpov. To poviého
Eexwva pe v ovvaptnon Fisher kot ypnowomoei v peBodoroyia
Hendry . H {jmon m¢ mpoypatikng {Nmong  pevcetov
OLYKEKPIUEVOTOLEITOL  GOUPOVO UE U0 YEVIKNG OLTOTOALVOPOLIONG,
Katoveunuévn oovvapon kabvotépnong. Emiong péoa oto poviéro
YPNOCIUOTOLEITOL L0 EMEKTOCT) TOV TLYXOUOV HOVTEAOL GUVIEAEGTOV TV
Hildren ko Houck. Ta dedopéva eivat amd 1o 1952 ¢ to 1980 apopotv
HOVOETN Ypappdtio Tov Oncavpopuiakiov tov H.ILA | tov avauevouevo
puOud TANBWPIoUOD Ko TIG TPouNBelec ypNUdToY Kal g1c0dnpatog. Ot
npoPAréyelc Eywvay yu to €t 1981 ,1982, 1983 ko 1984. Ta otatiotikd
KPP e to omoio. SOKIUAGTNKE TO HOVTIEAO &lval 10 UEco GEAALQ
(ME) , 10 péco amoivto cpaipa ( MAE) ko n pila péoov tetpaymvikon
ocpdipatoc (RMSE).

>10 apBpo twv Kolluri ko I'dvvapov doxpualovror TpoTaGES Yoo TNV
TPOPAeyn emMTOKIOV GLUTEPIAAUPOVOUEVOL KOL TOL EAAEINOTOC TOV
TpovToAoyIopoV. Emiong mapovoidloviar mpoPréyelg emttokimv mwov
Bacilovion oe éva povtédo PBéAtiotng amodoons . Ilapdio v koivn
dmoym Tov EMKPATEL , 1| VAAVGT] TOL TPOLYLATOTOMONKE PAVEPDVEL LI
VEEOT , AMOTELEGHO TNG AVENONC TOV EAAEIATOC TOL TPOVTOAOYIGLOV
ota Bpoyvrpdbecua emrokia. H avdivon tov cuvierest®v actdOeiog
emPePardvel pia dSopkn oAlayn oto poviéla Tov emttokiov to 1979-
1980. To povtého TpOPAEYTS TOV EPELVITAOV EYEL TPOGOUPLOCTEL GE VTN
™ doukn aoctdbewo. To poviédo eivar éva IS/ LM. XpnoiomomOnkov
dedopéva mov ywpitovv to £€10¢ o€ Tpipumva and 1o 1966 £mg to 1983.
‘Eywav mpofAéyeig yio to 1983 to omoio ywpiletor kot avtd oe tpipnva.
[IpaypatomomOnke 1 xobiepopévn cOYKplon TV TPoPAEYE®Y HE TIG
TPAYUOTIKEG TOVG TIMEG HE aVAAVLON GEOAUATOV HE YPNON TOL
ovvtereotn ovoyetioems, Tov RMSE ,MAE, ME ka1 Theil’s inequality .

¥t0 GpBpo twv Allen wor Haffer odoxpdleton mn  otaTioTIKN
ONUOVTIKOTNTO Kol 1 amddoon oty mpoPreyn wog e€iomong {nmong
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ypNUdToV dounpévey 6pwv ( term structure function ) GUGYETIGUEVT UE
Vo avtoymvioTikég otevkpvnoelc. H avdivon amodeikvoel 6Tt avtég ot
SLEVKPIVICELS TTPOTIUDOVTOL OO TNV TEPITTOGT TOL YPTCLOTOIOVVTOL
naxpompofecpa emtokia kot oyt Ppayvrpdbeopa. Ot mpofAréyelg Eywvav
yw to 1981 ,1982 xou amokdAvyav Ot T0 dounuévo HOviéAo eivar
KOADTEPO Kol oo TS OVO EVOAALOKTIKES. € aLTO TO APOPO EXTILMOVTOL
dvo elomaoelg {Nong YPNUATOV Kot T doUNUEVO pe 6povg povtéro . H
derypotonyio dedopévav givar and v wepiodo 1960 1979 . Xratiotikd
kputpe ME ,RMSE

10 GpBpo tov Cargill ko Meyer yivetal avdAvon TOV ENMTOCEOV TNG
ToWTNTOG TOV TPOPAEYE®V TOV EMTOKIOV —T®OV AMOOOCEDV TV
TPOoPAEYEDV KO TOL TIVOKO TNG CLUVOLIKVUOVONG TOV OITOdOCEDY TOV
npoPréyewv-ota BéAtTioTar (optimal) yopTo@ULAGKIHL TOV avaTTOYONKOV
and TETPAyOVIKO Tpoypappoticpod ( quadratic programming ) . [Tpokeiton
Y €val LOVTELO oToTTaAMVIpOUNonS . Ot cuVapTNOEIS TV TPOPAEYE®Y
kaBopilovran amd o doun 6pwv ( term structure) TOV KLPEPVNTIKOV
ac@alew®v (goverment securities) €€ oautiog g oNUOVTIKOTNTOC TNG
eloayoyng oe tphmelec  ( banking) tétolwv  mEplOPIGUEVOV
YOPTOPLAOKI®Y . Mia 60YKpPIoT KOGTOVS -KEPOOVG LETOED TPOYUUTIKDV
Kol BEATIOTOV (10€0TAOV) YOPTOPLANKIOV YPNCLOTOIOVTOS OTTOOOCELS
mo¥ M &xovv TpoPAeEOel 1} etvor TPayUOTIKES TOPEXOVV L0 EKTIUNOT TNG
OKOVOUIKNG €E16MONE TANPOPOPLOY PIGKOV.

>10 apBpo tov James Pesando yiveton mpdPreym emtokiov pécw Tng
npocéyylong martingale oivovtag £U@act OTNV  GNUOVTIIKOTNTO TOV
dwotnuatev npoPreync (forecast intervals) . I'tveton mpoomabeia va
OVTILETOTIOTEL TO YEYOVOC OTL 6Tal pakpomtpoBecua emtokia ( long —term
rates) eivar dvokoro va mpoPrepBovv Bpayvmpdbeouec SOKLUAVGELC.
E&etdlovtor kavadikd emitdékio Kot Guykpivovionr ot TPoPAEYELS e TIC
TPAYUOTIKEG TIWEC . ZTOo HOVTEAO martingale apywkd Oepelaveton o
oyéon petald TNG Kol amddocNnG TOV OHOAOY®V. ATO TNV £pevva
mpoékvye OTL mpémel vo. d0o00el upaorm otg ardayég ex-ante. Ta
OTOTIOTIKA KPP oL ¥pnolpomomonkay yi v a&loAdynorn Tov
povtélov etvar Ta NG 1 pé€co amdivto oPdipa (mean absolute change) ,
maximum absolute change (péyioto amdéivto GEAAUD) , HEGO COAALO
(mean change) , ka1 Tumikn andkiion (standard deviation ).
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10 4pBpo tov Francisco J. Ruge-Murcia yivetou TpoPAieyn emroxkiov pe
éva benchmark ypoppikd povtélo kot pe €vor SUVOUIKO TEPLOPIGUEVO —
e€aptdpeVo amd petaANTEG un Ypouuko povtédo . I'iveton ovclaotikd,
Lo LEAETN TOV EMMTOGEMY TOV UNOEVIKOD KOTOTATOL 0piov (zero lower
bound) otV amddoon TV emtokimv (term structure) Kot TNV
vouopotiky] moAtikr). To povtélo mepropiouéva- eaptopevo (limited-
dependent) eivar éva gpyareio mov wlel Ttovg avaivtég va evidEovv 1o
KOTOTEPO UNOEVIKO Op1o oTig mpoPAréyelg tovg. Ta amoteAéopato TG
Epevuvog £015avV OTL GTO UN-YPAUUIKO LOVTELO TTOPOAO TTOV 1) EMLPPOT) OTd
T0 Oplo0 Nrav HKpY| , yivetar xKoaAVTepn mPOPAEYN NG KAUTOANG TV
eMTOKI®V amd TO YPOUUKO HOVTELD TO OTOl0 ayvoel TEAEI®G TO UNOEVIKO
Kat®ToTo Opro. Ta dedopéva mov ypnoyoromonKay NTav To VoG TPLOV
€€1 Ko 0ddeka unvov emtdokio Oncavpopuraxiov 1995-2001 lanwviag.
2TOTIOTIKG KPLTNPle. TOL Ypnoipomomdnkay yo tnv a&loAdynon sivol to
RMSE pilo pécov tetpayovikod cedipatog kot to LR (sequential
likelihood) .O ypovikdg opilovtag TpdPreync eivar Tpelg €51 Ko dmOEKO
HTVEGS.
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KE®AAAIO 2

Aca@n 6Ovora

2.1 Ewoyoy

‘Eva khaoikd obvoro eivar €va chvoro pe avotnpd kabopiopéva opa.
Mo mapdderypo, £vo KAOGIKO GOVOAD A OA®V TOV TPAYLATIKOV aplOpdv
oL glvall PeyaAVTEPOL TOV 6 Uopel va EKQPUCTEL MG :

A={ 312> 6} (1.1)

omov vrdpyel to EekdBapo kot avaueiforo 6plo , to 6, 6moL €4V TO Y
elvol peyoaAvtepo amd avtdv tov apud, to ¥ aviKel 6T0 cLVOAO A
OAAM®G TO . 0ev avnKel 6to 6Ovoro. [lapoio mov To KAAGIKA GUVOAQ
elvol emopK” yioo TOAAEG epaproyES Kot €xel omodetyfel 0Tl elvarl €va
ONUOVTIKO gpYOAEio Yo TO HOOMUOTIKA KOl TNV  EMOTHUN TOV
VTOAOYIOTMV, €V AVTAVOKAODV TNV @UOoT TG avOpOTIVIG avTIANYNG Kot
oKéYNg , M omoio TEIVEL VO EIVOL OMOGTOGLOTIKY Ko avaKppng. Zov pio
emidelln ,UmopoVUE VO EKPPAGOVHE UAONUOTIKA TO GUVOAD OA®V T®MV
YNAOV avOpOTOV Gov T GLALOYN OA®V TOV OVOPOTOV TOV 0TOi®V TO
vyog elval maveo amd to 6ft. Avtd sivoan €va ocbvolo mov pmopel va
exppaotel amo v e&icwon (1.1) edv opicovpe A= ynidg dvBpmmog Kot
Y= VYOG . AvTOC OLMG lvarl £vag Un QUOIKOC TPOTOG KOl OVETTOPKNG Y10
VO OVTITPOCMONEVTEL 1) GLVNONG avTIANYN Hog Yo To Too¢ ivar YnAOG.
o mopdderypa , 1 OYYOTOMOC QUOT TOL KAOGIKOL GLVOAOL Oa
taSvopovoe €va dtopo vyovg 6.001 ft g ynAod, oAl Eva dropo Hyovg
5.999 ft og un ynAod. Avtog Ba NTav évag avaitiog daywplopog . H
aTEAELDL  TPOEPYETOL OO TNV  amoToun petdPfoaocn avdupeso otov
GLVLTTOAOYICUO KOl TOV OTOKAEIGHO amd £va GHVOAO.

Y& avtifeon pe éva KAaowkOd cUVoAo, £va aca@és covoro (fuzzy set)
, OM®C LWOONAMVEL KOl 1 ovouosio Tov , givor éva cOHVoro yopic
kabBopiopéva Opua. Avtd onuoaivel 6Tt n petafacn amd TNV KOTAGTOON
‘avik® o€ éva GOVOAO’ OTNV KATAGTACY] ‘OEV aVIK® GE £vO. GUVOAO
elvar otadlokn, Kor ovt| 1 opoAr petdPaocn yoapaktnpileton amod
GUVOPTNGELS GUUUETOYNG 7OV divovv oTal acapn cOVoAL gveMéio otV
LOVTEAOTOINGTN KOWMC YPNOUOTOLOVUEVOV YANGGIKOV YOUPOKTNPIGUAOV,
Omm¢ ‘1o vepd givan kawtd T N ‘M Bepuokpacia givar vy’ . O Zadeh
10 1965 o610 dpBpo T0V acaen chvora -fuzzy sets- onueimoe OtTL T€TOWN
avokpPr] kabopiopéva cuvora 1| KAAceS ‘Tailovv onuovtikd poAo otV
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avOpdmTvn okéyn , €WIKA GTOLG TOUEIS TNG OVOYVAOPLIoNG TPOTLTTMV |,
EMKOIVOVIOG NG TANpogopiag kol NG oenpnuévne évvowng. Na
onuelwdel OtL M acheel Oev TPOEPYETOL OO TNV TLYOOTNTO TMOV
CLGTOTIKOV HEADV TOV GUVOA®V , 0AAA amd TV aféfon Kot avaxpipn
(OO ATOCTACUOTIKOV GKEYEDV KO AVTIANYEWDV.

2.2 YuvapTi6ELS GUUNETOYNS

Ag voBécovpe 0Tt X eivar £va S1AGTNUO AVTIKEWEVOV Kot . €lval Eva
otoryeio mov avhkel oto dtdotnuo X. ‘Eva khaoctkd covoro 4 ,6mov A4

C x, KaBopiletor amd pa GUAAOYT GTOYEIMV 1) OVTIKEWWEVOV Y € x ,
tétola £t01 wote kAbe ¥ N B aviel ) 0ev Bol aviKel 6TO GHVOAO A.

KoabBopilovtag pia yopaktnplotiki covaptien yio kdbe ototyeio x mov
aviKeL 610 X , WTOPOVUE VO EKOPAGOLLE EVa KAOGIKO GUVOAD A ®¢ éval
ovvoro omd Swtetayuéva Cevyn (x , 0 ) (x , 1 ) , ta omoin

VTOSEIKVVOVY OTL ) & A M x € 4 , QVTIOTOL MG .

Avtifeta amd 10 mpoavapepBEv cvuPotikd GOVOAo , £va aGOPEG
ocvvolo ek@palel tov Pabud otov omoio €va otoryeio avnKel Ge €va
ovvoro. E@eEng 1 yopaxtnplotiky cuvlptnon evog acopovsg GLVOAOL
emtpéneton vo maipvel Tipég petald 0 ko 1, o1 omoieg vrodnidvouvv tov
Babud g ocvppetoymng evog otoryeiov 6to d0HEV GUVOAO.

Opwopog 2.1 0601 GUVOLL KUl GUVOPTIGELS GUUUETOYNS

Edv X etvar pio ouAdoyn aviikelévay x , 10te éva acapés 6ovoro A
uéoa oto X opiletor wg éva cLVOAO daTeTAYUEVOV (EVYDV :

A={(y, Hx )1y € X}

omov H A () xoAeiton  ovvapTnon cvppeToxs 1 XX ev cvvropia (
membership function ) 7y 10 acapég cbvoro 4. H X avdysl kdbe
otoyeio tov X og éva Pabud ocvppetoyns (1 T ocvppetoyng) petasd 0
Ko 1.

[Ipogovdg , o koBoplopds €vOC aoOPOVG GLVOAOL Eivol o OmAn
enéktacn tov Kabopiopod &vodg KAaokoh GLVOAOL TOL OToiov TN
YOPOKTNPIOTIKY] cLVAPTNON emTPENETAL Vo, Taipvel Tig Tyweg O 1. Edv

N T g svuvaptnong cvppetoxic AHa (x) mepopiotei oto 01 1
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, TOTE T0 oVVOAO A yivetal KAAGIKO GOVOAO Kou M )(y)  elvarl 1
YOPOKTINPIGTIKY) GLVAPTNGN TOL A.

Yovbog to X avaeépetar cav owdoTnpe ava@opds ( universe of
discourse) , Kot umopel vo amotedeital omd dtokpird ( S1TETAYUEVA 1) U
SLOTETAYIEVA, ) OVTIKEIPEVA 1] GLVEYN OLCTNIATO. AVTO YIVETOL GOPES e
T aKkOAOVO TapadetypLaTa.

Hapdderypa 2.1 oacoaen ocOvoro pe €va O0KPITO U1 OLOTETAYUEVO
SAGTNUO OVOPOPELG

"Eoto X = { San Francisco , Boston , Los Angeles } éva cOvoAo
TOLE®V OTIG O0moleg KAmol0¢ pmopel va emlééel o¢ toémo katokiag. To
acapec oovoro C=""emBbounty woin yia owouovy” umopel va meprypagel
oG &CNG :

C = {( San Francisco, 0.9) , (Boston , 0.8) , (Los Angeles, 0. 6)}.

[Ipopavag 10 dtdoTnua ovaopds tov X eival dakpttd Kot TEPEXEL Un
OLOTETAYUEVO, OVTIKEILEVOL —GE CLTNV TNV TEPIMTOON , TPES WHEYAAEC
norelg tov HITA. Onwg paivetar , o1 mapamdve Babuoi coppetoyng sivon
VTOKEYLEVIKOT, OTO10GONTOTE UTOPEL VO OPIGEL TPELS SOUPOPETIKEG OAAG
KOl OWKOMOAOYNUEVEG TWWEC MOV  OVTOVOKAODV TIC TPOCOMIKEC TOV
TPOTIUNGELS.

Mopaderypa 2.2 aco@r] cOVOAN HE EVa OOKPITO OTETAYUEVO O1AGTN O
avVOLPOPAG

‘Eoto 6t X={0,1,2,3.4.,5,6,} civar 10 6Ovoro T®V aplOU®dV TOV
TOOIOV OV EMALYEL VO OMOKTNOEL O OKOYEVEWD. TOTE TO OCOPEG
ocovolo A = "7 embBountdg aplBuoc moddV o€ o, owKoyEvel

TEPLYPAPETOL OC EENG -
A=1{(0,0.1), (1,0.3), (2,0.7), (3, 1), (4,0.7), (5,0.3), (6, 0.1)}.
Edm &xovpe éva dtaxprtd datetaypévo drastnua ovapopds X . H XX ya

10 000PEG cOUVOAO A @aivetal oto oynua 1.1. TIdAl o1 extunocelg eivon
VTOKEYLEVIKEC.
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¥ o€ O10KPITO OACTN A OVOPOPEG

=

S| 1

P

% 0.8}

=,

g 0.6t T x

w

'S 0.4}

b=

M 0.2} -

T i)

% 2 4 6

X = Ap1Opog madimv

Yo 2.1 4 =""emBountdg ap1Oudc moudidv o€ o okoyEveln

Hapdaderypa 2.3 aco@r) cOVOAN G EVa GLVEYES OLAGTIO OVOPOPAG

+
‘Eotw 61110 X= R elval To 6Hvoro TV TBAVAOV NAKIOV avOpdTmy.
Toéte t0 acapég ovhvoro B=""nepimov 50 ypovaov™~ umopel va ekppaoctel
08

B=((x, Ha(p Iy € X},

Onov

|

4
Hg () = 1+(z—50j

10

Avto @aivetal Kol and To oynuo 2.2
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¥ o€ éva oLVEXEG SLAGTILLOL OVOPOPAG

1t
N
S 0.8}
‘Z’_ :
= 0.6}
2
© 0.4}
wn
=
% 012 i T
A o .
0 50 100
X =nhia

Yympa 2.2 B=""nepimov 50 ypovarv”’

Amo Tt Tapamave mopadetypata , elvar eovepd OTL 1M KOTOGKELYT] EVOC
acoPoVg cLVOAOL €£0PTATOL OTO GVO TPAYUOTA : TNV AVAYVOPION TN
TAVTOTNTOG eEVOG  KOTAAANAOL  SlOGTNUOTOS GULUUETOYNG KOl O
Kafopiopdg G KATAAANANG ouvaptTnong GLUUETOYNG. Avtdg O
KaBopopdg TG oLVAPTNONG GULUUETOYNG €ival VITOKEWEVIKOS , TOV
onpaivel OTL 01 GLVOPTNGELS GLUUETOYNG TOV GLUYKEKPLUEVOTOLOVVTAL Y10
v 1010 évvola (mmy. emBountodg aptBpdg TodIOV oE Ho OIKOYEVELR) Omd
SPOPETIKA ATOUO UTOPEL VAL S1APEPOVY KATA TTOAD HETAED TOVG. AVLTY 1)
VTOKEUEVIKOTNTO TTNYALEL OO OTOMUKES SLPOPES GTOV TPOTO AVTIANYNG
N €KQPOAONG CLYKEKPIUEVOV EVVOIDY KOl £YEL TOAD UIKPY| oYEoN UE TNV
ToxootnTo. [V 0vTd 1M LVAOKEWEVIKOTNTO KOL 1 U1 TUXOLOTNTA T®V
acoQOV cLVOA®V glvor 1 Pacik’ dpopd avAPESH GTN UEAETN TOV
acoPOV GLVOAMV Kal TS Bewplac TV TOAVOTHTOV, TOL TPAYLATEVETOL
LLE OVTIKELUEVIKEG EVVOLEC KOL TUY OO QOIVOLEVOL.

[a A0yovg amAdTTOog TG CNUEDYPAPINS TOPOKAT® TOPOLGLAETOL
EVoC EVOAOKTIKOG TPOTOG LITOONA®ONG €vOG acapovg cuvorov . 'Eva
acapEC GUVOLO pumopel va OnAwBel mg €N :

E = X ua (x; )70 x;, Edév X cuiroyn daxpirodv
X OVTIKEHEV®V
A= ,

Edv X eltvar éva cuveyég drdotnpa

j /Ll A ( X ) / X , Yvvnbwg o a&ovag tov R
X
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Ta ocoupora tov abpoicpotog Kol TNG OAOKANP®ONG OTIS TTOPATAVED
eElomoelg £yovv vonuo yu tnv Evoon Tov  (Euyav (.X' ’ /uA (.X )) ,
Kol 0ev vrodnAwvovy dfpotcua 1 oAoxkAnpoua. Onme kot to cOUPoAo
71, dev vmodAMVEL dlaipeo .

Mopaderypa 2.4 eVOAAOKTIKY) EKQPOOT

XPNOHOTOUDVTOG TIG TOPOTAVED EEIGMOELS UTOPOVUE VO Eavaypayoupe
To 0GOPT CVUVOAN TOL TTapadEiypoTog 2.1

C= 0.9/San Francisco + 0.8 /Boston + 0.6 / Los Angeles,

A=0.1/0 + 0.3/1 + 0.7/2 +1.0/3 + 0.7/4 + 0.3/5+0.1/6

- j I /;c,

R* _ 4
1_{;{ 50)
10

OVTIGTOLYMC.

Kot

Hapdaoderypa 2.5 YAoookéc petafANTEC Kol YAWGGIKES TYLES

Ag vmoBéoovpe ott X ="mAwia’’. Téte pmopovue va kabopicovue ta
aco@n oOvoAo “véoc , “‘meonAkag ko T mAMxkiouévoc’  mov
yopaktnpilovion amd T1g XX :

INAMKIOUEVOS(X) , LHECHMKOG(X) Kol HUVEOG(X) avTioTotyO.

Onog o petafAnt] pmopel vo mapel Opopes TES, 1N YAMOGIKY
petofAnTt “mAia’” maipvel 014popeg YAWOOIKES TIEG Omwg  véog
“neoniikog” kot T mAkiopévoc” . Edv 1 mAakia’” mwhper v T
“véog' , tOTE Erovpe TV Ekppacn M niia givor véog', kol to id1o
ovpPaivel Kot yo T vwoOloureg TéC. Tumkég XX Yo avTéC TIC
YA®OOOIKEG TYES paivovtal 6To oy 2.3 OTov T0 JECTNUL AVOPOPAS
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™G X etvar mAnpwg kadlvppévo amd Tic X kot 1 petdfaocn amd v po
¥¥ o1V GAAN €lval OLOAT] KOl GTOOTOKT.

[ T T —_—T —

w , .
~§ 1ol VéOQ LECTALKOG NAMKIOUEVOG
S ]
W
=08} ]
=)
© 06} 7
3 0.4} ]
3.
<D 02F 4
2 o

0 80

X="Hlxia"’

Yympo 2.3 Tomkég X TV YAOGOIKOV TH®V ~véog' , ""neonikog”’
Kol " MAKIopEVog”.

2.3 XuvopTioElS GUUNETOYNS HLOS OLAOTOONG

Ot cLVOPTAGES GULUUETOYNG MG OldoTaong eivar €yovv pia €i0000
(input).
Opopog 2.2 Tpryovikn XX

M tpryovikn XX kaBopileton amd tpelc mapapétpovg {a,b,c} wg eéng :
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S
8
A
®

I_ﬂ] a{m{b

tria.ngle(iﬂ;ﬂ, b: C) = C:g ; "-‘1_:
c-p bsese

0, c<z.

XPNGUYOTOI®VTOG TO, Min Kot max £YOVUE ULl EVOAAOKTIKT EKQOPACT] TNG
wponyovuevng eicwong :

) ) _ . [r—a c—zx
triangle(z;a, b, c) = max (mm (b et b b) ,{])

O mapdpetpor {a,b,c} (ne a<b<c) kabBopilovv TIC GLVIETAYUEVES X TOV
TPLOV YOVIDOV TOV TPLYDOVOL TNG 2.

Opwopog 2.3 Tpameloednc XX

M tpamelocdng XX kabopiletar and té€ocepic mapapétpovs {a,b,c,d}
®G E&NG:

trapezoid(z;a, b, c,d) = { 1, b<z<ec.

EvoAloxtikn ék@poon e min Kot max :
trapezoid(z; a b- ¢,d) = max | min “7%1 d-z 0
P MM b —a F i d —c ? .

O mopdpuetpor {a,b,c,d} (ne a<b<c<d) kabopilovv 11§ X GLVIETAYUEVEG
TOV TEGGAP®V YOVIOV TNG TPATELOEO0VG XX,
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Opwopog 2.4 T'kaovotlavry XX

H T'kaovowoviy £X kaBopiletor and dvo mapauérpovg { c,0} dmov 10 €
etvar to k€vtpo g ZX ko o givon to TAdTOog :

_% (.1: - c)
gaussian(z;c,0) = e

Opopog 2.5 T'evikevpévn KOUmovoeng XX

H yevikevpévn koumovoedng XX xabopiletar and TPEC TOPUUETPOVS
{a,b,c}:

bell(z;a,b,c) = 1

IrI—c
L+ |27e

2h?

H b givan ocvviBag Betikny , €dv Oyt 101e 10 SYNUOL TG XX €lval o
avémoon Kopmavo. No onueiwbet 6Tt avty n XX givon n yevikevuévn
katovour tov Cauchy mov ypnoiponoteiton oty Oewpeio mbavotitwy ,
Kol YU auto ival yvoot kot og XX tov Cauchy.

o) Tpryovum XX B)Tpamelociong XX

1 1 1
£08 %08
2 2.
206 4 206
. .
2o 5
© 04 © 04
Q Q
£ 02 g 02
2y . ) B0 A

0 20 40 60 80 100 0 20 40 60 B0 100

v 'kaovoavy XX d)evikevpévn Koumavoedng XX

=
5 08 | £08
3 2
é_ 0.6 % 0.6
204 e 04
E g
2 0.2 c:gf- 0.2

0 -3 aal 0 s »

v} 20 40 60 B0 100 0 20 40 60 80 100



Yympa 2.4 Topadeiypoto XX pe TopopéTpoug :
o) Tpryovikn (x;20,60,80)

B)Tpamelocdong (x;10,20,60,95)

Y)I'kaovcuovn (x;50,20)

d)Kauravoedng (x;20,4,50)

o) aAAGlovtog To a B) aAralovtag To b

1

0.8} 08
0.6} 0.6
0.4 0.4
0.2} - 0.2
- = oL - R . e
-ql 0 -5 0 5 10 -10 -5 0 5 10
v) aAralovtag To C d) aAlalovtog To a Kot o b
1 - — - - e
/ SN
0.8 ! \
f \
0.6}, ’ \
! A
\
0.4} !f \
02f ,’ b .
S0 0 5 10

Yympo 2.5 Emopdoels amd v aAlayn TopapUETpmY GTNV KOUTOVOELOT
¥¥. a) arddlovtog to a B) aAralovtag to b y) ailaloviag to ¢ O)

aAAalovTag 10 a Kor To b tavtdypova oAAL kpatdvtag otabepn v
avoroyio peta&d Toug.
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..................................

e —- 2a 1

Yypuo 2.6 Quowkn epunveio TOV TOPOUETPOV UG YEVIKELUEVNG
KOUTOVOEWDOVG XX

Opopog 2.6 Xrypocong (Sigmoidal) XX

H orypogionc XX kaBopileton amo :

1
1 + exp[—a(z —¢)]’

sig(x;a,c) =

Omnov 10 o ehéyyel TV KAoN 6TO oNUEio GLVAVTNONG Y=C.
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1
08
0.6
0.4
0.2

0

1
0.8
0.6
0.4
0.2

0

(a) y1 = sig(x;1,-5); y2 = sig(x;2,5)

yl /

-10 =5 0 5 10

(¢) y1 = sig(x;1,-5); y3 = sig(x;-2,5)

-10 =5 0 5 10

Xypno 2.7

0.8
0.6
0.4
0.2

-10

0.8
0.6
0.4
0.2

(b) ly1 - y2lI

-5 0 5 10

(d) y1'y3

a) OLO GLYUOEONC cuvapThoelg y1 kot y2

b) wma kieiot) XX and lyl-y2l, ¢) d6vo crypogidng cuvaptnoeg yl kot y3
d) o kAeiot X and y1*y3

Opropdg 2.7 Apiotepn-oe&ua X (L-R MF)

H apiotepny 6e&1a XX kaBopileTon amd tpeig mapapétpovs {a,p,c} :

Ir—c

T >,

Omov Fy (:.!:) xon Fr(T) LEW®VOVTAL LOVOTOVO GTO [05 00) He
Fr(0) = Fr(0) =1

limg 00 £ (z) = lim; ;0 FR(E) = 0.
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Babpog cvpperoyng

@ (b)

w
i § 1
0.8 2 08
g: 0.6
0.6 = o
0.4 o 0.4}
Ne!
0.2 S 02
3
0 m o
0 50 100 0
X
(a) LR(z;65,60,10); (b) LR(z;25,10,40).

Zyqpoe 2.8 Avo apiotepd—oe&id XX 6mov :

Fr(z) = max(0,V1-z?),
Fr(z) = el

2.4 XovopT)6E1g GUURETOYNS OVO HLUOTAGEMY

[Mapokdto avaeépovtol dVo YOPUKTNPIOTIKEG CLUVAPTIGES GULUETOYNG
300 S TACE®Y 1) OLO E160dMV ( input)

Opwopog 2.7  Kolvopikn eméktoctn €vOg HOVOSIIGTATOV aoapOVC
GUVOAOL

Edv 10 A eivan éva acagéc oOvoro pésa 6to X , TOTE 11 KOMVIPIKT TOV
enéktoon oto X*Y etvan éva acapég ahvoro c(A) mov kabopileton amd :
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o(A) = [X @)/ @)

a) Bocikd acapés cuvoro A B) KuAvdpIKY| eméktacn Tov A

s

ot
o

o

o

BaBuodg coppetoymg
o © o
n
BaBuodg coppetoymg

o

X

Yympa 2.9 o)foacikd cOvoro A Kot 11 KUMVOPIKN TOV EMEKTOCT GTO [3)

Opwopog 2.7 TIpoPorég TV aGapP®OV GLVOA®V

‘Eoto 611 10 R givan éva died1dotato acapés cuvoro oto X*Y . Tote o1
nwpoPoréc tov R mhve oto X ko Y Oa kaBopilovrat :

Rx = ]x [max pr(z,y))/z

Ry = _/; [mg.xpﬂ(ma v)]/y,

o) (o d1eotdoToTn XX B) mpoPoin oto X v) TpoPoin oto Y




Yympa 2.10 o) éva dodidotato acagés cuvoro R B) Rx y) Ry

2.5 [010TNTES TOV 0GAPOV GVVOLMV

YHvoro avapopds (support) €vOg acapovc cuvolov A givol To chvoro
amd OAo o onpeia X 6to X €161 OOTE

pa(z) > 0:

support(A) = {zlpa(z) > 0}.

Opwopog 2.8 TTvpnvag (core)

[Tuprvag evog acapovg cuvoérov A givarl To cOVOAD amd OAa Ta oMueia X
610 X £T61 OOTE

pa(z) = 1:

core(A) = {z|pa(z) = 1}.

Opwopog 2.9 Kavovikotnta (normality)

‘Eva. acapég cuvoro givat kavovikd av 0 Tupnivog Tov dev gival Gog06.
Me Al Aoy, umopovue mévia va Bpovue éva onueio X € X 14000
WOTE

pa(z) = 1:

Opopog 2.10 Znueio toung ( crossover points)

‘Eva onueio toung evoc acapovg cuvorlov 4 sivan éva onueio x € x

07O OTolo
pa(r) =0.5:
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crossover(A) = {zx|pa(z) =0.5}.
Opwopog 2.11 Acagnc povoonuavon (fuzzy singleton)

Etvor  éva acapéc obvolo tov omoiov To cOUVOAO avapopds (support)

glva éva povo onpeio oto X pe

pa(z) =1,
Membership Grades
| Middle Aged
1.0 .
0-5 """"""" . :— _. ——— I
Crossover Points
—— Support
(a)
Membership Grades
45 Year Old
0.5}------------- s
/ 45 Arge
Core and Support

Yympa 2.11 wopriveg , cHVOAL avapPopac, Kol OTIEio TOUNG
ToV () acaPovg cuvorov middle aged kot Tov (B) acapoig
povoonuavtov 45 years old.
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el

Membership Grades
o o o o
© N B O @

Opwopog 2.12 Kvptotnra (convexity)

‘Eva acagéc oovolo 4 gival Kupto av Kot Hovo o

pa(Azy + (1= N)z2) 2 min{pa(21), pa(z2)}-

NATO g g € X KUY X E [0,1],

(a) Two Convex Fuzzy Sets (b) A Nonconvex Fuzzy Set

—

—e

Membership Grades

o o o 9o

/\J

Yynpa 2.12 o) 00 KUPTES GLVOPTNGELS GLUUETOYNG
B) po pn KuptT CLVAPTNGT GLUUETOYNG

o M BB o o

Opopog 2.13 Acagng aptBuoi

‘Evag acapng aplBuog 4 eivor éva acagEéc 6OVOAO GTN YPOUU| TOV
TPAYUOTIKOV aplBumv R mwov kavomotel T1g cuvOnKeg g KovoviKOTNTOG
K01 TNG KLPTOTNTOG.

Opropdg 2.14 EHpn KoVOVIKOV Kol KUPTOV AGOPDOV GUVOA®V
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[Mo éva Kavovikd kol Kuptd acaeés oOvoro , to gvpog (bandwidth or
width) opileton ®g N amdcTOcon HETAED TOV OLO HOVASIKAOV CNUEI®V

TOpNG :
width(A) = |22 — 21),

oMoV pal(zy) = pa(ze) =0.5.

Opwopog 2.15 Zvppetpia

‘Eva acagég 6Ovoro 4 givol cuppetpikd (symmetric) edv n XX tov givon
GUUUETPIKT] YOP® OO £VO GUYKEKPUYLEVO CMUEID X=C

palc+x) =pa(c—x) for all x € X.

Opropdg 2.16 Avowktd apiotepd , avoikto 0e€1d , KAEIGTO.

‘Eva acagéc 6volo 4 givol avoiktd apltotepd 6V

limz 0o pa(z) =1 wor Mz sioo pa(x) =0
ovVOIKTO de&1d dv

limz—oo BA(T) =0 (o limeyyoo ﬂA(I) =1
Khe1o16 g6y Mz —— oo ﬁﬂ(m) = limy 400 14 (.‘J:) = 0.

Acapéc ovvapoovvoro , F(x) , tov vmepovvorov oavapopds X,
ovoudletal To GOVOAO OAMV TOV 0GAPDYV DTOGUVOA®Y TOV X.

Opwopog 2.17 YnochvoAro:

To ovoro A ivar vtochvoro Tov B A & B av kot uovo av

pa(x) < pp(x),Vxe X

Av tovtoypova ta A kot B dev givan ioa, 16te T0 A Ot ovopaleton yvnolo
VTOGHVOAO TOL B.

Opropdg 2.18 Acaopng dapépion:
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Mo okoyévela asapdv VTocLVOA®V Tov X , Ba A&yeTonl acagnc
owpépion Pn(X) tov X 14&nc n (n S N) ko Oo ovupoArileton pe
i {
A : = {Al, Az ]+|r}A” }'r

av Kol Hovo av:

A, #A,Vi,jeN,(i+#j)

i

0<> A, (x,)<mVieN,
k=i

Ta otoyseio Ai i € Nn ™G An Ba Aéyovror KABOCES TNG AOAPOVG
dlopépong

Opropdg 2.19 Kevo acagég ohvoro:

‘Eva acagéc 60volo pe ydpo avagopdg tov X, AEyetol Kevo av yio kibe

GTOEID X TOL OVNKEL 6TOV X, 1 GLVAPTNGT GUUUETOYNG TOL A glvat
UNOEV.

A=0 v UL (x)=0 VxeX

YVGTOATN AGAP®Y GLVOAMV:

‘Eoto acagéc odvolo A mov opileton oto yowpo avoeopds X. H
ovotorr}, CON(A) tov cuvolov awToy gival €va VEO doa(PEC GOVOLO LE
GLUVAPTNGT GLUUETOYNG TOL OpileTal g eENG :

Heon(a) () = (4 ()7

H cvetoAr tov acapovc cuvoAoL avtioTolyel otV TPocsHnKn Tov OPoL
TOAD, UTPOOTA amd TN AEKTIKN UETOPANT MOV TEPLYPAPEL TO AGAPES
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oLVOAO. ANAadN 1 GLGTOAN TOL AGAPOVS GLVOAOL YNAOS eivar €va VEO
acaPEC GUVOLO TTOV OVTIGTOLYEL GTNV £vvola ToAD YnAdC.

Opropdg 2.20 AacToA| 0GUPOYV GULVOA®V
Avtiotolymg N SleTOA VOGS 0GaPOVS GLVOAOL A, givat Eva VEO 0GOPEC

ovvolo mov cvpPorileton pe DIL(A) kot €xel cuvapTNON CGLUUETOYNG
OV TEPLYPAPETOAL OTTO TNV TAPAKAT®O GYECT:

H prra) (x) =/, (x)

H dwastoAn tov acapovg cuvorov avtiotolyel oty Tpostnkn Tov dpov
Myo, umpootd omd TN AEKTIKN UETOPANTY] TOL TEPLYPAPEL TO OGOPEG
oVvolo. AnAadn M S10GTOAY TOL AGAPOVS GLVOAOL YNADS elval éva véo
AcOPEG GUVOLO TTOL OVTIGTOLYXEL 6TV £vvola Alyo ynAoc.

Opopog 2.21 'Evoon (Union-disjunction)

H évoon dvo acapav cuvorwv A kot B etvan éva acapég obvoro C, mov

yYphpeTon
C=AUB
C=AORB, 0V om0tV 1 XX GyETiCeTar pe exeives TV A
Kol B :

n(z) = max(pa (), pa () = palz) v ps(z).
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Avtifson-contradiction A MA= ﬁ

— —_——

F& nécoc exclunded middle A U E =X
idempotency AN A= A, Aud=4
involution o o ﬁ — A o

[ Avtipetdfeon-commutativity 1T ANnEB=EBEnN ..‘1._. A U-_é_= E-LJ _:"-1__

(AUB)UC = AU(BUC)
(ANB)NC = AN(BNC)

Associativity-cOvoeon

Distributivity-kotovoung AU {"E n G} = {A uB } N [A - C}
AN(BUC)=(ANB)U(ANC)
Absorption-Anopognong AU EA N B} =4
AN(AUB)=A
Amopdenon Au {Eﬂ By=AUB
GUUTAN PO LLATIKOV AN {E U B} — ANB
Kavovag DeMorgan AUB=ANE
AnB=AuB

Hivmcag-l Baowég npdelg cuvormv

Opwopog 2.22 Toun

H topn dvo acapdv cuvorwv A kot B glval éva acapég

ovvoro C, mov yphpeTon C=ANB M C = A AND B
- ?

TOL 0moiov M XX oyetiletan pe ekeivec tov A ko B :

Opropdg 2.23 Zouminpouo
pc(z) = min(pa(z), ps(z)) = palz) A pp(z).

SvumAnpopatikd cvvoro (complement set) A, A (-4, NOT 4),

KaBopileTon og :
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pa(z) =1 - pa(z).
Opopog 2.24 Koptestovd yivOUeVo , GUV-YIVOUEVO

Av 1a A xou B givan acaen cbvora péca ota X ko ¥ avtiotoryo 16tE TO
KOPTESIOVO  YIVOUEVO AxB elva éva acapég cVVOLO LEGH GTO
]

YWOUEVO TOL OLUCTILOTOC XxY pe XX

HAx H{Is y]' = Iﬂiﬂ(_u,‘q (I)s pﬂ{y”

Avtictoryo t0 KopTeEGLVO GLV-yivopevo A + B givan éva acapég
oLVOAO pe XX :

pa+B(Z,Y) = max(pa(z), up(y))-

Ta Ax B, waX XY yapoxmpiovror and Siodidoroteg
GUVOPTNGELS GUUUETOYNG -
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To A nepréyetor oto B

Membership Grades
o
°oh » 2 @ o

o O o

A C B. (MATLAB file: subset.m)

Yyqpo 2.13
Acanéc covolo  Aand B Acaoéc cuvoro "not A"
A B
1 1
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
] — 0
a p
Acaoéc ohvoro AORB® Acaoéc ohvolo ‘A ANDB*
1 1
0.8t 1 0.8
06 0.6
0.4 _ 0.4
0.2 0.2
0 - 0
Y 0

Yympo 2.14 o)A ko B B)oouninpopatiko tov A y)évoon (OR) d)toun
(AND)
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2.6 Acaogng Topn kon £veon (fuzzy intersection and union) T-norm
T-conorm

H topn dvo acapmdv cuvorov A kot B kabopileton and po suvaptnon
T:[0,1] x [0,1] = [0,1]

egig:

' 11 omoia TpocBEtel Svo PaBUOVE GLUUETOYNG OC

pans(z) = T(pa(z), pe(z)) = palz) * pp {I}:

—
k

Lok
Onov 1o ovuPoiro elval o dvaodIkdg tedeotng g ovvaptnong T.
Avt 1 KAAoM TEAESTN OCOPOVG TOUNG ,0VaPEPETOL GLYVA ®¢ T-norm
TEAECTNG(TPIYOVIKT VOPUO) EYEL TOVG EENG TEPLOPLGLOVG:

Opopog 2.25 T-norm

T(...

r r , 1
Mo T-norm givon pia cuvdptnon dvo Bécewv (two place) OV
IKOVOTTO1EL :

T0,0)=0,T(a,1)=T(1,a)=a (boundary)
T(a,b) <T(c,d)ifa<cand b<d (monotonicity)
T(a,b) =T(b,a) (commutativity)
T(a,T(b,c)) = T(T(a,b),c) (associativity).

Hapdaderypa 2.6 tecodpwv T-norm
O téooepig Mo cuyva ypnoponolovpevee T-norm givor :
Minimum: Thin(a,b) = min(a,b) =aAb.

Algebraic product: T,,(a,b) = ab.
Bounded product: Tj,(a,b) =0V (a+b—1).

a, ifb=1.
Drastic product: Tipla,b) =4 b, ifa=1.
0, ifab<l.

Ao to oynua 2.15 eaiveton Ot

po[u':b} =< pr{ﬂ:b} < Tapla,b) < Tiinla, 'E"'}
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S
-

Xympo 2.15  (mpotn ypopuun) téocepelg T-norm
Trin(a,b), Tupla,b), Thpla,b), and Tiy(a,b);
(Ssl')rgé_n yp_ocitw']) Ol OVTIOTOUYEG EMIPAVELEG Y10
u= trﬂpezﬂ‘il_:fllm 3,8,12,17) wqL ! = trapezoid(y,3,8,12,17).

Opwopog 2.26 T-conorm (S-norm)

H T-conorm (S-norm) &ivon pioe cvvaptnon ovo Bécewv { ! :I OV
IKAVOTOLEL :

$(1,1) =1, 5(0,a) = S(a,0)=a (boundary)
S(a,b) < S(c,d)ifa < cand b<d (monotonicity)

S(a,b) = 5(b,a) (commutativity)
S(a,S(b,e)) = S(S(a,b),c) (associativity).

Hapdaderypa 2.7 tecodpwv T-conorm
Avtiotoryo pe 1i¢ T-norm TOL TPONYOOLUEVOL TOPUOEIYUATOC £YOVLLE
1é60¢epelg T-conorm :
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Maximum: S(a,b) = max(a,b) =aVvb
Algebraic sum: S(a,b) =a + b— ab.
Bounded sum: S(a,b)=1A(a+b).

a, ifb=0.
Drastic sum: S(a,b)=4¢ b, ifa=0.
1, ifa,b>0.

Amo 10 oynua 2.16 gaivetal Ot

Smaz(a,b) < Sapla,b) < Sppla,b) < Sap(a, b).

Yympo 2.16 (tportn ypouun) téocepelg T-conorm

Smt'ﬂ{ﬂ!ﬁ}r Sﬂp{ﬂ:b} pr[ﬂ:b} and Sdp{ﬂ':b};

(de0TEPN YpOULUT) OL AVTIOTOYEG EMPAVELE VIO
o trapezoid(z,3,8,12,17)
b = trapezoid(y,3,8,12,17).
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2.7ApyM ™ Enékraong (extension principle) kon Aca@egis oyéoeis
(fuzzy relations)

ApyM ™ Enékraong

H apyn g enéktaong eival o Bacikn Evvola g Bewpioc TV acopdv
CUVOAL®V TTOL TOPEYEL UL YEVIKT O1001KOGI0 EMEKTOONG KOOOPIGUEVDV
nedimv (crisp domains) pHoONUOTIKOV EKPPACE®Y GE acapn Tedio. Avt
N OdIKaGio YEVIKEDEL W10 KOWVI] YOPTOYPAPNON onueiov-ce-onueio
(point-to-point mapping) pog covaptnong f{.) oe yapToypaenon LeTaEy
acap®v cuvorwv . [T cvykekpéva , vroBétovtag ot M f elvar pia
ocuvdptnomn and 10 X oto Y ko 4 eivan éva acapég ochvoro Tave oto X
cav :

A=palz)/zy + palz)/za + -+ palen)/Tn.

Toéte 1 apyn eméktaong ONAMOVEL OTL 1] EIKOVO TOL ACAPOVS GLVOLOL A
KATO amd Vv yoptoypaenon f{.) uropel vo ek@pactel Gov Vo 0GOPES
oLVOAO B,

B = f(A) = palz1)/n1 + palz2)/y2 + - + palzn)/yn,

Omov * ¥i = fl®s), i = L....,n. Mg gAha Aoy , 10 ocopéc chvoro B
umopetl va kaboprotel pécw tov THdv ™G f{.) péoa 6to Fis- -1 Tn- Edv
n f{.) glvar g popeng yoptoypaenong moAréc—ce—pio (many-to-one

I I X I :I-‘" 1] 14 14
1,72 € 4, 1# 2 TETOWL  MWOTE

mapping) TOTE  LTAPYEL
fla) = flz2) =y" y" €Y. 5, avty T 7mepimtwon , o Pabudc
GLUpETOYNS Tov B 010 y=y* pumopet va tpoxkvyel 1 amwd y=x1 N and y=x2 .
I'evikd &yovpe :

= max z).
nply) = max  pa(z)
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Mopaderypa 2.8 Epappoyn g apyns g ENEKTOONG GE AoaP] GOVOAN
LE O10KPITA OL0GTLOTAL.

‘Eoto :

A=0.1/-2+04/-1+0.8/0+0.9/1+0.3/2

Kot

flz) =z* - 3.

eQapurolovtag TNV apyn TG ENEKTOCNG EXOVLE :

B

0.1/1+0.4/-2+0.8/-3+4+09/-2+0.3/1
0.8/-3+ (0.4v0.9)/-2+(0.1v0.3)/1
0.8/-3+0.9/-2+ 0.3/1,

Omnov 10 cOuPoro [ avTITPoo®TEVEL TO PEYIOTO.

NTA 01T LLATO

Hapdaoderypa 2.9 Epoapproyn g opyngs e ETEKTOONS 0 a.oap GOVOLM
LE GLVEYT] OLCTI|LLOTA.
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"Eoto :

palz) = bell(z;1.5,2,0.5)

Kot

[ (z-1)?-1, fz>0.
ﬂz}_{ z, if z < 0.

>10 oynua 2.16 gtvon n ypaew| mopdotacn g y=~f(x) . To oynua
2.16 B etvor n pA(x) , XX T00 A. AQOV EQPUPUOCOVLLE TNV OPYT] TNG
EMEKTOONG , Taipvovue Eva acapss chvoro B, n ZX tov gaivetol 610
oynua 2.18 o6mov n ypagikn napactoacn s uB(y) mepiotpépetor 90
noipeg yia va, dtakpiveton kaAvtepa. Amd 1 otryun mov 1 f(x) etvan

YOPTOYPAPNONG TOAAEG-TPOG-LiaL , Yial TE [._ 1’-2]’ , M LEYIGTN TN

(max operator) YpMGLLOTOLEITAL Y10 VO AVTAGOVLE TOVS BaBpovg
cvppetoyig Tov B dtay ¥ € [0,1]. Avo dMNovpYel aoLVEYELES TOV
uB(y) ota y=0 xou -1.

L —— —

v} 0.5 1
Membership Grades

4/



Yyqpa 2.18 Apyn ¢ eMEKTOONG GE OGOPT) GUVOAD LE GLVEXN
dwotuate . a)y=f(x) Placapéc ocvvoro B péow ¢ apync g
EMEKTOONG Y) 000PES GOVOLO A

Opwopog 2.27 Apyn eméktoomg

Ymobétovpe 6T | cuvdptnon f eival pa aviietoiynon omd Eva

XIKXQK"'X

SIGTNA KOPTESIOVOD YIVOUEVOD OOCTAGE®MY N n Gg Eva

povodidotato Owotua Y  TETO0  (OOTE y= flz1,-.., %), o

e /4 J4 11 LR An I 7 4 7\(
VTTOUETOVLE OTL TA Eval aca@n cuvoAd oTA

X X, avtiotoya . ToOte  apyn g enéktaong vrootnpilel Ot
= : " "y ¥ 14 4 Ié

10 acapéc ovvoho B mepilopPdveron oty
avtiotoiynon f ko kabopileton amod :

max min; Az, if -1 0.
“B{ﬂ} = (z15005Tn ), [11....*:,,}:!—1{11.)[ HA { :Il f {y} ?‘-‘
0 if f~1(y) =0.

Acageig oyéoerg
Opropdg 2.28 Avadikn acorg oxéon

‘Eoto X ko Y dvo dactipota mov Ba cuvovacstovv (universes of
discourse). Tote 10

R ={((z,y), priz,y)) | (z,y) € X xY}

elvar  n dvadikn acaeng oxéon Tov X KF. No onupeiwbet 011 1
BR(Z,¥) civan o diodidotatn XX .

Hapdaoderypa 2.10 Svadikés acapeic GYEGELS

— — Bt
‘Ecto Jf_ o Y o R kot R = ""10 y givar moAd peyodrepo tov x”'. H
>¥ NG acapovg ox£omg UTopel LITOKEEVIKA va kaBopiotel wg e&Ng :
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Y-z if
i? F}II
rlz,y) = r4+y+2
pr(z,y) 3 ify<a.

X = {3,4,5) Y = {3,4,5,6,7},

R

Edv Kol 16te elvar PoAkd va

EKQPACOLUE TNV 0CAQY] GYEOM e évav mivaxka oyéong (relation

matrix) :

0 0.111 0.200 0.273 0.333
R=120 0 0.091 0.167 0.231 |,
0 0 0 0.077 0.143

OTOV TO oToVKElo 1 UG YPOUUNG KOl OTNANG | €ivan 160 pe tov Pabud
GUUUETOYNG METAED TOV 16TOV oToLEiov Tov X KOl TOV JOGTOV GTOtYEIOL
0L Y.
AALO KOWVA TTOpadElyLOTa e OLOOTKES ACOPELS GYETELS:

e To x glvar kovtd oto y ( X Kot y €ivar apBpoi)

e To x eEaptdron omd o y (X Ko y eivan yeyovota)

e To x potdlet pe 10 y (X ko y €ivon dropo, avTiKeipeva , KTAT)

e Ed4v 10 x eivon peydro , 16te 10 y elvor pukpod (to x givon m

aVOyVOPIoT LG TOPUTHPNONG KoL TO Y ivan 1) dpeon avtidpaon)

Opropdg 2.28 Zovheon péyiotov-eAdyicov (max-min composition)

Ry

‘Eoto kar 2 §vo acoPNG OYEGELS KABOPIoUEVEC TAV®D GTO

x 14 4 14 4
X XY Y xZ, avtiototya. H oovBeon peyiotov-ghayiotov

TV R Kot 72 givon éva acapég chvoro ov Kabopiletal amo :

RieoRz = {[(I,z}, mf.x min{pnl[ﬁ,y},ﬁn,{y,ﬂ}"I eX,yeY,z € 3},

N 16odHvaua

HRyoRe(E,2) = m;?x min[,:m,{m1y},;m,{y,z}]

= Vy [pr,(z,¥) A pr, (1, 2)),
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Ta oovppora WV ikar N avimpocomedoov péyloto ko ELGyoTO
avticToryo.
[310Teg peTald dvadikdv oyécemv Kol ovvleong peyiotov-elayioctov

oo s &5 xan T civa ovadikég  oyéoelg  mAve  OTO

XxY,Yx2, zxw

+ OVTIoTOLY(X :

Opopog 2.29 XovOeon peyiotov-toapayopevov (max-product
composition)

Associativity: Ro(SeT)=(Re8)oT
Distributivity over union: Ro(SUT)=(ReS)U(ReT)
Weak distributivity over intersection: Ro(SNT)C(ReS)N(ReoT)
Monotonicity: SCT=RoSCReoT

Kdévovtag v 10w vrdbeon pe tov opiopd 2.26 , umopovdue vo
KaBopicovpe TNV cvLVOEOT HEYIGTOV-TAPAYOUEVOD ®G EENG :

HR1oR (¥, 2) = max [ur, (2, y)ur, (, 2)].
Hoapdoderypa 2.11 X0vBeon  peyiotov-ehayiotov Kor  peyiotov
TOPOYOLEVOD

R1=
Rg:

‘Ecto "X oyetiCeton pe 0y’

Kol "'10y oyetiCeton pe to {7

, S e XxY, Y xZ,
glval OVo acaPNG OYECEIS KABOPIGUEVES TTAV®D GTO !
X =1{1,2,3}, Y ={a,g3,7,8},

avtictolyo OOV Ko

Z = {a,b}. . . . .
{a, b} . YnobBéote 6tT1 R xar T2 LITOPOLV VO, EKQPACTOVV LE
TOVLG TTOPUKAT® TIVOKEG :
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0.1 03 05 0.7
R.=] 04 02 08 09
06 08 03 0.2

09 0.1 ]
0.2 0.3
Ra = .
0.5 0.6
| 0.7 0.2
Topa 6EAovpe va Bpodpue 10 Rl © Rﬂ’ TO OO0 UMOPEL VO EPUNVELTEL

ooV aVTAOVUEVT] acaPnc oyéon X oxetileton pe 1o 2z Paciopévo 1o

Ra Kol

R2 1 Aoyovg amAomtog vIToBEsTe OTL EVALIPEPOUAGTE POVO
yio tov Pabud oxéong petald 2(eX) o @ (€ Z). Edv

vioBetoovpe ovvOeon peyiotov elayictov TOTE !

max(0.4A 09, 0.2A0.2, 0.8A 05, 09A0.7)
max(0.4, 0.2, 0.5, 0.7)
= 0.7 (by max-min composition).

PR, oR:(2,a)

edv StoAéEov e LEYIOTO TOPOLYOUEVO :

BR,oR.(2,8) = max(0.4x09, 0.2x0.2, 0.8 x0.5, 0.9 x 0.7)
max(0.36, 0.04, 0.40, 0.63)
0.63 (by max-product composition).

>10 oynua 2.19 eaiverail n 6vvOeon dvo aGAPOV GYEGEMY , OTOL N GYEOT
ueta&d tov ortotyeiov 2 uéoa oto X kot Tov ototyeiov o 6to Z Pacileton
o€ 4 dvvartd povordtia (solid lines) mov Guvogovy awTd To SVO GTOLYEIN .
O Babuds oyéong petald tov 2 kot Tov o ivol To HEYIGTO TS OVVAUNG
QVTOV TOV TEGCAPMOV LOVOTOTIOV OTOV 1 dOvaun Tov Kébe povomotion
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etvar 1o eAdyioto ¢ dvvaung (strength) Tov GLGTATIKOD TOL GUHVOEGLOV
(link).

X
D

Yympo 2.19 X0vheon acapov oyfoewv

2.8 Acageic kavoveg eav-tote (fuzzy if-then) rules

‘Evog xavovag dv-10te £YEL TN LOPON:

if zis A then y is B,
Yndpyovv dopbova kabnuepvad Tapadetypoto,
e Edv n mieon eivar vynAn 101e 0 6YKOG elvar pikpdg
e E4v 10 o0000Tp®UO €ivor oAcOnpd TOTE M 0OMYyNnom eivon
emKivouvn
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e Edv wa vropdrta givor KOkkvn tOTe glvot opyun
e Edav n tayvnra eivor vynin tote mhto Alyo 10 epEVO

Epunveia pe dvadwkn acapng oxéon R oto mapayduevo ddommua X x Y .

[Ipo mepintoon Eqv —tote A— B. oG 1o A (evyapovel pe to B
(coupled), tote:

R=A—rB=AHB=f palz) * pe(y)/(z,y),
A=Y

Agvtepn mepintoon.Edv A—B. e€nyeitor g OTL T0 A TmEPLEEL
(entails) To B , tote umopel va ypatel e TEGGEPELG OLOPOPETIKES LOPPES

e Material implication:
R=A->B=-AUB,

e Propositional calculus:

R=A—}B=HAU(AHE].

e Extended propositional calculus:

R=A— B=(-ANn-B)UB.

¢ Generalization of modus ponens:

pr(z,y) =sup{c| pa(z) * e < up(y) and 0 < ¢ < 1},

where R = A = B and * is a T-norm operator.

10 oynua 2.20 eaivovtol o1 SL0 TEPIMTMGELS

H R umopel va avamoapoctadei and éva acapég cOVoro pe pua
deddotatn XX :

FR{IJF} = fl:ﬂﬂ{z}:-#ﬂ{y” = f{ﬂ:b}m
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Omnov N f ival ) acaeng cuVAPTNON GLUTEPAGUATOV.
(fuzzy implication function)

Y A

E{ %
=
—
A X
(a)

Xympa 2.20 o)A coupled with B b) A entails B

Edv mapoope v mpotn meEPInT®OTN Ol TEGGEPES OGUPEIC OYECELS
TPOKVTTTOVV 0o TIC o KowvéG T-norm :

(Mamdani) :

o Rm= AxB= [y ua(®) Amsy)/(@,v), o fela,b) =anb,

(Larsen):

* Ry = Ax B = [y ypa(z)us(y)/(z,y), or fy(a,b) = ab.

(bounded product operator for conjunction) :

® Ryy = Ax B = [, ,pal@) e ps@)/(x,y) = [v.v 0V (salz) + pply) -
1)/(z,y), or fep(a,b) =0V (a+b—1).
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(drastic product operator for conjunction) :

* Hyp=AxB= f:-::.-.r pa(r) pe(y)/(z,y), or

a ifb=1.
f{ﬂ,b}=ﬂ1b= b ifa=1.
0 otherwise.

]
i ‘Illl s
e

Yympo 2.21 Tlpotn ypoppn: oco@ns GULVOPTNGCELS GLUTEPAUCUATOV
Baciopéveg 6to cvAroyopd to A (evyapopévo pe to B . Asdtepn
YPOUUY] : Ol OVTIGTOLYEG AGOPNG GYEGELG

[Ma v debtepn mepintmon (A entails B) éxovpe:

ApBuntikoc kavovag tov Zadeh :

o Ry =-AUB = [, v IA(1—pale)+ps () /(z,y), or fala,b) = IA(1—-a+Db).

Kovovog max-min tov Zadeh:

® Rpnm = ~AU(ANB) = [y o (1-pa(2))V(pa(z)Aps(¥))/(z,y), or fm(a,b) =
(1—=a)Vv(anb).



Acapng cvuvéneln Boole:

o Ry=-AUB = [y, (1-pa(@)V ps(2), or fo(a,b) = (1-a)Vb.

Acapnc cvvénela tov Goguen :

* Ra = [y,y(ra(z)<ps(y))/(z,y), where

- 1 ifa<b
“{h—{ bla ifa>b

1) Bocissn Fuzry impécation nmmmm

.__- .111'| ..Il: 1\.,‘ T
(R
\Ii l.' iy

HIH
il."’lil.'.'“-u =

I."h MARARERR

T

Yympo 2.22 Tlpotn ypoupr : 0COQE cLVAPTNGES GLUTEPACUATOV
Baciopéveg oto : A entails B. Agutepn ypapun : ot avtictotyeg acapeic
GYEGELC.

2.9 Aocang oviroyrotiki] (fuzzy reasoning)

Opopog 2.30 Acagpng sviroyiotikn (generalized modus ponens-GMP)

‘Eotow A, A" xau B acaer] covora tov X , X kot Y avtiotowo. Ynobéote

OTL 1] 0GOPTIC GLVETOYMYT A—B.
exppaletor cov o acagpng oxéon R maveo oto X x Y.
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Téte 10 acapég ovvoro B mov mpokdmtel amd 10 "y glvar to A”" ko amod
TOV acaPn Kavova “"eav to y ivar A tdte to y elvar B 7 kaBopiletor and

max, min[pa (), pr(z,y)]
— Vi[ﬂﬂr{I} A FE{I"ry)]r

1 eloov amod :

1e (y)

B'=A'ocR=Ao(A— B).

AxolovbBel Bepatoloyia e VITOAOYIGTIKA YOPOKTNPIOTIKA TNG 0COPOVG
GLALOYIOTIKNG KOl EMEKTOCT O TMEPUITMOOCEL OOV TOAAATAOL AGAPNC
Kavoveg Kol TOAAOTAG mpomnyovpeva (antecedents) meptypdpovv Tnv
GUUTEPLPOPA EVOC GLGTILOLTOG.

Movég kavovag pe povo mpomnyovuevo ( single rule with single
antecedent) (Zynua 2.23)

Ve(par () A palz)] A pely)
w A up(y).

pp(y)

min

Yympo 2.23 T'paein anewkdvion tov GMP ypnoyomoimwvtog v acoen
cuvenaywyn tov Mamdani.
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Movog Kavovog pe ToALATAG TpoyoUEVOL

EyMua 2.24)

r is A" and y is B',

if is A and y is B then z is C,
z is C".

[Ipotaom 1(yeyovoc) :

[Tpotaon 2 (kavovag) :

Yuvéneln (CLUTEPAGUD) :

AvTOC 0 AcOPNC KOVOVAG UTOPEL EKQPACTEL O o acaens oyxéon Rm
Baciopévn otnv cuvaptnon cvvenay®yns tov Mamdani wg €€N¢ :

Rm(A,B,C)=(AxB)x(C= ra(z) A ps(y) A pc(2)/(z,y, 2).
XxYx2d

To amotéreopa C™ exppdleTon mg :
C'=(A'x B'Yo(Ax B = C).

Qo1600:

por(z) = Vaglpa(z) App ()] A[palz) Apely) A pe(2))]
Vegllia () A pp(y) A palz) Aps(y)]} A pe(z)
{Valpa(z) Apa(z)]} AVylps (v) A ps(y)]} A pc(z)

'y iy
= (w Aw) Auc(z),
|
firing
strength’
min
H
W,
W | W




Yympa 2.24 Aco@ng GLALOYIGTIKN Y10 TOAAOTAQ TPOTYOVUEVOL.

[ToAlamAol kovoveg e TOAAATAG TTpoTyovueva (Zynua 2.25) :

Tp6taon 1 (yeyovég) : T 18 A" and yis B;:_
Tpotaon 2 (kavovag 1) : if € i8 Ay and y is By then z is Gy

TpéTacn 3 (kavovog 2) : if r1s A; and y is By then z is Cy,

Yuvéneln (CoumEPAcUAL) ¢

Yyquo 2.25 Acagng OLAAOYIOTIKN] UE TOAAATAODS KOVOVEG Kol
TOAAOTTAQ TTPONYOVLLEVOL.

59



KE®AAAIO 3. XYXTHMATA AXADPOYXE XYAAOTI'TXTIKHX KAI
NEYPOAXA®H XYXTHMATA

3.1 Xvotipoato €aymyng CUUTEPUGSRATOV
(fuzzy inference systems)

‘Eva acapéc cvomnua eEaymyng copumepasuatomy eivol Evo dnUoQIAEg
VTOAOYIoTIKO TAaiclo gpyaciag Paciouévo otnv Bewpeio TOV acoP®OV
GUVOA®V , GTOVE KOVOVEC OV-TOTE KOl TNV 0L0A(PT] GLALOYIGTIKY).

H Baocwn doun evdg acapoic cuotnuotog (Zynua 3.1) eEaywyng
ocvoumepacudtTov aroteAeitonr and tpio pépn : pwo Pdon kavovev (rule
base) mov TEPIEYEL La ETAOYT 0GOPAOV KAVOVAV , Lo, BAor dedopévav 1
Aewd , m omoio xaBopilel TIC OLVOPTNGEIS GLUUETOYNG OV
YPNOYWOTO0VVTOL OO TOVGC ACOPNG KOVOVEC KOl EVAG HUNYOVIGUOGC
OLVAMOYWOTIKIG O omoiog ekteAel v Swdwocio  eoymyng
CLUTEPACUATMOV TAV® GTOVG KAVOVES TTOL £Y0LV 000l Y100 VoL GYNUOTIOTEL
&va AOYIKO amOTEAECU, .

Xynua 3.1 Avdypappa evog FIS (fuzzy inference system)

3.2 FIS tomov Mamdani

To FIS tomov Mamdani ¢&iye mpotabel oe po wpdtn mpoondbein va
eleyyOel €vag cuvOLOGUOG OGS  OTUOUNYOVIG KOl EVOG LITOIAEP LE €val
OUVOAO YAMOGIKAOV KOVOVOV EAEYYOL OVTAOVUEVOV OO EUTELPOVG
YeP1oTEG (avOpdTOVG). XTo oynua 3.2 eaivetar tog éva FIS Mamdani
dvo Kavoévev pog oivel 1o TeEMKO amotélecpo Z OTOV LITOKEITOL GE dVO
€16600V¢ X Ko Y.

Edv viobetricovpe péyioto kot adlyefpikd yivOUEVO cav ETIAOYN LLOG Y10
v T-norm kot T-conorm, kot ¥pNGOYLOTOMGOVHE cVUVOEST UEYIGTOL
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TopayOueEVOL ovti Yio ohvOeon peyiotov-glayictov TOTE TO AMOTEAEGLO
acaPOVG GLALOYICTIKNG Gaivetal 6to oynua 3.3 dmov 1 €£060¢ Tov KabE
Kavova givor Eva acapég GUVOAO TOV KAUAKOVETOL TPOS TA KAT® HUECH
alyefpucod  ywopévov. Ailec mopoArayéc  eivar  mBavég  av
YPNOLOTOMGOVLLE dtopopeTikég T-norm kot T-conorm.

>mv epappoyn Mamdani évo FIS ypnowomotodvror cov dvo
EAEYKTEG YL Vo Topdyovy TV T ¢ Oepuodmnroc ¢ €16000 GTOV
undep kol vo eAEYEOLV TO Avolypo. TOL KULAIVOPOL TNG UNXOVNG ,
avtioTtowya, yo va pvluicovy v mieon Tov atUod G6TO UTOIAEP KO TNV
TOYOTNTO TNG UNYXOVIC. ATO TNV GTLYW| OV GOV €1G0001 GTO GUGTN LA
etvar kaBopiopévee tég (crisp values) mpémel vo YPMCLOTOU|COVIE
évav amoacoenvty] (defuzzifier) ywo v petotponny €vOC aGAPOVGS
oLVOAOVL G€ Lo KaBOPIGHEVT] TIUY.
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Yympo 3.2 To FIS Mamdani wov ypnoiponotel min ko max yio T-
norm kot T-conorm avticTtotyo.
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Z oA

Yypno 3.3 To FIS Mamdani mov  ypnoionotel
nopayopevo(product) kot max yio T-norm kot T-conorm avtictovya.
Amoacagonoinon (defuzzification):

H oamoacagomoinon eivar évag tpomog va  mapoybel po

kaBopiopévn T (crisp) amd  €va acO@EG COUVOAO GOV Lo
OVTITPOGMOTEVTIKN TIUY|. Yhpyovv mévte pébodot (oynua 3.4) :
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: > 7
Smallest of Max. _/ f,f\‘§ -— Centroid of Area
__,.,f'”'f

_ Bisecter of Area
Largest of Max. - Mean of Max.

Yypa 3.4 Aldpopo oYNUOTO OTO0cOPOTOiNoNS Yo TNV e€aymyn
evog crisp GLVOLOV.

Mopaderypa 3.1 FIS Mamdani povrg-£16660v povig e£660v

[Mapdderypa pe tpeig kavoveg (oynua 3.5):
If X is small then Y is small.

If X is medium then Y is medium.
If X is large then Y is large.
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5]
.
Al
Ly
L}
e}

(b)

Yympa 3.5 FIS Mamdani povig-£16660v povnig e£660v
A) antecedent and consequent MFs B) cuvolikn koumOAn €16050v-
€EO600L

Hapdaoderypa 3.2 FIS Mamdani 6vo-£1660mv povng- €£6000v .

‘Eva mapaderypo FIS Mamdani 6v0-£1660mv LOVIG- 6000V e TEGGEPELC
KOVOVEC Uopel va ekppactel og (oynua 3.6) :

If X is small and ¥ is small then Z is negative large.
If X is small and Y is large then Z is negative small.
If X is large and Y is small then Z is positive small.
If X is large and Y is large then Z is positive large.
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Yypo 3.6 FIS Mamdani dvo-g1660wv povig- £6dov A) antecedent and
consequent MFs B) cuvoAikn KapumdAn £160800-££000V

3.3 FIS tomov Sugeno

To acagéc poviého tov Sugeno (yvowotd kot o¢ TSK fuzzy model)
mpotdbnke amd tovg Takagi, Sugeno, ko1 Kang ce pio mpoondbeia va
avamtuyBel Lol GUGTNUATIKY TPOGEYYIOT YO TV TOPAYMYY| ACAPDOV
Kavovov omd éva 0oouévo GOVOAO  €16000V-€6000V. 'Evoc Tumikog
acaQNG KOvOvos o€ £va Sugeno acopEég LOVTELD EXEL TN LOPON:

Edv 1o x glvar 1o A ko to y givor to B 10tE 2=1f(X,y)

Omov ta A kot B gtvar acagr] cvvoria mov wponyovvtal (antecedent) evod
10 z=f(X,y) €ivan n cvvéneio(consequent).
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Min or

Product
r
--------------------- _ '1“;, Zy=p,X+q,¥+1
|wa  Z2=Rx+qy+r,
I! Weighted Average

WiZi+Woip
W, + Wy

£ =

Yympa 3.7 To acapéc povtédo Sugeno
Hopaderypa 3.3 Acapéc Kat U acapEg GLVOAD KOVOVAOV —id GOYKPLOT)

‘Eva mapddetrypo povng 16600v acapovg HovtéAov tHmov Sugeno pmopel
va, ekppoaotel o¢ (oynua 3.8) :

If X is small then Y = 0.1X 4 6.4.
If X is medium then ¥ = —0.5X + 4.
If X is large then ¥ = X — 2.
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(a) Antecedent MFs for Crisp Rules

@ small medium large
2 1 o m
& t
go08 i
a ¢
%06 |
%m 1
1
<02 )
1
ﬂ L i 1.
-10 -5 0 5 10
X
(c) Antecedent MFs for Fuzzy Rules
small me:iiun . large
g nedum  lamge
G 0.8} Lo
a ¥
Eu,& %
i
gm- A\
|
= 0.2} \
) A
0—= ' g
-10 -5 0 ] 10
X

(b) Overall YO Curve for Crisp Rules

ﬂ " M "
=10 -5 0 5 10

(d) Overall YO Curve for Fuzzy Rules

>

Yynpa 3.8 Zoykpion PeTaED acap®V Kot U aoapaV Kavovev a) XX mov
wponyovvtol b) koumdAeg £16600V €E600V Y10 TOVG U ACAUPNG KOAVOVES C)
¥¥ mov mponyovvronr d) KopmdAeg €16600V €EOGO0VL YA TOVG OGUPNG
KOVOVEG

Hapdaderypa 3.4 Avo —€1600mv povig —e£000V acapég pLoviéAo Sugeno

‘Eva mopddetypo 000 —€1600mv povig —e£600v asapois

LOVTELOV

Sugeno e téooepelg Kavoveg pmopet va ekppaotel og (oxnua 3.9):
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If X is small and Y is small then 2 = —z + y + 1.
If X is small and Y is large then z = —y + 3.

If X is large and Y is small then z = —z + 3.
If X is large and Y is large then z = z + y + 2.

Yympa 3.9 Acagéc povtélo Sugeno 600 —€1600mV Hovig —e£0d0V a) XX
antecedent ka1 consequent b) GLVOAIKT EMLPAVELD E1GOI0V-£EGOOV

NEYPOAXA®H XYXTHMATA
3.4 AXAOEIX NEYPQNEX

Ot aco@eig vevpmveg €xovv TN HOPPN MOV QOIVETAL GTO TOPUKAT®
GYMHL:
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X1

W1

X2

w2 a(u) y

~

Xm

Omnov :
v1,%2,.....xm o1 £l00001 TOL VELPDOVOL
wl,w2,.....wm ta Bdpn TV GUVAYEDY

f 1 GLVAPTNGCT GLUUETOYNG TOV VELPDOVA
o 1l GLVAPTNGT EVEPYOTOINGT TOV VELPDOVA
y n €£000¢ ToL VELPDOVO,

Ot aco@elc vevpavee OKPIVOVTIOL GE VELPMVEC GULUUETOYNG KOl OF
Aertovpywovg  vevpovee.  [lapokdto — yivetar  avagopd ot
YOPOKTNPIGTIKE KAOE KATNYOPIaS 0GUPDY VELPOV®OV.

3.5 NEYPQNEX XYMMETOXHX

O1 cuvnBéatepeg LOPPEC GLVOPTNCEDV GLUUETOYNG EIVOL 1) TPIY®VIKY, N
YKOOLGLOVY, 1 TPATELOEWNG, 1 KOVOVIKT KoK. Ot TOpaTAve GUVAPTICELS
CLUUETOYNG UmOopoVvV va, vhomomBodv pe T ypnon evog vevpava. H
oLVAPTNOT CLUUETOYXNG UTopel va, VAoToMBEl BempdvTag OTL 0 VELPOVOG
déxeTon ¢ €i60do o X Ko divel €000 A(X) amoTAOVTAG 1) GLVAPTNON
CUUUETOYNG TOL Vo €xel ™ popen A. Av onAadn vrobécovpe OTL 1M
oLVAPTNOT GLUUETOYNS Elval 1 KavoviKY], TOTE Yol vo, VAoon0el mpémet
1 GLVAPTNOT EVEPYOTOINGTC Va Elva:
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V

a(u) = exp >
o

. ]

.k.

Omnov m 10 KEVIPO TNG GLVAPTNONS GLUUETOYNG KOL G TO EVPOG TNG.
3.6 AEITOYPI'IKOI NEYPQNEX

Me 1oV 1010 TpdmO pmopovv vo vAomomBovv ot Bacikés mpdaelg Tmv
acap®v cuvoAwv. O Tpaelc avtég onpilovrol oe Asrtovpyieg dmwg 1 T-
vopuo. ,m G-VOPUO, TO 000QES CLUTANPOUN KTAT. Ot Topamdveo
Aettovpyieg PTOpPovV VO OVTIKATOGTHOOVV TI GLVAPTNOY EVEPYOTOINONG
ToL vevpova ov Bewpnoovpe OtTL o1 gicodolr dev  abpoilovian
TOALATAOGLOGIEVOL e PApN OTMC GTOVG KAOGGIKOVG vevpmves. [Ma va
UTOPOVUE OUMG VO EPOPUOGOVIE TOVS OAYopiBovg pabnong

(my. Tov backpropagation aiydpiOuog avtictpopng dtddoong) Oa mpémet
o1 Aertovpyieg va givor mopaywyiciped.

[Ma v vAomoinon T®V aca@OV AEITOVPYUDY UTOPOVUE VO ETEKTEIVOVLLE
TNV €VVOl0. TNG GLVAPTNONG HETOPOPAS TOL VELPAOVO. XTIV TEPIMTOON
VTN 0 VELPOVOS OEV VAOTOLEL TO OVOAVTIKO YIVOUEVO TNG EIGOJ0V E TO
dtvuopa Tov Popdv aAAd TV TPAEN NS CLYKEKPIUEVNG ACAPOVC
Aertovpyiag Bewpaviag 0Tt 6Aa Ta Papn eivor 1, ®g ovvaptnon
GLUUETOYNG AapPaveTon N :

-

Lu>1
a(u)=u,0<u<l
0,u<0

3.7 XYNOETIKOI NEYPQNEX

[Moapomdve avaeepkape cto o1 cvvbeon tov acapov cyécemv. H
PN ¢ 6vvOeonC amoterel L yeEvikevon TG TPAENG TOV OVOAVTIKOV
YWOUEVOD TMV SWVUGUAT®V KOl VAOTOLEITOL amd 1T GLVAPTNOoN
uetapopds f tovvevpovov. H popen tov vevpmdva eivor mn 0o kot
opiletar amod T EEIGMOCELC:
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f =uniont(x,,w,)

ieN,,

y=al(u)

Omov union givol (o G-vopuo kot t givor po T-voppa. Q¢ cuvéptnon
evepyomoinong Bewpeitor 1 cuvaptnon avoppiynone. Iapatnpovue 6tin
0 GLVOETIKOC VELPOVOG Elval LK YEVIKELOT TOV KAOGGIKOD VELPOVA,
a@ov N Tpaén g epayuévng dfpoiong, n omoia e€acearileTon and ™
CLUVAPTNGY EVEPYOTOINGNG Elval [ €01KY] TEPITTOON NG PPAYUEVNC
EVOONG, EVO TO YIVOUEVO €ival Hia E101KT) TEPITTOGN TNG 0GUPOVS TOUNG.

3.8 IPOXAPMOXTIKA AIKTYA (Adaptive Networks)

‘Eva mpocoppootikd 6iktvo eivar avtd mov otn doun tov mePLEYEL Evav
apBud KOpPwV cvvoedepévoy HEcw Katevbuvtplov cuvdéouwv. Kabe
KOUPBo¢ avamaplotd po povada emeEepyoasiog Kot ot GUVOECUOL HETAED
KOuUBwv mpoodopilovv v artoroyiky] oyéon (causal relationship)
HeTaEy TV ouvdedepuévav kouPov. Ilpocappootikog sivar o kOUPog
OAOG M HEPOG TOVL, TOL oNuaivel OTL ot £€£0001 OVTMOV TV KOUP®V
eCaptOviol and mPocapUOlOUEVEC —TPOTOTOM|GLUEG TOPAUETPOVS TTOL
aviKkovv G€ avtovg Toug KOuPovg. Ot kavdveg  ekmaidgvomg
TPocdtopilovy Tm¢ avtéc o1 mapdueTpotl o mpénetl va aAAdlovv OGTE Vo
elayrotomoleitat To mpokabopiouévo HETPO GPAALOTOG (error measure)
TO0 OTO10 &ival o poBnUaTIKy €KEPACT) TOL UETPAEL TNV OCVLUEMOVIO
HeTa&d TG TpayuaTikng e£600v ToL SIKTVOV Kal NG emtBoung £600V.
Ta mpocapuootikd odiktvo  ¥PNCUOTOOVVTOL  GTNV  TOVTOTOINGN
ocvotnuotog. Epeic Ba mpémel va Bpodue pior KOTEAANATN apyITEKTOVIKT
YL TO SiKTLO Ko VoL BEGoVE £vaL GUVOLO TAPOUETPOV TOL UITOPOLV VO
LOVTELOTOMGOVY KAAVTEPQ £VO GVUGTNUO-OTOYO, TO OTOI0 TEPLYPAPETAL
and €va oHVoro Levydv 0edopEVMVY €16000V-££050V.

O PBoaowog Kavovag €vOG TPOCOPUOCGTIKOD OIKTVOV €ivor 1 amdTOUN
eBivovca péBodog, omv omoia 10 PabumTO SEVLGHA TPOKVLTTEL OO
emruyelc emkAnoelg tov Kavova TE oAvoidag. Avty mn o pébodog
YPNOOTOLEITOL Kol Yo TV €0peomn tov PBabuwmtod ¢’ €va veEupmviko
diktvo oAV emumédwv. Avty 1n  uéBodog ovopdletor KOvOVOC
omcoBodpounong oradoong (back propagation learning rule).
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3.9 HAPAT' QI'OI TIAPAMETPOIIOITHEIMOQN XYNAPTHXEQN
XYMMETOXHX

Mo va kédvovpe éva aca@éc GOOTNUN, TPOCOPUOoTIKO, Bo mpémel vo
EEPOVUE TIC TOPAYDYOVS UG ZVVOAPTNONG XULUUETOYNG G TPOS TO
Opopa. 10000V KOl TIC TOPOUETPOVS. AVTEG Ol TANPOQPOPIEC amd TIG
TOPAYDYOVS Tailovy CNUOVTIKO POAO 6TV UdONoM M TNV TPOCAPLOYY
€VOC 0,00 POVS GUGTILOTOC.

3.10 APXITEKTONIKH ITPOXAPMOXTIKQN AIKTYQN

Onwg Aéel kar 1 ovopacia , £vo TPOGAPUOCTIKO OIKTLO €lvarl ol SouN
SIKTOOL OV 1] GLVOMKN GLUTEPLPOPA €1GOO0V-EEAO0V OLOLOPPDVETOL
amd €va GOVOAO TPOTOTOUCIUMV TAPAUETP®V. ZVYKEKPIUEVO 1| cVVOEDT
eVOG TPOCAPLOGTIKOD OIKTVOV TPOYLOTOTTOLEITAL amtd v GHVOAO KOUPmV
ocuvoedepévav pe KatevBuvielg cuvoéopovg, 0mov kdbe kOuPog extelel
Hio ouyKeKpUévn Agttovpyion KOUPov T EIGEPYOUEVO COLATO, Y10 VO
mapdyel po. poviprn €€odo kopupov kot kdbe cHivoeouog kabopilel v
KatevBuvong pong oNUatog amd tov Eva KOUPBo otov dAlo. Zovibwg o
cLVVAPTNGT KOUPOL Elval Lo TOPAUETPIKT) GUVAPTNGT LE TPOTOTONCULES
TapapéTpovs. AAMAGLovTag T TEAEVTaiES, UTOPOVUE Vo aAABEOVUE TNV
Aertovpyia  kOpPov  OM®G  GTNV  GUVOMKN  GULUTEPIPOPE  TOV
TPOGOAPLOGTIKOD OIKTVOV.

L I I |

Input Layer Layer1 Layer 2 Layer 3
(Output Layer)
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Xyqpa  3.10 ‘Eva. eumpocBdopopo  mpocappootikd  Oiktvo  of
aVOTOPACTOON UE EMITED.

Ot oVVOEoUOL GE €Va TPOGOPUOCTIKO OTKTLO YPNGLULOTOIOVVTAL OTTAG Y10
va Tpocdlopicovy v katevhuvon 01ddoonc Tov e£00wv kopupov. Ievikd
dev vdpyovv Bapn N wopdueTpot oyeTlOUeVOL Le GLVOEGHOVE. To oynua
3.10 glvon £va avTITPOCOTEVTIKO TPOGAPUOGTIKO OiKTLO pE dVO E1600VG
Kot pe ovo e£6d0vC.

Ot TapQueTpot evOg TPOCAPUOGTIKOD OIKTVOL £IVOL KATOVEUNLEVOL LEGQ
otovg KOuPovg, mote kABe KOUPoc va €xer €va TOMIKO GUVOAO
mopapétpov. H évoon autdv Tov ToTiK®v mopapétpov eivol 10 oAkd
OUVOAO TOPAUETPOV TOL OIKTVOV. AV TO GUVOAO TAPAUETP®V €VOG
KOUPov dev glvar kevo, tOte N Agttovpyia Tov KOpPov e€aptdror amd Tig
TIES TOV TOPOUETPOV. XTO GYNLOATO, OVOTOPIGTOVUE TOV TPOGUPLOGTIKO
KOUPo avtod tov €idovg pe Eva TETPAY®VO. ATO TV AAAN av 0 KOUPOG
EXEL KEVO GUVOAO TTAPAUETP®V, TOTE 1 AEITOVPYia TOL €ivan KaBopiopuévn.
Ao aVATOPICTOVUE TOV TOTO TPOKABOPIGUEVOL KOUPOV pE Eva KOKAO.
Ka0e mpocaprootikdc kopupog pumopet va dtaonactel oe Eva
mpokafopiopévo kOUPo cuv £va 1 TEPIGGOTEPOVS KOUPOVS TAPAUETPWOV.

o o o

x—e-l?-——a-u

PE—

Y —)-‘ hiH——V
Yympa 3.11 Avdivon npocapuootik®v KOpPmv: (a) Evag povog KOpPog
(B) éva mpdPANUa £xEl KOWVEG TAPAUETPOVS

3.11 KATAMEPIEMOZX ITAPAMETPQN XE IPOXAPMOXTIKA
AIKTYA
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To oyfua 3.11 deiyvel éva mpocappootikd diktvo pe Evav uoévo kopfo,
t0 omoio pmopel va avoamapactadel cav y=f(X, a) OTOv X, y &ivon 1M
€16000¢ Kol £€£000G OVTIGTOLYMG Kot o ival 1 TaPAUETPOG TOV KOUPOV.
Mo 1cod0vaun anekdévion eival vo LETAKIVIGOVUE TNV TAPAUETPO EEM
and tov kouPo kol vo v tomobetnoovpe o Evav kOUPO TOPAUETPO
omw¢ eaivetal oto oynua 3.11 a. Avtog o KOuPog mapdueTpog ivar o
€101KT TEPIMTMOT EVOC TPOGUPUOGTIKOD KOUPOL 6TO 0moio dev LITAPY oLV
gloodotl kot 1 €€0do¢ eivan n 1010 | wapdpeTpoc. O kOUPOG TAPAUETPOC
glvor  ¥pNoIUOG o1V EMIALOT  GULYKEKPIUEVOV  OVTITPOGOTEVTIKMOV
TPoPANUATOV, OTMOC GTO TAPAOEYUO KOTOUEPICUOD TOPUUETPOV GTO
oynua 3.11 a 6mov dvo mposapuootikol kopuPor u=g(x, a)kor u=h (y, a)
popalovror v 0 TAPAUETPO o, OMMOC ONAMVETAL KOU Omd TNV
SUIGTIKTI YPOUUN TTOV EVOVEL QVTOVG TOLG 0VO KOuPovs. Bydlovtag éEm
mv moapdpetpo kot Paloviag v péoa oe €vav kKOpPo mapduetpo,
UTOPOVUE VO EVOOUATMOGOVUE TS OTOLTNOEL TOV  KOTOUEPIGLOV
TOPOUETPOV UECH TNV OPYLITEKTOVIKT] oxediaon Tov OktHov. Avtd
OTAOTOIEL TNV OVOTTAPAGTACT) TOL OIKTVOV OTIMG KOl TNV EPUPLOYY| TOV GE
AOYIoUIKO.

To mpocoapuooTiKd OiKTLO, Elval YEVIKAOC KOTNYOPLOTOMUEVO GE OVO
Katnyopiec pe Pdon TOV TOUMO TOV OlICLVOEGE®V MOV  EYOVV:
EunpocBodpopa  diktva  (feedward) «ou  emavoinmiikd.  To
TPOGOPUOGTIKO  dikTvo  mOL  Qaivetaw oto  oynuo  2.13  egivan
eunpocsBodpopo, wog kot n €Eo0dog kabe kouPov odideton omd TV
TAgupa NG €16600V (aproTeEPd) TPOG TNV TMAELPE ™S €£0d0VL (Oe&1d)
Tévta. Av LIaPYEL GOVOEGHOS OvVAdPAoT|C TOL oYNUATICEL Vo KUKAIKO
HovomdTt 610 dikTvO, TOTE TO diKTVO £ivarl emavainmTiko. To oynua 2.12
elvar éva mapadsrypa. Xto ypaenuato, €vo eumpocsBdopopo  diktvo
avamoplotdtor amd €vo KuKAMKO Kotevbuvouevo yplonuo mov Jdev
nePExel KATELOVVOUEVOVG KOKAOVLG, €V €va EMAVIANTTIKO OiKTLO
TEPLEYEL TAVTA TOVAAYLIGTOV £Vl KATELBVVOUEVO KOKAO.
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Yympa 3.12 Eva eravorapPovopuevo mpocaprootikd dikTuo

Yympa 3.13 'Eva eunpocHodpopo mpocsapproctikd diktvo e
avOTaPAoTOCT) TUTOAOYIKNG O1dTaéNnG.

XV ovoamopdoTactn e enimedd Tov EUTPOGHOSIPOLOV TPOCOPUOCTIKOV
diktvov o6to oynua 3.11 , dev vdpyovv civoesuot petald kKOUPwV 6TO
1010 emimedo, kol o1 €000l TV KOUP®V O €vol GUYKEKPYEVO EMIMESO
elvar mévto ovvoedepévol pe kopPovg oe Oadoykd emimeda. Avt n
avaropdotacn eivar ovvnBwc mpotyuntén €5 ortiag TG €VKOANG
SWUOPP®ONG NG €medn ot kOpPolr oto 1010 emimedo &yovv v 10w
Aertovpyla M yevvobv 10 1010 emimedo a@aipeone OcwV aEopd TOo
VOO UOTO EIGOJ0V.

Mo dAAN avamapdotacn eUtpochOdporon SIKTVOL Ol 1) OVOTOPECTOC
TOmOAOYIKNG Tavounong n omoia eTiketomolel Tovg KOUPoOVG o€ o
dwatetaypévn axkoiovBio 1,23, ..., Té€TOl 7OV VO UMV  LIAPYOLV
ocVuvdeGpol and Tov KOuPo i otov kOuPo j, omotednmote i> j. To oynua
3.13 eivau N avamopdotacn TOTMOAOYIKNG ToSvounong (topological
ordering representation) Tov Owtvov oto oynua 3.11. Avm n
avomapdoTaoT eival Ayotepo SWUOPPAOGIUN od OTL 1 AVOTUPAGTOCN
ue emimeda, OUMG OIEVKOAVVEL TOV GYNUATIGUO Kavovov ektaidevons. H
avOTaPEoTOCT) TOTOAOYIKNG TASIVOUNGNG EIVOL GTNV TPOLYLATIKOTNTO LU0
E01KY| TEPIMTOON TNG OVOTAPACTACNG UE EMimeda, pe Evav kOUPo ovda
eminedo.

‘Eva eumpocB0dpopo mpocsaproctikd d1KTvo €ivol 6TV TpoyUoTikOTnTo,
L0 GTOTIKT OVTIGTOTYN O LETOED TOV YOPOV 16000V Kot €£600V. AvTi 1)
aVTIGTOlY IO LITOPEL VoL VO LILOL OTTAT] YPOLLLULKY] GYXECT 1] U1 YPOUUIKT,
eCaptdpevn amd TV dopr| ToL SIKTVOL (O1dTaln KOUP®V Kol GUVOECEWMV)
Kot v Asuwovpyio kdBe kouPov. T vo koatackevdcovpe Eva
TPOGOPUOGTIKO OIKTVO YPNGILOTOIOVUE £VOL GUVOAO OEGOUEVMV TTPOC
EKTTOUOELON Kol KATOLEG O101KOGIEG OGS Ol KAVOVES eKTaidELONC 1 Ol
TPOGOPUOGTIKOL aAYOPIOLOL YIoL TV TPOTOTOINCT TOV TAPAUETPOV Y10
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va BeAtidcovpe TV amdo0cr] ToV OkTHoL. XuvO®G 1 amddoon €VOC
SIKTOOL peTpréTal g 1n dopopd petald g emboung e£600v Katl g
TPOYUOTIKNG KOTO omd T1G 1d01e ouvOnkes. Avtiy 1 dwpopd ovopdleTon
pétpnon oedipatog. I'evikdtepa, €vag kavovag exmaidgvong e&dyetan
amd TNV EQUPUOYN OGS GVYKEKPILEVNG TEXVIKNG BeATioTOMOINGNC Yol LU
deOOUEVT] LETPMOT COAALOTOG.

ITAPAAEII'MATA ITPOXAPMOXTIKQN AIKTYQN

3.12 [Ipocappootikd diKTLO pHE £vay YPOUpIKO KOpfo
(linear node)

Yympo 3.14 I'poappikd Tpocapproctikd diktvo pe Evav KOpBo

Y10 mopandve oynuo 3.14 ansikoviletor £va TPOCAPUOCTIKO HIKTLO LE
gva KopPo.

Opiletau x3=f3 (x1, x2,; al, a2, a3)=al x1 +a2 x2 + a3

Omnov x1, x2 elvar ot gicodot, ko al, a2, a3 &ivar o1 TPOTOTOMGYLES
TOPAUETPOL.

H ocvvéaptnon tpocdiopiletl éva eninedo o Evav ydpo x1-x2 ko Balovrag
SAPOPEG TIHEG Y10 TIG TAPOUETPOVS, UTOPOVLE VO TOTOHETHCOVUE AVTO
t0 eminedo avbaipeta Omwg epeig BEhovpe. XpNOWWOTOIOVTAS TO
TETPAPOVIKO GOAALN OC TO CPAALO LETPNOMNG Y10 TO OIKTVO, UTOPOVLE
va avayvopicovue T PBEATiotEC mopapéTpovg pEowm TG uebdoov
EKTIUNOMNG TOV YPOULKDV EAUYIGTOV TETPAYDVOV.

3.13 Aiktvo Percepton

Edv mpocBécovue kan évav dAlo kKOuPBo dote va emttpéyovue oty ££000
oV dktHov oto oynua 3.14 va maipver povo dvo tég 0 ko 1, toTE
TaipvovpE TO Un Ypapptkéd diktvo oynua 3.15

O koppot ekppalovra:

x3 =f3 (x1, x2,; al, a2, a3)=al x1 +a2 x2 + a3

Ko :
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x4:f4(5’53):{;

Omov f3 eivan poe ypopukn oovéptnon kot f4 eivor g Prpotikn
cuvaptnon mov aviictorel to x3 eite oto 0 eite oto 1. Tnv olkn
CLUVAPTNGT TOVL JSIKTOHOV WUTOPOVUE VO, TNV SOVUE GOV £VOL YPOLUUIKO
taSvountn. O mpotoc kopuPog oynuatifel éva 6plo andpacns cav po
evbeia ypoupr otov yopo tov x1-x2,; Kot o 6edtepog kOuPog deilyvel o
o0 MuEninedo avnkel 1o Odvoouo €codov( x1, x2). Mmopel va
oynuoatiotel éva 1oodvvapo nuelIwinedo pe éva povo koOpPo 6mov 1
ocuvdptnon tov f3 kot f4 . O kéuPfog mov wpokvITEL Elval £va OOKO
VAKO .

X,
.\\ o ﬁ—) X

X, Ty ‘

=

X, o

Yympa 3.15 Eva un ypoppkod tpocaplocTtiko diktvo pe Evay koupo

Mg kot 1 Pnpatikn covdptnon givor acvveyng oe €va onueio kot
emimedn o€ OAa to GAAo onueio. Mo evalhoxTiky] Avon eivor va
YPTCLOTOU|COVUE TN OLIYUOEWY] CLVAPTNOY oAV UL GLVOAMTTIKNY
cuvapTnon mov maipvel Tipeg and 0 €og 1.

|
x, = f,(x5) = .

Il + e °°
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3.14 'Eva molveminedo oiktvo Percepton

>10 oynua 3.16 BAEmOVUE TNV APYITEKTOVIKN Y10 EVO TOAVETITEDO
percepton pE TPELS E160O0VG, OLO £E6O0VE Kol TPELG KPUUUEVOLS KOUPOVG
oL 0ev cuvoéovtat amevbeiog oVuTe 6€ €10000 0VTE GE ££000.

Emimedo 1 Enimedo 2

Eminedo 0
{ Emimedo Eroodov) | Kpuppéve Emimedo)  ( Enfredo E{odou)

Yympa 3.16 'Eva vevpwviko diktvo 3-3-2

Kabe xopPog oe éva diktvo avtod Tov TOTOL £)EL TNV 1d1L GLVAPTNON
KOuPov, mov eivan cvvOeoT oG YPOUMIKNS 3 Kot pog Gtypuogtdovg 4 .
:0MA. 1 svvapTNoT KOUPBOL 6TOV KOUPBO 7 6TO TOPATAVED GYNLO Efvat:

1

L+ expl —(w, ,x, + w, X, + W, xg
omov x4 x5 kot x6 givar o1 £€0d0t amd Tovg KOPPoVG 4,5 Kot 6 avticToryo

KOl TO GUVOAO T®V TAPOUETP®V Tov kOuPov 7 dniavetal pe to { w4,7
w5,7 w6,7, t7}.
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Yvvnbwg to Wi J, elvan to Bapog mov oyetiCeTon pe tov cHvdeopo
OV EVAOVEL TOV 1-06TO KOUPO Kot tov j-001d KOUPO, Kol 10 j t Gav TO
kateM (threshold) mov ocvvdéetoan pe tov xKOuPo j. Tevikd, évog
OVUVOEGLOG Oelyvel LOVO TNV KoTtehBvvomn TG pong oNUOTOS HETOED TV
oLUVOESEUEVOV KOUPWV.
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KE®AAAIO 4

IHNPOXAPMOXTIKO NEYPO-AXA®EX XYXTHMA EEATQI'HE
XYMIIEPAXMATOX
ADAPTIVE NEURO-FUZZY INFERENCES SYSTEMS-ANFIS

4.1 H ap)prextoviki) Tov ANFIS

O aiyopBuoc ANFIS eivar amd tovg KuptoTEPOLS GAAN Kol TAVTOYPOVA
amd TOVG TPADTOVE OV EPAPUOCTNKAY OTO TESIO TNG VEVPO-ACAPOVS
npocéyyone  mpoPAnudtov. Iloapaxdtw meprypdeetor to  OiKTLO,
vroBétovtag 0Tt To TPOPANUE To omoio Ba avaivBel £xel 600 €600V X
Koty Kot pio £€6000 z.

YroBétovtag 6t Yo éva Ttpdtng TENG povtého Sugeno, pio Tomikn Pdon
Kavovav (rule base) Bo umopovoe va eivarn ko 1 ENG:

Rule 1: If z is A; and y is By, then fy = p1z +q1y + 1,
Rule 2: If z is Az and y is By, then f3 = pox + qay + 2.

To mapaxdtow oyquo 4.1 deiyver pe amAd TpOMO TN OldIKOGIN
ovunmepacpov (inference procedure) Tov povtélov Sugeno, otV
nepilltwon 6mov ywo t-operator £yel emAeyel N TOUN TOV 60O AGOPOV
ocuvorwV (A,B), omote PANB(X)= min[pA(x), uB(x)].

Wi f = px g+
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Yyqpa 4.1 Muwog duthng-e16600v pdTng-evrong  (first order)
acaQEC LOVTEALD Sugeno e V0 KOVOVEC.

Onwg yiveton @avepod, 1 ££0d0¢ z Tov mpwtoPddon poviéhov Sugeno
elvanr évac otabpkdg péoog O6poc. H avtictoyn avomapdotacrn tov
dwtvov ANFIS napovoidletor 6to mapoakdtm oynua 4.2.

Layer 1 Layer 4
i' Layer2 Layer3 l

xy Layer 5

¥ l
1,
A

w, f;
T4
xy

Yympo 4.2 Apyrtektovikny ANFIS

To mopamdve oyfua oamekovilel TOV  GLAAOYIGTIKO  UNYXOVIGULO
(reasoning) yi oVTO TO HOVTEAO Sugeno Kot 1) OvVTIGTOUN 1000VVaUN
apyrtektovikr] Tov ANFIS o6mov ot képPotr tov idov emumédov €yovv
napopote ovvaptoels. Ilopakdto moapovcidletal mo avoAvTIKE M
dlepyacio mov ekteleiton o€ KAOe eminedo.

Eninedoo 1: KdébBe wxopPog 1 oe avtd to emimedo eivor €vag
nlIpocapudcipog (adaptive) kOpPog pe o cuvaptnon kOpPov :

Il

O1 = pai(z), fori
1":'Il,f'- = Pﬂi_iiy]:- for i

1, 2, or
3! 4‘!

6mov X 'y ) — m eloodog otov KOUPO Kon Aj (or Bi-z2) _ N
YAwoown petafint) (small, large, KAm.) mov oyetileton pe avty ™
ouvdptnomn Tov KOUPBov.
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Me dAla Adyia, to O1 i , €tvar o abpds cuppeTong Tov

A (= Ay, Ay, B, or By)

ka1l kaBopilel to Pabuod otov omoio M €icodog X (N y ) Kavomolel Tov
nmocotikomont) A . Ed®d 1 cuvdptnomn coppetoyng yuu to A pmopei va
elvatl omo1adNToTE KATAAANAT TOPOUETPIKT] GLVAPTN OGN GLUUETOYNG OT®G
1 KOUTOVOEONG Y10 TOUPAOELYLOL

F’A{I]:' - ETE
1+

Omnov {ﬂ"’ b, ci} elvoil To GOVOLAO TV TOPOUETPOV.

Kobog ot tpée avtdv tov mopapétpov aArlalovv, Ol GUVAPTNCELS
TOWKIALOVY  avddloya, Topovcslaloviag £Tol  OPopeg MOPPEG  TNG
OLVAPTNONG GULUUETOYNG YO TO 0GOPEG cUVOAD A . Ol TAPAUETPOL GE
avtd TO €mimedo avaEEpovial ¢ opywol mapaueTpol (premise
parameters).

Enineoo 2: Kdabe koppog o€ avtd 1o eminedo ivan €vag otabepog (fixed)
kouPog II, tov omoiov m €Eodog eivar 1O YwwoOuevo OA®V TV
EIGEPYOUEVOV CTUATOV:

Oz =w; = pa,(z)up,(y), 1=1,2.

Kabe xoéuPoc-é€0d0g avtumpocwmevel 10 Pabud evepyomoinone  €vog
kavova (firing strength). ['evikd, omolecdonmote dAlec T-norm (operators)
oL onuaivouy Tov acaen terecty AND umopodv va ypnoipomombotdv
oav cLVAPTNoT KOUPOV 6€ AVTO TO EMIMEDO.

Eninedo 3: KébBe kdépupog oe avtod 10 eminedo eivor Evag otabepdg KOUPog
N. O i-1016¢ xo6uPog vmoroyiler to A0yo ¢ Pabuov evepyomoinong
(firing strength) tov i-o6tO00 «KOVOVO ©TO dBpocpa TV Pabudv
evePYoOmoinong OA®V TV KoavOovov:
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— wy .
O3 =w; = m, i=1,2.

o evkoMio, ot €Eodor avtod ToL emuédov  ovoudlovrtol
Kavovikormomuévol Baduoi evepyomoinong (normalized firing strengths).

Erinedo 4: Kabe xoppoc i o€ avtd 10 emimedo eivar Evag mpocapUoOGILOC
KouPog pe pio cuvéptnon kopPov:

O4 =W f; = Wilpiz + qiy + 1),

Onov Wi givar o KAvOVIKOTOmuEVOG Pabudg evepyomoinong amd To

eninedo 3 , Kot ipi, G, ri} 10 oOVvoho TV Topapétpov. Ot
TOPAUETPOL CE OLTO TO EMMEO ovoPEpovTol oG emnakdAovbol
(consequent parameters).

Erinedo 5: O povadikdg kopPog oe avtd 1o eninedo givar Evag otadepoc
KouPBog £ mov vroroyiler T ocvvolkn €£0d0 Gav 10 oMKO Afpoicuo
OA®V TOV E1GEPYOUEVOV CNUATOV:

Ei w:’fi

overall output = O, = ¥ W;f; =
Zi: l 2 Wi

Avtd 1O TPOCOPUOCTIKO OIKTLO Elvol AEITOVPYIKE 1GOOVVAUO LE TO
acoPéG Lovtého Sugeno. Mmopovpe va cuvovdoovpe Tao enimeda 3 ko 4
Y10l VO, OTOKTH|COVUE £Va 100dVVOLO OIKTLO pE TEGaEP LOVO emimeda. Me
T0 1010 J€lypo HITOPOVUIE VO TPAYUATOTOMGOVIE TNV KOVOVIKOTOINGM
TV Bapodv 6to tedevtaio eninedo. To oynua 4.3 answkovilel Evo ANFIS
OLTOV TOL TUTOV. LTV OKPAid TEPITTOGT UTOPOVUE VO GUPPIKVAOGOVLLE
aKOpa Kot OA0 TO dikTVO, 0E évav HOVO TPOGAPUOCTIKO KOUPO e To 1010
ovvoro mapapétpmv. H avdbeon ocvuvaptioewv kOppov kat n cuvheon
oL OKTVOV givor avBaipeteg, epocov kdbe koOuPog kol kdbe emimedo
TPOAYUOTOTOLOVV AEITOVPYIEC TTOL EIVOIL CNUAVTIKES KO £XOVV dVVOTOTNTA
VO ATOTEAOVVTOL OO EMUEPOVS TUNULOTOL.
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Yympa 4.3 Apyrtektovikny ANFIS ywo to acagéc povtélo Sugeno
o6mov N Kavovikonoinon Papdv yiveror 61o TeEAevTAio EMiNESO

Ext0g amd 10 pnyavicpud cuumEPOGUOV TOL Sugeno, UTOPOVUE V.
katookevacovpe ANFIS ko pe to poviého Mamdami. To Sugeno
YPNOWOTOLEITOL  TTEPIGGATEPO CLYVE, OGS KoL SlKPIvVETOL Yoo TNV
SLOLPAVELDL KOL TNV OTOTEAEGLATIKOTNTO TOV. XT0 oynua 4.4 (o) PAEmovpe
uwo apyrtektovikn ANFIS mov eivor 1cod0vaun pe éva aca@és LovtéLo
Sugeno tpmTov Babov dvo E160dMV Kot EvvEN KavOvav, og Kabe £l60d0
Oempove OTL AVTIGTOLOVV TPELS GLVOPTNOELS GLUUETOYNG. To oynua 4.4
(B) amewcovilel T 600 S1OGTACEDV YDPOS EIGOO0V Elval YWPIOCUEVOC GE
evvéa vtépOeteg (overlapping) acageic meployég 0mov Kabe pia eAEyyeton
and évo acaer kavovo if-then. Avtd omnpaiver Ott 10 pEPOC TV
TpovimofécemV €vOC Kavova TPocdlopilel (o acoQY] TEPLOYN, EVD TO
HEPOG TV GUUTEPACUAT®V TPOSdopilel TNV €000 HEGO TNV TEPLOYT).

Promise P r Consegquent Paramalers
l X
ATk AN
n _--:- l..' .: __,- i ]
e ‘il |:_| |;
X ar : = st sy )
: ) L A ™
A D
.
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Yypa 4.4 (o) H apyrrextovikny tov ANFIS yu 10 acoapég poviéro
Sugeno pe 600 €16030VG Kot EVVED KOVOVEG.

Y Y )
3 g 6! 9
& { R
| g
B 2 sll o
B , H :
t,f . '- *» X

X

Yympa 4.4 (P) o ydPog 16030V, YOPIGUEVOS GE EVVEN OGOPELS TEPLOYEC.
4.2 YBp1okog ahyoplOpog ekmaidevong

To ANFIS ypnoiuonotet évav vBpidkd alyopBuo ekudbnong yu vo
TPOGOIOPIGEL TIG TOPAUETPOVS TOV ACAPOVS GLGTHLOTOS TUTTOV Sugeno.
Epapudler évav cuvdvaouo e uebodov elayictov tetpoyovov (least-
squares) kot TG peBoddov omcsOOdpoung Pabumtie eloyioTomoinomg
(backpropagation gradient descent) yio. TNV EKTOIOELOT TAPAUETPOV TOV
ouvaptoe®V GLUUETOYNG Tov FIS dote va pupmBel éva doopuévo civoro
JedOUEVAOV EKTTOUOEVOTC.

4.3 Extipntig shayiotov TeTpay@vov (least-squares estimator)

210 yevikd TPOPANUO eAayIoTOV TETPAYOV®VY, 1| €£000C TOV YPOULUIKOD
HOVTEAOVL Y diveTal amd TN YPOUUIKE TOPOUETPIKOTOINIEVT] EKPPOOT):

y=061fi(u) +02f2(u) + -+ falw), |
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= [ul_’ T Up ]T elvar 10 01dvuoopa €16600V TOV p_t(_)vrékov ,
Ji, 0 f n glval YVOOTEC GUVOPTNHGELS TOL U Kol Br, -+, On etvan
dyvooteg mopduetpot mov 0o vmoloyiotovv. H mapamdve e&icwon
KaAgitor cuvaptnon ToAMvOpOUNoNG, Kot ta 01 ovoudlovtol GUVTEAEGTEC
TOAMVOPOUNOTC.

IMa va Tpocdopiotovv ot ayveoteg mapauetpot 01, cuvnBmg mTpénetl va
exktereoTOVV  mEpduato  ywo vo Ppebdel éva obvoro  dedopévmv
ekmaidgvong  mov  amoteieitn  amd Tt Cevydplio  dedopéEvmv

, u
Omnov -

{(uigi),i=1,---,m} 10, OTOl0L QVTITPOCOREDOVY To, EMOVUNTA,
Cevyaplo  €16600v-€E600V  TOL  cvoTHUOTOG  oTdYov  Tov  Ba
novtelonomBei. H avtikatdotaon kédbe (evyaplod otoryeimv oty
e&lowon 1 mapdyetl £vo GUVOAO YPOUUIKAOV EEI0MGEMY m:

[ fi(u)B + falu)ba+ -+ fa(m)8, = w1,
filug)dy + fa(ug)fy + -+ -+ fru(uz)by, Yz,

L h {“m}{']l + f‘lfum}éi + et fn{“m}ﬂﬂ = .'i,l'::nr
e€.2

Ye pope1 TVAK®V, 01 TPONYOOUEVES EEICADGEI UTOPOVV VA, YPOPTOVV GE
GUVOTITIKT] LOPPN:

AG =y e€.3
omov A givan évac mx n wivakog (ivokog oxedtocon):

filwy) -+ faluy)
A= . . .

filum) o falum)

0 civou éva n X1 davucpa AYvOGTOV TOPAUETPOV:
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Koty eival éva mx1 divoopo e£6d0v:
n
Ym

H i-oot) oepd tov evopévov mivako oedouévav [A:Y] , OV

(a7 :v]

HEC® NG

dNA®veTOL pE

W, v,)

oyetiCetal pe 1o i-00td Cevydpt dedopEVOV

&31 = [!1{“:'}! T fﬂ{ui}]'

To peyaAddtepo péPog TV vrorloyiop®my PacileTon oTovg Tivakeg A kot y

T.
, LEPIKEC QOpEC YiveTal avapopd GTo .[E“i "yi}, cov 10 i-0016 Cevydpt
J€JOUEVAOV TOV GLVOAOD JEFOUEVAOV EKTTOIOEVOTG.
o va mpocdopiotel pepovopéva to dyvooto owdvocupa 0 , eivon
OmAPOITNTO VO 1oYVEL M > n . Av 0 A glvol TETpay@VIKOS (M = n) Kot
aVTIGTPEYIOG, TOTE 1 e€lowon 3 pmopel va AvBel ©¢ TPog ToV AyvmoTo X
KoL yiveTou:

f=A""y

O m &ival ovvnBm¢ PEYAADTEPOG OO TOV N , TOV GNLOAVEL OTL LITAPYOVV
TEPLEGOTEPO (EVYAPIO GTOWYEIMV OO TIG TOPAUETPOVS. XE AULTNV TNV
mepinTon, o akpiPng AHon mov vo tkavomotel OAeg TIg m e£I6MOELG gV
etvar mdvto dvvarr|, dedopévov 0Tt Ta oToryeion pmopel va poAvvOoHv amod
006pvPo, N 10 povtéro pmopel v unv eival KATAAANAO Yio TV TEPTYPOPT
Tov ovotiuatog otdyov. Katd ovvémewn m eElowon 3 mpémer va
tpomomoBel pe ™V evooUdTOon €VOG O1VOGUATOG AGBOVG € Yo Vo
amoteAEEL TO Tvyaio AdBog BopvPov 1 To TVYaio AABOG SAUOPPDONG MG
edng:

AO +e=y
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Topa, avti mg edpeong mg akpiPovg Avong oty edicwon 3, Tpénet va

Bpebel o 6=0 OV EAQYIOTOMOIEL TO AOPOIGHA TOV TETPAYMOVIKOD
oQAALATOC Ko opileTol g :

E@)=) (vi—aj0)} =e"e=(y— A0)T(y — A6)
i=1

(e€.4)

omov e =y - AO givau 10 dvoopo AaBovg mov TapdyETOL GO ol
ovyKeKpEVN emaoyn tov 0 . Ipénel va onueiwdei 61 10 E(0) eivon oe

TETPAYOVIKY] HOPON Kol £YEL €V HOVASIKO EAAYIOTO 6=0 . To
aKoAovBo Bedpnua ONAmdvel Evay amapaitnto OPO TOV IKOVOTOIEITOL OTTO

TOV EKTIUNTY EAQYICTOV TETPAYDVEOV

Opropdg 4.1 Extyuntg eloyictov TETpoy®vov

To tetpaywvikd cpdipa oy e€lomon 6 ehayiotomoleiton OtV 6=0 ,
0 omoiog koAeital extiung ehayiotov tetpayoveov (LSE) kot o omolog
KavoTolel tnv Kavovikt eicmon

ATA=ATy
ATA | : p : , :
Av o ElVoll OVTIOTPEYIHOG , O elval povadikog ko diveton amnd
mv:

0= (ATA)'ATy.

4.4 Omo00opounon Yo TPOGO-TPOPOIOTOVIEVE. OIKTLA

H evéomra ovt] mapovoialer éva Pooikd kavova ekpabnong yuo
TPOGUPUOCIE dikTLO, 7OV €lval otV ovcia 1M mo oA uEBodog
Babuwtng eloyiotomoinong. To xevipwd pépog avtod TOL KAVOVA
EKHAOMNONG aQopd OTO TG VO EMAEYEL EMAVOANTTIKA £VOL SIVUGLLOL
KMong oto omoio kébe otoryeio opileTon ¢ TV TapPAy®YO €vOG PETPOL
CQAALOTOC G TPOG U TopAUeETpo. Avtd yivetow pe t Ponbdeta tov
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Kavova aAvoidag, €vog Poactkod TOTOL Yo TO JSWPOPICUO GVVOETWOV
oLVOPTNCEMV 0 0Toi0g ovodveTon oe KAbe gyyepidlo pabnuotikov. H
drdkacio ebpeong £vOG O10VOGHATOG KAIONG GE £val SIKTLO aAVAPEPETOL
vevikd cav omieBodpounon (backpropagation) enedn| To d14vuGHOL
KMong vrmohoyiletar oe KatevBouvon avtiBetn amd ™ pon ™ 5000V
KOs  wouPov. MOAC emheyel mn Khom, OQOpPEC  TEYVIKEC
BeAtiotomoinong Kot mTaAvopounons PacioUEVES GTIG TOPAYMDYOLS Eivart
dwbéoec yuu TV evnuépmwon TV mopouétpov. Eidwkotepa, edv
YpPNoomolovue to Oodvocuo kiiong oe o anAn pébodo Pabuwtng
glayloTonoinong, TO TPOKLTOV TOPAOEYUO EKUAONONG avapEPETOL
GLYVA WG KavOvag omic00opoung ekpadnongc.

‘Eoto 6t1 0€001éEVO TPOGOTPOPOSOTOVUEVO TPOGOPUOGIHO SIKTVO GTNV
avamopAdoTact] Tov o€ enineda £yl L emineda ko o enimedo 1 (dmov
1 =0,1,.., L; 1 =0 avitpoconevel 10 eninedo eoaywyns) £xet N()
KouPovg. Tote n €Eodog katl n cuvdptnon tov koépPov i [i = 1,..., N(1)]
’ , , X; S ,
010 enimedo 1 pmopov va amapactabodv cav I kot 7 avtiotoryo.
Ag vmotebel 0TL dev vVIApPYEL Koo GOVOEST UETAED UN CUVEXOUEV®DV
otpoudtov. Agdopévov 0Tt 1 000G evog  kouPov e€aptdton amd To
E10EPYOLEVA GNLLATO KOl TO GUVOAO TOPOUETPOV TOV KOUPBOV, TPOKITTEL

Fos
A

N okOAoVON YEVIKN EKPPACT Y10 TN GLVAPTNON TOV KOUPBWV

omov a, B, Y KTAT. glval o1 TapAUETPOL ALTOV TOV KOUPOL.

YnoBétovtag O0tL T0 doouévo chvoro dedouévev ekmaidevong €xel P
KATOY®PNGELS, Umopel vo oprotel Eva Hétpo odApatog yia tnv p-oot (1
< p < P) xataydpnomn tov 0ed0péEVOV EKTOIOEVLONC GOV TO AOPOICL TV
TETPAYOVIKOV GOOUALATOV:

Y0
E, = Z(ﬁ?a— —X15)°

e£4.4.2
d,
Omnov " eivar 10 k-00t0 ovotatikd TOL Pp-00TOD  EmMOLUNTOV
, : Yk . , ,
dlvoouaTog  €£000V Kol elvar 10 k-0010 ovoTOTIKO TOVL

TPOAYUOTIKOV SLOVOGLATOS OO0V TOV
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TOPAYETAL LLE TNV TOPOVGIOGT TOL P-0GTOV OlVOGHOTOS €1GOO0V GTO
P
diktvo. (I'a onueloypaeikn amAdtnrto, mapoAeinetor o Seiktng

d X;;
, ik , L.k , , . ,
and t0 | Kol omd TO ). IIpogavag, otav 10 = Felvor 160 pe to

undév, 10 diktvo eivar wavd va ovoamopdyel akpPdg to emBounto
dtavucpa €£06060V 610 p-06Td evydpt dedopévav ekmaidevons. O otdyoc
e0m elvar va ehaylotomombel éva cLVOAKO UETPO CEAAUATOS, TTOL
opileton o¢:

Kot

££.4.4.3

1

EmumAéov, ac vrotebel 0tito T F
€EO00V.
[a voa ypnowomombei 1 Pabuwt eloylotonoinon ®cte  va
ehayrotomonfel to pHETPO oQPAApATOC, Tpémel mpmto vo. Ppebdel To
divoopa kKAione. Ilptv vmoloyiotel to ddvuopa kAiong, mpémetr va,
TapatnPnOovV o1 akOAOLOES AITIDOEIS GYECELG:

eCaptdror povo amd tovg KOuPovg

omov To BEAN —  delyvouv TIC ouTiddels oxéoel. SMAASY, o pcpy
aAAayn oe (o TapaueTpo a Bo emmpedost v €£0d0 ToL KOUPOV TOV

aMayh aMayn oTi¢ arhayn
atmnv s?oﬁoug Ty gg; ahayry ato pétpo
mopdpeT KGUBwY TTou €goooug OQANJQTOC
, TWy
poa TEPIEXOWV TO O :
QL KTUWY

nepl€yel o a . Avtd pe m ogpd tov OBa emnpedoel v €€0060 TOL
TEALELTAIOV EMUTEDOV KOl GUVETDG TO LETPO COAALOTOC.

H Poown apyn otov vmoroyicud tov SovdcUaTog KAiong eivor va
TEPAGTOVV U0 CEWPE amd TANPOPOPIES TAPAYDYWOV EEKIVOVTOS ATd TO
eninedo 5000V Ko mNyaivovtog avamodd amnd eninedo 6e eminEdo £mC
O0tov KataAnEel n dladikacio 6To EMimEdO E1GOJ0V.

AN

To onuo ceaApoTog opiletar coav ™ TOPAY®YO TOL UETPOV

)

CQAALOTOC Er ®¢ mwpog v €£odo tov KOUPoL i
Aapfdvovtog voyn Kot Tig
AUECES KOl TIG EUIECES TTOPELEG.

ot10 cminedo 1
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BE. 4.4.4

H éxopaon avt ovopdotnke dtatetaypévn mapdywyos and tov Werbos.
To onua cedApatog ywu Tov i-0610 KOUPo €600V (oT0 emimedo L )
umopel va vrohoytotel anevbeiog:

L i EP _ E}EP
SLiT A A
ox, ox, ;
EE.4.4.5
—_ " _ as
€,,=20d, —x;;)

Avto6 1000TON pE av 1o ¥ opiletan Omwg otV
elowon 4.4.2. T tov ecmTePKo kOUPO NV i-00TN BE0M TOL EMMESOL
1 T0 onuo ocedAipatoc pmopet vo Ppedel amd Tov KavoOva oAvcidag
(e£.4.4.6):

T N{l+1) A7 = N{I+1) =
_ ¢ Ep Z ¢ ‘E}J Dj}+1-rar Z Cf +1.m
{:I:jl-: - = i - - = i E'i—]. 1 -
OX m=l X,  OXp; m=1 OXp 4
x—\f__.-- , -.___.-
grror signal error signal
at layerl at layer [+1

o6mov 0 <1 <L —1. dnradr| 10 oNHa GOAAULATOS EVOG ECOTEPIKOD KOUPOV
010 otpopna 1 umopel vo ex@pactel MG YPOUUIKOS GLUVOVACUOS TV
KouPwv oto otpopa 1 +1. Eropévac, yio orotadnmote 1 ko i [ kol <i <
N() ], pmopovv va Bpebovv ta:

epapuolovtag mpata v egicwon (4.4.5) pia eopd Yoo vo VTOAOYIGTOVV
TO GNILOTO. GPAAUOTOG GTO EMimEd0 €000V, Kou Emetta epapudlovtac v
eClowon (4.4.6) emovoAnmTikd £0G OTOV KATOANEEL M dadIKacio. GTO
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emBountd eminedo 1 . H odwdkacia avt) kalieiton omceBodpounon
dedopévon OTL To GNUOTO. COAAUATOC AapPavovtal d1adoy ke omd To
eninedo e£000V mPOG TO EMIMEDO E1GOSOV.

To dudvooua Kiiong opileTon ¢ TV TOPAY®YO TOL HETPOV GOAALOTOG
oG TPOg K& TapdueTpo, £T61 TPEMEL VAL EPUPUOCTEL O KOVOVOS AAVGIOOGC
Eava o va Bpebel o dtdvuopa kAiong. Edv a elvor pio mapdpetpog tov
1-06100 KOpUPov 610 eminedo 1, TOTE 10YvEL:

{3'_59 f.:}_EP Ef; Ef;

+

oa ox,;, Oa 00 s 447

)

) (T

Ag onuelwdet 6TL av emtpanel 6TV TOPAUETPO o Vo popdleTon peTadhd
SPOPETIKOV KOUPwV, T0TE N e&icmon (4.4.7) mpénel va aAlaybel oe pa
O YEVIKT) LOPOT:

o6mov S glval To GHVOAD TV KOUP®V TOL TEPEXOVV TO a GOV TAPAUETPO
evdd x* ko f* glvar n é€000¢ Ko 1 GuVAPTNON, avTicToKa, EVOG YEVIKOD
Ko6upov oto S.

H mapdymyog tov yevikov pérpov ocpdipatoc E wg mpog 1o a ivar :

g€ 4.4.9

Yuvenmc, Yoo Vv omlovotepn  Pabumty  elayiotomoinon  ywpic
EAOYLOTOTTOIN O™ YPOUU®DV, O TOTOG Yol TN YEVIKY] TOPAUETPO a elva

0°E
Aa = _f?ﬁ—
Cdd
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6mov 10 n givor o puBUOC expadnoNg, 10 omoio pmopel va EKPPACTEL
TEPALTEP® MC:

omov 10 k etvan o péyebog Prpatog, To unkog onAadn kdbe petdfaonc
KOt pKog ¢ katevbuvong kAiong 61o ddoTnia TopauéTpov. Zuvinbme
10 puéyeboc Puatog pmopetl va adhayBet yia va petafAndet n taydnta
™G GVYKALOTC.

Otav éva TpwGoTPOPOSOTOVIEVO OIKTLO N-KOUP®V OVOTOPIoTATAL GTNV
TOMOAOYIKY]  TOVL  OldtaEn, umopel  vo  vmoAoylotel 1O PETPO

CQAALOTOG EP‘ oav TV €000 &vO¢ emmAéov kouPov pe €voelin n +1,
TOL 0Toi0V M cuvdptnon kouPov f n+1 pmopei va oprotel and tic e£660V¢
K& kOuPov pe pikpdtepn £voeiln.

)

(Emopévaorg, to — F  umopel vo e€aptdtor AUesO 0md OTOLOVGONTOTE
Koupovs.) Epapuolovtag mdit tov kavova aAlvcidog, 1oyvel o akoAovbog
GUVOTTIKOG TOTOC Y10 TOV VITOAOYIGUO TOL GNLLOTOC GPAALOTOG

CE
E — o -
! CX,

‘f;'rl

- Loi3e,

OToV 0 TPM®TOC OPOC delyvel po dupeon enidpacn Tov xi 610 ~ F puéow
g dueong dtdpoung and tov kOpPo i otov képuPo n +1 Ko kédbe dpog
TOPAYDYOV GTO
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dBpotopa deiyvel v Eupeon enidpocn Tov Xi 61O E.ﬂ‘ Mol Bpebel to
onuo. oedApatog yuoo kabe kouPo, tOTE TO SAVvoUa KAMONG Yo TIC
TOPAUETPOVG TAPAYETOL OGS TPLV.

‘Evag  GAAOC ovotpatikdg TPOMOC VO, LTOAOYICTOUV TO  GNLOTOL
oQAANOTOC €lval HEGHD TNG OVOTOPACTOCNG TOL OIKTVOV  O1Ad0CoNG
o@aApaToc (1 Tov povtélov evaioBnaciag), to omoio Aaupdverol omd To
apYIKO TPOGUPUOGILO STKTVO [LE TNV OVTICTPOPT] TV GUVOEGEMY KOl TNV
TOPOY TOV CNUATOV GPAAUOTOS 6TO €Minedo €600V ¢ 100001 GTO VEO
diktvo. To akdrovbo oynua oeiyvel 1o povtédo ANFIS kot to diktvo
d14000MG GEAALATOC TOL:

Yympo 4.5 a : To tpocapudcipo 4iktvo

5 @ ; Gy ()
- @ """""""" ' 1 @ o f
SOSE RO Ol

Yynpa 4.5 B: To diktvo d16d00oNg GEAALTOG
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Topa Bo vTOLOYIGTOOV TO GNUOTO GOPAOALOTOS GTOVS ECMTEPIKOVG
KoupBovg. Xpnowwomotovvtar to fi kot xi yuwo t0 SLUPOMOUO TNG
ocuvdptnong Kot g €£660v Tov KoépPov i . H ££000g Tov xoOpPov i givar
TO GNUO GOPAALATOC OVTOV TOL KOUPOV GTO TPAYUATIKO TPOCAPUOGIIO
dtktvo. Ze obuPolro, av emieydel 10 TETPAYOVIKO UETPO GOAANOATOC

E_ . . SiEs —2(0‘11,3 _-Tm)
Yoo T P 1ote 1oyvEL To akOAovho: 7 -

Avtd elvarl emedn o koépPog 19 elvar pdévo évag kOuPog mpocwpivig
amofrkevong oto dikTvo dddoong cedipatoc. I'a Tovg kOpPoug 15, 16,
17 xon 18 woyvovv:

C1g= — = ‘ =€10 &~
-'-id_ -"'ll .'"‘l-‘ - .'"‘-.
Ox g Ox,, COxyg OxX/q
_ ¢ Eﬁ ¢ Eﬁ o _ 1
ST A -2 -~ =10 2
OXy7 OXyg OXyq CX 15
=k AT = =
__GEP_[;EPEJIQ__ Of 1o
S5~ = — %10
Sy A 2 7 A
OX 14 Ox,, OXyg Gy op
F:+ F~=+ - =
_ C E},_G Ep o O
=15~ A = ~ <10 2
05 Ox;y OXys OXys

Avtd eivan emedn 6Aot avtoi ot kouPor eaptdvion amd tov Koéppo 19.
Av1d 1oy0el kot Yoo Toug kopPovug 11, 12, 13 kot 14 pe ) dwwpopd 06T
K&Oe évag amd avtovg eEaptdTon amd O10popeTIKO KOpUPo:
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Ohs __

6°E  O0'E.
ST T A A
OX Ox;g OXy,
AT = =
¢ £, ¢ £, of;
S R — . -
0x,; Ox,; Ox
AT A 3
¢ E, ¢ E, &fy
e DA, - -
OX 1, x5 Oxy,
5+Er1 5+Er1 Efl;
Sk — = —
.l'l-_ '.'a‘ -‘1|
oxy, Ox;s Oxyy

s
0y
s
Oxy;
e
0y,
&hs

~
CX 4

=E5

AvtiBétoc, ot wopPor 7, 8, 9 xou 10 eEaptovror amd TECCEPLG
dtapopeTikog KOUPovg OTtm¢ paivetal oto oynua 4.5. 'Etot, woydet:

=+ - -
O0"E, of. & o/ )
J— P _ 4 713 _ 12,
=10~ " . —S14 =13 4 =12 - =11 -
C'T].D G.T].I:I {:LT].'D C:LT].G' ‘s
-+ =
0 E & 9 of Gf
ro_ 14 13 Y Y
ox, X, ox, Ox,q m‘g
0 E o cf, c o
p T4 . 13, _ o, Y
Sg= 2 — =€y —tey . tep o tEen
Oxg O OXg 0 Oxg
El_Ep Oy Cfyy o Ofy oy
€= TE€u L TE€n L teEp L TEn
X O, ox Ox ox

O k6puPot 3, 4, 5 ko 6 eaptdvtor amd 600 SLPOPETIKOVE KOUPBOLE Kot
OOV OTOTEAEGHLO, TPOKVITOLV 01 0KOAOVLOEC GYEGELS:
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0" A3 = o 2 = -
CEF_CEﬁﬂflt}_l_CEst_ o Cf g

E's — [~ - - - - -:: w - E -
OX ¢ Ox,, Ox;  Oxg Oxy OX g OX ¢
0°"E, O'E,¢f, COE,¢f & &
_ F F - F o _ 7
Ss=— T o Al VAl AL TSe ol TSI
CiXs ox, OX; cx, OX; CX ¢ O
0" FE 0"E_ 8 O"E_ 2 & 0
I I il Iy < ]
'54 — - F_ - L :filfr + - L Ajh, — . :f:‘lu + Eg - Q
ox, x, Ox, 0Ox, Ox, ox, 0ox,
A+ A+ A A+ A -
 O0E, CJE, of © E;J of; ofs | _ af;
3= T o A T A TS TS
Cixy oxg  OX, cx, O,y CX4 OX4

TéNoc, o1 kopPor 1 kon 2 e€aptadvtal amd 600 KOUPovS Ko £TG1 IGYVEL:

+ T = =+ -~ -~
" F CE“é‘f ¢ E_ of. At of -
E-I — ..D — o L ﬁ in Jp j’\- :Eﬁ f_‘ _|_ E_: ]
&x, oxs; oOx, Ox; 0Ox, ox, ox,
AT ~l P —-T - - ~
__GEP_DEF'-?f—i C‘Epﬁfa_, CJ 4 E
ST T T4 ~ T At Ay T
ox, ox, Ox, 6x, ox ox, ox,

4.5 Xovovaopoc fadpmtic EAaLOTOTONGNS KOl EKTIPNNTI] EAXYIGTOV
TETPAYAVOV

H ¢Z0d0¢ €vOG mTPOGOPUOGILUOV OIKTVOV €IvVOL YPOUUKT GE UEPIKES OO
TIG TOPUUETPOVS TOV OKTVOV. 'ETo1 Himopolv va mpocdioptotodyv avtéc ot
YPOUMKES TOPAUETPOL HE TN YPOUUIKY UEB0OO ehayioTOV TETPAYOV®V
TOL TEPLYPAPTNKE TOPATAV®. AVTN 1) TPOGEYYIoN 00NYEL GE £va VPBPLOKO
Kavovo ekpadnong mov cuvdvaletl ) Pabuwt) edayiotoroinon (SD) ko
Tov ekTiunT ehayiotov terpayovov (LSE) yio ypriyopo mpocdiopiouod
TOV TOPOUETPOV.

Amo v apyrtektovikn doun} tov ANFIS moapatnpodpue 0t o1 Tipég teov
TopapETpOV  ond TG mpovimoBécelg eivar  mpoxaBoplopEVES
(apetdPAntec), m oAkn €£000¢ UmOpEl Vo EKQPACTEL GOV O YPOLLUIKOC
oLVOLAGUOG TV
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TOPAUETPOV Ao TO. cvumepdopata. e cOUPoAa, N ££000¢ f 6TO oYNUQ
4.4 (B) EavaypbopeTor:
w w,

W, + W, W, + W,

:;1(;;'._1'%— q,v +r1)+1_1:;(p:r +q,v+71,)

= (1_1:1.1'};:-1 + (Tv;j*)ql - (1_»:)1'1 = (Tv:x}pz +(w,v)gq, + (w5 )7,

H omola givon ypoppikn otig mapapeTpous tov cvunepacudtov pl, ql,
rl, p2, g2, ko r2.

‘Eoto Otu

S= 6Ovoro OAWV TOV TOPAUETPOV

S1= cVvoAo TV (UN YPOUUK®OV) TUPAUETP®V amd TIG TPoUTOBECELS

S2 =61HvoLo TV (YPOUUK®DV) TOPAUETPOV OO TO GUUTEPAGLLATO

To mpocapudcipo diktvo £xet pia €000 TOL AVATAPIGTATOL MOC:

0=F(i5S)

Omov 1 givar to ddvooua TV UETAPANTOV €100d0V, S givan T0 GHVOAO
TOV TOPapETpoVy, ko F givar 1 cuvolikny cuvdptnomn mov epapudletan
amnd TO TPOCOPUOCIUO SIKTLO

S=5 @5,

Yy e&icwon

ko H(.) xan F(.) gival n tavtotikn cuvdptnon kot 1 svvaptnon tov FIS
avtiotolywg otV e&icwon n H o F eivon ypoppikn ota ototyeio tov 2 S,

0=F(.5S)

161e e@apuolovtag v H omyv e&iocwon , TPOKVTTEL OTL

H(o) =H o F(B1, S) . To D aVTITPOSMTEVEL TNV dueon abpoion (direct
sum). H H(.) etvar n tavtotikny cuvaptnon kot 1 F(.,.) €tvar n cuvépinon
TOL GUGTNUOTOS ACOPOVS GLUTEPACUOV avtictolya. Katd cvvemewa, o
VPPLOWOC aryopBuog pabnong mov avartdydnke moparave pllopel va
EQUPUOCTEL ApETa.
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AvoAivtikdtepa, Omm¢ ovuPaivel kot ota vevpovikd diktvo, o
Eexwpioovv 600 PACELG 0TN O10OTKOGTI0 EKTOOEVONC:

1. Ilépacpa mpog ta eunpdg (forward pass): Ztn @dAom avtny T0 GHUA
€10600v dwdidetor amd To emimedo 1 uéypt to emimedo 4 Ko ot
napdpetpot (pi, qi, 1) i = 1,2 extypovvion pe ™ péBodo tv ehayictwv
TETPAYDOVOV.

2. lIépaopa mpog ta micw (backward pass): Xt edon avtn £xovrtog pio
évdelcn tov Adbovg mpaypatomoteitor pio S10pbmwon Katd pio TtosotTTa
mov opileton omd 1 pEBodo ¢ Pabumtg xotdPaocng (Gradient
Descent), Tov petafAntov ai, bi, ci

To ANFIS dwoomd 10 60VOL0 TV TAPAUETP®Y TOL GE OVO VITOGVLVOAL, EK
TOV Omoiwv To éva omoTeEAEl YPOUUKO GOVOLO TOPAUETPOV KO,
eMopEVMS, etvar duvatdv vo exmodevtel pe ypopuputkovs alydppovg,
omog M péBodog tv elayiotwv terpaydvev (least squared). Ot
yYpoppKol adyopiBuotl pdnong emtrvyydvovyv cuvolkd erdyiota (global
minimums) Tng GLVAPTNONG KOGTOVS GTO YMPO TOV TOPUUETPOV TOVG KO
elval amodotikol and TAELPAS ATATOVUEVOD VTTOAOYIGTIKOV YpOvov. To
dEVTEPO VLITOGVVOAO TOAPOUETPOV EKTTOOEVETOL HE OAYOPIOLOVE OV
UTOPOVV VoL ONIULOVPYNGOVV UN-YPOUUIKES OTEIKOVIGELS, Omm¢ N fabum
katdPaon (gradient descent). Ot aAyopiBuol avtol eival amoutntiKol omwod
TAEVPAG ATOUTOVIEVOD YPOVOL EKTOUOELGTG KOl OEV VILAPYEL EYYVNOT Y10
TNV TPOYLOTOTOINGT] TOV GUVOAMKOVD EAAYICTOV TNG GLVAPTNONS KOGTOVC
OTOV YMPO TOV ToPUUETp®V Tovs. O aAdyopiBuog udbnong tov ANFIS
oLVOLALEL TEPACUATA TTPOG TO EUTPOG KO TPOG TOL TG®. LTO

TéPOoUO  EUMPOG yivetar M pdOnom Tov GLVOAOL TV YPUUUIKOV
TOPAUETPOV KOl GTO TEPOUGO TPOS T TIGM YIVETOL 1| TPOGUPUOYT TOV
UN-YPOUUIKOV ovTIGTOY0. XTOV TOpOKAT® Tivako — cuvoyiloviol ot
dpaoTNPOTNTEG TOL KABE TEPAOUATOC.

ApacTnplotnTeg KAt TV EKTAiOEVLON !

gepnipoobodpopo | omobodpopo
IEPAOHA HEP AT
Pabpot)
napapetpor towv | [lpoxkabopiopeveg | @bivovoa
npovnobeocwv | (apetaPAnreg) pebodog
EKTII| TP
HAPAPETPOL TV | eEAayioTeVv npoxabopilopeveg
OUHIEPUOPATOV | TETPAYDVDV (apetaPAinreg)
g§odot TV onparta
onpata KOpPov oQaApatog
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To mAeovéknuo g pebddov ykertan oto yeyovog e Vvmapéng 1060
YPOUUIKAOV 0G0 Kot U YPOUK®V uebodmv, mov v kabiotd tayhtepn
and to KAaoKd vevpmvikd diktva. Ot TapdueTpol TV GUUTEPACUATOV
mov evpiokovior pe oVTOV TOV TPOTO, eivon PéAtioteg vrd v
mpoimdheon Ot o1 mapdauetpor TtV mpoimobBicewv  givan
npokabopiopéves (apetdaPAntec). AvoAdyws, 1 vPPOKN TPOGEYYIoN
OLUYKAvEL TOAD ypMyopOTEPO. UG KOl UEWDVEL TIG OlOCTAGELS TOL
dtotnuatog avalitnong g apyikne kabopng pebodov omcBodpounc
d1adooNC.

Méypt tOpa  ypnowomolovoape mpokabopiopéveg kot - avbaipeta
EMAEYIEVEG CLVOPTNOELS GLUUETOYNG. TTOAAEC Popég Exovpe o GLALOYY
amd dedopéva 16000V / €£050V Kot OgV UTOPOVLLE VO YPT|CLLOTOU|COVLE
éva. mpokaBopiopévo povtélo PaciGpévo oTo GTOlXElD OWTA MOTE Vo
EEPOVUE TOEG GLVOPTNGELS GUUUETOYNG KO LE TOEC TOPAUETPOVS VOl
ypnowonomoovpe. Tote pmopovue va Bondnbovue and to ANFIS, dote
va BpovuE TIC KATAAANAOTEPES GUVAPTNGELS CLLIETOYNG.

Ot vebpo-mposapUocTIKES TEXVIKEG elval apkeTd amiéc. 'Etol mapéyeton
po 1EB0d0C MGTE TO AGUPEG LOVTELO VO EKTTAOEVTEL LE TIC TANPOPOPIES
TOL TOV Oivel TO GUVOAO TV JESOUEVOV, DOTE VO VTOAOYIGTOUV Ol
TOPAUETPOL TOV GLVOAPTIGE®Y GLUUETOYNG LE CKOTO TNV €UPECT] TOL
KOADTEPOV TPOTO  BOTE Vo eMUIPEMEL oTO ovotnue  e&aymyng
CUUTEPAGUATMOV VO OVIYVEVEL TOL dedOEVA €16000V/ €E600v. H pébodog
oVTH €Vl TOPOLOLD LE VTN TOV VELPOTIKOV OIKTOMV.

H mpocappoyn tov mopapétpmv Tmv GUVAPTIGEMY GLUUUETOYNG OO Eva
ANFIS yivetar pe adyopiBuovg exkuddnong eite poévo back propagation
glte pe évav vPpdkd aryopiBuo, cvvovoacud back propagation kot
uefodov erayioctToV TETPAYOVEOV.

O voAoYIG OGS TV TOPAUETPOY OVTOV, TOL CAAALOVY KOTA TN O1pPKELN
™G dwdikaciog ekpudbnong, dievkoAvvetor and Eva Pabumtd ddvocua
mov pog oelyvel moco kKaAd 1o FIS povtelomotel ta dedouéva 166800/
e€60ov Y0 T0 €v AOYO0 GOVOLO TapouETpmV. MOMG OmMOKTHGOVUE TO
Babuwtd dSdvooua PmopodUE VO EPOPUOGOVUE KATOOV OO TOVG
TOALOVG aAyOpOuovE PBeATIoTOTOINGNG, Yoo VO PEATIOCOVUE OVTEG TIG
TAPAUETPOVG, OVTOC DOTE VA UEIDGOLUE TO WHEYEHOC TOL CPAALATOG
(cvvnBm¢ To ABPOICUA TV TETPAYDOVAOV TOV SOPOPDV HETAED
TPUYLATIKAOV Kot ETOVUNTOV TYOV).
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4.6 Ilepropiopoi Tov ANFIS

Or xvpiotepor meplopiopoi tov ANFIS mov avaeépoviar oty d1ebvn
BiBAoypapia givar:

-Baciletat og éva FIS tOmov Sugeno.

“Exer o €€odo, mov AauPdvetror pe 1 HEB0dO 0mMOOGAPOTOINCNC
otafucuévov pésov. OAeg o1 GLVOPTNOELS GUUUETOYNG EEO0V TPETEL VOl
elvan 1d10v oMoV, gite YpOopUKES gite oTabEPEC.

-Agv pllopel va yivetan kowvn ypromn Kavovov. AlopopeTikol Kavoveg Oev
UTOPOLV Vo, EYOVV TNV 10100 GLVAPTNCT] GLUUETOYNS £E0O0V.

-Ilpéliet va vl ldpyovv Bapn oe kdbe Kavova.

-Aev umopel va ypnoyomombel omoladmoTe GLVAPTNON GLUUETOXNG,
Tapd povo mpokabopiopéveg mov emBdiovv ot opiopoi tov ANFIS.

102



KE®AAAIO 5

AITIOTEAEXMATA AIIO THN XPHXH TOY ANFIS

5.1 lleprypagn Tov mpoypappatos Tpofreync.

Ye autd TO KOUUATL NG epyacioc onuovpyndnke aiyopifuog yu vo
tpéxel oe Matlab, kdvovtac ypnomn tov fuzzy logic toolbox, to omoio
ePLEYEL OAOL T amapoitnTo EPYUAEID V1oL TNV OAOKANPOUEVT] avATTLEN
Kol ovoAvtikn  ypnon  evoc  Ilpocappootikod  Nevpo-Acapoig
Xvotuotog Zvunepocspot (Adaptive Neural Fuzzy Inference, ANFIS)
v TV TpdPAeyn emtoxiov Euribor.

O alyop1Buog d€xetor dedopéva amd o YPOVO-CELPA TOV TEPLEYEL TYLES
tov Euribor pe Bdon tic twég tov mapelBOvtog, mpoPAEmel TIG
avapeEVOUEVES TES Yo TO PéAAOV. H ypOVO-GEPA IOV YPNGUYLOTOGOLLE,
TEPLEYEL OEOOUEVA, Y10, CLYKEKPIUEVEC NUEPES TOoL 2003:

Huepounvia Euribor
1 1/2/2003 2,908
2 1/3/2003 2,902
3 1/6/2003 2,892
4 1/7/2003 2,883
5 1/8/2003 2,871
6 1/9/2003 2,854
7 1/10/2003 2,848
8 01/13/03 2,846
9 01/14/03 2,844
10 01/15/03 2,843
11 01/16/03 2,843
12 01/17/03 2,844
13 01/20/03 2,843
14 01/21/03 2,844
15 01/22/03 2,827
16 01/23/03 2,837
17 01/24/03 2,843
18 01/27/03 2,845
19 01/28/03 2,848
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

01/29/03
01/30/03
01/31/03
2/3/2003
2/4/2003
2/5/2003
2/6/2003
2/7/2003
2/10/2003
2/11/2003
2/12/2003
02/13/03
02/14/03
02/17/03
02/18/03
02/19/03
02/20/03
02/21/03
02/24/03
02/25/03
02/26/03
02/27/03
02/28/03
3/3/2003
3/4/2003
3/5/2003
3/6/2003
3/7/2003
3/10/2003
3/11/2003
3/12/2003
03/13/03
03/14/03
03/17/03
03/18/03
03/19/03
03/20/03
03/21/03
03/24/03
03/25/03
03/26/03
03/27/03
03/28/03

2,844
2,836
2,833
2,830
2,828
2,817
2,814
2,806
2,804
2,803
2,801
2,799
2,799
2,800
2,801
2,799
2,819
2,821
2,816
2,824
2,826
2,815
2,827
2,851
2,995
2,795
2,639
2,742
2,758
2,708
2,660
2,639
2,631
2,628
2,627
2,562
2,579
2,595
2,593
2,594
2,599
2,603
2,585
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

03/31/03
4/1/2003
4/2/2003
4/3/2003
4/4/2003
4/7/2003
4/8/2003
4/9/2003
4/10/2003
4/11/2003
04/14/03
04/15/03
04/16/03
04/17/03
04/22/03
04/23/03
04/24/03
04/25/03
04/28/03
04/29/03
04/30/03
5/2/2003
5/5/2003
5/6/2003
5/7/2003
5/8/2003
5/9/2003
5/12/2003
05/13/03
05/14/03
05/15/03
05/16/03
05/19/03
05/20/03
05/21/03
05/22/03
05/23/03
05/26/03
05/27/03
05/28/03
05/29/03
05/30/03
6/2/2003

2,578
2,572
2,555
2,550
2,565
2,567
2,566
2,565
2,565
2,565
2,570
2,571
2,569
2,582
2,593
2,589
2,591
2,590
2,593
2,583
2,583
2,575
2,573
2,572
2,558
2,551
2,566
2,569
2,571
2,572
2,573
2,573
2,573
2,593
2,676
2,628
2,617
2,629
2,659
2,731
2,783
2,756
2,685
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106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

6/3/2003
6/4/2003
6/5/2003
6/6/2003
6/9/2003
6/10/2003
6/11/2003
6/12/2003
06/13/03
06/16/03
06/17/03
06/18/03
06/19/03
06/20/03
06/23/03
06/24/03
06/25/03
06/26/03
06/27/03
06/30/03
7/1/2003
7/2/2003
7/3/2003
7/4/2003
7/7/2003
7/8/2003
7/9/2003
7/10/2003
7/11/2003
07/14/03
07/15/03
07/16/03
07/17/03
07/18/03
07/21/03
07/22/03
07/23/03
07/24/03
07/25/03
07/28/03
07/29/03
07/30/03
07/31/03

2,648
2,292
2,203
2,157
2,144
2,147
2,153
2,157
2,154
2,153
2,152
2,148
2,149
2,182
2,183
2,188
2,176
2,177
2,154
2,152
2,148
2,144
2,141
2,140
2,138
2,133
2,125
2,122
2,119
2,120
2,121
2,120
2,119
2,115
2,109
2,109
2,110
2,110
2,107
2,106
2,104
2,103
2,102
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149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

8/1/2003
8/4/2003
8/5/2003
8/6/2003
8/7/2003
8/8/2003
8/11/2003
8/12/2003
08/13/03
08/14/03
08/15/03
08/18/03
08/19/03
08/20/03
08/21/03
08/22/03
08/25/03
08/26/03
08/27/03
08/28/03
08/29/03
9/1/2003
9/2/2003
9/3/2003
9/4/2003
9/5/2003
9/8/2003
9/9/2003
9/10/2003
9/11/2003
9/12/2003
09/15/03
09/16/03
09/17/03
09/18/03
09/19/03
09/22/03
09/23/03
09/24/03
09/25/03
09/26/03
09/29/03
09/30/03

2,102
2,103
2,102
2,092
2,089
2,089
2,087
2,089
2,090
2,091
2,091
2,093
2,095
2,102
2,124
2,124
2,125
2,125
2,137
2,124
2,122
2,119
2,116
2,113
2,112
2,112
2,108
2,107
2,105
2,104
2,104
2,103
2,105
2,099
2,091
2,084
2,112
2,113
2,114
2,113
2,113
2,103
2,094
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192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

10/1/2003
10/2/2003
10/3/2003
10/6/2003
10/7/2003
10/8/2003
10/9/2003
10/10/2003
10/13/03
10/14/03
10/15/03
10/16/03
10/17/03
10/20/03
10/21/03
10/22/03
10/23/03
10/24/03
10/277/03
10/28/03
10/29/03
10/30/03
10/31/03
11/3/2003
11/4/2003
11/5/2003
11/6/2003
11/7/2003
11/10/2003
11/11/2003
11/12/2003
11/13/03
11/14/03
11/17/03
11/18/03
11/19/03
11/20/03
11/21/03
11/24/03
11/25/03
11/26/03
11/27/03
11/28/03

2,088
2,084
2,085
2,087
2,087
2,087
2,087
2,086
2,085
2,085
2,083
2,081
2,069
2,047
2,061
2,073
2,092
2,090
2,092
2,093
2,093
2,083
2,081
2,080
2,079
2,074
2,072
2,071
2,071
2,067
2,065
2,035
2,008
2,032
2,040
1,961
2,070
2,072
2,072
2,075
2,113
2,093
2,091
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235 12/1/2003 2,083

236 12/2/2003 2,079
237 12/3/2003 2,067
238 12/4/2003 2,065
239 12/5/2003 2,064
240 12/8/2003 2,063
241 12/9/2003 2,058
242 12/10/2003 2,058
243 12/11/2003 2,059
244 12/12/2003 2,063
245 12/15/03 2,064
246 12/16/03 2,068
247 12/17/03 2,001
248 12/18/03 2,010
249 12/19/03 2,048
250 12/22/03 2,103
251 12/23/03 2,214
252 12/24/03 2,220
253 12/29/03 2,245

Amo avtd ta dedopéva ta mpwta 201 cToryeio ypnoyomomdnkay yio v
exmaidoevon tov povtélov Kot to vroiowa 52 (202-253) ywo Vv
oLYKPIOT TOV TPOPAEYEMY TOV TPAYUATOTOMONKAY OO TOV KMOOKA.

‘Emerta onuovpyodue éva ANFIS, pe ) Ponfeia tov fuzzy logic toolbox,
T0 0T010 VWOAOYILEL TIG KATAAANAOTEPEG TAPAUETPOVS TV GLVOPTHGEDV

ooppetroyns (MF parameters). Xto ypdonuo 4.1 mepiéyovior Ovo
EEXOPLOTEC YPOUPIKEG TOPACTACELS, 1| TPDOTN UE TO Ovoua “‘error curves”
KoL 1) 0€VTEPT LE TO Gvoa “‘step sizes”. XTnv TpOTn YPAPIKN TopEoTOoT

anewovifovtal to cedipato ekmaidevons kot eAEyyov (g ™ pila Tov
HEcov TETPAYOVIKOV GOAANATOC-RMSE) cuvaptoet tov apBuod tov
enavainyemv (epochs).

21 de0TEPN YPOPIKT TOPAGTOCT Y100 AOYOVS avVaPOPAS GYEOIALOVLE TV
KOUTOAN TOL peyébovg PNUOTOC GLVOPTAGEL TOV EMOYDV. AVLTO UOGC
Bonbdetr vo mpocapudcsovpe 1o apyikd puéyebog Prjnatog oto PérTioTO,
BAémovtag Tovg avtioTorovg puiuolg peimong kol avEnong, Tave GTo
oxnuo.
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ANFIS error curves
0.038 : : :

training error

0.037

0.036

0.035 :

root mean squared error

0034 | | | | | | |
0 50 100 150 200 250 300 350 400

epoch number

ANFIS step size cune
0.2 I I I

0.15+ -

o1l |

0.05 - |

step size

O | | | | | | |
0 50 100 150 200 250 300 350 400

epoch number

Yympa 5.1 Zedipo exmaidgvong Kot péyedog Pripotoc.
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price

> ovvéyewn PAEmovE o€ Ypaenua (oynua 5.2) T ovykpion petald tov
TGOV oV TpoPAépOnkov and 1o ANFIS kot tov mpaypatikdv Tipudv

mov maipvel To Euribor.

Actual and ANFIS predection price

2.25
2.2 1
2.15+
2.1 ¢

2.05- V/
/
\

1.95

actual value

anfis prediction value ||

1.85 :
0 10

20

30
time

40

50

Yympo 5.2 Zoykpion twdv ANFIS pe 11 mpaypatikéc Tipéc.

[Taipvovtog ™ d@opd (OnAadn 10 cedApa ™G TPoPAeyns) TV dvo
wponyovuevey amotelecpdtov (mpaypatikd- ANFIS) dnuovpyovue to
yphonua 5.3 10 omoio omewovifel TO GOAOAUATO GLVOPTHCEL TOV

TOPATNPGEDV.
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error

-0.05 - 4

-0.15+ -

predection errors
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Yympo 5.3 Zedipato tpdPreyng tov ANFIS

Ov opyikéc o©LVOPTNGELS GLUUETOYNG TOL  TPOEKLYOV OmO TNV
TPOGOPUOYN TOV TOPAUETp®@V Tov¢ Me 1N Ponbeia tov ANFIS
napovctalovtal oto oynua 5.4 pe titho “initial MFs” kot 11g teléc
GUVOPTNGELS GULUUETOYNG MOV TPOEKLYAY UETE TNV EKTOIOELOT TOV
novtélov ANFIS tic mapovsialovpe oto ypdonua 5.5 pe titho “final
MFs”.
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(@) Initial MFs
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210 ypaonua 5.8

YPNOYLOTOMONKE.

Awoxpivoviar  m

N doun
eloodoc e

TOPOVGLALETOL

tov ANFIS mov
TIC  GLVOPTNGELS

GUUUETOYNG, O UNYOVIGUOS CLUTEPACUOV LE dVO KOVOVEC Kol 1 £5000¢

TOL GLOTILLOTOG.
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anfis
(sugeno) f(u)

2 rules

output (2)
input1 (2)

System anfis: 1 inputs, 1 outputs, 2 rules

Xynpa 5.8 Aopn ANFIS

210 oynua 5.9 mapovcslalovial GUYKEVIPOUEVO TO YOPOKINPIGTIKO TOV
ANFIS.

Hame= anfis
Tvype
NumInputs
InLakels
inputi XapoKTNPIGTIKA TOL

ANFIS

Sugeno

1 Xynpa 5.9

MumCutputs = 1
CutLabels =
output
HNumPules = 2
AndMethod = prod
JrMethod = max
ImpM=ethod
AogogMethod
DefuzzMethod = wtawver

prod

A
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AxolovOnoce N eEaymyn TECCAPOV TOTOV COOAUATOV DOOTE VO, UTOPECEL
va yivel 11 oOyKplomn HETAED TV LOVTEAWV.
Ta cpdipato avtd sivon ta eENg téooepa :

-To péco tetpaymvikd cedipa —mean square error-(MSE)

1

Z e’
4-‘1|r r=1

- H pila tov pécov teTpaymvikod GOAALATOC-TOO0t mean square error-
(RMSE)

MSE =

-To péco amdAvto cedipa —mean absolute error-(MAE)

1 N
N 2

IV

MAE =

2
e,

-To péco amdAvto mocootioio Gedipo —mean absolute percent error-
(MAPE)

MAPE - @ \

' -
i F—
=4

Omnov At ,Ft mpoaypotikeg Tipéc.
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To povtélo pog ovykpivetor otnv cvvéyew pe to povtédo AR kot

ARMA
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Actual values and AR predection

AxolovBolOv to Sypdupoto  cvykpice®V  TPOPAEYE®V-
TpayLoTikav TiHev Tov AR kot ARMA.
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Actual values and ARMA predection

2.25 T T T .1

—HH— actual values
——— ARMA prediction values

2.2

2.15

2.1

values

2.05

1.95

19 | | | | |

time

Yympae 5.11 Adypappa coykpiong ARMA

Me 1t PBonfewa Tov System Identification Toolbox tng Matlab, amd ta
omoio €&dyovpe TOVG 1010V¢ TOTOVE cPUApdTOY Ot Ko oto ANFIS
TPOKVTTEL 0 aKOAOLOOG TivaKag :

AR ARMA ANFIS

MSE 0.0018 0.0019 0.0015
RMSE 0.0429 0.0430 0.0381
MAE 0.0248 0.0252 0.0200
MAPE 1.1859 1.2066 0.9615

Onwg eaivetal and tov mivaka ceaipdtov to poviéAo ANFIS €yetl to
HIKPOTEPO GOAALO OE OLEC TIG TEPIMTMOELS O GYECN ME Ta povtéda AR
kot ARMA mov onupaiver 011 vreptepel amd to dAAQ dvO HOVTEAQL.
Meta&d tov dvo poviéAwv AR kot ARMA mapatnpodue 0Tt vreptepel
10 poviého AR xaBmg €xel ko oTig TECOEPES TIUEG CPUALATOV
UIKPOTEPES TULEG.
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EIIIAOI'OX

‘Eva. ANFIS yw va pmopéoetr va ypnowyomomBei, amortel amd tov
pHeretn va £xel avantuéel oe apkeTd PabUd TIC YVOGES TOV TAVE® GTO
avtikeipevo , dmAadn vo yvopiler 11 otatioTikéc pebodoovg, v
aplOunTiKn avdivon, ta alyefpikd GLGTHUATO KoL TOVG TIVOKES.

Eniong mpémer va yvopiler 11 eivar to vevpovikd SikTuo Kol TOC
UTOPOVV VO EKTALOEVTOVV KOl VO YIVOLUV TIPOGUPUOGTIKE KO VO KOTEYEL
mv Bewpio TG acopods AoYIKNC.

Avt| n roAvTAokOTNTA TOV divel TN dvvaun vo propel va Tpocapudleton
KOADTEPA OTIG OLIPOPES OMOITHGELS TOV JSPOPOV TEPMTOCENDY. Tao
ocpdipato Bo eivor €tor pkpdTEpO EMOUEVEOS Kol Ol TPOPAEYELS
KaAvtepeg. H exmaidevon tov ocvotiquatoc ANFIS upmopel va yivel
gbkoAn, koBMOC umopodue va avtiineBodue dueco tTuyxodv TPOPANHATO
HEGO OO TOLG KOVOVEG KO TOL YPOPT|LLOTO TTOV EEAYOLLLE.

Evd 1 moAvmhokOTnTo TOL oNUaivel Kot KOAVTEPES OLVATOTNTES
TPOGOPUOYNG, OLTOUATO ONUOAVEL KOl UEYOAVTEPEG OVAYKEC Yl
enelepyootikn 1oy0. OMA. ypeldletar MEPLGGOTEPO YPOVO  YuoL VO
oAOKANP®OEL TNV €0y AMOTEAEGUAT®V GE oYEon UE Vol AmAOVGTEPO
ToPad0cloKO HOVTEAD KOOMG emione amoutel LeYOADTEPES ENEVOVCELS GE
TEXVOALOYIKO e£0mMGO.

‘Eva axopo petovéktnuo amoteAel Ko TO YEYOVOS OTL YPELOUACTE TTOAAN
dedopéva, yloo TNV EKTOUOEVOT TOV GLOTHUOTOG, G€ OvTifeTn TEepinTmon
OMA. €bv ta dedopéva eivar AMya ciyovpa dev Ba Eyovpe to emBountd
OTOTEAECUATAL.

YUVOMKA  UmOpOVUE Vo OlOMIGTOGOVUE OTL TO HOVIEAO  TOV
ypnopomomdnke £3moe TOAD KOAQ OMOTEAEGUOTO KOU UTOPEl va
ypnopomomBel  yio  mpoPAdyelg owovopkov peyebaov, apkel  vo
TPOPOS0TNOEl tE TO KATAAANAL dEOOUEVQL.
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ITAPAPTHMA B

AIEONEIX OIKONOMIKOI OPOI

Bill of exchange

A bill of exchange or "draft" is a written order by the drawer to the
drawee to pay money to the payee. A common type of bill of exchange is
the cheque (check in American English), defined as a bill of exchange
drawn on a banker and payable on demand. Bills of exchange are used
primarily in international trade, and are written orders by one person to
his bank to pay the bearer a specific sum on a specific date. Prior to the
advent of paper currency, bills of exchange were a common means of
exchange. They are not used as often today.

A bill of exchange is an unconditional order in writing addressed by one
person to another, signed by the person giving it, requiring the person to
whom it is addressed to pay on demand or at fixed or determinable future
time a sum certain in money to order or to bearer. It is essentially an order
made by one person to another to pay money to a third person. A bill of
exchange requires in its inception three parties--the drawer, the drawee,
and the payee. The person who draws the bill is called the drawer. He
gives the order to pay money to third party.

The party upon whom the bill is drawn is called the drawee. He is the
person to whom the bill is addressed and who is ordered to pay. he
becomes an acceptor when he indicates his willingness to pay the bill.
The party in whose favor the bill is drawn or is payable is called the
payee. The parties need not all be distinct persons. Thus, the drawer may
draw on himself payable to his own order. A bill of exchange may be
endorsed by the payee in favour of a third party, who may in turn endorse
it to a fourth, and so on indefinitely. The "holder in due course" may
claim the amount of the bill against the drawee and all previous
endorsers, regardless of any counterclaims that may have disabled the
previous payee or endorser from doing so. This is what is meant by
saying that a bill is negotiable .In some cases a bill is marked "not
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negotiable". In that case it can still be transferred to a third party, but the
third party can have no better right than the transferor.

Bond (finance)

In finance, a bond is a debt security, in which the authorized issuer owes
the holders a debt and, depending on the terms of the bond, is obliged to
pay interest (the coupon) and/or to repay the principal at a later date,
termed maturity. A bond is a formal contract to repay borrowed money
with interest at fixed intervals. Thus a bond is like a loan: the issuer is the
borrower (debtor), the holder is the lender (creditor), and the coupon is
the interest. Bonds provide the borrower with external funds to finance
long-term investments, or, in the case of government bonds, to finance
current expenditure. Certificates of deposit (CDs) or commercial paper
are considered to be money market instruments and not bonds. Bonds
must be repaid at fixed intervals over a period of time.

Bonds and stocks are both securities, but the major difference between
the two is that stockholders have an equity stake in the company (i.e.,
they are owners), whereas bondholders have a creditor stake in the
company (i.e., they are lenders). Another difference is that bonds usually
have a defined term, or maturity, after which the bond is redeemed,
whereas stocks may be outstanding indefinitely. An exception is a consol
bond, which is a perpetuity (i.e., bond with no maturity).

Bond market

The bond market (also known as the debt, credit, or fixed income market)
1s a financial market where participants buy and sell debt securities,
usually in the form of bonds. As of 2006, the size of the international
bond market is an estimated $44.9 trillion, of which the size of the
outstanding U.S. bond market debt was $25.2 trillion. Nearly all of the
$923 billion average daily trading volume (as of early 2007) in the U.S.
bond market takes place between broker-dealers and large institutions in a
decentralized, over-the-counter (OTC) market. However, a small number
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of bonds, primarily corporate, are listed on exchanges. References to the
"bond market" usually refer to the government bond market, because of
its size, liquidity, lack of credit risk and, therefore, sensitivity to interest
rates. Because of the inverse relationship between bond valuation and
interest rates, the bond market is often used to indicate changes in interest
rates or the shape of the yield curve.

Currency

In economics, the term currency can refer either to a particular currency,
for example the US Dollar, or to the coins and banknotes of a particular
currency, which comprise the physical aspects of a nation’s money
supply. The other part of a nation’s money supply consists of money
deposited in banks (sometimes called deposit money), ownership of
which can be transferred by means of checks (cheques in the United
Kingdom and Australia) or other forms of money transfer such as credit
and debit cards. Deposit money and currency are ‘money’ in the sense
that both are acceptable as a means of exchange, but money need not
necessarily be ‘currency’.

Historically, money in the form of currency has predominated. Usually
(gold or silver) coins of intrinsic value commensurate with the monetary
unit (commodity money), have been the norm. By contrast, modern
currency, as fiat money, is intrinsically worthless. The prevalence of one
type of currency over another in commodity money systems has arisen,
usually when a government designates through decrees, that only
particular monetary units shall be accepted in payment for taxes.

Deflation

In economics, deflation is a decrease in the general price level of goods
and services. Deflation occurs when the annual inflation rate falls below
zero percent, resulting in an increase in the real value of money — a
negative inflation rate. This should not be confused with disinflation, a
slow-down in the inflation rate (i.e. when the inflation decreases, but still
remains positive). Inflation reduces the real value of money over time,
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conversely, deflation increases the real value of money. Money refers to
the functional currency (mostly unstable monetary unit of account) in a
national or regional economy.

Currently, mainstream economists generally believe that deflation is a
problem in a modern economy because of the danger of a deflationary
spiral. Deflation is also linked with recessions and with the Great
Depression. Additionally, deflation also prevents monetary policy from
stabilizing the economy because of a mechanism called the liquidity trap.
However, historically not all episodes of deflation correspond with
periods of poor economic growth, while there are many examples of how
strong rise in CPI immediately precedes or accompanies and economic
downturn, such as Great Depression, the 1970-80's, and the 2008
economic crash.

Euribor-Euro Interbank Offered Rate

The Euro Interbank Offered Rate (or Euribor) is a daily reference rate
based on the averaged interest rates at which banks offer to lend
unsecured funds to other banks in the euro wholesale money market (or
interbank market).
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Euribor-12m value between years 2001 and 2006
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Eurodollar

Eurodollars are deposits denominated in US dollars at banks outside the
United States, and thus are not under the jurisdiction of the Federal
Reserve. Consequently, such deposits are subject to much less regulation
than similar deposits within the United States, allowing for higher
margins. There is nothing "European" about Eurodollar deposits; a US
dollar-denominated deposit in Tokyo or Caracas would likewise be
deemed a Eurodollar deposit. Neither is there any connection with the
euro currency. Typically the term is only used for US dollars in European
banks, but technically the term could be used for US dollars deposited at
any non-US bank account.

More generally, the "euro" prefix can be used to indicate any currency
held in a country where it is not the official currency: for example,
euroyen or even euroeuro.

Exchange rate

In finance, the exchange rates (also known as the foreign-exchange rate,
forex rate or FX rate) between two currencies specifies how much one
currency 1s worth in terms of the other. It is the value of a foreign nation’s
currency in terms of the home nation’s currency.!! For example an
exchange rate of 95 Japanese yen (JPY, ¥) to the United States dollar
(USD, $) means that JPY 95 is worth the same as USD 1. The foreign
exchange market is one of the largest markets in the world. By some
estimates, about 3.2 trillion USD worth of currency changes hands every
day.

The spot exchange rate refers to the current exchange rate. The forward
exchange rate refers to an exchange rate that is quoted and traded today
but for delivery and payment on a specific future date.

128



Exchange-traded fund

An exchange-traded fund (or ETF) is an investment vehicle traded on
stock exchanges, much like stocks. An ETF holds assets such as stocks or
bonds and trades at approximately the same price as the net asset value of
its underlying assets over the course of the trading day. Most ETFs track
an index, such as the S&P 500 or MSCI EAFE. ETFs may be attractive as
investments because of their low costs, tax efficiency, and stock-like
features.

Only so-called authorized participants (typically, large institutional
investors) actually buy or sell shares of an ETF directly from/to the fund
manager, and then only in creation units, large blocks of tens of
thousands of ETF shares, which are usually exchanged in-kind with
baskets of the underlying securities. Authorized participants may wish to
invest in the ETF shares long-term, but usually act as market makers on
the open market, using their ability to exchange creation units with their
underlying securities to provide liquidity of the ETF shares and help
ensure that their intraday market price approximates the net asset value of
the underlying assets. Other investors, such as individuals using a retail
brokerage, trade ETF shares on this secondary market.

An ETF combines the valuation feature of a mutual fund or unit
investment trust, which can be bought or sold at the end of each trading
day for its net asset value, with the tradability feature of a closed-end
fund, which trades throughout the trading day at prices that may be more
or less than its net asset value. Closed-end funds are not considered to be
exchange-traded funds, even though they are funds and are traded on an
exchange. ETFs have been available in the US since 1993 and in Europe
since 1999. ETFs traditionally have been index funds, but in 2008 the
U.S. Securities and Exchange Commission began to authorize the
creation of actively-managed ETFs.
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Federal Reserve System

The Federal Reserve System (also known as the Federal Reserve, and
informally as The Fed) is the central banking system of the United States.
It was created in 1913 when the Federal Reserve Act was signed by
Woodrow Wilson. According to official Federal Reserve documentation,
"It was founded by Congress in 1913 to provide the nation with a safer,
more flexible, and more stable monetary and financial system. Over the
years, its role in banking and the economy has expanded."

It is a quasi-public banking system that comprises:

1. The presidentially appointed Board of Governors of the Federal
Reserve System in Washington, D.C.,

2. The Federal Open Market Committee (FOMC),

3. Twelve regional privately-owned Federal Reserve Banks located in
major cities throughout the nation, which divide the nation into 12
districts, acting as fiscal agents for the U.S. Treasury, each with its
own nine-member board of directors,

4. Numerous other private U.S. member banks, which subscribe to
required amounts of non-transferable stock in their regional
Federal Reserve Banks,

5. Various advisory councils.

According to official documentation, the Federal Reserve's duties fall into
four general areas: (1) conducting the nation's monetary policy by
influencing the monetary and credit conditions in the economy in pursuit
of maximum employment, stable prices, and moderate long-term interest
rates; (2) supervising and regulating banking institutions to ensure the
safety and soundness of the nation's banking and financial system and to
protect the credit rights of consumers; (3) maintaining the stability of the
financial system and containing systemic risk that may arise in financial
markets; and (4) providing financial services to depository institutions,
the U.S. government, and foreign official institutions, including playing a
major role in operating the nation's payments system.
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Within the Federal Reserve, the Federal Open Market Committee
(FOMC) is primarily responsible for the formulation of monetary policy.
Seven of the twelve members of the board are appointed by the President,
and are called the "Board of Governors." The remaining five are regional
Reserve Bank presidents. Since February 2006, Ben Bernanke has served
as the Chairman of the Board of Governors of the Federal Reserve
System. Donald Kohn is the current Vice Chairman (Term: June 2006—
June 2010).

Gross domestic product

The gross domestic product (GDP) or gross domestic income (GDI) is a
basic measure of a country's economic performance and is the market
value of all final goods and services made within the borders of a nation
in a year . It is a fundamental measurement of production and is very
often positively corrolated with the standard of living. GDP can be
defined in three ways, all of which are conceptually identical. First, it is
equal to the total expenditures for all final goods and services produced
within the country in a stipulated period of time (usually a 365-day year).
Second, it 1s equal to the sum of the value added at every stage of
production (the intermediate stages) by all the industries within a country,
plus taxes less subsidies on products, in the period. Third, it is equal to
the sum of the income generated by production in the country in the
period—that is, compensation of employees, taxes on production and
imports less subsidies, and gross operating surplus (or profits).

The most common approach to measuring and quantifying GDP is the
expenditure method:

GDP = private consumption + gross investment + government
spending + (exports — imports), or,
GDP=C+I1+G+ (X -M).

"Gross" means that depreciation of capital stock is not subtracted out of
GDP. If net investment (which is gross investment minus depreciation) is
substituted for gross investment in the equation above, then the formula
for net domestic product is obtained. Consumption and investment in this
equation are expenditure on final goods and services. The exports-minus-
imports part of the equation (often called net exports) adjusts this by
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subtracting the part of this expenditure not produced domestically (the
imports), and adding back in domestic area (the exports).

Economists (since Keynes) have preferred to split the general
consumption term into two parts; private consumption, and public sector
(or government) spending. Two advantages of dividing total consumption
this way in theoretical macroeconomics are:

o Private consumption is a central concern of welfare economics.
The private investment and trade portions of the economy are
ultimately directed (in mainstream economic models) to increases
in long-term private consumption.

o If separated from endogenous private consumption, government
consumption can be treated as exogenous so that different
government spending levels can be considered within a meaningful
macroeconomic framework.

Stock market index

A stock market index is a method of measuring a section of the stock
market. Many indices are cited by news or financial services firms and
are used to benchmark the performance of portfolios such as mutual
funds.

Dow Jones Industrial Average

NASDAQ Composite

S&P 500

1575 1580 1985 1990 1895 2000 2005

YymMpo: A comparison of three major U.S. stock indices: the NASDAQ
Composite, Dow Jones Industrial Average, and S&P 500.
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Inflation

In economics, inflation is a rise in the general level of prices of goods and
services in an economy over a period of time. When the price level rises,
each unit of currency buys fewer goods and services; consequently,
inflation is also an erosion in the purchasing power of money — a loss of
real value in the internal medium of exchange and unit of account in the
economy. A chief measure of price inflation is the inflation rate, the
annualized percentage change in a general price index (normally the
Consumer Price Index) over time.

Inflation can have positive and negative effects on an economy. Negative
effects of inflation include: loss in stability in the real value of money and
other monetary items over time; uncertainty about future inflation may
discourage investment and saving, and high inflation may lead to
shortages of goods if consumers begin hoarding out of concern that prices
will increase in the future. Positive effects include a mitigation of
economic recessions, and debt relief by reducing the real level of debt.

Economists generally agree that high rates of inflation and hyperinflation
are caused by an excessive growth of the money supply. Views on which
factors determine low to moderate rates of inflation are more varied. Low
or moderate inflation may be attributed to fluctuations in real demand for
goods and services, or changes in available supplies such as during
scarcities, as well as to growth in the money supply. However, the
consensus view is that a long sustained period of inflation is caused by
money supply growing faster than the rate of economic growth.

Today, most mainstream economists favor a low steady rate of inflation.
Low (as opposed to zero or negative) inflation may reduce the severity of
economic recessions by enabling the labor market to adjust more quickly
in a downturn, and reduce the risk that a liquidity trap prevents monetary
policy from stabilizing the economy. The task of keeping the rate of
inflation low and stable is usually given to monetary authorities.
Generally, these monetary authorities are the central banks that control
the size of the money supply through the setting of interest rates, through
open market operations, and through the setting of banking reserve
requirements.
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Interest rate

An interest rate is the price a borrower pays for the use of money they do
not own, for instance a small company might borrow from a bank to kick
start their business, and the return a lender receives for deferring the use
of funds, by lending it to the borrower. Interest rates are normally
expressed as a percentage rate over the period of one year.

Interest rates targets are also a vital tool of monetary policy and are used
to control variables like investment, inflation, and unemployment.

LIBOR-London Interbank Offered Rate

The London Interbank Offered Rate (or LIBOR) is a daily reference rate
based on the interest rates at which banks borrow unsecured funds from
other banks in the London wholesale money market (or interbank
market). It is roughly comparable to the U.S. Federal funds rate.

Market capitalization

Market capitalization/capitalization (aka market cap or
capitalized/capitalized value) is a measurement of corporate size equal to
the share price times the number of shares outstanding of a public
company. As owning stock represents owning the company, including all
its equity, capitalization could represent the public opinion of a
company's net worth and is a determining factor in stock valuation.
Likewise, the capitalization of stock markets or economic regions may be
compared to other economic indicators. The total market capitalization of
all publicly traded companies in the world was US$51.2 trillion in
January 2007 and rose as high as US$57.5 trillion in May 2008 before
dropping below US$50 trillion in August 2008 and slightly above US$40
trillion in September 2008
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Mutual fund

A mutual fund is a professionally managed type of collective investment
scheme that pools money from many investors and invests it in stocks,
bonds, short-term money market instruments, and/or other securities.!!
The mutual fund will have a fund manager that trades the pooled money
on a regular basis. The net proceeds or losses are then typically
distributed to the investors annually.

Since 1940, there have been three basic types of investment companies in
the United States: open-end funds, also known in the U.S. as mutual
funds; unit investment trusts (UITs); and closed-end funds. Similar funds
also operate in Canada. However, in the rest of the world, mutual fund is
used as a generic term for various types of collective investment vehicles,
such as unit trusts, open-ended investment companies (OEICs), unitized
insurance funds, and undertakings for collective investments in
transferable securities (UCITS).

NASDAQ OMX Group

NASDAQ OMX Group, Inc. (NASDAQ: NDAQ) is a United States
public company that owns and operates the NASDAQ stock market and
seven European stock exchanges in the Nordic and Baltic regions under
the OMX banner. It is headquartered in New York City, and its Chief
Executive Officer is Robert Greifeld.

NYSE Euronext

NYSE Euronext, Inc. (formerly NYSE Group, Inc. and Euronext N.V.)
(NYSE: NYX) is a American-Euro for-profit corporation that operates
multiple securities exchanges, most notably Euronext, New York Stock
Exchange (NYSE), and NYSE Arca (formerly known as ArcaEx). NYSE
Group also operates NYSE Regulation, which is a non-profit Self-
Regulatory Organization that oversees securities firms and companies
listed on the New York Stock Exchange and NYSE Arca.
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Open-end fund

An open-end(ed) fund is a collective investment scheme which can issue
and redeem shares at any time. An investor will generally purchase shares
in the fund directly from the fund itself rather than from the existing
shareholders. It contrasts with a closed-end fund, which typically issues
all the shares it will issue at the outset, with such shares usually being
tradeable between investors thereafter.

Open-ended funds are available in most developed countries, though
terminology and operating rules vary. U.S. mutual funds, UK unit trusts
and OEICs, European SICAVs, hedge funds and exchange-traded funds
are all examples of open-ended funds.

The price at which shares in an open-ended fund are issued or can be
redeemed will vary in proportion to the net asset value of the fund, and
therefore directly reflects the fund's performance.

S&P 500

The S&P 500 is a value-weighted index published since 1957 of the
prices of 500 large-cap common stocks actively traded in the United
States. The stocks included in the S&P 500 are those of large publicly
held companies that trade on either of the two largest American stock
market companies; the NYSE Euronext and the NASDAQ OMX.

After the Dow Jones Industrial Average, the S&P 500 is the most widely
followed index of large-cap American stocks. It is considered a
bellwether for the American economy, and is included in the Index of
Leading Indicators. Some mutual funds, exchange traded funds, and other
funds such as pension funds, are designed to track the performance of the
S&P 500 index. Hundreds of billions of US dollars have been invested in
this fashion.
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The index is the best known of the many indices owned and maintained
by Standard & Poor's, a division of McGraw-Hill. S&P 500 refers not
only to the index, but also to the 500 companies that have their common
stock included in the index. The ticker symbol for the S&P 500 index
varies. Some examples of the symbol are ~"GSPC, .INX, and $SPX. The
stocks included in the S&P 500 index are also part of the broader S&P
1500 and S&P Global 1200 stock market indices.

Short rate model

The short rate, usually written r, is the (annualized) interest rate at which
an entity can borrow money for an infinitesimally short period of time
from time t. Specifying the current short rate does not specify the entire
yield curve. However no-arbitrage arguments show that, under some
fairly relaxed technical conditions, if we model the evolution of r, as a
stochastic process under a risk-neutral measure Q then the price at time t
of a zero-coupon bond maturing at time T is given by

T
Pt,T)=E [e:{p (—f Te ds) ‘ }}]
t

where F is the natural filtration for the process. Thus specifying a model
for the short rate specifies future bond prices. This means that
instantaneous forward rates are also specified by the usual formula

ft,T) = _%m(m,f)).

And its third equivalent, the yields are given as well.
Standard & Poor's

Standard & Poor's (S&P) is a division of McGraw-Hill that publishes
financial research and analysis on stocks and bonds. It is well known for
the stock market indexes, the US-based S&P 500, the Australian
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S&P/ASX 200, the Canadian S&P/TSX, the Italian S&P/MIB and India's
S&P CNX Nifty.

Yield curve (term structure)

In finance, the yield curve is the relation between the interest rate (or cost
of borrowing) and the time to maturity of the debt for a given borrower in
a given currency. For example, the current U.S. dollar interest rates paid
on U.S. Treasury securities for various maturities are closely watched by
many traders, and are commonly plotted on a graph such as the one on
the right which is informally called "the yield curve." More formal
mathematical descriptions of this relation are often called the term
structure of interest rates.

The yield of a debt instrument is the annualized percentage increase in the
value of the investment. For instance, a bank account that pays an interest
rate of 4% per year has a 4% yield. In general the percentage per year that
can be earned is dependent on the length of time that the money is
invested. For example, a bank may offer a "savings rate" higher than the
normal checking account rate if the customer is prepared to leave money
untouched for five years. Investing for a period of time t gives a yield
Y(1).

This function Y is called the yield curve, and it is often, but not always,
an increasing function of t. Yield curves are used by fixed income
analysts, who analyze bonds and related securities, to understand
conditions in financial markets and to seek trading opportunities.
Economists use the curves to understand economic conditions.
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Yield curve ag at 5th February 2005 for USD
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Unit Investment Trust

A Unit Investment Trust (UIT) is a US investment company offering a
fixed (unmanaged) portfolio of securities having a definite life. UITs are
assembled by a sponsor and sold through brokers to investors.

A UIT portfolio may contain one of several different types of securities.
The two main types are stock (equity) trusts and bond (fixed income)
trusts.

Unlike a mutual fund, a UIT is created for a specific length of time and is
a fixed portfolio, meaning that the UIT’s securities will not be sold or
new ones bought, except in certain limited situations (for instance, when
a company is filing for bankruptcy or the sale is required due to a
merger).

Stock trusts are generally designed to provide capital appreciation and/or
dividend income. They usually issue as many units (shares) as necessary
for a set period of time before their primary offering period closes. Equity
trusts have a set termination date, on which the trust liquidates and
distributes its net asset value as proceeds to the unitholders. (The
unitholders may then have special options for the reinvestment of this
principal.)

139



Bond trusts issue a set number of units, and when they are all sold to
investors, the trust's primary offering period is closed. Bond trusts pay
monthly income, often in relatively consistent amounts, until the first
bond in the trust is called or matures. When this occurs, the funds from
the redemption are distributed to the clients via a pro rata return of
principal. The trust then continues paying the new monthly income
amount until the next bond is redeemed. This continues until all the bonds
have been liquidated out of the trust. Bond trusts are generally
appropriate for clients seeking current income and stability of principal.

A UIT may be constituted as either a regulated investment company
(RIC) or a grantor trust. A RIC is a trust, corporation or partnership in
which investors have common investment and voting rights but do not
have direct interest in investments of the investment company or fund. A
grantor trust, in contrast, grants investors proportional ownership in the
underlying securities.

A UIT 1is created by a document called the Trust Indenture. This
document is drafted by the Sponsor of the fund, and names the Trustee
and the Evaluator. By US law, the Sponsor and the Trustee may not be
the same. The sponsor selects and assembles the securities to be included
in the fund. The trustee keeps the securities, maintains unitholder records,
and performs all accounting and tax reporting for the portfolio. The
largest issuer of UITs is First Trust Portfolios. Other sponsors include
Van Kampen, Advisor's Asset Management and Claymore Securities.
Most large brokerage firms (such as Merrill Lynch and A. G. Edwards)
sell UITs created by these sponsors.

From a tax perspective, UIT's offer a shelter from the unrealized capital
gains taxes typical inside of a mutual fund. Because individual UIT's are
assembled and purchased for specific periods of time, the cost basis
consists of the initial purchase price of the securities held in the trust. A
mutual fund on the other hand, taxes the individual based on the entire
previous tax year regardless of the date purchased. An investor could, for
example, purchase a mutual fund in October, absorb a loss during the last
quarter of the year, and yet still be taxed on capital gains within the fund
depending on the overall performance of the underlying securities from
January 1 of the current year. A UIT avoids this potential tax
consequence by assembling an entirely new "fund" for each individual
investor.

Some exchange-traded funds (ETFs) are technically classified as UITs:
however, ETFs usually do not have set portfolios (they are either
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managed or update automatically to follow an index), and they do not
have defined lives.

United States Department of the Treasury

The Department of the Treasury is an executive department and the
treasury of the United States federal government. It was established by an
Act of Congress in 1789 to manage government revenue. The Department
1s administered by the Secretary of the Treasury, who is a member of the
Cabinet.

The first Secretary of the Treasury was Alexander Hamilton, who was
sworn into office on September 11, 1789. Hamilton was asked by
President George Washington to serve after first having asked Robert
Morris (who declined, recommending Hamilton instead). Hamilton
almost single-handedly worked out the nation's early financial system,
and for several years was a major presence in Washington's
administration as well. His portrait is on the obverse of the U.S. ten-dollar
bill and the Treasury Department building is shown on the reverse.

Besides the Secretary, one of the best-known Treasury officials is the
Treasurer of the United States, who receives and keeps the money of the
United States. Facsimile signatures of the Secretary and the Treasurer
appear on all modern United States currency.

The Department prints and mints all paper currency and coins in
circulation through the Bureau of Engraving and Printing and the United
States Mint. The Department also collects all federal taxes through the
Internal Revenue Service, and manages U.S. government debt
instruments.
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