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KedbdAawo 1 : Etoaywyn

Ytnv napovoa epyaocio e€etaletal to ANFIS (Adaptive Neuro-Fuzzy Inference
Systems) KaBwg KL oL EKATOVTASEC XPrOELC TOU o€ S1Adopoug TOUELS TNG cUYXpovNG LWNG
Tou avBpwrou. MveTaL pLo AETITOUEP G oUYKPLON, BACLOUEVN OE La TTIAELASA
ETLOTNUOVIKWVY ApBpwv, avapeca oto ANFIS kL aAwv velpo-acadwyv povtéAwy. E€etaletal
eniong mooa dedopéva XpnoLUomnoinoe n ekAoTote cuyypadlky opada yla tnv €peuva tng
KOBWC KoL PE TToLo cUXVOTNTA £YLVE N GUAAOYH TouG. TEAOG yiveTal Lol AETTOUEPNG
Kataypadn Twv MopapETpwy/HetaBAnTwy mou oplotnkav os K&Os apOpo OMwWE KoL Twv
UETPWV TTOU XpNoLuomnolndnkay . H avaokomnnon twv apbpwv yivetal oTo TETapTo KePAAaLo
KL elval taflvopnuévn og MEVTe Tiivaked. MpLv OPWG YIVEL N TAPOUCLOCH TWV MLVAKWY,

yivetal pla avadopd o Yevikeg mAnpodoplec yia Ta velpo-aoadr CUCTALOTO.

To deltepo keddAalo NG epyaciag emeEnyel TL eival Ta veUpo-acodr) cucTHUOTA,
EekvwvTac anod Tnv acadn AoyLKn KoL T VEUPWVIKA SIKTUA Kal KOTOANYOVTOC OTOUG
aoadeic veupwveg Kal Ta MPocapUooTika Siktua (Adaptive networks). Zto tpito kepahalo
napouaotaletal to ANFIS, yivetal euneplotatwpévn neplypadn Tou LovIEAOU Kal
KotaTomileTol 0 ovVayvwaoTng Lol TO TTOU ATOOKOTIEL N Xprion Tou. Fvetal emiong pLa

ouvtopn avadopd oToUG MEPLOPLOUOUG TOU LOVTEAOU.

O okomog ¢ epyaociag eival va mapouotdoet mw¢ to ANFIS avtiuetwrnilel éva
TPOBANUA KOL OUCLACTIKA TTOCO TIOAD €XeL BonBrOEL N XPriON TOU CUYKEKPLUEVOU LOVTEAOU.
META Kal TNV LEAETN TWV TILVAKWVY TOU TETAPTOU KedaAaiou Byaivouv apketd moAUTLua
CUUTTEQACHLOTA TO OTIOLOL KOl KATAYPAPOVTAL OTO TIEUMTO KoL TEAEUTALO KEPAAALO TNC
gpyaociag. Napakdtw neplypddovtal GUVOTITIKA Ta Bripata tng ekmaidsuong aAAd Kol Twv
nipoBAEPewv Tou ANFIS waoTe va YivEL KATAvVoNTO WG OVTLUETWITI(ETOL £va TIPOBANUA LE TN

XPHoN TOU HOVTEAOU.

Ag umtoteBel otL amatteital n xprion tou ANFIS yla TNV OVTLUETWITLON EVOG
npoBAnuarocg (moapadeiypota TETolwy MPoBAnUATWY Ba mMapoucLaoToUV OTO EMOUEVA
kedpalata). Apxtka opiletal o emBuuNTOg 0plOUOC Kal To (60¢ TWV ELOOSWV KAl TwV

£€06wv. 2Tn ouvéxela Snuloupyouvtal T KAtaAANAa urtoSeiyparta eloddwy Kot EmBuUNTWY



€€66wv, mou Ba xpnolpomnolnBouv yla tnv ekmaideuon Tou HovieAou. Ao kABe
XPOVOOELPQ, XPNOLUOTIOLE(TAL €va GUVOAO GNUELWY YLa TNV eKMaiSgucn TOU CUCTAATOC Kal
£va GAAO yLa ToV EAEYXO TNG MPOPBAETITIKIC TOU LKAVOTNTOC.

AkoAoUBw¢ Snuloupyeital Eéva ANFIS, pe tn BonBeta tou fuzzy logic toolbox, to
ormnolo umoAoyilel TIg KATAAANAOTEPEC MAPAUETPOUC TWV CUVAPTIOEWV CULUETOXNG
(MF parameters). OpiZovtal oL mopapetpol ekmaideuong kot adol ohokAnpwOel n
gkmaideuaon Tou ouoTHUATOC XpnoLuomnolouvtal Ta dedopéva eAEéyyou yla va
alohoynBel to povtédo. e kAOe mepimtwon, otav yivetal ekmaideuon evog povtélou,
Sokipalovral apketol cuvduacuol mapapétpwv (MFs, epochs, step size), e okomo tnv
enitevén pkpotEPOU 0PAANATOC.

Metd TNV oAoKANpwWoN tTN¢ ekmaideuong tou povtélou, yivetal n Slevépyela
TpoPALEPewV ekTOG delypartog (test set). Aedopévou OTL TO HOVTEAD £XEL TNV LKOVOTNTA VO
KAVEL pLo pOPAEPn, XPNOLLOTIOLWVTAC TIPAYUATIKEC TTAPEABOVIIKEC TLUEG, TIPOKUTITOUV
SladopeTIKA oeVApLA. 2TO TPWTO OEVAPLO XPNOLLOTIOLOUVTOL OL TEAEUTOLEC TTAPATNPOELG
NG XPOVOOELPAC yLa T Slevépyeta tng mpwtng mPOoBAedng. MNa TG emOpeVeS TPOBAEYELG
Xpnotluomnolovuvtal oav eioodol, epocov auTo sival amapaitnto, oL TLUEG TTOU £X0UV
nén nmpoPAedtel. Auto to oevaplo Ba Swoel LKAVOToLNTIKEG TIPoPALYELS ePpOCOV TO ODAAUA
TIOU PETPAONKE Kata TNV ekmaibeuon lval pLKpO. 2 mepintwon mou to obaApa sivat
ueyaho Ba mepdoet and npoPAen oe mpoPAedn kot Ba avEaveTal eKOETIKA LUE ATOTEAEGHA
O£ KATIOLo Bpa va amoKALVEL GNUAVTLIKA OO TG CWOTEG MPOPBALPELC. 3TO SEUTEPO OEVApPLO
EKTIALOEVETAL TO LOVTEAO OVAAOYQ LLE TOV OpLOUO TwV TPOPAEPEWY KaL OTN GUVEXELA
XPNOLUOTIOLOUVTOL YVWOTEC TAPEABOVTIKEG TIUEG oav eloodo. MNa TNV TeEALKA EMAOYN
AapBavetot untodn téoo to opaipa PoOPAsPng, 000 Kal N UTTOAOYLOTIKN LoXUG TTOU
amotteitol yia tnv epoppoyr tou Kabe oevapiou. TeAog atlohoyeital to ANFIS
OUYKpPLVOVTAG Ta AMOTEAECUOTA TOU WG TPOG Ta eMBUUNTA amoteAéopata thg MPoPAedng.

2Tn CUVEXELA TNG Epyaoiag mapouaotalovtol AEMTOUEPWE OAX QUTA TTOU

avadEpBnKav eV CUVIOULA OE AUTO TO ELOAYWYLKO KEDAAALO.



KeddAawo 2 : NeUpo-Acadn SucTALOTO

H YrioAoytotikr) NonpooUvn (YN) elval n meploxn tTng mAnpodopLkng, n onola
niepAapBAvVEL UTTOAOYLOHOUC Kall GUAAOYLOTIKY UTTO cUVORKeG avakpifelog, apBepatdtnrag
Kol LEPLKNC aANBEeLOC KL TIETUXAlvEL oTtaBepdTnTa Kot XounAo kéotog AUoswv. Ta tpla
Baolkd cuotatika media tng, Neupwvika Aiktua (NA), Acadng Zuhhoylotikn (AZ) kot

Fevvntikol AAyopLBuot (FTA) €xouv To KaBéva oLaitepeg LBLOTNTEC KAl TTAEOVEKTHLLOTAL.

e Ta NA emutpgmnouy oTo cUOTNHA Vo LaBaivel.
e HAZ emutpénel Tnv epdpUTEUON OTO CUOTNHA EUTIELPLKAC YVWONC.

e OLlA kaBlotouv To cUOTNUA LKAVO VO 0lUTO-BEATLWVETAL.

Yuvdudlovtoc Ta cUOTATIKA auTd Tedia pmopolv va oxeSlactouv Kat vol
KataokeuaotolV uBpLSIKA (pUiktd) cuotApata YN tkava va emlvouy pe vPnAn anddoon
moAUTAoKa TIPaKTLIKA TpoBARuata. Ta uBptdika cuotripata YN cuvdualouv Tig LLOTNTEG
KOBevOC eSOV KOl TTAPAKAUIITOUV TOUC IEPLOPLOLOUC N} TOL LELOVEKTAHATA TouC. Ot
UBPLOIKEC TEXVIKEG 06nYyoUV otV paypotonoinon sudpuwyv cucTnUATWY Ta onola Bpiokouv
TOLKIAEG epappoyEc. OL Téooeplg Suvatol cuvduaopol twv NA, AZ kat A ylo Tnv avamtuén

UBPLOKWYV TEXVIKWYV Kal cuotnuatwyv YN ¢aivovtal 6To oxruo.




Juvtopoypadleg oxAUATOC :
e NAZ: Neupo-acadn cuotriuara,
e NIZ: NEUPO-YEVETIKA CUCTALATA,
e AlZ: Acado-yeveTIKA oUOTHUATA,
e NATZ: Neupo-aocodpo-yeVETIKA CUOTALOTA
o AZ: Acadng ZuAAoyloTikn

e NA: Neupwvika Aiktua

Ta NA xpnotpomnototvtat ota NAZ yla va LaBouv T CUVAPTIOELG GUUETOXNG N va
kaBopilouv tn Soun Twv acadwv cuotnuatwy. OL FA xpnoluomnolouvtal ota Al yia thv
avalntnon plag BEATiotng Sopng Kat akoAoUBwg yLa tn pUBULON TWV TOPAUETPWV.
Avtiotpoda, n acadnc Aoyikr umopsi va xpnotpomnolnBei yia tn BeAtiwon tne
ouunepldopac twv M'A. Ot yevetikol alyoplBuol xpnolponolouvtat ota NI yia tnv
oautopatonoinon g oxedloong VEUPWVIKWVY SIKTUWV HECW TNG YEVETLKAG eKallbeuong N
UEOW TNG YEVETIKNG ETILAOYNG TNG ToTtoAoyiag autwy N Héow TG BEATLOTNG EMAOYAC TWV
TOPAUETPWY HABnong. Télog ouvdualovtag Katd molkiloug tpomouc ta NA, tnv AZ Kal Toug
F'A umopouv va oxedLaotouV Veupo-acadn-yevetika cuothipoto (NArZ) ta onoia
OAOKANPWVOUV TA TAEOVEKTLATA KAL TG LOLOTNTEG OAWV AUTWV LE OTOXO TN

BeAtiotomnoinon tg anddoong Toug.

2.1 Acadric Aoyikn

O BewpnTIkOC popéag yla TNV uAomolnon KLag peyaing katnyopiag eudpuwy
ocuothudtwy elval n Acaeric Aoyikn (Fuzzy Logic), mou ewonx0n amno tov Lotfi A.Zadeh tou
naveruotnuiov tng KaAwpopviag oto Berkley twv HMNA ota péoa tng dekaetiag tou 1960. H
Bewpia twv acadwv cuvolwyv Kablepwbnke cav pLa péBodog Slayeiplong Tng avakpifelag
TIOU QVTLUETWTTIETAL 0€ TTOAAQ TPaKkTIKA tpoPAnuata. H avakpifela, i n acddela, eivat o
TIUPAVAG TWV acapwV cUVOAWY Kal TNG acadoUlC AoyiknG. Ta acadr cUVOAX OUGLOOTLKA

omoTeAOUV HLa YEVIKEUGN TWV KAOLGOLKWY CUVOAWV.
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Ta Aoywa mapadofa kat n apxn Tng anpocdloplotiag tou Heisenberg cuvéBalav
otnv avamntuén g mAedtiunc Aoyikng (multi-valued logic) otn dekoaetia tou 1920. To
enopevo Brua enétpePe Babpouc aBepatdtntag Kot Bewpoloe TOUG XOPAKTNPLOUOUC
aAnBelog kal Pevdoug we T akpaileg TIHEG evog meblou petaBoAng tng acddelag. To 1937
0 padnuatikog Max Black edpdppoaoe tn ouveyr Aoylkn o€ cUVOAQ oTOLXELWV KAl CUUBOAWY
Kall ovopoaoe tn dopn avth afefatotnta. To 1965, o Zadeh otn BepeAlwdn Snuoacisuor] Tou
Ue titho “Fuzzy Sets”, mapouciooe tn Bswpla Twv acadwv cuvorwy (fuzzy set theory)
XPNoLUomolwvTag Tov 6po Acadn AoyLKr KAL IPWTOOTATNCE OE €va VEO KAL ONUAVTIKO KU
ETILOTNMOVLKAC SpaoTNPLOTNTAC, TIOU cUVEXLTETAL HEXPL ONEpa. Agv NTav Alyol, OLWG, Kot
el8ka oTig HIMA, mou apdlopfritnoav tn Bewpla tou Zadeh. AvtiBeta, n Kopdoukiavn
lanwvia €xel evotepviotel Tn Bewpla andAuta kal n xpron tne anodidel tepdoTia

OLKOVOULKA OpEAN.

OL GvBpwrol okEmTovTal cuVRBwWE OxL Le OPOUC aKpLBWY CUUBOAWY Kal aplBuwv
oANG pe acadeic Opoug. Autol ol acoadeic Opol mpoodlopilouv Katnyopieg OXL OPHWC
amoAuta Staxwplopéva Kot cadwc kaboplopéva cuvola. H petdfacn amo tn pio
Katnyopia otnv aAAn yivetal otadlakd, petafaivoviag amno KOTooTACELG UE TIEPLOCOTEPN N
AlyOTEpPN GUOYXETLON HE TNV Katnyopla. Me Bacon Aoumov TNV MPAKTIKN TwV avOpwmwy va

XPNOLUOTIOLOUV EAAOTIKA oUVOAQ, 0 Zadeh mpotelve TV 16€a Twv acadpwv cUVOAWV.

Ta acadr oUvola eival CUVAPTHOELC TTOU OTELKOVI{OUV [La TLUR, N omola pumopetl va
gival pélog Tou ouvolou, og Evav aplBuo amo to 0 €éwg to 1. O aplBuog autdg SnAwveL To
BaBuod cuoxETioNg TNG TG HE To acadEg cuvoro. Otav o Babudg autog sival 0 Tote auto
UTIOSNAWVEL OTL N TLUA eV avrKeL 0To oUVOAO, EVw OTay gival 1 Tdte autd onpaivel 6tLn
TLUA aUTH avTTpoowneVEeL TIANPwWCE To acadEg oclvolo. O Babpog autog kabopiletal amd tn

OUVAPTNON GUUUETOXNG Tou aoadolc cuvoAou.

2.1.1 JuvAptnNoNn CUMUETOXAG

‘Eva acadég ouvolo A opiletal wg éva oUvolo Statetaypévwy euywyv. To ouvolo X
amnote)el £va eupUtepo cUvolo avadopadg (universe of discourse) mou nephapBavel 6Aa Ta

ovTIKE(peva ota omoia propet va yivel avadopd. H tiur pA(x) Aéyetat Babuog ainbetag,
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oUHPBOALZeL To BaBud cuyyEvelag Tou x ato A Kal maipvel TipéG oto Staotnua [0,1]. TEAog n

ouvaptnon A ovopudleTal cuvaptnon cUPUETOXNG (membership function).

H Stadopd twv acadwv GUVOAWY CUYKPLTLIKA LE TNV KAAOOLK Bewploa cUVOAwWVY
glval otL otnv kKAaooikn Bewpia cuvolwv Loyvel pA(x)€{0,1}, SnAadn to x gite avikel oto A
(HA(x)=1)  dev avnkel (UA(x)=0). Apa n acadn Bewpla CUVOAWV HETATITTEL OTNV

ovtioTolyn KAQOGLKH, 0TV oL SUVOTEG TIUEG TNC CUVAPTNONG CULMETOXNAC elval povo 0 1.

Mropei va mapatnenBel OTL UTIOKELUEVIKOL TTAPAYOVTEG EVUTIAPXOUV OTA
XOPOKTNPLOTIKA TNG SOUNG evog acadol cuvolou. H povn npolndBeon mou mpémnel va
LKOVOTTOLEL LOL CUVAPTNGON CUMUETOXAC Elval va BplokeTal oto Stdotnpa tipwv [0,1]. To
oxNUo TN eTiAéyetal pev auBaipeta aAAA Kol Ue TPOTO ou va Stacdaiilel 600 gival

Suvato tnv amhotnto.

OL armAoVOTEPEG OUVAPTNOELG CUMUETOXNG ELVOL QUTEC TTOU oXNuatilovTal amno
guBeieg ypappéc. H amAolotepn amd auTéG lval n TPLYWVLK CUVAPTNON GUULETOXNG, TIOU
Sev eival timota alo amod éva tpiywvo. ITnv idla katnyopia avikel Kot n Tpamnelosldng
ouvapTNon cUPHETOXNC. AUTEC ol SUo cuvaptnoelg e€aodalilouv tnv amaitnon yla

amAoTnTaA.

2.1.2 1610tntEC aoadwv CUVOA WV

‘Eotw X éval 6UVOAO QVTIKELUEVWY, TOU OTtoLoU Ta otolyeia cupPoAilovtal pe To
ypauua x. H cuppetoxn os éva umocUvolo A tou cuvolou X gival pa cuvaptnon
CUMMETOXNG MA aro to X ato Siaotnua [0,1]. To A elval éva acadég urmtoouvolo Tou X, To
orolo opwg dev €xeL auotnpa kaBoplopéva cuvopa. To YA eival o BaBUOG GUULETOXNG TOU
otolxeilou x oto A. Ooo 1o kovtd oto 1 gival to HA T0c0o o oAU aviKeL To X oto A. To

ouvoAo A pmnopel va mpoodLoploTtel EMOUEVWE Ao TO GUVOAO TWV MAPAKATW {EUYWV:

A={(x, pA(x)), xeX}

e KaBe Ceuyapl (x, HA(X) ) ovopaletal povooUvolo.
e  Xwpog avadopdg tou acadol¢ cuvolou A sival To cUVOAO Twv oToLXElwy

Tou X ou €xouVv Un Undevikd Babuod cuppeToxng oto A.
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A={xeX | uA(x)>0}.

e Acadicg Suvapoouvolo, F(x), tou urtepouvolou avadopdg X, ovoudleTal To

OUVOAO OAWV TwWV 0.oadwV UTTOCUVOAWV ToU X.

o 'Eva acadég ouvolo A mou opiletal oto xwpo avadopdg X, Aéyetal
KOLVOVLKO OV UTIAPXEL TOUAGXLOTO £val OTOLXELO X TOU X yLol TO omolo n

OUVAPTNON GUUKETOXNG Va TTalpVEL TLUN lon Ke T povada.

e AUo acadr cuvola A kal B mou opilovtat oto xwpo avadopdc X, Aéyovtal
ioa av yla kaBe otolxeio x Tou X oL GUVAPTHOELG CULUETOXNAG TwV A Kal B

eival loec.

2.1.3 Acadeic OXECELC

Ol acadeig oxéoelg (fuzzy relations) eival acadr) ocuvola oplopéva os medla
avadopdg avwtepng Staoctaonc (.. X x X, X x Y x Z kAr). Nolotikad, pia acadng oxéon R Ba
UopoVoE va sival pa Ekdpaon The Lopdn¢ «elval BapUTtepo amd» Kot n onoio Oa cuvsEet

To otolxela U0 GAAWV CUVOAWV:
R= « x givon Bapitepo am6 y » xeX, yeY kot Re Xy Y

Ol acadeic oxéoelg pnopei va ekdppactolv pe avodopd OAwv Twv LEVYWV (TLUA,
BabBuog ouppetoxnc), Snhasdn Zevywv tng popdng [(x, y),uR (x, y)] . Evag aAlog tpomog
avamnopaoctaong, Llaltepa XproLog o€ UTIOAOYLOUOUG elval o€ popdr) mivaka.

OL acadeic oxéoelg umopouv va cuvbuacTtoUV HETAEL Toug Héow TG Stadikaaoiag
™¢ ocuvBeonc (composition). Av yia mapadetypa cuvduaotel n acadng oxéon R1(x,y)
oplopévn oto X x Y pe tnv acadn oxéon R2(y, z) oplopévn oto Y x Z tote Oa mpokU et pia
aoadng oxéon R(x, z) n omola Ba opiletal oto cUvVoAo X X Z kal Ba cuoyetilel dpeoa
otolxela Twv cuvolwv X kal Z. BéBata eivat amapaitnto va npoodloplotel emakplpwe n
ouvaptnon cUPUETOXNC (, ) R U X 2 TNG R e Xpron TwV cUVAPTACEWV CUUHETOXAG Twv R1
Kot R2. OL Baokeg mpagelc mou opilovral PeTall TwV acadwv CXECEWV lval n avtlotpodn

KoL n ouvBeon.
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e Avtiotpodn oxéon tng R(X,Y) elval n acadng oxéon R-1(X,Y) pe tumo
R-1(x, y) = R(x, y) yla KABe X TIOU AVAKEL OTOV X KAl KABE y TTOU avrKeL
otov Y. O mivakag GUMUETOXNG TTOU TtaploTtavel tTnv R—1 eival o avaotpodog

Tou R.
e H agUvOeon sival moAlL onuavtikr] Stadikacia kKabBwg oL Kavoveg tng popdn¢ if-then

OVTLOTOLYOUV ot aoadeig oXEOELS Kal To TTPOPAnUa tng acadolc cUAANOYLOTIKNG elval

pHaBnuatikd L.ooSuvapo pe tn ouvBeon.

2.1.4 Acadnc culoyiotiki

H Baon otnv onola otnpiletal n AnPn anoddacswv gival n mapaywyn
OUAAOYLOTIKAG. H acadnig AoyLKr aoXoAeltal Pe TNV Tapaywyr] CUAAOYLOTIKNG O€
nieplBailov afeBatdotntac. MNa to okomod autd, BepeAlwvetal N Soun Kat n Ladnuatikn
ovamnopactoon evog acadolc YyeyovoTog LE TOV OPLOUO TwV aoadwv cUVOAWY Kot
KaBopileTal 0 TPOMOG e ToV omoio cuvdualovtal Ta YeyovoTa yla va mopoxBouv AoyLKEG
TIPOTACELG I} OXEOELG KL CUVETIWG CUUTEPAcpota. Ol cuAAoyLoTLKOL TPOTOL TTOU KUPLwg

Xpnoluormnolovuvral eivat ot €€NG:
e O modus ponens (MP) mopdyel CUUMEPACHOTO OO £VOL GUVOAO UTIOBECEWV

oUudwva UE TO oxNUaA:

(A=>B)\ A>B

ormou A kol B ouykekpLUéva yeyovoTa.

O napandavw Kavovag eppnveveTal ws eENC: Av TO YeEYOVOCG A GUVETTAYETAL TO
yeyovog B kat emumA€ov £X0UE WG UTIOBEGN OTL LOXVEL TO A, TOTE TO CUUMEPOCHA TIOU
nalpvoupe lval OtL LoxVEL Kol To B. Opwg oe meptBaAiov aocddelag Ta yeyovota LoxUouV o€
KAmoLo BaBuod. EToL 0 mapamdvw Kovovog TPETEL va TpomomolnBOel yio va ocupmeptAaBel Kot
TV aoddela. KOTOANYOULE LE QUTO TOV TPOTIO OTO YEVIKEUUEVO Kavova modus ponens

(generalized modus ponens) o omoiog €xeL TNV MAPAKATW LOPDN:
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(A=>B)\ A'>B'

e AvrtioTolya o yevikeUpEVog kavovag modus tolens (generalized modus tolens)

Slotumwvetal we e€ng:

(A=B)\ B'> A'

2.2 Juotiupata Acadouc TuAdoyiotiknc (Fuzzy Inference Systems)

YTIG tponyoUUEVEC mapaypddoug LeAeTHONKay ta acadr cUvola kat n Bswpia
TouG. Twpa Ba €eTAOTEL O TPOMOC TTOU UItopPoULV va. edpapruocBolv Ta MAPATTAVW O
£€va ovotnuo AnPng anodpacswv.

Oa e€etaotel €va armAoiko Kal apKeTd cuvnBeg mapadelypa otn HeAETN TG ANWNG
anodpacewv kot Ba dpavel mwg propei va AuBei pe tn Bonbela tng acadolg AoyIKAG.
Yuykekptpéva Ba peletnBei to mpdPAnua tou dpthodwpnuatog, moco SnAhadn elval To
dodwpnua ou TIPEMEL VoL SWOEL Evag TTEAATNG OE €va E0TLATOPLO. OL TAPAUETPOL TOU
npoBARuaTog ival n moldtnTa Tou GaynTou Kot n eEunnpEtnon.

Elval mpodavég yla mapadetypa otL av to daynto elval apLotng moLdTnTag Kot N
gfumnp£tnon KaAn tote to dpLthodwpnpa Ba sival uPnAd. Avtiotol o av n TOLOTNTA TNG
gfumnp£Tnoncg eival xapnAn kat to ¢paynto kako tote 1o prhodwpnua Ba eival yapnAo. Tt
ylvetol Opwe av UTTAPXEL PLa EVOLAUEDH KATAOTAON, T.X. LETPLO haynTO KOl KOAN
gfunnpétnon. EmutAéov napamndavw €xouv avadepOel mpoodloplopol OMwe KOAO Kol HETPLO
TIOU EUTIEPLEXOUV KATIOL aloAPELaL.

Av yilvel mpoomaBeia va AuBel To pOPANUA YyPA LKA Ba TTPEMEL VA 0pLOTOUV
KATIOLOL KOWVOVEC yLa KABE pLa tepimtwon. Méow OpwG TNG a.oadolg AoyLkN¢ To TpOPANUa

0UTO Umopel va AuBel eukoAoTepa.

15



2.2.1 Kavovec av-tote (If-then rules)

Ta aoadr ovvola Kal ol a.oadeilg TEAECTEC £Vl TOL UTTOKE(EVO KOL TOL priLATA TOU
aoadol¢ Aoylopou. OL mpotdoelg if-then xpnolpomoloUvtal yla vo. 6XNUATIO0UV TLG
ouvOnKec ekelveg mou cuvioToLV thv acadn Aoyikn. Evag amAog kavovag if-then €xeL tn
Hopdn:

If xisAthenyisB

omou A kal B ival ol YA\woolkEG HeTaBANTEC Tou poodlopilovtal amno acadr cUVoAa e
Xwpo avadopdg X kat Y avtiotolya. To mpwTo KOUPATL Tou Kavova ‘if x is A” ovopaletal
unodeon (antecedent nj premise) evw to 6e0TePO Kopuatl ‘then y is B’ ovopdletal ouvemneta
n ouunépacua (consequent rj conclusion). Eva mapAdSeLlypa VOG TETOLOU KOVOVA UITOpPEL va

eival to €€Ag:

If service is good then tip is average

H A&€n good avtumpoowmnevetal anod évav aplBud mou Kupaivetal avapeoa oto 0 Ko
1o 1. EtoL n umdBeon eival pLa petddpaon ou ToTPEPEL Lo TLR oo to 0 €we to 1. Ao
Vv aAn pepld n Aé€n average amotelel éva aoad£g oUVOAO Kal €TOL ) CUVETELX TOU
Kavova elval pa cuoxetion tng e€68ou y oto acadég cuvolo B.

Ytoug kavoveg if-then n A&€n ‘is” £xet Stadopetikn £vvola avaioyo LLE TO av
gudaviletal oTo MPWTO 1 0To SeUTEPO HEPOG TOU Kavova. Etol 6tav epdaviletal oTto mpwTo
UEPOG TOU Kavova £XEL TRV £vvola Tou eAéyxou Lodtntag (6nAadn tnv iSta évvola mou
Silvetal oto cUpPBoAo = =). AvtiBeta otav epdaviletal 0To SEUTEPO PLEPOC TOU KAVOVA EXEL
™V évwvola tne Kataxwpnong (dnAadn tnv évvola mou Sivetal oto cUPBoAo =). O mopandvw
Kavovag Aowrdv Ba pmopouoe va ypadel cUUPBOALKA Kal w¢ €€NG:

If service = = good then tip = average

MeviKA OUWG EVAC KAVOVAC OO LOVOC TOU eV ETTAPKEL YL TO TIEPLOCOTEPA TIPOKTLKA
nipoBAAuaTa. AUTO oU XPELATETAL ELVOL TIEPLOCOTEPOL TOU EVOC KOVOVEG OL oTtoloL va
oAANAeTdpoUV peTaly Toug. H £€060¢ kaBe kavova Ba eival £va acadeg cuvoro. Ta
aoadr ocUVOAd IOV TPOKUTITOUV G0 CUVETTELD TWV KAVOVWY CUYKEVTPWVOVTAL YLO VOl
oxnuatioouv éva acadEc auvolo e€66ou armod To onoio péow tng dtadikaaotiag Tng

arnocadniviong Ba UTIAPEEL pLa LovadLkA TLun.
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2.2.2 Acadn cuotiuata turtov Mamdani

H aoadng cuAloylotikn gival n Stadikacio Katd tnv onola oxnuatiletal n
ameLKOVIoN amo o Sedopévn elcodo oe pia €060, XPNOLULOTIOLWVTAC TG APXEC TNG
aoadol¢ Aoyikng. H amewkovion autn B£TeL TIg BAoELS Ye TG onoleg pmopet va AndOet pa
anodaon 1 va StakplBouv mpotuna (patterns). H Stadikacia autr tng acadoug
ouM\oyLoTikic teptAapBavel OAa ekeiva Ta KoppadTia to omola avodépdnkay
TIPONYOUHEVWG. AnAadn TIG CUVOPTAOELG CUMUETOXNG, TOUG aoadeic AoylkoUg TEAEOTEC Kal
Touc Kavoveg if-then. Yrnapyouv U0 €idn acadwv cuoTnUATWY TapeUBOARG, T TUTOU-
Mamdani kat ta Tumou Sugeno. Ot StadopEg avapeoa oo SU0 OUTA CUCTAHATA EYKELVTAL
KUpLlwg atov tpomo Ue Tov omoio oxnuatiletat n £€€060¢ Tou cuotiatoc. Ta cuoTApaTa
Mamdani eivat autd ou cuvavtwvtatl cuxvotepa. H pebodoloyia twv cuotnuatwy
Mamdani elerx0nke to 1975 amno tov Ebrahim Mamdani.

Edappoyég Twv FIS umdpyxouv o€ TOUEIG OTIWE O AUTOUATOG EAEYXOC, N TAELVOUNON
Sebopévwy, n avaluon anodpAcswv, T EUMELPA CUCTHMOTA KAl N 0pach umoAoylotwy. Eva

Acadéc Y0otnua (Fuzzy System) amoteAeital amo tic akoAouBOeg SOUIKEG LOVASEG:

e Mia Bdaon acadwv kavovwy TnG popdng EAN - TOTE (Acadng Baon Nvwaong)

e  Mia acadr) culoyloTikn pnxavr). Autr ulomolel Thv e€oywyn
OUUTEPACHATWY QIO TIG EL0OSOUC TOU CUOTNUATOC e Baon tnv acadn Baon
YVwong.

e Mia povada acagormnoinong (acadomnointkn povada diemadnc), n onoia
peTatpémnel Ta SeSopéva eloddou o acadr) cUvoAa.

e Mia povada anoacadomnoinong (amoacadomnointkn povada diemadng), n

omola PETOTPEMEL TA aoad CUUNEpATUATA 0 oadws KABopLoUEVN Hopdn).

‘Eva Baoikod FIS pumopel va napel eite acadeic eloddoug, eite oadeic (ouyKeKPLUEVEG)
ue t popdn acadwv singletons. H €€0doc¢ duwg mou mapayet ivat mavta acadr cUvoAa.
MepLkég popég eival avaykaio va urtdpxel oadpnc €€0do, 161ka otav to FIS xpnolpomnoleitot
oav eAeyktnC. Tote xpetaletal pua péBodog amooadormnoinong, yia va e€axbel éva cadeg

OMOTEAECHA TIOU VA AVTUTPOOWIIEVEL UE TOV KAAUTEPO TPOTO TO acadEg cUvVoAo.
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‘Eva onUOVTLKO XOpAKTNPLOTIKO TWV CUCTNUATWY acadolg AoyLIKNG elval n
napAaAAnAn epapuoyr TwWV KAvVOVwy. Xta KAAOOLKA cuoTthpata Suadikng AoyLKAG UTIAPXEL
XPron SLAKOMTWY ToU avoiyouv Kot KAEIVOUV avaAoya UE TIG TIUEG TwV EL00SwV. XTta aoadn
ouoTAUATA YIVETOL OHaAN HeETABaon armd MEPLOXT) OE TIEPLOXN OVAAOYQ LLE TIC OUVETIELEG TWV
Kavovwv. H Stadlkacia Tng amelkoviong Twv eL.oodwy oTig €660 Yéoa armo éva cuotnua

aoadouc Aoyikng akoAouBel mévte Brpata:

e Aocapormnoinon twv eLo0dwv

o Fpapuoyn Twv aca@wv AoyIKWY TEAECTWV OTIC TPOoUno¥eonc Twv Kavovwv
o  Ko9oplouo¢ TWV CUVETTAYWY WV TWV KOVOVWYV

o JUYKEVTPWON OAWV TWV CUVENOYWYWV OAWV TWV KAVOVWV

e Anooapnvion

2.2.3 Juotnuata acodouc cUAAOYLOTIKAC TUTTOU Sugeno

To acad£cg poviélo Sugeno Snuoupyndnke os pLa mpoomaBela va avamtuxBel pia
OUOTNUATLKN TIPOCEYYLON OTN YEvvnon acadwy Kavovwy amo éva 6edopévo cUvolo
SeSopévwy £10080U-e£060U. Z€ TTOAAEC MEPLUMTWOELG (VAL TIEPLOCOTEPO ATIOTEAECHOTLKA N
XPNon onUELWV-OLYUWY 0V CUVAPTAOELG CUMUETOXNG €060V, OO £Va CUVEXEG
KOTOVEUNUEVO acadEC cUVOAO. MLa TETOLA ALY ELVOL YVWOTN LLE TOV ayYALKO 0po
ouvaptnon cuppetoxng e€6dou singleton kat Ba prmopolos va XapaKTnpLoTEL oav
npoarnoocadonolnuévo acadeg cuvoAo. H cuvaptnon cUUUETOXAG €VOG singleton elvat
HA(x)=1.

Me autdv Tov Tpomo eunAouTtiletal n emdpkela tng dtadikaoiag anocadonoinong,
S10TL armAomolouvTal LSLALTEPWE OL OIMALTOULEVOL UTIOAOYLGHOL OE OXEON HE TNV TILO YEVLKNA
uéBodo Mamdani, otnv omolia evromiletal To KEVTpo palag pla Stodldotatng cuvaptnong.
Avti Aounov va BpeBel to kEvTpo HAlog, XpNOLUOTIOLELTAL O OTOOUKOC LECOG LEPLKWV
onueiwv. Ta cuotrpota TUTou Sugeno unootnpilouv autdv Tov TUMO HOVTEAOU.

H pnébobdoc Sugeno onxOn to 1985 Kal £xel opoldTNTEG Pe TN HEB0SO Twv
ouvotnuatwyv Mamdani. MNna mopadetypa ta 2 npwta BrApatd tng (acadomnoinon Twy
£1008wV Kal epappoyn Twv TeEAeoTwv) elvat akplpwg ta dla. H kUpla Stadopd avapsoa

ota SU0 CUOTAUATA £YKELTOL OTO OTL OL CUVAPTNOELG CUMUETOXNAC oTnVv £€060 TWV
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OUOTNUATWY Sugeno sivat Hovo YPaUULKEG 1 otaBepéc. Evag kavovag oe acadEG LOVTEAD

Sugeno €xeL tn popdn:

If x=A and y=B, then z=f(x, y)

omou A,B eival ta acadr ouvola twv nmpoinoBécewy Kal to z=f(x,y) elvatl pia cadng
OUVAPTNON OTO XWPO TWV CUUTEPACHATWY. ZuvRBw To f(X,y) elval éva moAvwvu O TwV
UETAPANTWV ELCOBOU X, Y, OAAQ UTTOPEL va elval Lo OTIOLASHTIOTE GUVAPTNON, APKEL va
umnopel va meptypaet kataAAnAa tnv €€060 Tou povtélou, PEoa 0TV aoadr) TIEPLOXT TTOU
oplotnke amod TG mpolnobEoelg Twv Kavovwy. Otav to f(x,y) elval moAvwvupo MpwTou

BaBuou to FIS ovopdletal acadeg Lovtélo pwTtou Babuou. MNa napadslypa:

If input-1=x and input-2 =y, then Output is z = ax +by + c

Ma éva Sugeno pndevikou Babpou to emninedo e€6dou z eival pia otabepd (a=b=0)
Kol pmopel va BswpnBetl kat oav pia €81k nepintwon Mamdani, oto onoio to
CUUMEPAOHA TOU KABe Kavova mpoodlopiletol amo éva acadEg singleton
(mpoamnoocadonoinuévo cupnépacpa). H €€060¢ evog Sugeno pundevikol Babpou sival pia
OMaAn cuvapTNon TWV LETAPANTWY ELOCOSWV TOU, EHOOOV OL YELTOVIKEG CUVOPTHOELG
CUUUETOXNG OTLC pPpoUTOBETELG £X0UV OPKETH ETKAAUYN.

O 1o eUKOAOG TPOTIOG Va KatavonBoUv Ta acodr) cuoTHUATA Sugeno MPWToU
BaBuou, ival va yivel avtiAnmTo nwe o KaBe kavovag mpoodlopilet tn B€on evog
‘Kwvoupevou singleton’. Ot atypég SnAadn Twy singleton tng e€68ou pmopouv va KivnBolLv

LE YPOLLULKO TPOTIO 0TO XWPo €660V, avaAoya LE TG ELoOSoUC.

2.3 Nevpwvika diktua

H npocopoiwon tng avBpwrivng vonuoolVNG Kol Kat’ eMEKTACH TWV eUGUWV
ouoTnuAtwy anotelel BepeAlwdn npolnodBeon tng YrnoAoyiotikng Nonuoouvng. O xwpog
0UTOC €XEL PeYAAN eEENLEN TLC TeAeuTaleC SEKOETIEG UE OMOTEAEGHA VO SNUOCLEUTOUV

TIOAAEG pyaoiec Kal va epdavioToUV TIOAAEC TIPAKTLKEG EPaPLOYEG.
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O avBpwmocg dev eival ypryopog oUTe akpLBhG 0TOUC UTTOAOYLOMOUG TOU, OTIWG EVOG
olyxpovog uTtoAoyLoThG. MdAlota, akplBwe to avtiBeto LoyUEL Kot 0 UTTOAOYLOTAG Elval
TOAU TTILO LKAVOG VoL EKTEAECEL TTOAUTTAOKEC TIPAEELG. € TTOAAOUC TOUELS OPWG, N avBpwrtvn
LKOVOTNTO UTIEPTEPEL KATA TTOAU TWV LKOWVOTHTWY EVOC UTIoAoyLoTr. Mo mapddelyua, o
avBpwrog avayvwpilel oAU eUKOA QVTLKELPEVA KOL KOTAVOEL TIG OXEOELG LETAEY TOUC
Héoa 0Tto UGCLKO TEpLBAAAOV £0TW Kal av autd sival mapapopdwpéva n dev sival €€’
oAokArjpou opartda.

H tkavotnta padnong amno sunetpia eival amo ta KUPLA XapaKTNPLOTLKA TNG
avBpwrivng euduiag. H avBpwrivn pHvhpn €XEL TNV LKAVOTNTA va arnoBnkeUeL Leyain
TOOOTNTA KoL TTOKIA LD yVWwang Kol va ouoXeTilel mAnpodopieg TOAU ypriyopa Kol Xwpig
dLaitepn mpoomaBbela. e avtiBeon, 0 UTTOAOYLOTIG £XEL TNV LKAVOTNTO VA aroBnkeveL
TEPAOTLEG MOOOTNTEG TTANPOdOopLwY dAAG SuokoAeVETAL v TIG EKUETAAAEUTEL. MLa e€nynon
yLOL TNV OVWTEPOTNTA TNC AvOpWTITLVNG LKAVOTNTAC O OXEON LE QUTNV EVOC UTIOAOYLOTLKOU
ouotnuartog nbavoloyeital otL elval n EAAelPn KatdAAnAou AOYLOULKOU, YEYOVOG TIOU
gunodilel TNV avamapaywyr] T avOpwmvneg t(kavoTnTog HE UNXAVIOTIKEG peBOSoug. Mo
SeUtepn e€nynon elval To yeyovog 0TL o avBpwrivog eyKEPAAOG KAl OL UTIOAOYLOTEG
AeltoupyoUv evtedwcg dladopetikd. O avBpwmog ival o €EUTIVOG OO TOV UTIOAOYLOTH
£NELSN 0 eYKEPOAAOC XPNOLUOTIOLEL L0l OPXLTEKTOVLKH TIOU €lvail TOAU TLo KatdAAnAn va
OVTLUETWTTLOEL TN PuoLKkn emefepyaoia mAnpodoplwv. O eykédalog sivat vag LoXUPOTUTOG
UTIOAOYLOTHG, IOV amoTeAsital amno évav tepaotio aplduo (1010) otolxeiwv i veupwvwy,
KaB£vag amod Toug omoiloug ETLKOLWVWVEL He XIALadeg dAAoUG. ATtd kKaBe veupwva Eekvolv
XW\LASeC lveg, oL omoiec cuvavtouv iveg amod AAAOUG VEUPWVEG OE ChELD TTOU amtoKaAouvTal

ouvayeLg.

O avBpwrivoc eykédalog xpnotpornotet Soun paltkol mapaAAnAiopol (massively
parallel) A mapaAAnAng katavepnuévng ene€epyaoiag (parallel distributed). Eivat
afloonueiwto OtL n cuyxpovn mAnpodopikn deixvel Ldlaitepo evoLadEpov og UTIOAOYLOTEG
LLE KOTOVEULNUEVN QPXLTEKTOVLKA Kal N edappoyn Twy Texvntwv Neupwvikwv Alktuwv (TNA)

KoAeital cuvbeopLopog (connectionism).

OL VEUPWVEC €VOG TEXVNTOU VEUPWVLKOU SIKTUOU ival SlateTaypévol KATd TpOMo
wote moAhotl and autol¢g va enefepyalovtal Tig Anpodopieg tautoxpova. Kabe veupwvog

otéAvel onpata Steyeponc (activation) i amodiéyepong (deactivation) oe GAAOUC VEUPWVEC
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KOLL N KOATAOTOON EVEPYOTIOLNONG TOU €apTdTal amnod Ta onpata mou AapBavel anod
VEUPWVEC HE TOUG omoiouc cuvdeetat. AAAOG OpOG yLa TIC CUVOEDELC €ival o BLoAoyLlkdg Opoc
ocuvayetg. O cuvduaoudg peydiou aplBuol veupwvwy Sivel éva oAU Loxupo emakoAoubo

HE HeyAAeg SuvaTOTNTEG LABNONG KAl EE€0YWYNG CUUTIEPACHATWY.

2.3.1 Neupwvikn doun

Onwcg €xeL n6n avadepbel kat eivat yvwotd and tn Bloloyia, n Soukr povada tou
gykedalou gival o veupwvag. Evog TUTILKOC BLOAOYLIKOC VEUPWVAC ATIOTEAELTAL OO TO WU,
TIou ePLAAUPAVEL TOV TUPHVA TOU, TOUG SeVOPITEC, LECW TWV OTolwv AapBavel onpata
ortd YELTOVLKOUC VEUPWVEC (onueia etoddou) kal tov aéova Tou ival n £€€060¢ Tou veupwva
KOl TO ECO GUVEECNC TOU LE TOUCG AAAOUC VEUPWVEC. X& KaBe Sevdplitn umapyel éva
OIELPOEAAXLOTO KEVO TIOU ovopaletal ouvan. OL cuVAYELG HECW XNUKWY Sladikoolwy
gTLTOXUVOULV ) eMLBPadUVOULV TN pon NAEKTPOVIWY TTPOC TO CWHA TOU Veupwva. H Lkavotnta
HABNOoNG Kal VNG TIou Tapouctalel o eykEpahog opelAeTal OTNV LKAVOTNTA TWV
ouvapewv va LeTaBAAAOUV TNV AYWYLHOTATA TOUC. Ta NAEKTPLKA CHLOTO TIOU ELOEPYOVTOL
OTO CWHLO TOU VEUPWVA LECW TWV SeVEPLTWY cuvSUAToVTaL KL OV TO ANMOTEAECUA EemMepva
KAroLa T KatwdAlou to onua dtadidetal pe tn Bonbela tou dfova kot oToug AAAOUG
VEUPWVEC.

To TeEXVNTA VEUPWVLKA SikTua £lval EUMVEUCUEVA OO TO BLOAOYLKO VEUPWVLKO
ovuotnua. Ta otolxeia mou amote AoV éva TEXVNTO VEUPWVLKO SIKTUO elval oL VEUPWVEG oL
omolol ouvdovtal HeTaEY TouG LEow Bapwv. Ta Bdpn autd pmopolv va pocapuolovrot
Katd tn Stadikaoia TG pabnong. Ta TNA umopoUv va SLoxwplotouy o€ SU0 BAOLKEG
Katnyopiec. 2tnv mpwtn Pplokovtal Ta oTaTIKd VEUpWVIKA SikTua TaL oTtoia Sev mepLEYOuV
otolxela pe pvAun aAAd prmopouv va £XouV we eL0OS0UG TIPONYOUUEVEG TLUEG TWV ELCOSWVY
Kol otn SeUTEPN elval Ta SuvauLKd veupwvika Siktua to omola StabEtouv otolxela pvAung
Kol elvol KATAAANAQ yLOL TRV TIPOTUTIONOLNGN 1N YPOUMLKWY SUVAULKWY CUCTNUATWV.

Ta TNA armoteAoUvtal amnd KUKAWLATA TTOU TIEPLEXOUV KOUBOUG TTou
oAAnAocuvbéovtal pe SLadopeg apXLTEKTOVIKEG. OL CUVTEAEOTECG SLAOUVEEGNC, 1] CUVAITTIKA
Bapn (synaptic weights) tou &iktuou, eival apxkd AyvwoTa Kal oToXog T Ladnong eivat n
OUOCTNUOTIKI EUPECH TOUG EAOXLOTOMOLWVTOC KATIOLO LETPO TOU OHAAUATOC HETAEY TNC

EMOUUNTAG KaL TNG TPAYHATIKNG €660V TOU SIKTUOU.
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Ta TexvnTad veupwvikad diktua avantuxdnkav Wolaitepa kata tn Sekaetia Tou 80 Kal
Bpiokouv onuepa edpappoyn os apa moAAd poBAfpata. Meptkd amo avtd

mapoucLAlovTal MaPOKATW:

e Katnyoptlomoinon mpotunwv. To £pyo TNG KATNYOPLOTIOINGNC EXEL VAL KAVEL E TNV
KOTATan o€ KAToLa Katnyopia evog Slavuopatog eL.oodou mou meplAapPavel
Selypata evog mpwToyevoug 1 eMefePYOOUEVOU CAUATOG.

o Alauoppwan ocuvadpoioewv (clustering). H dtadikaoia autr pHolalel ue tnv
TLPONYOUUEVN e TN povn dladopd otL otn Stapdopdwon cuvabpoicswy Sev elval ek
TWV TPOTEPWY YVWOTOC O apLOUOC TWV KATNYOPLWV

e [Ipoaéyyion ouvaptrioewv. Me dedopéva (elyn elcodwv-e£66wv mou eival delypata
amnd pla ayvwaotn cuvaptnon y = f(x) éva texvnto veupwviko Siktuo umopel va
EKTALSEVUTEL WOTE VA TPOCEYYLOEL AUTH TN cuvapTnon

o [Ip6BAeyn Xpovooeipwy. MEGW TWV TEXVNTWVY VEUPWVLKWV SIKTUWV Urmopolv va
TtPoPAEPOOUV oL LEAAOVTIKEC TIUEG EVOG ONUATOC, SESOUEVWV TWV TLLWV TOU
ONUOTOG O XPOVLKEG TILEC TOU TIopeABOVTOG.

e BeAtniotomoinon. To TEXVNTA VEUPWVLIKA Siktua epapudlovtal o mpoBARpaTa
BeAtiotonoinong

e JSugyetiotiki Mviun. M£€ow TWV TEXVNTWY VEUPWVLKWV SIKTUWV UItopolv
uAomotnBolv CUCTAUATA CUCGXETLOTLKAG UVALNG, OTA oTtola n avakAnon uAomoleital
UECW TIAPOUCLACNC TOU TTEPLEXOUEVOU TNG UVAUNG

e Autouartoc EAeyxog. Ta TEXVNTA VEUPWVIKA Siktua epapuolovral o€ supeia KALHaKa
O£ CUOTNUATA QUTOUATOU EAEYXOU, OTIWC TL.X. EAEYXO Kivnong Unxavwy , EAeyxo

POUTIOTLKWY UEAWV KTA

Ta Baoikd mAeovektipata twv TNA otnv mpoBAedn EVavTL TwWV KAOGOLKWY
OTATLOTIKWY TEXVIKWYV TIou avadEpOnkav maparmavw gival OtL Umopolv va avoyvwploouy un
YPOUULKEC SLAXWPLOTIKEC ETULPAVELEG OVALECO OTLG ELCOSOUG KOl UIOPOUV aKOUO VOl
AELTOUPYNOOULV LKAVOTIOINTIKA e pn TANpn Sedopéva. EmumAéov Ta veupwvika Siktua dev
npoypoppatifovral aAAd pabaivouv. Etol e xpelaletal va £xel katavonOel mAnpwe eva

MPOBANUA yLa va eTAUBEl HEOW TV VEUPWVLKWV SIKkTUWV. BEBala mpémel va onuelwdel otL

22



TOL TEXVNTA VEUPWVLIKA SikTtua Sgv pmopolv va woouV amavinon oto nwe £btacayv os Eva
anotéAeopa, dev eival Snhadn katdAAnAa yla e€aywyn cupunepacudtwy (extrapolation),

oAAQ povo yla mapepBoAn (interpolation).

2.3.2 TonoAoyieg MOAUOTPWUATIKWVY SIKTUWV

Ta TNA €ival CUUTAEYHOTA VEUPWVWVY TTOU €£XOUV GUVAPTNOELG UETOPOPAC KoL Eival
Sounpéva LEpapXIKA KATA oTpwHATA. To XOAUNAOTEPO N TPWTO CTPWLA TIEPLEXEL TOUG
KOUPOUG TNG £L0660U KAl TO UPNAOTEPO CTPWLLO TIEPLEXEL TOUG KOUPBOUC TTOU TTOPAYOUV Ta
anoteAéopata (| cupnepaouata).

OL VEUPWVEC EVOC TTOAUCTPWHATLIKOU SLKTUOU SLOTACOOVTAL OE OTPWHATA, OTLRASEC
N enineda (layers). Xta ouvrOn mpotuna TNA npdobilag tpododdtnong (feedforward neural
networks) ol £€€0601 KABe oTPpWUATOG CUVSEOVTAL UE OAOUG TOUC VEUPWVEG TOU ETIOUEVOU
oTpWUOTOG Kot N MAnpodopla péel amd TIg eL00doug IPog TiGg e€060u¢ Tou Siktuou. Ta
evélapeca otpwpoata ovopalovral kpuda (hidden layers) kot Sev emikolvwvouv Apeca e
To meptPaArdov. Av kol Bewpntika evo TNA pmopel va €xel TOAA oTpwHaTa, £XEL ArodeLyTel
OTL oToLOOATIOTE OYEON UETAEL €L0OSWV Kol e€006wWV Umopel va uAomolnBel pe éva povo
KpUdO oTpWHA.

Avdaloya pe Tov TpOTo SLacUvEeonG TwV EMMESWY KO TPOTIO TIOU ETMLKOLVWVOUV oL
KOpPoL petafl touc, mpokumtouv Slddopeg apXLtekToviKEG TNA. Mo Katnyoplomoinon

gival n ggnc:

Aiktua tumou Hopfield 6mou oL kOpuBol evog emimedou emtdpouv Pe TouG KOUPOoUG

Tou L6iou, TOU aUECWC EMOLEVOU 1) KOL TTPONYOULEVOU ETULTTESOU.

o Aiktva npootiac tpopodotnong (feedforward networks), ota omoia n mAnpodopia
uetabdidetal and ta xapnAotepa ota uPNAOTEPA CTPWLATO.

o Aiktua ue avatpopodotnon (feedback networks), ota omoio UTIAPXEL TOUAGXLOTOV
€volG KAELOTOG BpOXOG.

® JUUUETPIKA UTO-OUCYETLOTIKA SIKTU (Symmetric auto-associative networks) 6mou

TOOO 0L CUVOECELC OGO KOL TOL CUVATTTIKA BApn TOUG VOl CUMUETPLKAL.
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2.3.3 Awadikaoio pddnonc

H 81otnta tng mpooappoyng twv NA o petaBalAopevoug Xwpoug PoBANUATwWY
OX£TLeTAL PE TNV IKOWVOTNTA PABNoNg Touc. H pabnon eival pia BgpeAlakr) tkavotnTo Twy
VEUPWVLKWY SIKTUWV 1 omola Toug MapEXEL TNV LKAVOTNTA va pabaivouv amo to neptBaiiov
TOUC Kal va BEATLWVOUV TN CUUTIEPLPOPA TOUG LE TO TEPACHO TOU XpoOvou. ElSikotepa ota
NA n paénon avadépetal otnv Siepyacia enitevéng pLag emtbupntrg cupnepLdbopag HECW
EVNUEPWONG TWV TLLWV TWV CUVATTIKWY Boapwv. Etol éva NA paBaivel yia to eptpaAlov
TOU PECW HLOC EMAVAANTITIKAC Stadilkaoiag avavEéwong TWV CUVATTTIKWY Bopwy Kat
KOTWOALWV. Z€ YEVIKEC YPOAUUEG UTtopel va AexBel oTL alyoplBuog pabnong sival kabe
T(POKAOOPLOUEVO GUVOAO KOAQ OPLOUEVWYV KAVOVWYV EMIAUGNC TOU TtpoBARLATOC
gkmaideuong tou veupwvikoU SiktUou. KaBe alyoplBuog pabnong mpoodEpel évav Ao
TPOTO MPOCAPUOYNC TWV CUVATTTIKWY Bapwv.

Mevikd umtapyxouv moAlol aAyopLBuol uabnong ota NA, kabévag amnod Toug onoloug
MapouoLAlel mAeovekTrato oAAA Kol PelovekTuata. Ta mpoBARuata pabnong ta onola
gMAUOUV oL avtioTolyol aAyoplOpoL e€aptwvTal Kot amo to neptBAaAAov oto omoio gpyalstal
KaBe NA. Etol Sadopetikd povtéAa tou meptBAAAoviog 06nyouv og SladopeTIKA LOVIEAQ
eknaidevongc.

EmuBAendopevn Mabnon: MNapatnpeital 6tL otnv emPAenopevn pabnon cuvundpyxouv Suo
BaOLKEG OUVLOTWOEG, TO CUOTNUA EKLABNONG Kal 0 SAokaAog. To KUPLO XOPOKTNPLOTLKO TNG
emBAenopevng pabnong eivat n umapén tou e€wteptkol SaokdAou o omoiog pe Baon tnv
YVWon Tou eival anoBbnkeupévn os autov eival og B€on va S1ddagel oto cuoTnua padnong
TIG emBupuNnTeg €€660U¢ yLa To CUVOAO eLl0OSWV ekmaidevonc.

Mn EruBAenopevn Madnon: 2 auto tov TUTo pabnong &€ xpnotomoLeital eEWTEPLKOG
SaokaAog oUTe pia faon yvwong yia va entBAEPeL tnv ekmaibeuon tou NA, To povo
otolxelo mou pmopel va xpnotponownBel yia tnv vAomoinon tng ekmaideuong eival ta
Slavuoparta eloodou. Eva cuotnua pn entPAenopevng pabnong e€eAiooetal pe tétolo
TPOTIO WOTE VA EEAYEL XOPAKTNPLOTLKA 1] KAVOVLIKOTNTEC aTtd Ta MApoUoLalOUEVA TIPOTUTIA,
XWPLG WOTOCO va €XEL TNV TTANpodopia yLa To ToLeg £€080L 1) TTOLEG KOTNYOPLES

OUCXETI{OVTOL UE TO XOPOKTNPLOTLKA ELlaGS0u.
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Evioxutikil Malnon: I auth tnv niepintwon to NA tpododoteital kat maAL pe SELypATIKA
npoTuTa £L.0060U aAld Sev TpododoTeital e TIC EMBUUNTEG OMOKPILOELG OE QUTEG TLG
£10060UC. € QUTH TNV MEPLMTWON XPNOLUOTOLELTAL €Va GUVOALKO UETPO TNG EMAPKELAG TNG
TIPOKUTITOU OO AMOKPLONG TO Omolo unopel va odnynoeL To VeEupwvLKO SikTuo otnv
emBupntn cupumneplpopd. To HETPO QUTO €lval yVWOTO WG EVIOXUTLKO orjua (reinforcement
signal) kat avatpododoteital oto NA £toL WoTe va emiBpaBeVoel TIC 0pOEC CUUTIEPLPOPES
KOl VO TLLWPNOEL TIG AavOOoHEVEG. H evioXUTIKA LABNon SLaKPLVETOL OE CUTYETLOTLKY KO
UN OUCXETLOTLKI EVIOXUTIKA LABnaon. Itnv mpwtn nepinmtwon to neptPailov tpododotel
TEPA ATIO TO EVIOXUTLKO onpa Kol AAAEG popdEg mMAnpodopiag amo Tig onoieg To NA mpémel
VQ QTIOTUTIWOEL L0 OTIELKOVLON CUOGXETLONG OLTIOU-AMOTEAEOUATOC. XTNV SeUTEPN
Tepltwon n povn minpodopia mou didetal anod 1o meplBAANOV £ival TO EVIOXUTIKO GHuoL

KoL 0 IPoOoPLopOG Tou NA eival va eTUAEEEL pLa povadiky BEATLOTN EVEPYELQL.

2.3.4 AAyopiOuoL pabnong TNA

JTOX0G TwV aAyopiBuwv pabnong eival n cuoTNUATLKA Kal Taxeia eVpeon Twv
CUVATTTLKWY Bapwv Tou SIKTUOU WOTE VA EAOXLOTOTIOLETAL KATIOLO PHETPO TOU OPAAUATOG
HETAED TWV MPAYHOTIKWY Kal TwV emBuuntwy e£66wv tou Siktuou. H Suvatotnta
edappoyng Twv dtadopwv alyoplBuwyv pabnong nmou €xouv avamntuxbei, e€aptdatal and Tov
TUmo tou TNA Kat amo tnv Katnyoplonoinon Twv Sladlkaolwyv pabnaonc.

Napadeiypata alyopiBpwy padnong xwpic emonteia eival o alyoplBpog tou Hebb,
N avIaywvloTiky padnon (competitive learning), oL auvto-opyavoUpevol xapteg (self
organizing maps) tou Kohonen kat n Bswpia Tou mpocappootikol cuvtoviopoU (adaptive
resonance theory) tou Grossberg. MoAAég tortohoyieg TNA, onwc ta diktua Hopfield,
Hamming kat Boltzman eniong xpnowuomnotolv napopota péBodo pabnong. Nrevikd e tnv
LKOVOTNTA ToUG va UAOTIOLoUV auBaipeteg oX£0ELG eL00d0oU-e€060UL, Ta TPOTUTIO QUTA
XPNOLUOTIOloUVTAL WG CUVOETIKEG UVAUES (associative memories) 1] Taflvountég mpotunwy
(classifiers).

TNV Pagn, oTLg MepPLocOTeEPEC edpopUoYEC TNA xpnoLpomnoleltatl padnon umo
eniPAen (supervised learning), yia tnv omola UTIAPYOUV apKETOL dAyopLOUOL. IToV
oAyopLBuo nou Baoiletal otov kavova AéAta (Delta rule learning), n Stadopd petal

TPAYHOTIKNAG Kot EMBUUNTAC €060V eAaLloTomoLelTal péow pLag Stadikaoiag eAayiotwv
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TETPAYWVWVY. IToV aAyoplBuo avaotpodng petadoonc Aabouc (back propagation) n
uetaBolr] Twv Bapwv Baciletal otov umoAoyLlopd the cuvelodopdg kabe Bapoug oTto
OUVOALKO 0hAApA. ITNV QVTOYWVLOTIKN LaBnon (competitive learning) oL texvntoi vEUPWVEC
ouvaywvilovtal, KaTd KATOLo TPOMO, HETAEY TOUG KAl LOVO QUTOC UE TN LEYAAUTEPN
anokplon o dobeioa elcodo Tpomonolel ta Bdpn Tou.

TéNog, otnv tuxaia pabnon (random learning), ot petaBoAég ota Bdapn slodyovral
tuxaio Kot avaloya pe To av n £€060¢ BeAtlwveTal ) OxL e Baon Kamola mpokaboplopéva

arod To XpAoTN KpLtrpLa, ol LeTaBOAEG AUTEG uLoBeTOUVTOL I amoppimTovTal.

2.4 Nevpo-Acadn cuoctTiuota

Ytnv evotnta autrn e€etalovral ta veupo-acadn cuotipata. H Sopkn povada
TWV CUCTNUATWY QUTWV £lval ol acadeic veupwveg. OL acadeic veupwveg Stakpivovrtal o
VEUPWVEC CUPUETOXNG KOL O€ AELTOUPYLKOUG VEUPWVEG. YIIAPXOUV EMioNG KoL Ol cUVOETIKOL
VEUPWVEC oL oTtoioL elval pLa yevikeuon tou KAaoolkol veupwva, adou n mpatn tng
dpayuévng abpotong, n omoia e€acdaiiletal amo tn ocuvaptTnon evepyoroinong, sivat pLo
£181KA Mepimtwon TG GpayHEVNG EVWONG, EVW TO YLVOUEVO elval pLa ELSLIKA TEPLITTWEON TG

oaoadpoUug TounG.

2.4.1 Npooappootika diktua (Adaptive Networks)

Mpocapuoatiko diktuo ovopdletal To §iKTUOo mou amoteAeital amod evav apltBud
KOUBwWV, cuvSESEUEVWY HEOW KATELBUVTIKWY CUVOETUWY. KaBe KOUBOG avamopLlota pia
uovada enefepyacioc. OL ouvdeopol Twv KOUPBWY MPoadLopilouv TNV ALTLOAOYLKN OX£aN
(causal relationship) peta€t twv cuvdedepévwy KOPPBwWV. MPooapUooTLKOG eivatl o KOO,
o0Aoc | LEpOG Tou, Tou oL £€odol Tou e€aptwvTtal amod MPOocaPUOlOUEVES TTOPAUETPOUC TTIOU
OVAKOUV o€ aUTOV. OL Kavoveg ekmaibeuong mpoadlopilouv TovV TPOTIO HE TOV OTIOL0 QUTEG
oL mapapetpol Ba mpémnel va aAAG{ouUV WOTE VO EAAXLOTOMOLEITAL TO TIPOKABOPLOUEVO LETPO
odaApatog (error measure).

To MpooappooTIKA SiKTua XpNoLOTIoLoUVTAL YL TAUTOTONON CUOTAMOTOC. Y€ KAOe
TEPLMTWON O0TOXOC HoC eival va Bpol e pia KATAAANAN apXLTEKTOVLKA yla To SiKTuo Kal va

B£ooupe £va cUVOAO TTAPAUETPWVY TTIOU UITOPOUV VO LOVTEAOTIOLOOUV KOAUTEPA EVal
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ouoTNUA-0TOX0. To cUoTNUa autd Teplypadetal anod eva cUVoAo {euywv deSoUEVWV
£l0060u-e€od0u.

O BaoLKOG KOOVAG YLOL TNV EVPECH EVOG MTPOCAPLOOTIKOU SIKTUOU €lval n amoToun
dOivouoa puéBodog, otnv onoia to Pabuwtd SLavuopa MPOKUTTEL Ao EMLTUXELC EMLKAROELG
Tou Kavova tng aluaoidag. Auth n uEBoSog xpnoLuomoLeital Kol yLo TV EUPECN TOU
BaBuwtou dLavuopaTog o€ £va VEUPWVLKO SLKTUO TTIOAAWY ETILIMESWV KL OVOUATETOL KAVOVOLG
omtoBobpounong Stadooncg (back propagation learning rule).

Atilel va onuelwBel mwg yla va yivel éva acodég cUOTNUA, TTPOCAPUOOTLKO, Ba
TPEMEL VA €lVaL YVWOTEC OL TTAPAYWYOL TNG ZUVAPTNONG ZUMUETOXNG WE TTPOC To OpLopa
£10080U KOl TIG AP AUETPOUC. AUTEC oL TTANpodOopLeg amo TIC mapaywyoug ailouv

ONUOVTLKO pOAO 0T HABnaon Kal Thv pocappoyn evog a.oadol CUCTHUOTOC.

2.4.2 APXLTEKTOVLIKI POCAPOOTIKWY SLKTUWV

Onwc pavepwvel Kal n ovopacia, Vo MPooopUOoTIKO SIKTUO TTapoucLalel TETola
dopun, WOoTe N GUVOALKH cupTepldpopd £L0080U-££060U va SlapopPwWVETOL Ao £vo GUVOAO
TPOTIOTIOL LWV TIOPAUETPWV. MO0 CUYKEKPLUEVA £VO TIPOCAPHOOTIKO SIKTUO amoteAeitatl
arnod £va 6UVOAO KOUPBWV CUVOESEUEVWVY UE TIPOCAVOTOALOUEVOUG OUVOETUOUC. KaBe
KOMPBOG EKTEAEL L0l CUYKEKPLUEVN AELTOUPYLO OTA ELOEPYOUEVA CALATA, YLO VO TIAPAEEL pLa
uovnpn £€€odo. EmumA£ov kaBe oclvéeopog kabBopilel TNV KateLBUVON PONG TOU GHUOTOC
HETAEL TWV KOPBwWV. ZuvnBwe n ocuvaptnon KOUBoU ival Pl TapoUETPLKI) CUVAPTNON LE
TPOTIOTIOLNOLEC TTAPOUETPOUG. AANALOVTAC TIG TTAPAUETPOUG, MTOPEL var aAAALEL N
Aewtoupyla kKOpBou KaBwe Kot n cuVoALkr cuumnepldopd Tou Siktuou.OL cUvdeoOoL OE Eva
TIPOCUPUOCTIKO SIKTUO Xpnotpomnololvtal HOVo yLo va Tipoadlopioouv tnv katelBuvon tou
onuatog e€68ov. MNevika dev umdpyxouv Bapn 1 MOPALETPOL OXETL{OUEVOL LE CUVOECUOUC.

OL TaPAUETPOL EVOC TIPOCOPHUOCTIKOU SIKTUOU Elval KOTAVEUNUEVOL GTOUC KOUBOUG,
£T0L KAOe KOUPOC MEPLEXEL €Al TOTILKO CUVOAO TWV MAPAUETPWY. H évwaon autwy Twv
TOTUKWV OUVOAWV £ival To OAKO cUVOAO TAPAUETPWY ToU SLKTUOU. AV TO GUVOAO
TIAPAUETPWY EVOC KOUPBOU Sev elval Kevo, TOTE n Asttoupyia tou KOUPBou e€aptdatal amo Tig
TLUEC TWV TTAPAUETPWY. AVTIOETWC, oV 0 KOUPBOG TtepLEXEL KEVO GUVOAD TOPOAUETPWY, TOTE N
Aettoupyia tou eival kaBoplopévn. KaBe mpooapUooTikog KOpBog pnopei va dtacmaotel o

£va TpoKaBopLoUEVO KOUPO Kal £va I} TIEPLOCOTEPOUC KOUBOUG MOPAUETPWV.
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2.4.3 KatopePLOUOG MAPAUETPWV OTO SiKTUO

Ta npooappootikd Siktua tonoBetolvtal og SU0 KUPLEG KaTnyopleg e Baon tov
TUTo TWV Slacuvdéocwv Tou eudavilouv: eunpocBodpopa diktua (feedward) kat
eMaVAANTTKA. Eva eunpoobodpopo mpocaprooTiko SIKTUO lval 0TNV MPOYUATIKOTNTA Lo
OTATIKN avTLoTOolXNoN HETAEY TWV XwpwV £L0080U Kal e€66ou. AuTh n avilotolyia pnopet
va lval pa arAn YPOLLLKA 1 LN YPOUULKY oX£an, e€apTwEeVN amo tnv dour] Tou Stktlou
(6Latagn kOpPwv Kot cuvdEéaewv) Kal tn Aettoupyia kaBe KOUPBou. Ma va KOTAOKEU AOTEL
£Va TIPOCOPHUOOTIKO SIKTUO XpNnoLHoToLElTal £va UVOAO SeSopéVwy yLa ekaideuon Kat
KamoLeg Sladlkaoleg OMwC oL KAVOVES EKTIOLOEUONG I OL IPOCAPHOCTIKOL aAyopLOOoL yLa TV
TpOTMOMoiNoN TWV MAPAUETPWY HE oKOTtO TN BeATiwaon tng anddoong tou Siktou. TuvnBwg
n anodoaon evoc Siktvou petplétal we n Stadopd LETALY eOUUNTAC KL TTPAYLOTLKAG

£€060v, KATW amo TIC 1dLeg cuVONKeC.

Mepika mapadelypata mpocapUOCTIKWY SIKTUWV glval:

e [lpooapuootiko Aiktuo ue évav lMpappiko KouBo
e Aiktuo Percepton

e [loAueninebo Percepton
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Kedalato 3 : Nepypadn tou ANFIS

O aAyoplBuog ANFIS eival amo toug KUpLOTEPOUC aAAA KAl TOUG TIPWTOUC TTOU
epappodoTnkav yLa TNV enthAvon npoBAnpatwy oto nedio twv velpo-acadpwv
cuotnuatwy. MNapakdtw neplypddetal To diktuo, umtoBEétovtag OTL To TPOBANUA Tou
omnolou mpoomaBouue va poosyyicoupe th AUaon, £xel Vo eloddouc (x,y) Kal pia

£€0b0 (z).

3.1 Apxttektovikn Tou ANFIS

YroB£tovtag OTL yla €va mpwTng Ta€ng Lovtélo Sugeno, pia Tumikn Bacn Kavovwy

(rule base) Ba unopouoe va eival kat n g€ne:

Kavovag 1: Eav x givan 41 ko y givon B1 t6te f1=p1 Xx+q1 Xy + n

Kavovag 2: Eav x givor A2 ko y givmr B2 t0te L=po X x+ 2 Xy + 12

2TO MOPAKATW OXHHO ATEIKOVIIETOL 0 CUAAOYLOTIKOG UNXAVIOMOC (reasoning) yla
0lUTO TO HoVTEAD Sugeno Kol n avtiotowyn apxltektovikn tou ANFIS. Mapatnpeital ot ot

KOpBoL, i6lovu emunédou, £X0UV MOPOUOLEC CUVAPTIOELC.

Emimede 1 Enimedo 4
‘ Emimebo 2 Emimedo3 4
AAN. Y ! Y Emimeo s
il ru | ';_@ﬂ% _@Wf . AL
| o @—- f
il B, /"@n; !()ig "W,
. | T &
e ¥
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MNapakatw mapouaotaletal avaAuTikotepa n Stepyacia mou ekteAeital os kKABe emninedo:
Entinedo 1: KaBe koppog i o auto Tto eminedo eival évag mpooapuooipog (adaptive) kdpBog

UE ouvaptnon koupou:

O1,i =M4i(X) yai=1,2 4

O1,i =MBi2(y) yai=3,41

omou x (I y ) n elcodog atov kOpBo i, Ai(f Bi-2 ) n yAwoouwkn petafAntn (small,
large, KATL.) Tou oxetiletal pe auTh TN CUVAPTNON Tou KOUPBou. Me dAAa AdyLa, To
O1, eivat o BaBuog cuppeToxng tou A (= A1, Az, B1, B2 ) Kaw kaBopilel to Babuo otov
oroio n elcodoc x (A y ) Lkavortolel Tov tocotikomolntA A . ESw n cuvaptnon
CUMMETOXNG YLo To A propel va elval omotadnimote KATAAANAN TTAPAUETPLKN

OUVAPTNON GUUUETOXNG .

KaBwg ot TLuéEC Twv MapapéTpwy aAlalouv, ol cuvapTAOELS StapopdwvovTal
avaAoya, mopouctalovtog £tol Stadopeg popdEC TNS APXLKNG oUVAPTNONG
CUMMETOXNG YLo TO a.oad£C cUVoAo A . OL TOPAETPOL OE AUTO TO eninedo

avadEépovtal we apxLkol mapdpetpol (premise parameters).

Eninedo 2: Kabe koupog og autd to emninedo eival évag otabepog (fixed) koupog N,
ToU omoliou n £€£060¢ elval To YIVOUEVO OAWY TWV ELCEPXOMEVWV CNUATWV.

Eninedo 3: Kabe koupog og autod To emninedo eival évag otabepog kopupog N. O i-
10TO¢ KOUPOG uTtoAoyilel TN cuppetoyn Tou Babuou evepyomoinong (firing strength)
TOU i-00TOU Kavova oTo dBpolopa Twv Babuwv evepyomoinong OAwvV Twv Kavovwy. Ot
£€060L auTtoL tou emuédou ovopalovtol Kavovikomnolnpévol Babuoi evepyonoinong
(normalized firing strengths).

Eninedo 4: KaBe ko6ppoc i og auto to emninedo ival £vog MPooAPUOCTIKOC KOUBOC HE
ouvaptnon Koppou. OL MapAETPOL O AUTO TO eninedo avadpEpovrtal we ermakoiovdol
(consequent parameters).

Erntinedo 5: O povadikdg koppog o autod to eninedo eival évag otabepog kOuPoc 2
Tou uTtoAoyileL tn cuVoALkn €€060 cav TO OALKO ABPOLoUO OAWV TWV ELOEPYXOUEVWY

OnNUATWv.
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AUTO TO TPOOAPUOOTLKO SlKTUO £lval AELTOUPYLKA LOOSUVALO LE TO aoadEC
povtélo Sugeno. MmopoUv va cuvduactouyv ta enineda 3 kal 4 yio vo. SnuioupynOet éva
LoodUvapo Siktuo pe téooepa Lovo enineda. Xpnoluomnotwvtag to idlo delypa pumopet va
nipaypatonolnBel n kavovikomoinon Twv Bapwv oto teAevtaio eninedo. 210 MopAKATW
oxnuo anelkoviletal éva ANFIS Tétolou TtUToU. Zav akpala meplmtwaon Unopet va
ouppkvwBel 6o To SikTUO, OE évav POVO IPOCAPUOCTIKO KOUPO pe To i6lo cuvolo
napapétpwy. H avabeon ocuvapthoewy oToug KOUBOUC Kal n cuvBeon Tou Siktuou ivatl
auBaipetec. Kabe kOuPog kaL kaBe eninedo nmpayuatonololv AELTOUpYLeG ou eival

ONUOVTLKEG KAl £XoUV SuVATOTNTO VO AMOTEAOUVTOL OO ETUUEPOUG TUALATA.

A

A:

B:

B:

210 ANFIS pmopel emiong va xpnotpomnotnBei to poviého Mamdami. To Sugeno
XPNOLLOTIOLELTOL TIEPLOCOTEPO CUXVA, ULOG Kal SlakplveTal yia tnv Sltaddavela Kot Tnv

OMOTEAECUATIKOTNTA TOU.

3.2 EKktiuntng eAayiotwyv teTpaywvwy (Least-Squares Estimator)

210 YeVIKO TTpOPANUa eAoxiotwy TeETpaywvwy, N ££080¢ TOU YPAUULKOU LOVTEAOU

y Slvetal amo tn YpapULKA TP AUETPOTIOLNUEVN EKdpaon:
yv=06,f(wW+6,(w+..+6, 1,

H e€lowon autn kaAeital ouvaptnon rmadivépounonc, kot ta 0i ovopdlovtal CUVTEAECTEC

naAwvépounong.
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Ma va mpooSloploTtouy oL AYVWOTEG MAPAUETpOL i B , cuvnBwg MpEmeL va
eKTeEAEOTOUV TtElpapaTa yia va Bpebel éva cUvolo Sebopévwy ekmaideuong mou
amnote)eital amd ta Levyapia dedopévwy {(u:, yi), i=1,...,m} ta onoia avImpoocwnevouy
Ta emBupnta evyapla lod6dou-e£660U TOU cUOTAUATOC 0TOXOU Ttou Ba povtehomolnBel. H
avtkatdaotaon kabe (euyoplol otolyelwyv otnv e¢lowon mapayeL €va GUVOAO M YPOUULKWY

eflowoewv:

Sw)8 + ()6, +. .+ f ()8 =y,

S )6+ ()0, + .+ f (11,)8, = v,

-j'l{”m)é?l +-fl(”m)ﬁl +"'+nfr|(”m Hn =V

OL TtponNyoUHEVEG EELOWOELG UITOPOUV VA YpOPTOUV GUVOTTTLKA Kol 0€ Lopdn TILVAKWV:

ABO =y, omou A eival évag mx n mivakog (rmivakac oyedtaouou)

L) f )
A= : E E
A fL,)

0 elval éva n x1 Slavuouo AYyVWoTwY TAPAUETPWY Kot y lval éva mx1 diavuopa

g€odou
& 1
B=| : y=
HH 11”

To peyaAUTepO HEPOG TwV UTIOAOYLOMWY Baoiletal otoug mivakeg A katy. MNa va
TPooSLopLOTEL HepOVWHEVA TO dyvwoTo dltavuoua 0 , eivat amapaitnto va oxVetm = n . Av
0 A elval TeETpaywvikog (m = n) kal avtloTpEPLUog, ToTe n e€lowon punmopel va AuBel wg mpog

TOV AYVWOTO X KL YIVETaL:
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6=A"y
O m eival ouvNBwWCE LEYAAUTEPOC A0 TOV N, TTOU GNUALVEL OTL UTIAPXOUV

nieplocotepa {eUyApLO OTOLXELWY QO TIC TAPOUETPOUG. Z€ AUTAV TNV TIEpIMTWOoN, Kl
akpLBRc Abon mou va Lkavorolel OAec Tig m e€lowoelg dev eival mavta duvatn, dedopévou
OTL Ta oTolxela pmopel va poAuvBouv amnod 80puo, ) To povtélo pmopel va pnv eivat
KOTAAANAoO yla tnv meplypadn Tou CUCTAUOTOC 0TOXoU. Katd cuvEenela n elowon MPETEL val
TpomnomnolnBel Ye TNV evowpdatwon evog Sltaviouatog AdBoug e yla va amoteAEcEeL To Tuaio
AaBoc BopuBou 1 to tuxaio Adbog Stapopdwaong we e€NC:

AG+e=vy

Twpa, avti tng eVpeonc TG akplPolg Along, pémel va Bpebel to B =8 rou

e\aLOTOTOLEL TO ABPOLOA TOU TETPAYWVLKOU OPAAUOTOG KoL OpileTal WG:
m
—_ . i & VLR T L /
E@)=> (v,—aj0) =e’e=(y—A40)" (y—40)
i=1

omou e =y - A0 elval To Stavuopa AdBoU¢ TToU TTAPAYETAL ATIO LILOL CUYKEKPLUEVN EMLAOYNA
Tou 0 . Mpénel va onuelwdel 6tL to £(B) elval os TETpaywvikr popdn Kat €XeL €va LovadLko

e\ayLoto.

3.3 Kavovac Onieodpounc Ekuadnonc (Backpropagation Rule)

JTNV evOTNTA AUTH TapouaoLAaleTal €voc Baclkog Kavovag eKpadnong yo
TPOooapHOOTIKA SiKTua, TTou ival otnv ouaia n Lo amAn pébodog BabuwTtng
ghaylotomnoinong. To KEVIPLIKO HEPOC AUTOU TOU KOvOva eKUABNoNG adopd OTO WG
eTAéyeTalL éva Slavuopa kAlong oto omolo kaBe otolyelo oplleTal w¢ n MapdAywyog Tou
UETPOU OPAALATOC WC TTPOG LILOL TTOPAKETPO. AUTO yivetal pe t BorBeta tou kavova
aAuoidag, evog Baolkou TUTou yLa Tn Stadopormoinon cuvBeTwy cuvaptioewy. H
Sladikacio eupeong evoc Slaviouatog kKAiong og €va Siktuo avadEpetal YeVIKA oav
ontoGobpounon (backpropagation) emeldn to dtavuopa kAlong unoAoyiletal os
KateuBuvon avtiBetn amnd tn pon tng e€68ou kAbe KOUPBoU. MOALG eTttAeyel n kAlon,
S1adopeg TeXVIKEG BeATioTomoinong Kat maAlvépopunong BAcLOPEVEG OTLG TOPAYWYOUG Elval

SL0O€0LEC YL TNV EVNUEPWON TWV TIOPAUETPWYV. ELOLKOTEPQ, EAV XPNOLUOTOLELTAL TO
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Slavuopa kAlong og pia amnhn péBodo Babuwtng eAaxLotonoinong, To MPOKUTTOV
mapadelypa ekuabnong avadEépetol cuxVa WG kavovac ontododpounc ekuadnong.

‘Eotw €va feed-forward mpocapudotpo Siktuo. ITnv avanapdotoct Tou
Slakpivovtal L enineda kal to emninedo / (omou /=0,1,..., L;/ = 0 avTimpoowmneveL To emninedo
gloaywyng) €xet N(/) kduPoug. Tote n €€060¢ Kat n cuvaptnon Tou KOuPou J [i = 1,..., N(/)]
oto eninedo / pmopouv va avamnapactadolv cav xi,iKal fii, avtiotowa. Ag urtoteBel ot Sev
UTLAPXEL Koo oUVvEeon HETOED U CUVEXOUEVWY OTPWHATWY. Aedopévou OtTL N €€080¢ VoG
KOUBoU e€aptdtal oo Ta ELOEPXOLEVO OHOTA KAL TO CUVOAO APAUETPWY TOU KOUBOU,

T(POKUTITEL N akOAouBn yevikn ékdpaon yla Tn CUVAPTNOoN TwV KOUPBwWV fii:

X = TG X N G 575
omou a, B, y KATL. glval ol mapApeTpoL auTtoU Tou KOpBou.

YrnoB£tovtag ot To Soouévo oclUvolo dedopévwy ekmaibeuong €XeL P KATOXWPNOELS,
uropel va oplotei éva PETpo opAAUOTOC YLa TNV p-00Th 1< p < P kataxwpnon Twy
6edopévwy ekmaideuong oav To ABPOLoUA TWV TETPAYWVIKWV OPOAUATWY:

N(D)

E,=) (d, —x;,)’
=

Ormou dk elval To k-00TO GUCTATLKO TOU p-00ToU emtBupuntol Slaviopatog e€6060U Kol XL,k
glval To k-00TO0 cLUCTATLKO TOU TIPAYUATIKOU SLaVUCUATOC €€060U TIOU TTAPAYETAL LIE TNV
napouaciacn tou p-ootouU Slavuopatog eloddou oto diktuo. MNpodavwg, otav To Ep ival ioo
Ue to un&év, To SikTuo lval LKavo va avamapdysl akplBwes to embuunto Sitavuopa e€66ou
010 p-00T0 Levydpl Sedopévwy ekmaibevonc. O otoxog edw eival va ehaylotonolnBel éva

OUVOALKO HETPO odAApaTOG, TTou opileTal wc:

P
E=Y E,

EmunA€ov, To Ep e€aptatat povo amnod toug kopBoug e€odou.
Mo va xpnotpornotnBei n Babuwtn ehaxlotonoinon wote va eAaylotomnotnOei to
UETpO o alparoc, mpénel mpwta va Ppebel to Stdvuopa kAlong. Mplv umoAoyloTel to

Slavuopa kAiong, mpémel va mapatnpnBouv ol okOAoUBEeC aLTLlwOELG OXEDELG:
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= u.h;.uvn o o = ANy oTo

ardoryn otnv efodou Tww TANTYT) 0T,
’ . PETpo

TOPaPETPO = kopBuwv mou =>| stodovg v (> dupipiaTog

a EprEXOUY TO a [T LT

omou ta BEAN (=>) Seixvouv TIc altlwdelg oxeoelg. AnAadn, pia pikpn aAAoyn og o
TMAPAUETPO a Ba emnpedcel TNV ££060 TOU KOUPBOU TIOU TIEPLEXEL TO &. AUTO UE TN OELPA TOU
Ba emnpedoel v €€060 ToU TeEAeUTALOU EMLITESOU KOL CUVETIWGE TO UETPO odpaApartoc. H
Baoikn apxr oTov UTIOAOYLOMO Tou SlavUouatog KAong elval va mEpOOTOUV [La OELPA Ao
TAnpodopieg mapaywywy EeKvwvtag amno to eninedo e£660u Kal mnyaivovtag avanoda

ano emninedo oe eninedo €wg 0tou KataAnel n Sladkacia oto eninedo eloodou.

3.4 YBp1dikoc AAyopLOuoc Eknaidsvonc

To ANFIS xpnotpomolel évav uBpLdiko alyoplBuo ekuadbnong yla va npoodloploet Tig
TMAPAUETPOUG TOU acadol cuCTAATOC TUTIOU Sugeno. Edpapuolel Eva cuvSuaouod Tng
ueBodou ehayiotwy teTpaywvwy (least-squares) kat tng pebddou omioBo6poung BabuwTic
ghaylotonoinong (backpropagation gradient descent) yLa Tnv eknaidsuon MAPAUETPWY TWV
OUVAPTACEWV CUUUETOXNG Tou FIS wote va punBei éva doopévo cuvoAo dedopévwv
eknaidevonc.

H £€080¢ evog mpooappooTikol SIKTUOoU €lval YPAUULKA O LEPLKECG OO TLG
TAPAUETPOUC TOU SIKTUOU. ETOL HImopouv vo TPoodLopLoTOUV QUTEG OL YPOLULLKEC
TIAPAUETPOL LE TN YPAUULKT) UEOOSO EAAXIOTWVY TETPOYWVWV TIOU TIEPLYPADTNKE TTAPOTIAVW.
Ao TV apxLtektovikr Sopun tou ANFIS mapatnpoUpe OTL OL TIUEG TWV TTOPAUETPWY ATIO TLG
npoUmnoBeaoelg eival mpokaBoplopéveg (apetaBAnteg), n oAk £€060¢ pmopet va ekdppaotel
OOV O YPOLKLKOG GUVOUACUOC TWV TIOPAUETPWY ATIO TOL CUUTEPAOHATA. € UUBOAQ, N

£€060¢ f ypadetal:

. 11'1 W, .
f=——fH+—1,
Wy + W, Wy + Wy
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=wi(px+qyv+n)+wi(p,x+q,y+r,)

= (W) Py + (13)g; + (00)r + (022) Py + (0,0)g, +(w2)ry

H omola gival ypopLK OTIC TTAPAUETPOUG TWV CUUTNEPACUATWY p1, q1, 1, P2, g2, KO
r2. Eotw otL:
e S=0UVOAO OAWV TWV TTAPOUETPWVY
e Sl1=gUvolo TwV (KN YPAUULIKWY) TTAPAUETPWY OO TIG TPOUMOBECELC
e S2 =0gUVOAO TWV (YPOUULKWY) TTOPAUETPWY ATIO TA CUUTIEPACHATA
To mpooopUooTIKO SikTuo £XeL pia £€060 Tou avamaplotatal we O = F(i,S)
ormovu i elvat o dtavuopa twv petaBAntwy eloddou, S gival to cUVOAO TWV MOPOUETPWY, KoL F glval

N GUVOALKI] cuvapTNnon ou epapuoleTal amod To TPOCAPUOCTIKO SiKTUO.

S=516065

O H(.) kat F(.) elvatl n TAUTOTLKEG CUVAPTAOELC KAl N cuvaptnaon Tou FIS avtiotoixwg

otnv e€iowon n H °F slval ypap Lk oTa 0TOLXELD TOU S2 , TOTE edpapuolovtag tnv H otnv
eflowon mpokumteL 0tL H(0) = H°F(Bi, S) . To @ avtimpoowreVel TV dueon aOpoton (direct

sum).

H H(.) elval n Tautotikn ouvaptnon kot n F(.,.) elvatl n cuvaptnon Tou CUGTHUOTOG
aoadoUlg cupmepacoU avtioTtolya. Katd cuvénela, o uBpLdlkdg alyoplBuog pabnaong mou
oavantuxOnke napandavw pnopei va edpappootel dpeoa. AvaAutikdtepa, Onwe cupBaivet

KOl oTO VEUPWVLKA SikTua, Ba Eexwploouv dUo ddoelg otn dtadikacia eknaideuong:

o [épaopa mpog ta eumnpog (forward pass): Itn dacn auth To oo L6odou
SLadidetal ano to eninedo 1 péxpl 1o eninedo 4 kot oL mapAUETpOL (pi, gi, ri)i=1,2
EKTLHOUVTAL HE TN HEBO0SO TwVv eAayioTwy TETpAYWVWVY.

e [lépaopa npog ta niow (backward pass): 2tn ddon autn £xovrtac pio £voelén Tou
AdBoug mpaypatornoleital pia S1opbwon katd pia moootTnTa Mou opiletal anod tn

uéBodo tng Babuwtng katdpaong (Gradient Descent), Twv petafAnTwy ai, bi, ci
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To ANFIS 8Loomd To 6UVOAOD TWV TAPAUETPWY TOU 0€ SUO UTIOOUVOAQ, EK TWV OTOLWV
TO €va amoTeAEL P ULKO 0UVOAO TIAPOUETPWY KalL, EMOUEVWE, ELVOL SUVATOV va
EKTTALOEUTEL HE YPOUULKOUG OAyOpLBuoUG, OTwE N HEB0S0C Twv eAayloTwy TETPAYWVWY
(least squared). Ot ypapptkol oAyoplOpoL pabnong emttuyxavouv cuvoAlkd ehaylota (global
minimums) TG ouUVAPTNONG KOOTOUC OTO XWPO TWV MOPAUETPWY TOUG Kat lval amodoTtikol
ord TMAEVPAG AMALTOUEVOU UTIOAOYLOTIKOU XpOvou. To SeUTEPO UTIOGUVOAO TTAPAUETPWVY
ekmaldeveTal e aAyopLlOUOUC TTOU UImoPOUV VoL SNULOUPYHNCOUV [N -YPOUULKESG OMELKOVIOELG,
onw¢ n BaBuwtn katdPaocn (gradient descent). OL aAyoplBuoL autol elval amattntkol ano
TIAEUPAC QIMALTOUEVOU XPOVOU EKTIALOEVONG KAl SEV UTIAPXEL EYYUNON YLO TV
T(POYLLATOTIOLNON TOU GUVOALKOU gAaX(OTOU TNG OUVAPTNONG KOOTOUG GTOV XWPO TWV
TOPAUETPWY TOuG. O alyoplBpog pabnong tou ANFIS cuvdudlel epdopaTa TPog Ta
EUMPOC KAL TTPOC TA MioW. XTO MEPACHA EUMPOG YIVETAL N LABNoN TOU CUVOAOU TWV
VPOUULKWYV TIOPAUETPWY KOL OTO TEPACHA TIPOC TO TIoW YIVETAL N TPOCOPHOYI TWV UN-
VPOUULIKWY avTioToLya.

To mAeovékTnua tnG HeBOSoU EyKELTAL OTO YEYOVOC TNG UTOPENC TOOO YPOULULKWY
000 KoL 1N YPAUUKWY LEBOSwWVY, TToU TNV KABLOTA ToXUTEPN OO TO KAOGLKA VEUPWVLKA
Siktua. OL MOPAUETPOL TWV CUUTEPOCHUATWY TIOU EUPLOKOVTAL IE QUTOV TOV TPOTO, Elval
BéATioteg UTIO TNV PO UTIOBECN OTL OL MAPAUETPOL TV TIpoUMoBEcewv eival
TiPOKABOPLOUEVEC (apeTABANTEG). AvaAOYWC, N UBPLELKN TTPOGEYYLON GUYKALVEL TTOAU
YPNYOPOTEPO ULOG KOL LELWVEL TIG SLACTACELS TOU SLOOTAUATOS avalrTNoNG TG OPXLKAC
kaBapng uebodou oneB6Spopng Stadoong.

OL VEUPO-TIPOCAPLOOTLKEG TEXVLKEC Elval apKETA amAEG. EToL mapéxetal pia pebodog
WOTE TO aoadEG LOVTEND VA eKTTALSEUTEL e TIG MAnpodopieg mou Tou Sivel To cUVOAO TWV
6£60UEVWY, WOTE VA UTTOAOYLOTOUV OL TTAPAUETPOL TWV CUVOPTHOEWV CUUUETOXNG LE OKOTIO
NV eUpecn Tou KAAUTEPOU TPOTIOU WOTE VO ETUTPEMEL 0TO OUOTNUA EEAYWYNG
OUUTEPACUATWY VA avixveUel Ta Sdedopéva elo08ou/e€660ou. H uebodog auth sival
TAPOUOLA LE AUTH TWV VEUPWTLKWY SIKTUWV.

H mpooappoyr Twv MopAUETPWY TWV CUVAPTHOEWY CUMHUETOXNC amnod £va ANFIS
yivetal pe aAyoplBuoug ekpabnong eite povo back propagation eite pe évav uppLdiko

oAyoplBuo, cuvbuaopo back propagation kat pebodou eAaxioTwy TETPOYWVWV.
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O UOAOYLOUOC TWV TOPAUETPWY AUTWY, TTou aAAA{ouV KaTA TN SLAPKEL TNG
Sladikaoiog ekuadnong, SteukoAlvetal amnod éva Babuwtd Stavuopa ou deixvel doo Ko
1o FIS povtelormolei ta Sedopéva elcodou/e€660u yLa To eV AOyo GUVOAO MAPOUETPWV.
MOALG amoktnBel to BaBuwTto dldvuopa pumopel va epopUooTEL KATIOLOC Ao ToUG TIOAAOUG
oAyopLBuoug BeAtiotomolnong o’ aUTEC TIC TAPAUETPOUG, OUTWG WOTE va. LELwOEL To
uéyebog tou odpalpartog (cuvnBwWE To ABpOLoUA TWV TETPAYWVWY TwV Stadopwy PETAEY

TIPOYLLOTIKWY KoL EMBUUNTWY TLLWVY).

3.5 Nepropiopoi tou ANFIS

OL kupLotepol eploplopot tou ANFIS mou avadépovtat otn Siebvn BLBAloypadia sival:

Baoiletal og €va FIS TUmou Sugeno.

e ’Exel pLa £€060, mou Aappdvetal pe tn pEBodo anocagdomnoinong otabuiopévou
puéoou. OAeC oL CUVOPTAOELG CUUUETOXNG €060L Mpénel va elval iSlou tuTov, elte
YPOUULKEC gite oTtaBepEc.

e Agv umopel va ylvetal kolvr xprnon kavovwv. Atadopetikol kavoveg Sgv pmopolv va
£xouv TNV (8L cuvapTNon CUPHUETOXNG €€060U.

e T[pémel va umapyouv Bapn og kKABe Kavova.

e Aev umnopei va xpnotuomnotnBei onoltadnmote cuvapTnon CUUUETOXNC, TTOPA LOVO

nipokaBoplopéveg ou emBaAlouv ot oplopol tou ANFIS.
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Kedalairo 4 : Avaockontnon Twv ApBpwv

Nivakoc 4.1 : Emiotnoviko nedio Kat cuyypodeic

Emiotnpoviko nedio oto omnoio ApBpa
avadépetal to apOpo
A combined adaptive network and fuzzy Geethanjali, M. (2006)

inference system (ANFIS) approach for
overcurrent relay system

A novel approach for ANFIS modelling - Buragohain, M. (2006)
based on full factorial design ]
Adaptive network-based fuzzy inference Wen-Hsien Ho (2008)

system for prediction of surface
roughness in end milling process using
hybrid Taguchi-genetic learning

algorithm

Adaptive neuro-fuzzy inference system Hosseini, S.H. (2006)
based automatic generation control

Adaptive neuro-fuzzy inference system Elif Derya Ubeyli (2007)

employing wavelet coefficients for

detection of ophthalmic arterial

disorders ]

Airbag controller designed by adaptive- Yi-Jen Mon (2007)
network-based fuzzy inference system

(ANFIS) _

An adaptive neuro-fuzzy inference Ying-Ming Wang (2007)
system for bridge risk assessment ]

An adaptive neuro-fuzzy system for Echanobe, J. (2006)
efficient implementations ]

An intelligent diagnosis system based on Avci, E. (2008)
principle component analysis and ANFIS

for the heart valve diseases ]

Application of an adaptive neural fuzzy Naadimuthu, G. (2007)
inference system to thermal comfort and

group technology problems

Application of MR damper in structural Zhi Q. Gu (2007)
control using ANFIS method ]
Comparison of wavelet families for Engin Avci (2007)

texture classification by using wavelet
packet entropy adaptive network based
fuzzy inference system
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Emiotnpoviko nedio oto omnoio
avadépetal to apOpo
Comparison of wavelet-SVM and
wavelet-adaptive network based fuzzy
inference system for texture
classification

Determination of dielectric properties of -

insulator materials by means of ANFIS: A
comparative study

Fault diagnosis of induction motor based
on decision trees and adaptive neuro-
fuzzy nference

Modelling a ground-coupled heat pump
system using adaptive neuro-fuzzy
inference systems

Predicting performance of a ground-
source heat pump system using fuzzy
weighted pre-processing-based ANFIS
Prediction of laser solid freeform
fabrication using neuro-fuzzy method
Regional flood frequency analysis at
ungauged sites using the adaptive
neuro-fuzzy inference system

The reevaluate statistical results of
guality of life in patients with
cerebrovascular disease using adaptive
network-based fuzzy inference system
Timing of resources exploration in the
behavior of firm — Innovative approach
and empirical simulation

Using adaptive network based fuzzy
inference system to forecast regional
electricity loads

Wavelet transform and adaptive neuro-
fuzzy inference system for color texture
classification

Adaptive fuzzy model identification to
predict the heat transfer coefficient in
pool boiling of distilled water

Artificial neural networks and adaptive
neuro-fuzzy assessments for ground-
coupled heat pump system

Comparison of neuro-fuzzy systems for
classification of transcranial Doppler
signals with their chaotic invariant
measures

ApBpa

Ibrahim Turkoglu (2007)

Melih Inal (2008)

Van Tung Tran (2008)

Hikmet Esen (2007)

Hikmet Esen (2008)

Masoud Alimardani (2007)

C. Shu (2007)

Mahmut Tokmakc (2008)

Hsiu Fen Tsai (2008)

Li-Chih Ying (2007)

Abdulkadir Sengur (2008)

Mihir K. Das (2007)

Hikmet Esen (2008)

Ali Ozturk (2008)
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Emiotnpoviko nedio oto omnoio
avadEépetal to apbpo

Comparison of polynomial and neural
fuzzy models as applied to the
ethanolamine pulping of vine shoots
Formulation and fuzzy modeling of
emulsion stability and viscosity of a
gum-—protein emulsifier in a model
mayonnaise system
Fuzzy controller training using particle
swarm optimization for nonlinear system
control
Nonlinear modeling of a SOFC stack
based on ANFIS identification
Intelligent control of a stepping motor
drive using a hybrid neuro-fuzzy ANFIS
approach
Rule-base derivation for intensive care
ventilator control using ANFIS
Applied CAD and ANFIS to the Chinese
Braille display optimization
Design of ANFIS networks using hybrid
genetic and SVD methods for the
modelling of explosive cutting process
A new method for impulsive noise
suppression from highly distorted
images by using Anfis
ANFIS unfolded in time for multivariate
time series forecasting
The prediction of wafer surface non-
uniformity using FEM and ANFIS in the
chemical mechanical polishing process
Optimisation of fishing predictions by
means of artificial neural networks,
anfis, functional networks and remote
sensing images
Using Anfis with circular polygons for
impulsive noise suppression from highly
distorted images
Quality Assurance of 4D-CT using a
programmable motorized phantom

A fuzzy filter for improving the quality of -

the signal in adaptive-network-based
fuzzy inference systems (ANFIS)

ApBpa

L. Jimenez (2007)

Mahmoud Abu Ghoush (2007)

Cihan Karakuzu (2007)

Xiao-Juan Wu (2008)

Leocundo Aguilar (2003)

H.F. Kwok (2003)
Fung-Huei Yeh (2003)

N. Nariman-Zadeh (2004)

Erkan Be-sdok (2004)

Lakhmi Jain (2004)

Ship-Peng Lo (2005)

Alfonso Iglesias Nuno (2005)

E. Besdok (2005)

L.Simon (2005)

C. Riverol (2009)
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Emiotnpoviko nedio oto omnoio
avadEépetal to apbpo
Training ANFIS as an identifier with
intelligent hybrid stable learning
algorithm based on particle swarm

optimization and extended Kalman filter

Hydraulic plant generation forecasting in
Colombian power market using ANFIS
Study on coalface stray current safety
early warning based on ANFIS
Identification using ANFIS with
intelligent hybrid stable learning
algorithm approaches and stability
analysis of training methods

An adaptive fusion algorithm based on
ANFIS for radar/infrared system

An intelligent diagnosis system based on
principle component analysis and ANFIS
Modeling and control of V/f controlled
induction motor using genetic-ANFIS
algorithm

Hybrid intelligent scenario generator for
business strategic planning by using
ANFIS

Comparison of LLR, MLP, EIman, NNARX
and ANFIS Models - with a case study in
solar radiation estimation

Fusion ANFIS models based on multi-
stock volatility causality for TAIEX
forecasting

An ANFIS-based approach for predicting
the bed load for moderately sized rivers
An expert system for the humidity and
temperature control in HVAC systems
using ANFIS and optimization with Fuzzy
Modeling Approach

Batch type local search-based adaptive
neuro-fuzzy inference system (ANFIS)
with self-feedbacks for time-series
prediction

Results uncertainty of solid waste
generation forecasting by hybrid of
wavelet transform-ANFIS and wavelet
transform-neural network
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An expert system for predicting
longitudinal dispersion coefficient in
natural streams by using ANFIS
Prediction of the heat transfer rate of a
single layer wire-on-tube type heat
exchanger using ANFIS
Quantitative structure—activity
relationship study of serotonin receptor
inhibitors using modified ant colony
algorithm and adaptive neuro-fuzzy
interference system (ANFIS)
An adaptive neuro-fuzzy inference
system (ANFIS) model for wire-EDM
Performance prediction of a proton
exchange membrane fuel cell using the
ANFIS model
Effects of phase vector and history
extension on prediction power of
adaptive-network based fuzzy inference
system (ANFIS) model for a real scale
anaerobic wastewater treatment plant
operating under unsteady state
Prediction of the strength and elasticity
modulus of gypsum using multiple
regression, ANN, and ANFIS models
An Adaptive Network-Based Fuzzy
Inference System (ANFIS) for the
prediction of stock market return: The
case of the Istanbul Stock Exchange
Fault diagnosis of the polypropylene
production process (UNIPOL PP) using
ANFIS
Modeling and simulation of
combinational CMOS logic circuits by
ANFIS
Developing operating rules for reservoirs
considering the water quality issues:
Application of ANFIS-based surrogate
models
An intelligent diagnosis system for
diabetes on Linear Discriminant Analysis
and Adaptive Network Based Fuzzy
Inference System: LDA-ANFIS

ApBpa

Hossien Riahi-Madvar (2009)

Mohsen Hayati (2009)

M. Jalali-Heravi (2009)

Sami Ekici (2009)

Yasemin Vural (2009)

Altinay Perendeci (2009)

Gurkan Yuksek (2009)

Melek Acar Boyacioglu (2010)

C.K. Lau (2010)

Mohsen Hayati (2010)

Foad Soltani (2010)

Esin Dogantekin (2010)

43



Emiotnpoviko nedio oto omnoio ApBpa
avadépetal to apOpo _
Prediction of the compressive strength Jafar Sobhani (2010)
of no-slump concrete: A comparative
study of regression, neural network and
ANFIS models )
Fault detection and diagnosis of an Karim Salahshoor (2010)
industrial steam turbine using fusion of
SVM (support vector machine) and
ANFIS (adaptive neuro-fuzzy inference
system) classifiers ]
MIA—QSAR coupled to principal Mohammad Goodarzi (2010)
component analysis-adaptive neuro-
fuzzy inference systems (PCA—-ANFIS) for
the modeling of the anti-HIV reverse
transcriptase activities of TIBO
derivatives
Medical diagnosis of rheumatoid Ali Osman Ozkan (2010)
arthritis disease from right and left hand
Ulnar artery Doppler signals using
adaptive network based fuzzy inference
system (ANFIS) and MUSIC method

Prediction of critical heat flux using - Salman Zaferanlouei (2010)
ANFIS _
QSPR prediction of flash point of esters Aboozar Khajeh (2010)

by means of GFA and ANFIS

Evaluation of rainfall and discharge

inputs used by Adaptive Network-based Amin Talei (2010)
Fuzzy Inference Systems (ANFIS) in

rainfall-runoff modeling

Characteristics forecasting of hydraulic Zhen-Yuan Ji (2010)
valve based on grey correlation and

ANFIS _

Uncertainty analysis of developed ANN Roohollah Noori (2010)

and ANFIS models in prediction of

carbon monoxide daily concentration ]

ANN and ANFIS models for performance Mustafa Inalli (2010)
evaluation of a vertical ground source

heat pump system ]

Process control strategies for a steel Anupam Das (2010)
making furnace using ANN with Bayesian

regularization and ANFIS

Mixture of ANFIS systems for CPU load Kadda Beghdad Bey (2010)
prediction in metacomputing

environment
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Stock trading with cycles: A financial
application of ANFIS and reinforcement
learning
Dynamic control model of BOF
steelmaking process based on ANFIS and
robust relevance vector machine
Prediction of building energy needs in
early stage of design by using ANFIS
ANFIS-based modelling for photovoltaic
power supply system: A case study
A hybrid ANFIS model based on AR and
volatility for TAIEX forecasting
Performance evaluation of a copper
omega type Coriolis mass flow sensor
with an aid of ANFIS tool

A novel approach to develop the control -
of Telbot using ANFIS for nuclear hotcells

Modeling customer satisfaction for new
product development using a PSO-based
ANFIS approach

An approach based on ANFIS input
selection and modeling for supplier
selection problem

An ANFIS-based model for predicting
adquacy of vancomycin regimen using
improved genetic algorithm
ANFIS-based approach for predicting
Sediment Transport in Clean Sewer
Experiments and ANFIS modelling for the
biodegradation of penicillin-G
wastewater using anaerobic hybrid
reactor

Modeling of heat transfer and fluid flow
characteristics of helicoidal double-pipe
heat exchangers using Adaptive Neuro-
Fuzzy Inference System (ANFIS)
Performance prediction of a specific
wear rate in epoxy nanocomposites with
various composition content of
polytetrafluoroethylen (PTFE), graphite,
short carbon fibers (CF) and nano-TiO2
using adaptive neuro-fuzzy inference
system (ANFIS)
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Prediction total specific pore volume of
geopolymers produced from waste
ashes by ANFIS
Uncertainty analysis for the forecast of
lake level fluctuations using ensembles
of ANN and ANFIS models
A hybrid ANFIS model for business
failure prediction utilizing particle swarm
optimization and subtractive clustering
ANFIS approach for SSSC controller
design for the improvement of transient
stability performance
Comparing ANFIS and SEM in linear and
nonlinear forecasting of new product
development performance )
BPSO-MLR and ANFIS based modeling of
lower flammability limit
Evaluating the efficacy of SVMs, BN,
ANNs and ANFIS in wave height
prediction
Modeling ductile to brittle transition
temperature of functionally graded
steels by ANFIS ]
Multiple regression, ANN (RBF, MLP) and
ANFIS models for prediction of swell
potential of clayey soils
Modeling of dimmable High Power LED
illumination distribution using ANFIS on
the isolated area ]
Efficient impulse noise detection method
with ANFIS for accurate image
restoration
Estimation of wind speed profile using
adaptive neuro-fuzzy inference system
(ANFIS) _
Interpolation of missing wind data based
on ANFIS
Modeling the free convection heat
transfer in a partitioned cavity using
ANFIS
ANFIS based knee angle prediction: An
approach to design speed adaptive
contra lateral controlled AK prosthesis
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ANFIS based sensor fault detection for
continuous stirred tank reactor
An adaptive neural-fuzzy inference
system (ANFIS) for detection of bruises
on Chinese bayberry (Myrica rubra)
based on fractal dimension and RGB
intensity color
An effectiveness model for an indirect
evaporative cooling (IEC) system:
Comparison of artificial neural networks
(ANN), adaptive neuro-fuzzy inference
system (ANFIS) and fuzzy inference
system (FIS) approach
Application of ANFIS for analytical
modeling of JIC of functionally graded
steels
An ANFIS model for the prediction of
flow stress of Ti600 alloy during hot
deformation process
Application of an expert system based
on Genetic Algorithm—Adaptive Neuro-
Fuzzy Inference System (GA—ANFIS) in
QSAR of cathepsin K inhibitors
Comparison of ANFIS and NN models—
With a study in critical buckling load
estimation
Predicting optimum cure time of rubber
compounds by means of ANFIS
Identification of sympathetic and
parasympathetic nerves function in
cardiovascular regulation using ANFIS
approximation
Thermal conductivity prediction of foods
by Neural Network and Fuzzy (ANFIS)
modeling techniques
A hybrid PSO—-ANFIS approach for short-
term wind power prediction in Portugal
Developing an integrated model for the
evaluation and selection of six sigma
projects based on ANFIS and fuzzy goal
programming
Estimation of elastic constant of rocks
using an ANFIS approach
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Simulation study for automatic

generation control of a multi-area power

system by ANFIS approach

Hydraulic headinterpolationusing
ANFIS—model selectionand
sensitivityanalysis

ANFIS and statistical based approach to
prediction the peak pressure load of
concrete pipes including glass fiber
Experimental investigations and ANFIS
prediction of water absorption of
geopolymers produced by waste ashes
Prediction of the concrete compressive
strength by means of core testing using
GMDH-type neural network and ANFIS
models

ANN and ANFIS performance prediction
models for hydraulic impact hammers
Some applications of Adaptive Neuro-
Fuzzy Inference System (ANFIS) in
geotechnical engineering

A new approach for time series
prediction using ensembles of ANFIS
models

Genetic algorithm based support vector
machine regression in predicting wave
transmission of horizontally interlaced
multi-layer moored floating pipe
breakwater

Procedure for the semi-automatic
detection of gastro-oesophageal

reflux patterns in intraluminal
impedance measurements in infants
Adaptive neuro-fuzzy inference system
for volt/var control in distribution
systems

Monopulse amplitude direction-finding
using neuro-fuzzy approach

A hybrid neuro-fuzzy static var
compensator stabilizer for power
system damping improvement in the
presence of load parameters
uncertainty
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A comparison of various forecasting
techniques applied to mean hourly wind
speed time series
A comparative study of soft-computing
methodologies in identification of
robotic manipulators
Application of a system for the
automatic generation of fuzzy
neural networks
Univariate and multivariate forecasting
of hourly solar radiation with artificial
intelligence techniques
Comparisons of neural network models
on material removal rate in electrical
discharge machining
Predictions on surface finish in electrical
discharge machining based upon neural
network models
Modeling and fabrication of optical
interference rugate filters
Multiple band-pass autoregressive
demodulation for rolling element
bearing fault diagnosis
Recognition of gestures in Arabic sign
language using neuro-fuzzy systems
Accurate modeling and prediction of
surface roughness by computer vision in
turning operations using an adaptive
neuro fuzzy inference system
Tuning of PID controllers for unstable
processes based on gain and phase
margin specifications: a fuzzy neural
approach
Fuzzy logic model of Langmuir probe
discharge data
Training fuzzy systems with the
extended Kalman filter
Neuro-Fuzzy and Genetic Algorithm in
Multiple Response Optimization
Automatic detection of distorted
plethysmogram pulses in neonates and
paediatric patients using an adaptive-
network-based fuzzy inference system
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Differentiating between good credits Rashmi Malhotra (2002)
and bad credits using neuro-fuzzy
systems

50



Nivakac 4.

2 : MetaBAntéc mou XpnotLonoLouveal

Kata apOpo

ApBpa MetapAntég elcodou (Mapapetpol)
Geethanjali, M. Load current, Operating time in milliseconds when Time
(2006) Dial Setting varies from 4 to 20 for RSA 20 and from 4 to 10

_ for CRP9.

Buragohain, M.
(2006) _
Wen-Hsien Ho (2008)

Responses at high factor values, Responses at low factor
values, Half the number of runs in the experiment.
Population size M, Crossover rate Pc, Mutation rate Pm,

_Number of generations.

Hosseini, S.H. (2006)

Weighting and inertia factors, Population size, Maximum

_number of iterations (max_iter).

Elif Derya Ubeyli
(2007)

Doppler ophthalmic ultrasound blood-flow signals.

The displacement during a predetermined period, the total

Yi-Jen Mon (2007)

displacement, the number of times that the “jerk” exceeds
a threshold value, the time interval between the first G
signal exceeds the start value and the first jerk exceeds the

_threshold value.

Ying-Ming Wang
(2007)

The safety risk rating (SRR), Functionality risk rating (FRR),
Sustainability risk rating (SURR), Environment risk rating

_(ERR).

Echanobe, J. (2006)

Avci, E. (2008)

Naadimuthu, G. (2007)

Zhi Q. Gu (2007)

Engin Avci (2007)

Membership functions, Strength of the rules, Consequents.
Doppler Ultrasound inputs for heart valve diseases : (Data

_acquisition, Filtering, White de-noising, Normalization).

Average temperature, Average humidity, Thermal comfort
votes (Highest, Lowest, Mean), Fuzzy measure of Thermal
comfort (Mode, Spread).

There are two sets of parameters: S1 and S2. S1 represents
the fuzzy partitions used in the left-hand side of the rules,
S2 represents the coefficients of the linear functions in the
right-hand side of the rules. For the forward pass, S1 is
unmodified and S2 is computed using a Least Squared Error
(LSE) algorithm (off-line learning), for backward pass, S2 is
unmodified and S1 is computed using a gradient descent
algorithm (usually back-propagation).

Parameters in WPEANFIS are p, 1, q, s, ss, pp, U (linear
output parameters), Bi, Ci, Di, Ei, Fi (premise parameters),

_pi, qi, ri, si, ssi, ppi, ui (consequent parameters).

Ibrahim Turkoglu
(2007)

The most optimum w and b parameters of optimal
hyperplane are estimated with respect to a so the values of
C and o parameters were selected 1000 and 1 for this

_experimental studies, respectively.
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Melih Inal (2008)

Van Tung Tran
(2008)

Hikmet Esen
(2007)
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M. Alimardani
(2007)

C. Shu (2007)

Mahmut Tokmakc
(2008)

Hsiu Fen Tsai (2008)

MetapAntég eloodou (Mapapetpot)

The parameters are chosen so as to adjust the membership

functions to the input/output data in order to account for
these types of variations in the data values and to reduce
some error measures which are usually defined by
themeansquared difference between actual and desired

_outputs.

All the modifiable parameters are tuned, namely premise
parameters {a, c, ¢} and consequent parameters {pi, qi,ri},
to make the ANFIS output matches the training data.The
least squares method can be easily used to identify the

_optimal values of these parameters.

There are three modifiable parameters {ai, bi, ci}, which are
related to the input membership functions. These
parameters are the so-called premise parameters. There
are also three other modifiable parameters {pi, qi, ri},

_pertaining to the first order polynomial.

Parts or all of the nodes are adaptive, which means each
output of these nodes depends on the parameters
pertaining to this node and the learning rule specifies how
these parameters should be changed to minimize a

_prescribed error measure.

The Process parameters in LSFF are (Laser Motion device
Powder feeder Material) Average power,Relative
velocity,Powder feed rate,Substrate geometry,Spot
size,Relative acceleration,Inert gas flow
rate,Composition,Wave length,System accuracy,Nozzle
specification, Powder size, Pulsed/CW, Powder stream
profile, Surface tension, Beam profile, Metallurgical,
thermo physical and optical properties, Laser pulse shaping
The function has two parameters c and r. As the values of
the parameters change, the membership functions vary
accordingly, thus exhibiting various forms of membership

_functions.

The major parameters which are determined for quality of
life levels are chosen as physical functions, social functions,
and mental changing of the person.

The article is designed for exploring three free parameters
C, e and r such that the computation time of quadratic
programming (QP) is significantly reduced and achieved
rapid convergence to the near-optimal solution. In the
ASVR algorithm two scale factors v and t are predetermined
and applied for calculating the free parameters e, where

_the vector X stands for an input vector.
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MetapAntég eloodou (Mapapetpot)

- From the architecture of the ANFIS, we know that if the

Li-Chih Ying (2007)

Abdulkadir Sengur
(2008)

Mihir K. Das (2007)

premise parameters {ai,bi, ci} are fixed, the output fouti of
the whole system will be a linear combination of the
consequent parameters {pi,qi, ri}.

There are three modifiable parameters {ai, bi, ci}, which are
related to the input membership functions. These

_parameters are the so-called premise parameters.

The consequent parameters are identified by the LSE
method, while the antecedent partition obtained as a
Cartesian product of univariate triangular membership

_functions is optimized by gradient-descent techniques.

Hikmet Esen
(2008)
Ali Ozturk (2008)

The pi, gi and ri are the design parameters that are

_determined during the training process.

The parameters in the set {pi,qi, ri} are referred as the

) consequent parameters.

L. Jimenez (2007)

M.A. Ghoush
(2007)

Cihan Karakuzu
(2007)

Neural fuzzy models provide a physical interpretation of the
parameters as these represent the average value of each
property (dependent variable) under the conditions defined
by the specific fuzzy rule.

Parameters of membership functions are referred to as
premise or antecedent parameters.

Variance parameters of the ith rule’s input variables of the
Gaussian membership function, respectively. pi, qgiand ri
are the consequent parameters of the ith rule shows the

_inference mechanism of the first-order.

Xiao-Juan Wu
(2008)

Leocundo Aguilar
(2003)

H.F. Kwok (2003)

Fung-Huei Yeh (2003)

N. Nariman-Zadeh -
(2004)

Erkan Be-sdok
(2004)

The parameters of the fuel cell are F C/mol 96485, R J/(mol

K) 8.314, N 656, EV 1r K, mol/(s A) 3 0.996 10 K.

T torque applied to rotor, u moment of inertia of rotor and
load, and A angular acceleration, in radians per second, k is
the “spring constant” of the system, in torque units per
radian, @ the angular position of rotor, in radians.

_FiO2is xn, Ai, Aj, Ak are fuzzy sets and xn is a constant.

r is the density, c is the specific heat, and k is the
conductivity. hl and T1; respectively indicate the heat
transfer coefficient and the ambient temperature of air. L is
the thickness of PCB. t is time, and T is the temperature
parameter.

E is the objective function given and is minimised through

_an evolutionary process by maximization the fitness, @.

p; q; and r denote the consequent parameters. The
parameters of membership functions were obtained for
each Delaunay triangle by training the Anfis structures with

10 epochs.
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MetapAntég eloodou (Mapapetpot)

If there are two variables in the system namely x1 and x2

that can take two fuzzy linguistic values SMALL and LARGE,
there exist four rules in the system whose antecedent parts
are different.

The elastic stiffness matrix, the nodal displacement vector
and the nodal force vector.

SST (Sea Surface Temperature), Warming up-Cooling down
Tendency, Presence of a thermal front, considering its
force, Chlorophyll concentration, Altimetric Anomaly.

X, y denote the spatial coordinates of corner nodes of the
related Delaunay triangle, and a, b and c denote the

_parameters of the fitted circular polygon (circumcircle).

a variable number N of images per slice, by changing the
cine interval, (Cl) (see equation). Cl is the time delay

_between two consecutive reconstructed images.

Adib jis a generalized bell fuzzy set defined by the
parameters (aj, bj and cj) with c as middle point, b as slope
= b/ 2a and a as deviation. Every node, n, in this layer is
fixed and determines a normalized firing strength bj .
GD only: all parameters are updated by the GD, Gradient
decent only and one pass of least square estimation: the
least square estimation is applied only once at the very
beginning to get the initial values of the conclusion
parameters and then the gradient decent takes over to
update all parameters, Gradient decent only and least
square estimation: this is the Jang’s proposed hybrid

_learning method.

Reservoir level, expected hydraulic contributions and
expected weather

conditions within a medium term horizon, signed contracts,
expected pool price, among others.

As the insulation level is limited, some current (IS) will leak
to the roadway floor and return to the subtraction
substation through the pipeline; and some current (1Z) will
go to workface through some medium such as the
insulating splint and pipeline. There is also some current
(IX) goes to workface by insulating terminal of contact line
and metal false proof of the workface. IS, IZ and IX are all

stray currents.

GD only: all parameters are updated by the GD. GD only
and one pass of LSE: the LSE is applied only once at the very
beginning to get the initial values of the conclusion
parameters and then the GD takes over to update all
parameters. Sequential LSE: using extended Kalman filter to
update all parameters.
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MetapAntég eloodou (Mapapetpot)

- r(k), hr(k) and ur(k), respectively, denote measurement

distance, pitching angle and azimuth angle of radar. hi(k),
ui(k), respectively, denote pitching angle and azimuth angle
of infrared. Vr(k), Vi(k) are, respectively, zero-mean
Gaussian measurement noises with covariance Rr(k) and

Ri(K).

Doppler Ultrasound inputs for heart valve diseases : (Data

_acquisition, Filtering, White de-noising, Normalization).

X is the input to node i, and Ai is the linguistic label (small,
large, etc.) associated with this node function. In other
words, Oj | is the membership function of Ai and it specifies
the degree to which the given x satisfies the quantifier Ai.
{ai, bi, ci} is the parameter set that changes the shapes of

_the MF.

Market share, Relationship with suppliers (X2), Strategic

_options (D), Assumed ANFIS weight.

Premise parameters as nonlinear parameters that appear in
the input membership functions. Consequent parameters
as linear parameters that appear in the rules consequents
(output weights). Rule structure that needs to be optimised

_to achieve a better linguistic interpretability.

b is a positive constant defining the neighborhood which
will have measurable reductions in potential. W is the first

_cluster center and P is its potential value.

Volumetric concentration, median sediment size (mm),
dimensionless particle parameter, gravity acceleration,
Manning'’s roughness, coefficient Q discharge, bed-load

_discharge.

Hydraulic radius (m), water-surface slope, specific gravity of
sediment, water-surface width (m), bed load (kg/s), flow

_depth (m)

Density of natural sediments, bed shear stress (kg/m3),
critical shear stress (kg/m3), n kinematic viscosity, f

_transport parameter, j flow parameter

W is the output of layer 3 and {pi, qi, ri} is the parameter
set. Parameters in this layer are referred to as consequent

) parameters.

Every node in this layer is a fuzzy set and any output of any
node in this layer corresponds to the membership degree

_of input variable in this fuzzy set.

The air passes through both the tubes and the wires. The
air passes through the wires, whereas it passes along the
tubes. The air passes through the tubes, whereas it passes

_along the wires.
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MetapAntég eloodou (Mapapetpot)

 Fitness if variableiwas selected by ant k in the current

iteration. Fitness if variable iwas not selected by ant k in the

current iteration.

The new normalized multi-response array for m parameters
and n experiment can be represented by matrix X. The

_eigenvalues and eigenvectors of matrix (Rjl) are calculated.

a, b, and c are the parameters of the membership
functions, also called as the premise parameters of the

_model, which are adjusted during the training stage.

Several neural fuzzy models with phase vector of
production schedule of the factory and history extension
from 5 to 10 days together were developed and evaluated

_using on-line and off-line system parameters.

The parameter c is a constant representing the value of y
when all the independent variables are 0. The standardized
versions of the b coefficients are the beta weights, and the
ratio of the beta coefficients is the ratio of the relative

_predictive power of the independent variables.

x andy are inputs to node i, and A and B are linguistic labels
for inputs. In other words, O is the membership function of
A and B. Usually I(x) and I(y) are chosen to be bell-shaped

_with maximum equal to 1 and minimum equal to 0.

The training process for an ANFIS for searching for optimum
parameters can be assisted by a hybrid learning method
which

combines gradient descent and the least-squares method.
The Fuzzy Logic Toolbox from Matlab is utilized to generate

_the ANFIS model in this research.

Gradient decent only: all parameters are updated by the
gradient descent. Gradient decent only and one pass of
least square estimation (LSE): the LSE is applied only once
at the very beginning to get the initial values of the
consequent parameters and then the gradient decent takes
over to update all parameters. Gradient decent only and
LSE: this is the hybrid learning. Sequential LSE: using

_extended Kalman filter to update all parameters.

M and Z can adopt any fuzzy membership function. For
example, if the bell shaped membership function is
employed. A, B, C are the parameters of the membership

_function, governing the bell shaped functions accordingly.

Diabetes data, Intelligent system, Pattern diagnosis,
Confusion matrix

y, f, @ and x are the dependent variable, linear or nonlinear
function, constant coefficients and the dependent variables
of the concerned problem respectively.
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ApBpa
Karim Salahshoor
(2010)

MetapAntég eloodou (Mapapetpot)

p, g and r are design parameters, referred to as consequent

parameters, since they deal with the then-part of the fuzzy

rule.

Mohammad
Goodarzi (2010)

The input layer. It has n nodes where n is the number of
inputs to the system. It is the fuzzification layer in which

_each node i in this layer is an adaptive node output defined.

Ali Osman Ozkan
(2010)

fis the mean frequency of the Doppler spectrum, r is the
frequency emitted by the transducer, p is the frequency of
the returned echo, t is the flow velocity, h is the Doppler

_angle and c is the velocity of sound in blood

Salman
Zaferanlouei (2010)

x is the input to node i, and A is the linguistic label (small,
large, etc.) associated with this node function, and where |

_and g can adopt any fuzzy membership function.

Aboozar Khajeh
(2010)

Amin Talei (2010)

Zhen-Yuan Ji
(2010)

SSR is the sum of squares of regression, and SST is the total
sum of squares. SSE is the sum of squares of errors, n is the
number of data

points from which the model is built, and p is the number of
parameters in a regression model.

Peak intensity, Average intensity, Total depth, Peak flow,
Average flow, Total depth

A, B, C, D, E, F are the parameters of the MFs, governing the
bell-shaped functions. Parameters in this layer are referred

) to as premise parameters or antecedent parameters.

Roohollah Noori
(2010)
Mustafa Inalli
(2010)

Anupam Das
(2010)

Case study and data, Forward selection, Gamma test,
Determining the uncertainty in forecasting

Coefficient of performance, cooling coefficient of
performance, heating coefficient of performance, specific
heat of air (kJ/kgK), specific heat of water—antifreeze
solution (kJ/kgK), current of compressor (A)

Current of water—antifreeze solution circulating pump (A),
current of evaporator fan (A), one data point, mass flow
rate of air (kg/s), mass flow rate of water—antifreeze

_solution (kg/s), number of independent data patterns

Kadda Beghdad
Bey (2010)

Zhiyong Tan (2011) -

Min Han (2011)

Space cooling load (kW), space heating load (kW), heat
rejected to the ground in the cooling mode (kW), heat
extracted from the ground in the heating mode (kW),
Volumetric flow rate of air (m3/s), voltage of compressor
(V), voltage of water—antifreeze solution circulating pump
(V)

- Voltage of evaporator fan (V), voltage of condenser fan (V),

power input to compressor (kW), power input to circulating

_pump (kW).

Betul Bektas Ekici
(2011)

Power input to evaporator fan (kW), power input to
condenser fan (kW) fraction of variance, target neural
network output.
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ApBpa

Adel Mellit (2011)

Jing-Rong Chang
(2011)
Pravin P. Patil
(2011)
Pezhman Lali
(2011)

H.M. Jiang (2011)

Ali Fuat Guneri
(2011)
Wen-Hsien Ho
(2011)
H. Md.
Azamathulla (2011)
P. Mullai (2011)

M. Mehrabi (2011)

Ali Haghighat
Mesbahi (2011)
Ali Nazari,
Gholamreza Khalaj
(2011)
Mansour
Talebizadeh (2011)
Mu-Yen Chen
(2011)
Swasti R. Khuntia
(2011)
Yung-Ching Ho
(2011)

Mehdi Bagheri
(2011)

MetapAntég eloodou (Mapapetpot)
Outlet average water—antifreeze solution temperature of
GHE, inlet average water—antifreeze solution temperature
of GHE, average air temperature leaving
condenser/evaporator unit, average air temperature

_entering condenser/evaporator unit

Calculated neural network output, weighted sum of the

_input, density of air (kg/m3), power factor

Tube material, Tube dimensions, Mass flow range, Vertical

_height of tube, Sensor location, Drive frequency, Fluid

Increasing health factor for operation, Improving the
quality of production, Improving the rate of production,

_Accident management by saving all tasks for a long term.

A swarm is composed of m particles flying in the D-
dimension in a certain speed. Every particle changes its
position on the basis of considering its own historical best

_position and other particles historical best position.

After sales service, Amount of past business, Attitude

_communication system, Conflict resolution

Delivery, Desire for business, Ease of communication,

_Economy, Financial position

Flexibility and response to changes, Geographical location,

Impression and skill

Labor relations record, Management and organization,
Operating controls, Packaging ability
Performance history, Political stability, Price, Procedural

_compliance and discipline, Production facilities and capacity

Quality, Reciprocal arrangements, Relationship closeness,

_Reputation and position in industry

Technical capability and technology, Terrorism, Training
aids Warranties and claim policies

Quality, Cost, On-time delivery, Relationship closeness,
_Conflict resolution

Limiting velocity, Dimensionless grain size, Hydraulic radius,

_ Sediment size

Relative density of sediment in water, Overall friction

_factor, Clear water friction factor of the channel

a, b, c are the parameters of the membership function or
premise parameters. Every node in this layer is a fixed node
labeled P, for which any other T-norm operator that

_performs the AND operator can be used.

A Knowledge base, containing a number of fuzzy rules and
the database, which defines the membership functions

_used in the fuzzy rules.
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ApBpa
Iman
Malekmohamadi
(2011)
Ali Nazari (2011)

Oguz Kaynar
(2011)

Ismail Kiyak (2011)

Ilke Turkmen
(2011)

M. Mohandes
(2011)

Zhiling Yang (2011)

MetapAntég eloodou (Mapapetpot)

- Sets, Number of inputs, Time steps used for calculating

average wind speeds, Correlation coefficient

Original austenite, Original ferrite, Specimen studied,

Single-phase bainite

Bainite specimen produced from the sample, Single phase
martensite, Martensite specimen produced from the
sample

Mean, Std. error of mean, Median, Mode, Std. deviation
Range, Minimum, Maximum, Sum

. i=1,2andj=3,4.xandy are the inputs. P or Q are the

linguistic label. c and r are the mean and standard
deviation of the membership function respectively which
are also known as premise parameters.

Hourly average wind speed, Hourly average wind direction,

_Correlation, difference of hourly average, wind speed

Sajjad
Mahmoudinezhad
(2011)

Every node in this layer is a fixed node and calculates the
firing strength of a rule multiplication, Every node in this
layer calculates the weight, which is normalized. The

_outputs of this layer are called normalized firing strengths.

Deepak Joshi
(2011)

U. Sabura Banu (2011)

The output of this layer is compressed of a linear
combination of the inputs multiplied by the normalized
firing strength w. This layer is the simple summation of the
outputs of layer 4

T and C are the temperature and concentration in the
reactor respectively. F and T are the Input flow and
temperature of the reactant, V the volume flow rate of the

_inlet reactants of the CSTR process.

Hong Zheng (2011)

T. Ravi Kiran
(2011)

F and T are the coolant flow and temperature. The
important process outputs are C the concentration, T the
temperature of the product and T coolant temperature.
Maximum and minimum heat capacity rate, saturation
specific heat, enthalpy of air entering and leaving IEC, mass

_flow rate of primary and secondary air

Ali Nazari (2011)

Yuanfei Han (2011) -

Number of transfer units of primary and secondary air, dry
bulb temperature of air entering and leaving IEC, effective

surface temperature,

Cooling effectiveness of primary and secondary air, cooling

_effectiveness of IEC

Mohsen Shahlaei
(2011)

Number of 5-membered rings, constitutional descriptors,
Number of total quaternary, Functional group, petitjean

_shape index, Topological descriptor
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ApBpa
Mahmut Bilgehan
(2011)

Veli Deniz (2011)

Chandrasekhar
Nataraj (2011)
Mohammad Shafiur
Rahman (2011)
H.M.I. Pousinho
(2011)

Abbas Saghaei (2011)

Rajesh Singh (2012)

Swasti R. Khuntia
(2012)
Bedri Kurtulus (2012)

Servet Yildiz (2012)

Ali Nazari (2012)
Rahmat Madandoust
(2012)

Melih Iphar (2012)

Ali Firat Cabalar (2012)

Patricia Melin (2012)

MetapAntég eloodou (Mapapetpot)

- Average valence connectivity index, Path/walk3 Randic

shape index, Structural information content(neighborhood

_symmetry of 3-order)

It has n nodes where n is the number of inputs to the
system, which each node represents a membership

_function such as generalized bell (gbell) curve.

Case no, Age, Gender, HR range, HR mean, SBP range, SBP

mean.

Moisture content, Temperature, Apparent porosity,

_Thermal conductivity

No. of nodes, No. of parameter (linear and nonlinear), No.
of vary data, No of fuzzy rules, No of training parameter,
No. of validation parameter

The identification of potential projects, Project criteria,

_Project selection, Project assignment, Project completion.

A and Cis parameter set. Parameters in this layer are
referred to as premise parameters. Every node in this layer
is a circle node labeled whose output is product of all

_incoming inputs.

Nominal system frequency, subscript referring to area (i=1,

2, 3), rated power of area, inertia constant of area.

Synchronizing coefficient, governor speed regulation
parameter, steam turbine reheat time constant, steam

_turbine time constant, speed governor time constant.

Power system time constant, power system gain, steam

_turbine reheat, coefficient, area control error.

Frequency bias,electric governor derivative, proportional
and integral

_gains, respectively water starting time.

Area frequency response characteristics, hydrothermal
system, Frequency deviation in area 2 due to disturbance in

_area 1.

Tunnel chainage, Recorded NBR, Predicted NBR by the
regression model, Predicted NBR by ANN-based model,
Predicted NBR by ANFIS-based model.

Image processing, pattern recognition and classification,
management,

_economics and decision making for a long tine.

(a) and (b) illustrates the reasoning mechanism and the
corresponding ANFIS architecture, respectively. The
operation of the nodes in the same layer of ANFIS are of the

_same family of functions.
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ApBpa

MetapAntég eloodou (Mapapetpot)

- Incident wave height, Wave period, Depth of water,

S.G. Patil (2012)

Relative breakwater width, Diameter of pipes, Number of

_layers, Ratio of spacing to diameter of pipes.

M. Trachterna
(1999)

No. of refluxes (after multiple visual evaluation), No. of
refluxes (after detection of ‘episodes of interest’), No. of
events (after detection of ‘episodes of interest’), Total no.

_of ‘episodes of interest’, Sensitivity, Positive prediction.

G. Ramakrishna
(1999)

Number of input neurons, Number of hidden neurons,
Number of output neurons, Total number of weights in the
network, Total number of parameters, (biases, momentum

_and step-size).

Eli Bokshtein
(2000)

K. Ellithy (2000)

The receiver sensitivity and dynamic range. The distance of
the threat from the plane. The efficiency of the cables and
antenna. Other environmental parameters.

Automatic voltage regulator model, Load model, Governor-

_turbine model, SVC model, Generator model.

A. Sfetsos (2000)

M. Onder Efe (2000)

Box Jenkins approach, Feed-forward neural networks,
Radial basis function network, hidden neurons, center
position, width.

Motor 1 rotor inertia, Arm 1 inertia, Motor 2 rotor inertia,

_Motor 2 stator inertia, Arm 2 inertia, Payload inertia.

Jun Liao (2000)

A. H. Coonick (2000)

NI, NO, mf_type, in_term, out_term, w2, w3, w5, n2, n3,
n4, in_term, out_term, w4, mf params.
Hours, Number of points, Number of days, Training,

_Evaluation, Prediction.

Kuo-Ming Tsai (2001)

Hidden layer, Output layer, Error function, Back
propagation, weight factor that defines a variety of
alternative obkective functions between the two extremes

_corresponding in the learning rate.

Pei-Jen Wang (2001)

L is proportional to the gain which determines the steepest
direction of the continuous function near net=0. Similarly,
for the TANMLP model and the Error TANMLP model,
continuous hyperbolic tangent functions are employed and

_ defined.

D.A. Linkens (2001)

Power, pressure, temperature, nitrogen, microwave power,

_refractive index, growth rate.

J. Altmann (2001)

Omar Al-Jarrah (2001) -

Kuang-Chyi Lee (2002) .

High-pass filtered signal, reconstruction of extracted
wavelet packets, band-pass filter, reconstruction of
extracted wavelet packet

Two parameters, C and D . Tuning the values of these
parameters will vary the membership function, which
means a change in the behavior of the FIS. Parameters in
this layer are referred to as premise parameters.

Test no. V(m/min), F(min/rev), D(mm), Ga(gray Stylus
level) instrument
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ApBpa _
Ching-Hung Lee (2002)

MetapAntég eloodou (Mapapetpot)
W and G are the roots of( KI + KPs + KDs2). For a given
process and specifications can be solved for the PID
controller parameters (KP; KI; KD) and crossover
frequencies (wg, wp) numerically but not analytically

_because of the presence of the function.

Byungwhan Kim
(2002)
Dan Simon (2002)

Source power, Pressure, Position of chuck, flow rate,

) consequent parameters.

The vector x thus consists of all of the fuzzy membership
function parameters arranged in a linear array. The
nonlinear system model to which the Kalman filter

_can be applied.

Chi Bin Cheng (2002)

The primary and secondary responses are optimized
simultaneously by maximizing a compromised response.
The degree of satisfaction of both the mean response and

_deviation are defined by fuzzy membership functions.

Azzam Fouad George
Taktak (2002)

The values of t1 and t2 were averaged, and their means
(mt1; mt2 ) and standard deviations (st1 ; st2 ) were
calculated for each HR. The output of the fuzzy system was

_determined to be a constant (a) for valid pulses.

Rashmi Malhotra
(2002)

The remaining vectors were considered as training data set.
Thus, when testing the model, a new data set that is not
presented in the training set is introduced to the system. If
the test error is sufficiently small, this will indicate that the
system can generalise and that the system did not
memorise or over-fit the training data.
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Nivakoacg 4.3 : Enegepyaocia kal ouxvotnta d£Souévwv

ApBpa Enefepyacia Zuxvotnta Twv SeSopévwv
dedopévwv
Geethanjali, M. Yes Daily : 5842
(2006) (1989-2004)
Buragohain, M. Yes Weekly : 592
(2006) _ (1980-1992)
Wen-Hsien Ho (2008) Yes Weekly : 48
(2003)
Hosseini, S.H. (2006) No Monthly : 12
(2006)
Elif Derya Ubeyli Yes Daily : 5765
(2007) (1990-2005)
Yi-Jen Mon (2007) Yes Daily : 1114
(1999-2002)
Ying-Ming Wang Yes Daily : 506
(2007) (2006-2007)
Echanobe, J. (2006) Yes Yearly
(2002-2005)
Avci, E. (2008) No Weekly : 71
_ (2006-2007)
Naadimuthu, G. (2007) No Daily : 1000
(1995-1997)
Zhi Q. Gu (2007) Yes Daily : 3762
(1996-2006)
Engin Avci (2007) Yes Weekly : 27
(2005)
Ibrahim Turkoglu No Daily : 4678
(2007) (1994-2006)
Melih Inal (2008) Yes Yearly
(2003-2005)
Van Tung Tran Yes Yearly
(2008) (2004-2006)
Hikmet Esen No Monthly : 15
(2007) (2004-2005)
Hikmet Esen No Daily : 543
(2008) (2003-2004)
M. Alimardani No Yearly
(2007) (2005-2007)
C. Shu (2007) Yes Yearly
_ (2003-2006)
Mahmut Tokmakc Yes Daily : 342
(2008) (2007)
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ApBpa

Hsiu Fen Tsai
(2008)

Li-Chih Ying (2007)

Abdulkadir Sengur

(2008)
Mihir K. Das (2007)

Hikmet Esen (2008)
Ali Ozturk (2008)
L. Jimenez (2007)

M.A. Ghoush
(2007)
Cihan Karakuzu
(2007)
Xiao-Juan Wu
(2008)
Leocundo Aguilar
(2003)
H.F. Kwok (2003)

Fung-Huei Yeh (2003) .

N. Nariman-Zadeh
(2004)
Erkan Be-sdok
(2004)

Lakhmi Jain (2004)

Ship-Peng Lo
(2005)
Alfonso Iglesias
Nuno (2005)
E. Besdok (2005)

L.Simon (2005)
C. Riverol (2009)

Mahdi Aliyari
Shoorehdeli (2009)

Enefepyacia

dedopévwv
Yes

No
Yes
No
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
No
Yes

Yes

Zuxvotnta Twv SeSopévmv

Monthly : 12
(2007)
Weekly : 44
(2006)
Daily : 473
(2005-2006)
Yearly
(2003-2006)
Yearly
(2003-2006)
Monthly : 23
(2004-2005)
Daily : 1423
(2003-2006)
Yearly
(2002-2004)
Daily : 865
(2002-2004)
Yearly
(2000-2002)
Weekly : 46
(2000-2001)
Yearly : 124
(1996-2000)
Monthly : 12
(2002)
Daily : 2017
(2001-2004)
Yearly : 67
(2000-2003)
Weekly : 296
(1998-2002)
Daily : 2132
(2001-2004)
Yearly : 37
(2004)
Monthly : 82
(2003-2004)
Yearly
(2004)
Yearly : 47
(2006-2008)
Monthly : 07
(2008)
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ApBpa

Julidn Moreno
(2009)
Wang Chong-lin
(2009)
Mahdi Aliyari
Shoorehdeli (2009)
Q. Yuan (2009)

Engin Avci (2009)

Seydi Vakkas
Ustun (2009)

Sorousha Moayer
(2009)

A. Moghaddamnia -

(2009)
Ching-Hsue Cheng
(2009)
H. Md.
Azamathulla (2009)
Servet Soyguder
(2009)
Catherine
Vairappan (2009)
Roohollah Noori
(2009)
Hossien Riahi-
Madvar (2009)
Mohsen Hayati
(2009)
M. Jalali-Heravi
(2009)
Sami Ekici (2009)

Yasemin Vural
(2009)
Altinay Perendeci
(2009)
Gurkan Yuksek
(2009)
Melek Acar
Boyacioglu (2010)

Enefepyacia

dedopévwv

Yes

Yes

No

No

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

No

No

No

Yes

Yes

No

Yes

Yes

Zuxvotnta Twv SeSopévmv

Daily : 790
(2006-2009)
Monthly : 17

(2008)

Yearly : 34
(2006-2008)

Yearly : 27
(2004-2008)
Weekly : 71
(2006-2007)
Weekly : 112
(2007-2008)
Monthly : 17
(2006-2007)

Yearly : 12

(2008)
Monthly : 33
(2006-2008)
Daily : 346
(2008-2009)

Weekly : 120

(2006-2009)
Yearly : 12
(2008)
Weekly : 1000
(2004-2008)
Daily : 568
(2007-2008)
Yearly : 44
(2009)
Monthly : 12
(2008)
Daily : 365
(2009)
Weekly : 46
(2006-2009)

Monthly : 37

(2008-2009)
Daily : 700

(2007-2009)
Daily : 437

(2008-2009)
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ApBpa
C.K. Lau (2010)

Mohsen Hayati
(2010)
Foad Soltani
(2010)
Esin Dogantekin
(2010)
Jafar Sobhani
(2010)
Karim Salahshoor
(2010)
Mohammad
Goodarzi (2010)
Ali Osman Ozkan
(2010)
Salman
Zaferanlouei (2010)
Aboozar Khajeh
(2010) _
Amin Talei (2010)

Zhen-Yuan Ji
(2010)
Roohollah Noori
(2010)
Mustafa Inalli
(2010)
Anupam Das
(2010)
Kadda Beghdad
Bey (2010) _
Zhiyong Tan (2011)

Min Han (2011)
Betul Bektas Ekici
(2011) _
Adel Mellit (2011)

Jing-Rong Chang
(2011)

Enefepyacia
dedopévwv
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
No
Yes
No
No
Yes
Yes

Yes

Yes
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Zuxvotnta Twv SeSopévmv

Daily : 178
(2009)
Weekly : 37
(2008)
Daily : 178
(2009)
Daily : 55
(2009)
Weekly : 14
(2009)
Monthly : 12

(2008-2009)
Daily : 865

(2007-2009)
Daily : 530

(2008-2009)

Monthly : 12
(2009)
Yearly : 07
(2010)

Per 15 Days : 10
(2009)
Daily : 40
(2009)

Monthly : 17

(2008-2009)
Daily : 15
(2009)

Weekly : 37

(2008-2009)
Daily : 128
(2009)

Monthly : 18

(2009-2010)
Daily : 30
(2010)
Daily : 90
(2010)
Yearly : 10
(2010)

Per 15 Days : 10
(2010)



ApBpa

Pravin P. Patil
(2011)
Pezhman Lali
(2011)
H.M. Jiang (2011)

Ali Fuat Guneri
(2011)
Wen-Hsien Ho
(2011)
H. Md.
Azamathulla (2011)
P. Mullai (2011)

M. Mehrabi (2011)

Ali Haghighat
Mesbahi (2011)
Ali Nazari,
Gholamreza Khalaj
(2011)
Mansour
Talebizadeh (2011)
Mu-Yen Chen
(2011)
Swasti R. Khuntia
(2011)
Yung-Ching Ho
(2011)
Mehdi Bagheri
(2011)

Iman
Malekmohamadi
(2011)

Ali Nazari (2011)

Oguz Kaynar
(2011)

Ismail Kiyak (2011)

llke Turkmen
(2011)

Enefepyacia
dedopévwv

No

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

Zuxvotnta Twv SeSopévmv

Weekly : 35
(2009-2010)
Daily : 435
(2009-2011)
Weekly : 25
(2009-2010)
Daily : 100
(2010)
Weekly : 4
(2011)
Monthly : 10
(2009-2010)
Daily : 15
(2011)
Daily : 50
(2010-2011)
Yearly : 15
(2009-2011)
Daily : 20
(2010-2011)

Weekly : 15
(2010)
Daily : 300
(2010)

Monthly : 10

(2009-2010)

Weekly : 36

(2008-2010)
Daily : 10
(2010)
Daily : 100
(2010)

Monthly : 12
(2010)
Daily : 40

(2009-2010)
Weekly
(2009-2011)
Monthly
(2007-2010)
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ApBpa

M. Mohandes
(2011)

Zhiling Yang (2011) -

Sajjad
Mahmoudinezhad
(2011)
Deepak Joshi

(2011)
U. Sabura Banu
(2011)

Hong Zheng (2011) .

T. Ravi Kiran
(2011)
Ali Nazari (2011)

Yuanfei Han (2011)

Mohsen Shahlaei
(2011)

Mahmut Bilgehan .

(2011)
Veli Deniz (2011)

Chandrasekhar
Nataraj (2011)
Mohammad
Shafiur Rahman
(2011)
H.M.I. Pousinho
(2011)
Abbas Saghaei
(2011)
Rajesh Singh
(2012)
Swasti R. Khuntia
(2012)
Bedri Kurtulus
(2012)

Servet Yildiz (2012)

Enefepyacia
dedopévwv
Yes

Yes

Yes

Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes

No

No
No
Yes
Yes
Yes

Yes

Zuxvotnta Twv SeSopévmv

Daily : 550
(2008-2009)

Daily : 150
(2009-2010)
Weekly
(2008-2011)

Monthly : 12
(2010)
Daily : 300

(2009-2010)
Daily : 10
(2010)
Daily : 150

(2009-2010)

Weekly : 10
(2010)

Daily 20
(2009)

Monthly : 12
(2010)
Daily : 300
(2010)
Yearly : 10

(2006-2010)
Daily : 05
(2011)
Monthly

(2010-2011)

Daily
(2010-2011)
Daily : 10
(2011)
Daily : 30
(2011)
Weekly : 10
(2011)
Daily : 50
(2011)
Monthly : 10
(2011)
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ApBpa
Ali Nazari (2012)

Rahmat
Madandoust (2012)

Melih Iphar (2012)

Ali Firat Cabalar
(2012)
Patricia Melin
(2012)
S.G. Patil (2012)

M. Trachterna
(1999)
G. Ramakrishna
(1999)
Eli Bokshtein
(2000)
K. Ellithy (2000)

A. Sfetsos (2000)

M. Onder Efe
(2000)
Jun Liao (2000)

A. H. Coonick
(2000)

Kuo-Ming Tsai
(2001)

Pei-Jen Wang
(2001)

D.A. Linkens
(2001)

J. Altmann (2001) -

Omar Al-Jarrah
(2001)

Kuang-Chyi Lee
(2002)

Ching-Hung Lee
(2002)

Enefepyacia
dedopévwv
Yes
No
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes

No

No

Zuxvotnta Twv SeSopévmv

Daily : 20
(2011)
Daily : 28
(2011)
Daily : 35
(2011)
Daily : 45
(2011)
Weekly : 16
(2011)
Daily : 37
(2011)
Daily : 200
(1997-1998)
Monthly : 10
(1998)
Weekly : 30
(1998-1999)
Yearly : 5
(1997-1999)
Daily : 60
(1999-2000)
Daily : 35
(2000)
Daily : 100
(1998-1999)
Weekly : 20
(1999)
Monthly
(2000)
Weekly : 40
(1998-2000)
Weekly : 10
(2000)
Daily : 30
(2001)
Weekly : 17
(2000)
Monthly : 10
(2000)
Yearly : 15
(1999-2001)
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ApBpa

Byungwhan Kim
(2002)

Dan Simon (2002)

Chi Bin Cheng
(2002)
Azzam Fouad

George Taktak (2002)

Rashmi Malhotra
(2002)

Enefepyacia
dedopévwv
Yes
Yes
No

Yes

No

Zuxvotnta Twv SeSopévmv

Daily : 20
(2002)
Yearly : 50
(2000-2002)
Daily : 26
(2002)
Daily : 34
(2001)
Daily
(2000-2002)
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Nivakac 4.4 :

MovtéAa tou cuykpivovtot Le To ANFIS

ApBpa Movtélo Eidog Movtélou
Geethanjali, M. FOCRS Analytical
(2006)
Buragohain, M. RMSE Accuracy Model
(2006) _
Wen-Hsien Ho (2008) HTGLA Learning algorithm
Hosseini, S.H. (2006) GRC Real-time fault predictive diagnosis
method
Elif Derya Ubeyli - -
(2007)
Yi-Jen Mon (2007) ISIC Top-down method
Ying-Ming Wang ANN Mathematical and computational
(2007) model
Echanobe, J. (2006) MSE ] Entropy analysis model
Avci, E. (2008) _ PCA __Orthogonal transformation procedure
Naadimuthu, G. (2007) RNN Benchmark linear model
Zhi Q. Gu (2007) LQG Integral following controller model
Engin Avci (2007) MRF Texture analysis
Ibrahim Turkoglu SVM Statistical
(2007)
Melih Inal (2008) ANN, MLP Mathematical and computational
models
Van Tung Tran CART Predictive analytical model
(2008)
Hikmet Esen ANN Mathematical and computational
(2007) model
Hikmet Esen FWP Fuzzy weighted model
(2008)
M. Alimardani - -
(2007)
C. Shu (2007) ANN Mathematical and computational
_ model
Mahmut Tokmakc NLR Nonlinear regression model
(2008)
Hsiu Fen Tsai NGARCH Nonlinear generalized autoregressive
(2008) _ conditional heteroscedasticity model
Li-Chih Ying (2007) ARMAX Auto-regressive moving-average
_ regression model
Abdulkadir Sengur ASVR Adaptive support vector regression
(2008) model
Mihir K. Das (2007) BPNN Back-propagation neural network
model
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ApBpa
Hikmet Esen (2008)

Ali Ozturk (2008)

L. Jimenez (2007)
M.A. Ghoush
(2007)
Cihan Karakuzu
(2007)
Xiao-Juan Wu
(2008)
Leocundo Aguilar
(2003)
H.F. Kwok (2003)

Fung-Huei Yeh (2003)
N. Nariman-Zadeh

(2004)
Erkan Be-sdok
(2004)

Lakhmi Jain (2004)

Ship-Peng Lo
(2005)
Alfonso Iglesias
Nuno (2005)

E. Besdok (2005)
L.Simon (2005)
C. Riverol (2009)

Mahdi Aliyari
Shoorehdeli (2009)
Julian Moreno
(2009)
Wang Chong-lin
(2009)
Mahdi Aliyari
Shoorehdeli (2009)
Q. Yuan (2009)
Engin Avci (2009)
Seydi Vakkas
Ustun (2009)

Sorousha Moayer
(2009)

Movtélo
ANN

NEFCLASS

MSE

Sugeno
ANN
Mamdani
Sugeno,
Mamdani
CAD
SvD

AlF

TSK

RBF

CF

ANN

EKF

ARIMA

FFRLS

ASCE
PCA
PWM

ANN

Eido¢ Movtélou
Mathematical and computational
model
Special 3-layer feed-forward neural
network model
Entropy analysis model

Linear or constant output membership
functions
Mathematical and computational
model
Resonant frequency

Resonant frequency, Linear or constant
output membership functions
Computer-aided design
Singular value decomposition

Noise removing filter

Back-propagation learning algorithmic

model

Radial basis model

Circular polygons based model

Mathematical and computational
model

Training algorithm

Variable complex model

Forgetting factor recursive least square
model

Sensor confidence estimators model

__Orthogonal transformation procedure

Proportional integral model

Mathematical and computational
model
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ApBpa

A. Moghaddamnia -

(2009)

Ching-Hsue Cheng -

(2009)
H. Md.
Azamathulla (2009)
Servet Soyguder
(2009)
Catherine
Vairappan (2009)
Roohollah Noori
(2009)

Hossien Riahi-
Madvar (2009)

Mohsen Hayati
(2009)
M. Jalali-Heravi
(2009)
Sami Ekici (2009)
Yasemin Vural
(2009)
Altinay Perendeci
(2009)
Gurkan Yuksek
(2009)
Melek Acar
Boyacioglu (2010)
C.K. Lau (2010)
Mohsen Hayati
(2010)
Foad Soltani
(2010)
Esin Dogantekin
(2010)
Jafar Sobhani
(2010)

Karim Salahshoor -

(2010)
Mohammad
Goodarzi (2010)
Ali Osman Ozkan
(2010)

Movtélo Eidoc Movtélou
NNARX, LLR, Neural network auto-regressive
MLP, ElIman )
ARMA Predicting future values model
ANN - Mathematical and computational
model
ARIMA Multiple regression
RNN Benchmark linear model
ANN, STA, Mathematical and computational
RMSE model, Neural network auto-regressive
] models
RMSE Neural network auto-regressive models
Mathematical and computational
ANN model
QSAR - Quantitative structure
CAPM Logit
RMSE - Neural network auto-regressive models
ANN - Mathematical and computational
model
RMS Neural network auto-regressive model
PCA Principal component analysis
LSE Multiple discriminant
HGA - Hybrid genetic algorithm
LDA - Linear Discriminant Analysis
NNT - Neural networks
SVM - Support vector model
GFA Genetic function approximation
MUSIC Multiple Signal Classification

73



ApBpa
Salman
Zaferanlouei (2010)
Aboozar Khajeh
(2010)
Amin Talei (2010)

Zhen-Yuan Ji
(2010)
Roohollah Noori
(2010)
Mustafa Inalli
(2010)
Anupam Das
(2010)
Kadda Beghdad
Bey (2010)
Zhiyong Tan (2011)
Min Han (2011)

Betul Bektas Ekici
(2011)

Adel Mellit (2011)

Jing-Rong Chang
(2011)
Pravin P. Patil
(2011)

Pezhman Lali
(2011)
H.M. Jiang (2011)
Ali Fuat Guneri
(2011)
Wen-Hsien Ho
(2011)
H. Md.
Azamathulla (2011)
P. Mullai (2011)
M. Mehrabi (2011)

Ali Haghighat
Mesbahi (2011)

Movtého Eidoc Movtélou
ANN Mathematical and computational
) model
GFA Genetic function approximation
ARMAX, ANN, Auto-Regressive Moving Average
NFS with Exogenous Inputs, Neuro-Fuzzy
) Systems
ANN Mathematical and computational
] model
ANN Mathematical and computational
) model
ANN Mathematical and computational
] model
MPE Mean Percentage Error model
RL Reinforcement learning
RRVM Robust relevance
vector machine
PVPS, ANN Photovoltaic power supply model,
Mathematical and computational
] model
RMSE Root mean squared error
FIS, ANN Fuzzy inference systems,
Mathematical and computational
model
LSE Least square estimation
MLR Multiple linear regression
HTGA Hybrid Taguchi-genetic algorithm
RMSE Predicted values and measured
) values model
MF Membership function
RMSE Predicted values and measured
values model
ANN, FIS Mathematical and computational

model, Fuzzy Inference System
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ApBpa
Ali Nazari,
Gholamreza Khalaj
(2011)
Mansour
Talebizadeh (2011)
Mu-Yen Chen
(2011)
Swasti R. Khuntia
(2011)
Yung-Ching Ho
(2011)
Mehdi Bagheri
(2011)
Iman
Malekmohamadi
(2011)
Ali Nazari (2011)
Oguz Kaynar
(2011)

Ismail Kiyak (2011)

Ilke Turkmen
(2011)

M. Mohandes
(2011)

Zhiling Yang (2011)

Sajjad
Mahmoudinezhad
(2011)
Deepak Joshi

(2011)
U. Sabura Banu
(2011)

Hong Zheng (2011)

T. Ravi Kiran
(2011)
Ali Nazari (2011)

Yuanfei Han (2011)

Mohsen Shahlaei
(2011)

Mahmut Bilgehan -

(2011)
Veli Deniz (2011)

Movtélo Eidoc Movtélou
MF Membership functions
ANN Mathematical and computational
model
PSO Particle swarm optimization
ANN Mathematical and computational
model
SEM Structural equation modeling
BPSO-MLR Binary particle swarm optimization
SVM, BN, ANN, - Support Vector Machine, Bayesian
Network, Artificial Neural Network
ANN, RBF, MLP - Mathematical and computational
model, Fuzzy Inference System
NFDMF Neuro-fuzzy detector based median
filter
ANN Mathematical and computational
model
RMSE Neural network auto-regressive
models
RMSE Neural network auto-regressive
models
CSTR Continuous Stirred Tank Reactor
MF Membership functions
ANN, FIS Artificial neural networks, fuzzy
inference system
ESR Experimental process
RMSE Accuracy Model
QSAR Quantitative structure—activity
relationship
ANN Artificial neural networks
ANN Artificial neural networks
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ApBpa
Chandrasekhar
Nataraj (2011)
Mohammad
Shafiur Rahman
(2011)
H.M.I. Pousinho
(2011)
Abbas Saghaei
(2011)
Rajesh Singh
(2012)
Swasti R. Khuntia
(2012)
Bedri Kurtulus
(2012)

Servet Yildiz (2012)

Ali Nazari (2012)
Rahmat
Madandoust (2012)

Melih Iphar (2012)

Ali Firat Cabalar
(2012)
Patricia Melin
(2012)
S.G. Patil (2012)

M. Trachterna
(1999)
G. Ramakrishna
(1999)
Eli Bokshtein
(2000)

K. Ellithy (2000)
A. Sfetsos (2000)
M. Onder Efe

(2000)
Jun Liao (2000)

A. H. Coonick
(2000)

Kuo-Ming Tsai
(2001)

Pei-Jen Wang
(2001)

Movtélo
ECC

ARX

Laguerre
expansion
AR-NFIS
NARX
AGC
MF
MLR

SvD

ANN

RMSE

ANN, SVM

ANN
RMS
ANN
ARMA
FNN
FNNAGS
ARMA

RBFN

TANMLP
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Eido¢ Movtélou
Equivalent cure concept

Auto regressive with exogenous

Escape-like model

Auto Regressive Neuro-Fuzzy
Inference System

Non auto regressive with
exogenous
Automatic
generation control
Membership functions

Multiple Linear Regression

Singular value decomposition

Artificial neural networks

Root mean square error

Artificial neural networks, Support
Vector Machine

Artificial neural networks
Root mean square

Artificial neural networks
Traditional linear model
Feedforward neural networks

Fuzzy neural networks system for
the automatic generation
Traditional linear model

Radial basis function networks

Hyperbolic Tangent Sigmoid Multi-
layered Perceptron



ApBpa
D.A. Linkens
(2001)
J. Altmann (2001)
Omar Al-Jarrah
(2001)
Kuang-Chyi Lee
(2002)
Ching-Hung Lee
(2002)
Byungwhan Kim
(2002)
Dan Simon (2002)
Chi Bin Cheng
(2002)
Azzam Fouad

George Taktak (2002)

Rashmi Malhotra
(2002)

Movtélo
Sugeno

DWPA

FNN

GPM

HICP

Sugeno

ROC

Sugeno

Eido¢ Movtélou
Linear or constant output
membership functions
Discrete wavelet packet analysis

Fuzzy neural network
Given gain and phase margin

Hemispherical inductively coupled
plasma
Linear or constant output
membership functions

Receiver operating characteristics

Linear or constant output
membership functions
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Nivakoc 4.5 : Métpa afloAoynonc The anodoonc Twv

LOVTEAWV
ApBpa Métpa nou xpnouonolouvrol
Geethanjali, M. Calculating operating time of the OC relay corresponding to
(2006) the respective load current and TDS
Buragohain, M. Random vectors of several oblong objects
(2006)

Wen-Hsien Ho (2008) -
Hosseini, S.H. (2006)
Elif Derya Ubeyli
(2007)
Yi-Jen Mon (2007)

Ying-Ming Wang
(2007)

Percentage of correctly classified negative or positive
counts, Accumulative abnormal returns
Distribution and autocorrelations of standardized returns
Classification in classes of the OA Doppler signals

ISIC is controlled to achieve correct identification of impact
severity. For traditional control, all the impact severities are
identified as moderate levels
The interconnection pattern between different layers of
neurons, the learning process for updating the weights of
the interconnections and the activation function that

__converts a neuron's weighted input to its output activation

Echanobe, J. (2006)

Avci, E. (2008)

Naadimuthu, G. (2007)

Zhi Q. Gu (2007)

Engin Avci (2007)

Ibrahim Turkoglu
(2007)

Melih Inal (2008)

Methods for Generic Function to calculate mean square
error estimations in the chain ladder framework
Find the empirical mean along each dimension, then place
the calculated mean values into an empirical mean vector u
of m dimensions. Subtract the empirical mean vector u
from each column of the data matrix X , store mean-
subtracted data in the M x N matrix B
Recurrent multilayer perceptron consists of a series of
cascaded subnetworks, each of which consists of multiple
layers of nodes. Each of these subnetworks is entirely feed-
forward except for the last layer, which can have feedback
connections among itself
Modified rescaled range statistic measure developed for
long memory
Experiments are conducted with monochrome Brodatz
texture images, which are obtained from randomly selected
(overlapping or non-overlapping) images
Combination of parameter choices is checked using cross
validation, and the parameters with best cross-validation
accuracy are picked. The final model, which is used for
testing and for classifying new data, is then trained on the
whole training set using the selected measures
Algorithms that reduce the multi-class task to several binary
problems are applied through the multi-class MLP measure
section.
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ApBpa Mé£tpa nou XpnoLLonoLouvTolL

Van Tung Tran Coefficient, standard error, t-statistic, standard deviation of
(2008) _ dependent variable
Hikmet Esen The heat extraction, the heating coefficient, the
(2007) _ performance of groundcoupled heat pump system
Temperature measures are taken to make sure the
Hikmet Esen compressor and circulating pump work. To set the room
(2008) _temperature below 24 degrees of C a condenser fan is used
M. Alimardani Standard error of regression, laser solid freeform
(2007) _ fabrication measures
C. Shu (2007) Measures of correlation are used in learning systems and

have been extended to a fuzzy environmend based on
extension principle

Mahmut Tokmakc Simulation study and the calculation of the measures of
(2008) _ nonlinearity
Hsiu Fen Tsai The measures consist of nonlinear time-varying conditional
(2008) variances and Gaussian innovations.Its generally a
_ mathematical formula
Li-Chih Ying (2007) The process is repeated until the probability that the

threshold index selects the minimum is sufficiently large
In the algorithm two scale factors vand t are

Abdulkadir Sengur predetermined and applied for calculating the free
(2008) parameters e where the various measures stand for an
input vector
Arrange the input pattern in the following four input
Mihir K. Das (2007) signals: the firm size ul(t), the return on total asset u2(t),

the return on common equity u3(t), and the return on sales
u4(t). Only an appropriate growth rate of long-term
investment y(t) is designed as output
Hikmet Esen (2008) Measures of correlation are used in learning systems and
have been extended to a fuzzy environmend based on
_ extension principle
Ali Ozturk (2008) The rule base was created by applying the samples in the
_ training subset for 1000 epochs
L. Jimenez (2007) Accumulative abnormal returns, additional measures lying
_ at the cube vertices and side centres
M.A. Ghoush ANFIS was used for predicting the output properties of
(2007) mayonnaise system, several measures were used to achieve
similar products
The proposed method is superior to its classical derivative
Cihan Karakuzu counterparts due to measures with derivative knowledge of

(2007) highly complex mathematical computations
The electrolyte layer allows only oxide ions to pass through
Xiao-Juan Wu and at the anode-electrolyte interface, hydrogen molecules
(2008) present in the fuel react with oxide ions to form water and

release electrons
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ApBpa
Leocundo Aguilar
(2003)
H.F. Kwok (2003)

Mé£tpa nou XpnoLLonoLouvTolL
The algorithm converts the linguistic control, based on
expert knowledge into an automatic control strategy
A fuzzy inference system whose overall output is the
weighted average of each rule’s crisp output. The output

membership functions are monotonic functions
Fung-Huei Yeh

In order to have ANFIS learn more correctly, enough
(2003)

sets of training data computed from the numerical model
are needed. Placing the 23rd single Braille cell under the
specific ambient temperature, the values of the
demanded voltage and the coil resistance are inputted
Singular value decomposition measures are used as a
powerful numerical technique to determine optimally
the linear coefficients embodied in the conclusion part
of ANFIS model to deal with probable singularities
A number of measures were realized in order to
evaluate the performance of the proposed AlF in
comparison with the highly approved filters for impulsive
noise suppression. The experiments were carried out on the
well-known test images
The number of time intervals is provided to the neuro-
fuzzy system as an argument. These are computed by using
Fuzzy-MAR algorithm
Among the architecture, each input parameters
membership function was divided into three regions,
namely, the small, medium and large regions
Competitive units, feedforward connections, input layer

N. Nariman-Zadeh -
(2004)

Erkan Be-sdok
(2004)

Lakhmi Jain (2004)

Ship-Peng Lo
(2005)

Alfonso Iglesias
Nuno (2005)

E. Besdok (2005) The triangulation phase was achieved by using the

location coordinates of the uniformly distributed pixels,
which are suspected to be corrupted pixels
A new measure was proposed, which uses an
elliptical function instead of linear correlation. An
artificial LED signal was constructed by adding the
amplitudes of the tumor motion in all 3 directions
guadratically
In order to improve the quality of the signal in ANFIS, a
simple fuzzy filter was created and incorporated in the layer
0 of the control structure of a wood dryer. The new ANFIS
requires lower computational complexity and the results
indicated that the new ANFIS gives satisfactory reduction of
the noise to pilot plant scale

L.Simon (2005)

C. Riverol (2009)
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ApBpa

Mahdi Aliyari
Shoorehdeli (2009)

Julidn Moreno
(2009)

Wang Chong-lin
(2009)

Mahdi Aliyari
Shoorehdeli (2009)

Q. Yuan (2009)

Engin Avci (2009)

Seydi Vakkas
Ustun (2009)

Sorousha Moayer -

(2009)

A. Moghaddamnia
(2009)

Ching-Hsue Cheng -

(2009)

Mé£tpa nou XpnoLLonoLouvTolL
Using Lyapunov stability approach, a certain selection
criterion for covarian cematrix of the Kalmanga in,
acceleration rate. Also, the Lyapunov function provides
identifier convergence. The combination of a derivative-
based method with derivative free method makes a fast
algorithm in comparison to derivative free method
The input variables were analyzed in more detail in
order to discover significant relations with the ideal
generation of a specific plant
The monitoring equipment measure was in the
collection and processing performance to the relational
parameters and pass the monitoring data to the computer
in monitoring centre by the nearby monitoring substation
In this study, the effective learning rates were obtained
for pure GD based and common hybrid method based on
GD and RLS
A decision was made to select one kind of suitable
fusion algorithm to compute the overall fusion estimation
Find the empirical mean along each dimension, then
place the calculated mean values into an empirical mean
vector u of m dimensions. Subtract the empirical mean
vector u from each column of the data matrix X, store
mean-subtracted data in the M x N matrix B
The experimental setup is worked for Ziegler-Nichols
model and Genetic-ANFIS model. Therefore, the optimum
Pl coefficients are found by Ziegler-Nichols and Genetic-
ANFIS models.

The developed methodology has the ability to learn and
correct experts and also translate the linguistic experts’
rules. Moreover, ANFIS combines the classical back
propagation methods with the minimum least square
methods to modify the fuzzy numbers for uncertain
variables.

The quantity of data required to construct are liable
model was determined using the M-test, which has
identified M % 770as the sufficient data scenario.

A new model, based on multi-stock volatility causality
joined to the fusion ANFIS procedure, was proposed to
forecast stock index problems in Taiwan. For subsequent
research, datasets of other countries, such as China, Japan
and Hong Kong were used, to further validate the proposed
model.
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ApBpa

H. Md.
Azamathulla (2009)

Servet Soyguder
(2009)

Catherine
Vairappan (2009)

Roohollah Noori
(2009)

Hossien Riahi-
Madvar (2009)

Mohsen Hayati
(2009)

M. Jalali-Heravi
(2009)

Sami Ekici (2009)

Yasemin Vural
(2009)

Mé£tpa nou XpnoLLonoLouvTolL
The study investigates the use of ANFIS technique as an
alternative to more conventional bed-load predicting

equations, based on measured field data of several

Malaysian rivers. ANFIS is less time consuming and more
flexible than ANN, by employing fuzzy rules and
membership functions incorporating with real-world
systems.

The ANFIS results were given in the related tables. The
simulation results have shown that the ANFIS can be used
as an alternative prediction and control method for HVAC

systems
A batch type of local search is used to train the
proposed system because local search algorithm can be
easily implemented and overcomes the weak- ness of
backpropagation and genetic learning in terms of
meticulous calculation and no guaranteed convergence.
Due to important role of WG prediction in MSWMS, a
proper model was developed using ANN and ANFIS models.
In this study, first WG in Tehran province was predicted
using ANN and ANFIS models.

Based on the results, none of these empirical equations
have good results and show considerable errors in
comparison with measured data.

The results obtained with the ANFIS model is
also compared to an ANN model and it showed that

ANFIS is more reliable for modeling of such nonlinear

systems and has more accuracy and flexibility in
comparison to ANN model.

The modified ACO-ANFIS has been testified to be an
effective method for variable selection and developing
model using the cross-validation techniques of leave-one-
out, leave-multiple-out and also Y-randomization.

Normalisation, feature reduction and ANFIS tests were
performed to predict the desired performances. As a
result, this approach can greatly improved the process
responses such as surface roughness and WLT in the wire
electrical discharge machining process.

This information were obtained either from real
experiments or an explicit knowledge can be obtained from
a human expert to be used to build the model.
Alternatively, physical models can be coupled with

the neuro-fuzzy models.

82



ApBpa

Altinay Perendeci
(2009)

Gurkan Yuksek
(2009)

Melek Acar
Boyacioglu (2010)

C.K. Lau (2010)

Mohsen Hayati
(2010)

Foad Soltani
(2010)

Esin Dogantekin
(2010)

Jafar Sobhani
(2010)

Mé£tpa nou XpnoLLonoLouvTolL
A model based on adaptive-network based fuzzy
inference system was developed using available on-line and
off-line operational input variables for a sugar factory
anaerobic wastewater treatment plant under unsteady
conditions for the prediction of the effluent COD.

It is shown that the constructed ANFIS model exhibits a
high performance for predicting UCS and E. The
performance comparison also showed that the ANFIS is a
good approach for minimizing the uncertainties in the rock
engineering projects.

Soft computing techniques have been successfully
applied to solve the problems of stock markets. In this
study, the adaptive neural fuzzy inference system (ANFIS) is
adopted to predict stock market return on the ISE National
100 Index.

The ANFIS classifiers can be easily developed from
process historical data, eliminating the need of a detailed
mathematical model, which can be difficult to obtain,
especially for large-scale processes. The proposed scheme
can provide an early warning of a pending failure upsetting
the process.

The experimental data have been obtained from real
hardware in order to train the ANFIS models. Various
options have been followed for training the ANFIS model
among which hybrid learning algorithm had minimum
error.

The proposed model was applied to the 15-Khordad
Reservoir in the central part of Iran. The results showed the
significant value of using the new model in the reduction of

the computational burden of the previously developed
models while the optimal operating policies are almost the
same.

Linear Discriminant Analysis (LDA) and Adaptive
Network Based on Fuzzy Inference System (ANFIS) classifier
was applied to the task of diagnosing diabetes. Then, the
most accurate learning methods was evaluated. It is
concluded that the LDA-ANFIS intelligent diagnosis system
for diabetes obtains very promising results in classifying the
possible diabetes patients.

Neural network model NNM6 trained by Levenberg—
Marquardt back-propagation algorithm, with five and four
PEs in the first and second HLs respectively, could predict
the 28-CSNSC in a best manner and the minimum required

epochs in comparison with the other neural network
models.

83



ApBpa Mé£tpa nou XpnoLLonoLouvTolL

A new FDD methodology has been proposed in this
paper based on the fusion of two powerful FDD systems,

Karim Salahshoor implemented via an ANFIS and SVM classifiers. The

(2010) proposed FDD system has been tailored and adapted for an
industrial steam turbine system, faced with a set of 12
__major faulty conditions together with its healthy operation.
Mohammad

The ANFIS procedure was capable of accurately
correlating the inputs (PCA scores) with the bioactivities,
increasing the predictive ability of MIA descriptors when
using the well-known PLS and NPLS regression methods

In this study, several measures were developed such as

Goodarzi (2010)

Ali Osman Ozkan

(2010) an expert diagnostic system for the interpretation of the
right and left hand Ulnar artery Doppler signals using
MUSIC spectral analysis and ANFIS method.
Salman

ANFIS has proven to be an excellent function
approximation tool. Architecture, training parameters of
the ANFIS model and input data normalization have
important roles in predicting CHF with high accuracy. The
proposed ANN model is improved to avoid overfitting.

The QSPR model of the flash point of some esters was

successfully developed based on various molecular
descriptors by using genetic function approximation (GFA)

and adaptive neuro-fuzzy inference system (ANFIS)
methods.

The models that used the pruned sequential rainfall,
nonsequential rainfall and the model which used the most
recent discharge antecedent as the only input performed

better compared to other models. In general however,
models using only rainfall antecedents as inputs were found
to be superior in long-term discharge forecasts while
models which included.

The calculation of correlation coefficient was a kind of
guantitative analysis of the correlation degree among the
factors. In this paper, grey correlation method is used to
gain the key geometric elements affecting the synthesis

characteristics of hydraulic valve.

Input selection improves prediction capability of both

ANN and ANFIS models. It reduces not only the output
error, but also time of calculation due to having less input
variables. Number of selected input variables using FS is
seven out of twelve candidates while it is nine for GT. In
general, FS based models are more proper than GT based
models.

Zaferanlouei (2010)

Aboozar Khajeh
(2010)

Amin Talei (2010)

Zhen-Yuan Ji
(2010)

Roohollah Noori
(2010)
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ApBpa _ Mé£tpa nou XpnoLLonoLouvTolL
Mustafa Inalli CGP algorithm provided worse results than that of the
(2010) other algorithms. This situation can be seen from the
related tables and graphics. The convergence of CGP was
faster than that of the SCG.

Anupam Das The second control strategy was based on limited
(2010) sampling approach. The methodology involved the
__employment of a combination of ANFIS and MPE models.
Kadda Beghdad the proposed system was further investigated by
Bey (2010) incorporating other soft computing techniques and
_ measures such as entropy fuzzy clustering.
Zhiyong Tan (2011) The initial experimental results based on five US stocks

are promising. On average, the total returns from the five
stocks are able to beat the market by about 50 percentage
points.

Min Han (2011) A dynamic model based on ANFIS and robust relevance
vector machine is presented to control the second blow
period of BOF steelmaking process. Our main concern is
to accurately calculate the volume of oxygen and the

_ amount of coolant needed in the second blow.
Betul Bektas Ekici Each of the inputs was assumed to have two
(2011) membership functions. The outputs of the ANFIS model are
annual heating and cooling energy requirements of the
building samples. The outputs were compared with
numerically calculated results with finite difference
approach and it is seen that ANFIS is capable of predicting
_ energy requirements.
Adel Mellit (2011) The methodology that was followed offers the
possibility to develop a new expert configuration of PVPS by
implementing the soft computing ANFIS in Matlab and
_ through a PC with data acquisition system.
Jing-Rong Chang First, it was defined that each universe of discourse for
(2011) variables according to the minimum and maximum values
of each variable. Second, wepartition the universe of
discourse by subtractive clustering.
Pravin P. Patil The result indicates that ANFIS has the capability to map
(2011) the input—output relationship, i.e., predict the performance
under different operational conditions depending on the
_ availability of the experimental data.
Pezhman Lali The main goal of this well done project was designing
(2011) an ANFIS controller for Telbot for error less tracking. The
main idea of using purposed controller was the high degree
of nonlinearity character of the ANFIS controller. Our
simulation showed the controller improves the error
profiles For periodical tracking.
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ApBpa

H.M. Jiang (2011)

Ali Fuat Guneri
(2011)

Wen-Hsien Ho
(2011)

H. Md.

Azamathulla (2011)

P. Mullai (2011)

M. Mehrabi (2011)

Ali Haghighat
Mesbahi (2011)

Ali Nazari,
Gholamreza Khalaj
(2011)

Mé£tpa nou XpnoLLonoLouvTolL
A customer satisfaction model of “comfortable-to-
carry” for notebook computer design was generated based
on the proposed approach to illustrate the method. An N-
fold cross validation was conducted to evaluate the
effective-ness of the approach.

Experts decided to incorporate a new criterion, the
model loses efficiency because its method of producing
results depends on application of historical data. If the

company anticipates that the criteria structure will change
in the future, the database structure should be constructed
with consideration for these planned changes.

The proposed measure of HTGA-based ANFIS model can

potentially be applied to medical decision support

systems that advise on the need of adequacy of vancomycin
regimen for the patients.

To overcome the complexity and uncertainty associated
with bed load estimation, this study demonstrated that an
ANFIS model could be applied for accurate prediction. The
ANFIS model successfully predicted the bed load transport

in storm sewers.

The performance of the reactor in three different
phases was ascertained by evaluating the scatter between
the observed and simulated results by employing
correlation coefficient.

The system did not require clear, definite and a large
sample data, it was a more appropriate method than
classical modeling approaches. However, whatever the
effective parameters are identified and applied better in
the modeling, surely improved results will be obtained.
The performance evaluation was compared and also
ANFIS analysis on influence of each input on output was
performed. In the present study, ANFIS is shown to have
acceptable results. The following conclusions can be drawn
from the present study.

To build the model, training and testing were conducted
by using experimental results from 120 specimens.
According to the input parameters in the ANFIS models, the
pore volume of each specimen was predicted. The training
and testing results in the ANFIS models showed a strong
potential for predicting the total specific pore volume of
the geopolymeric specimens in the considered range.
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Several measures such as series of lake levels, the
Mansour utilization of time series of three external variables, rainfall,
Talebizadeh (2011) evaporation, and inflow to the lake which are supposed to
have the greatest impact on the water budget of the lake
resulted in better forecasts.
Mu-Yen Chen The optimization benefits and clustering techniques for PS-
(2011) ANFIS are expected to be useful in the Chess dataset. The
results also show that PSO-ANFIS and conventional ANFIS
are not sufficiently able to handle larger feature sets or
solve complex dimension problems.

Swasti R. Khuntia It was observed that the proposed SSSC-based controller
(2011) provides efficient damping to power system oscillations and
_ greatly improves the system voltage profile.
Yung-Ching Ho This study found that the quality of NPD processes has a
(2011) nonlinear effect on NPD performance. The use of SEM to

investigate this relationship may thus lead to an incomplete
understanding of the NPD process/performance
relationship. This indicates that use of SEM in other studies
may not be optimal.

Mehdi Bagheri Tentative interpretations can provide the basis for the

(2011) discovery of underlying causal relationships between

molecular structure and thermophysical behavior as

expressed through molecular descriptors

Iman . In the line of critically analyzing the aforementioned
Malekmohamadi techni- ques, it should be noted that wave fields are not
(2011) only characterized by wave heights but also by wave

periods and directions, which was not studied in this paper
_ and could be investigated in future studies.

Ali Nazari (2011) From the predicted results, the variations of CVN values vs.
temperature were obtained and by data fitting the DBTT
values derived for each specimen. These values are listed

and as it is observed, there is a meaningful agreement
_ between the experimental and predicted results.
Oguz Kaynar The performance comparison showed that the soft
(2011) computing system is a good tool for minimizing the
_ uncertainties in the soil engineering projects.
Ismail Kiyak (2011) As a ongoing further study, this ANFIS model will be used to
produce optimal sized luminaire design by genetic
algorithm and to develop the automatic and intelligent
lighting control strategies to reduce the lighting energy
consumption while maintaining a high level of lighting

_ comfort.
Ilke Turkmen The internal parameters of the NF system are
(2011) determined by training. Training of the system can easily be

realized by using artificial images generated in computer.
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M. Mohandes No data filters were applied in this particular case because
(2011) _ the averaging process neutralized the abnormalities.
Zhiling Yang (2011) The method presented by this paper can process the
missing data of wind speed and wind direction together, by
which the measured wind data can be interpolated and
prolonged, thus to provide a complete set of measured
data for the site selection, design and power prediction of

_ wind farms.
Sajjad This method was used to gain relationship between two
Mahmoudinezhad main parameters namely Rayleigh number, partition angle
(2011) and an output variable, average Nusselt number of the
heated wall.
Deepak Joshi The work presented here achieved the same accuracy using
(2011) only one measurement. Thus ANFIS can be a potential tool
to predict the prosthetic knee angle from contra lateral
_ limb.
U. Sabura Banu The outputs of the observer are the three states:
(2011) concentration, temperature and coolant temperature. The

estimators are very accurate so that the deviation in the
_ output is very low.
Hong Zheng (2011) The FD value was determined by the box counting method
of the ImagelJ software. In addition, average RGB intensity
values from fruit images were obtained using the color
_ histogram tool.
T. Ravi Kiran The model was trained and tested with analytical results
(2011) obtained for a part of climatic conditions during the
summer season of a typical meteorological year of Bhopal,
_ India, using Engineering Equation Solver.
Ali Nazari (2011) The performance of the acquired optimized network was
examined by values. All of the obtained values showed that
ANFIS is capable to predict the Vickers microhardness of
FGSs very close to the experimental data. It has been found
that ANFIS models will be valid within the ranges of
variables.
Yuanfei Han (2011) It can be concluded that the ANFIS model have the
potential of being successfully trained to predict the flow
stress of alloy during different deformation conditions.

Mohsen Shahlaei The constructed model clearly reveals good correlations
(2011) between the structure and inhibitory activity of studied
compounds.
Mahmut Bilgehan Despite the widespread application of nonlinear
(2011) mathematical models, there is a lack of comparative studies

of different models. Most research studies published so far
only use a limited number of nonlinear models.
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Consequently, increasing precision in the prediction of
optimum cure time of rubber compounds with ANN and
ANFIS and use of new computational techniques have
important contributions for rubber and
tire industry.

The calculations were based on the simulation results. The
results of this calculation are listed. The results of this study
is compared with the other related studies.

The advantages of these artificial intelligence method over
the regression method is evident in the result and when
dealing with such wide range of data set.

The proposed approach is based on the combination of
particle swarm optimization and adaptivenetwork- based
fuzzy inference system. The application of the proposed
approach to wind power prediction.

There have been developed some models for selecting
projects in six sigma. But, where there is no complete
knowledge about the hierarchy of assessment and the
weights of criteria also where there are interrelations
among criteria.

The calculated performance indices were signifying that
estimated results are very accurate and encouraging. The
benefit of using ANFIS is that it combines advantages of
artificial neural network and fuzzy logic with hybrid
algorithm to deliver excellent modeling competency for
complex.

High frequency deviation may lead to system collapse, this
necessitates an accurate and fast acting controller to
maintain the constant nominal system frequency The
research work is intended to find the most suitable
configurations of the ANFIS.

The selection of the best model also allows a sensitivity
analysis of the model to the type and number of
membership functions. This analysis reveals that the model
is very sensitive to the type and number of MF.
While Developing ANFIS model, different learning
algorithms with different epochs were experimented to
define the model which has best potential estimation ability
to predict experimental results.

The percentage of water absorption and pore volume of
the specimens depends on the particle size distribution
pattern of the ashes, time of oven curing and the time of
room condition curing. The finer the ashes particle size
results.
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* The results obtained from the GMDH-type neural network

and ANFIS model showed a high degree of coherency with
the experimental results for both models considered.
Some potentially important variables such as the
orientation of the hammer which may be defined as
linguistically can also be included in the predictive models.
One of the objectives of this study was to develop a rule
based modeling for the prediction of damping ratio and
shear modulus of various sand—mica mixtures as a function
of stress, mica content and strain using Neuro-Fuzzy
approach.

The results obtained with the proposed architecture of
ensembles of ANFIS have been good and positive in
predicting time series (like the Mackey—Glass), as it has
managed to minimize the prediction error of the time series
against the results obtained by other researchers.
The proposed model optimizes SVMs and kernel
parameters simultaneously. The performance of GA-SVMR
models is compared with ANN and ANFIS models. The
results obtained shows that GA-SVMR with b-spline kernel
functions performs better than ANN and ANFIS models
The GOR has to start with a decrease of the impedance
in the distal impedance channel. The reflux pattern has to
be detected at least in the two most distal impedance
channels. The decrease in impedance can be observed in
higher situated channels corresponding to the height
reached by the gastric contents.

To overcome the limitations, a ANFIS is proposed. The
voltage regulator (tap-changing transformer) and the
capacitor (var) problem are treated as two decoupled
problems.

Unlike the linear estimation algorithm,
the ANFIS-based solution is able to adapt to
changes of parameters. Using reliable reference data
from an external system as well as training solves the
problem of system variations, even for considerable
defects.

The proposed ANFIS was trained based on real-time
measurements of load model parameters. The SVC
stabilizer gains can be determined by the ANFIS, which
makes the proposed SVC stabilizer relatively simple
and suitable for practical implementation.
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The comparison of various time series forecasting
approaches on mean hourly wind speed data indicated the
following significant points: the artificial intelligence based
models that were used outperformed the respective linear
ones and all non-linear models exhibited comparable RMS

error.

In the assessment level, the estimation performance,
together with the training times are considered as the
primary comparison measures. Numerous simulations are
performed on a two degrees of freedom direct drive robotic
manipulator model.

In the stage off-line design, only the training data need to
be provided in order to construct a process model. Users do
not need to give the initial fuzzy partitions, membership
functions or fuzzy logic rules.

This time series has the distinct characteristics of a periodic
cycle and discontinuities. The analysis revealed that these
models outperform conventional approaches based on the
forecasting of the clearness index and are able to capture
the periodic nature of this series alongside stochastic
variation of the process.

The ANFIS-based deployment algorithm by opening other
different crash data. From the test results, it reveals that
the proposed deployment algorithm can possess good
identification and control ability for different types of
impact conditions.

Logistic Sigmoid Multi-layered Perceptron. Hyperbolic

Tangent Sigmoid Multi-layered Perceptron. Radial Basis
Function Network. Fast Error Back-Propagation Multi-
layered Perceptron with Hyperbolic Tangent Functions
Hyperbolic Tangent Sigmoid Multi-layered Perceptron with
Adaptive Learning Rate. Radial Basis Function Network with
Adaptive Learning Rate.

The measures were used to simulate the behavior of the
process and to design the control algorithm for achieving
the required response. The model also can be used to test
the effect of extending the current refractive index range
and different operating wavelengths.

More modest improvements are achieved when compared
to the best possible band-pass filter. Used in conjunction
with AR spectral analysis, this technique provides enhanced
diagnostic capabilities compared to standard approaches of
demodulation for low-speed rolling-element bearing
vibrations.

A. Sfetsos (2000)

M. Onder Efe (2000)

Jun Liao (2000)

A. H. Coonick (2000)

Kuo-Ming Tsai (2001)

Pei-Jen Wang (2001)

D.A. Linkens (2001)

J. Altmann (2001)
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The work was accomplished by training a set of ANFIS
models, each of which is dedicated for the recognition of a
given gesture. Without the need for any gloves, an image
for the gesture is acquired using a camera connected to a
_ computer.

Kuang-Chyi Lee (2002)  Experimental results have shown that the proposed ANFIS
based method outperforms the existing polynomial
network-based method in terms of modeling and prediction
accuracy.

A simple method was also developed to estimate the
stabilizing region of controller parameters and valid region
for gain-phase margin specification. The ANFIS can still find
suitable PID controller parameters that guarantee the
stabilization even for unreasonable specifications.

Byungwhan Kim Prediction performances of ANFIS were investigated as a
(2002) function of training factors, including a type of membership
function, number of function generation, and two learning
factors. Depending on the type and number of membership

function.
The theoretical strength of the Kalman filter has led

to its application in hundreds of technologies, and this

paper demonstrates that fuzzy system optimization is yet
another fruitful application of Kalman filtering.

A derivative free optimization technique, namely, the
genetic algorithm, to model and to solve a multiple
nonlinear response system, whose function is
approximately represented in the tabular form. The neuro-
fuzzy network replaces the modeling or the usually used
regression techniques, which cannot handle complicated
nonlinear and approximately known systems.
Definition of membership functions is not easily achieved,
as every membership function has several properties that
can be modified or tuned, such as ‘number of membership
functions’, ‘support’ and ‘alpha-cut’.

Due to the limited human capacity for processing
information, it is very difficult to construct a comprehensive
rule base if the number of linguistic variables is large.
Defining the rule-consequent parameters is vital, however,
manual optimisation is laborious and time consuming.

ApBpa

Omar Al-Jarrah (2001)

Ching-Hung Lee (2002) .

Dan Simon (2002)

Chi Bin Cheng (2002)

Azzam Fouad George
Taktak (2002)

Rashmi Malhotra
(2002)
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Kedpalowo 5 : Tuunepacuata

Onwc avadEpOnKe Kal oTtnv Loaywyr] autol Tou cuyypappatoc to ANFIS €xet
edappoyég og mapa TOAAOUG TOUELG. MePLKA Qo To MOPASELYLOTO TTOU TTOPOUCLACTNKAY
O£ QUTH TNV gpyoaoia gival : To cUOTNUO 0EPOCUKWY EVOC QUTOKLVITOU, O UTTOAOYLOMOG TNC
avOeKTIKOTNTOC oG YEPUpaC, SLAPOopOoL TOUELG TNG LOTPLKAG OTIWGE TIEPUTTWOELG KAPSLAKWV
BaABiSwv, n mapaockeun Tpodipwy OMwWE N paylovela, n avBeKTKOTNTA Kal N achAAELd
aveAkuotnpwy, dladopa BEpota TNG olkovouiag Omwe N mPOBAedn LOOTIULWVY KL AAAEG

TLOAAEG XPNOELC.

Ye KAOe BEpa TTOU EEETAOTNKE, N EKACTOTE CUYYPOPLKI) opdda mpoomabnoe va KAvel
ouyKploelg pe aAAa povtéla. E€etdotnke pLo mAelada povieAwv épa amno to ANFIS pe mo
XOPOKTNELOTIKA tapadeiyparta ta : ANN (Artificial neural networks), RMSE (Root mean
square error), FNN (Feedforward neural networks), CSTR (Continuous Stirred Tank Reactor),
RL (Reinforcement learning) kat ARMAX (Auto-Regressive Moving Average with Exogenous
Inputs). ZxedoOv o€ OAEC TIC TEPUMTWOELG OL cuyypadeilg kateAnav otL to ANFIS Sivel

KoAUTEpA anmoteAéopata amo Ta AAAQ LOVTEAQL.

Yta meploocotepa apbpa npaypatomnoldnke ensfepyaoia twv dedopévwy. Qotoco
O£ KATIOLEG TIEPUTTWOELG £YLVE TTAA N cUAAOYN TwV SeSopévwy KL N afloAdynaohn Toug xwpic
va ylvel kamola enefepyaocia. H cuAloyn twv SeSopévwy mapatnpiBnKe OTL yIVOTaV HE TLG

0KOAOUBEC CUXVOTNTEG:

e Huepnoiwg (Daily)

e ERSopadiaiwg (Weekly)

e Ava SekamevBnuepo (Per 15 Days)
e Mnviaiwg (Monthly)

e Etnoiwg (Yearly)

Y€ KGOe GpOPO AMO TA EKATOV TEVIVTA TTIOU EEETACTNKOV, OPLOTNKOV KATIOLEG
UeTaBANTEC eL00d0U (MapApeTpoL). AVOAOYWG AOLTIOV LIE TO TOLEC E(VaL OL EKAOTOTE

OPLOUEVEC UETAPANTEC, YIVETOL KL N OXETLKNA €peuval KL emefepyacia waote va Byouv ta
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ouunepaocpata mou B€AeL o kaBe cuyypadEag. MNa mapadelypa otnv nepintwon Twv
nadnoswv otnv kapdlakn BaABida oL mapdpeTpoL mou opiotnkav NTav n NALkia tou
aoBevoug, Ta eupruata and to kapdloypadnua, ta anoteAéopata Tou untépnyou Doppler,
KOLL TO aV €lXE 0 00OV LOTOPLKO aoBevelwv TG KapdLag. Me to (510 OKEMTIKO

anodoaciotnkayv KL oL TapdUeTpoL oTa urtoAouta apbpa.

Ouoiwg og 6Aa ta dpBpa yivetal pia avoadopd ota HETPA TIOU XPNoLpomnoLtlenkay
ard Toug ouyypadeig KaTA tn Xprion Tou povtéAou. MNa mapddelypa otV MepLmTtwaon Tng
kapdlaknc BaABidac mou avadépBnke Kal mponyoupévwe, oL cuyypadeic TomoBEéTnoay Ta
Sebopéva o mivaka M x N Kot e aUTO ToV TPOTIO YWVOTAV AUES OUYKPLON OTLG LETPHOELS
ToU KABe aoBevolg U TIC PUCLOAOYLKEG LETPNOELG. Me aUTOV TOV TPOTIO yiveTal eUKOAN Kol
YPAYOPN N EKTLUNON YLO TO Qv TO OMOTEAEOATA Elval GUCLOAOYLKA (EVTOC TWV 0plwv TTou

T€OnKav otov mivaka M x N) 1} pn ¢puactoAoyika.

F'evikd to ANFIS mpoodépel ypriyopa, akpiPn kat e€alpeTikd alomiota
anoteAéopata Onwe GpAvNKE KL oo Ta Tponyoupeva KeGAAata auTng tTng epyaciag.
MapatnpnBnke otL N edappoyr Tou veupo-aoadols LOVTEAOU OTa EPLOCOTEPO ApBpa
£ywve oto Matlab, pe tn xprion tou fuzzy logic toolbox, To omolo mepléxel 6Aa Ta anapaitnta
gpyaleia yLo TNV oOAOKANPWHEVN AVATITUEN KAl avOAUTIKN Xprion evog MpooapooTtikou
NeUpo- Acadolcg Zuotnuatog ZupnepacpoU (Adaptive Neural Fuzzy Inference, ANFIS).
Entiong Uotepa amo Aemtopepr) HEAETN oTta ApBpa ou e€etaotnkay Slamniotwbnke OtL ot
KaBe mepintwon Ba nmpémnel va e€acdaliletal n avénon Tou aplBPoU Twv EL0OSWV, TTOU
petadpaletal o avENon TNG MOAUTTAOKOTNTAG TOU CUCTALOTOC, Va eMLPEPEL avAAoyn
ueiwon tou opalparoc.

TéAog, cuvoyilovtag OAa ta mapandvw, Yivetat Katavonto 0Tl o KAAdog tng
UTIOAOYLOTLKI G VONUOGUVNG KOL TWV VEUPO-YEVETIKWY CUCTNUATWY TPOOHEPEL UEYAAEC
Suvatotnteg 6oov agpopd otn BeAtiotonoinon Twv ehapUOYwWY OTLG OTIOLEC
XpnoLuornoleital. e kaBe edapuoyr mpénel va Aappavetal untoPn n mPoBAETTIKN
LKaVOTNTO TOU UoVTEAOU, KaBwG Kal To (60¢ Twv SeSopévwy TTOU Xpnolponolouvtal. Ano
TO AMOTEAEOUATA TWV EGAPLOYWY SLAMLOTWVETAL TIWE N TIPOPBAETTITIKN LKAVOTNTA TOU

LOVTEAOU EMNPEeAlETOL OE ULKPOTEPO I HEYOAUTEPO BaBLO amod t duon Twv SeSopévwy.
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