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Euxaplotieg

H ¢oitnon pou oto Mavenotipio Kumpou oAoOKANPWVETAL UE TN MOPASOoN AUTAG
™M¢ AumAwpatikng Epyaciag, mou amoteAel T Soulsia pag oAOKANPNG XPOVLAG.
Miwag  xpovidg, Tou amotéAece (ow¢ tn To SUOKOAN ouvaLoONUATIKA Kol

PuxoAoyika, xpovia tng {wng pou.

To povo BeTIKO TNC XPOVLAG QUTHE ATAV TO YEYOVOG OTL pou 866nke n sukalpia va
elpal pépog pag opadag mou amoteAeito and atopa mou pe Bondnoav oe OAn T
Stadikaoia avantuéng tng SUTAWUATIKAG Epyaciog pou Kot ou £6el€av Katavonaon

KOlL UTtOPOVN 0TI SUOKOAEG LEPEG TTOU TTEPADAL.

Oa nbela va suxaplotnow Bepud tov emiPAémovta kabnyntr pou, Ap. Xpioto
XplotodoUAou mou pou £6waoe TNV eukaLpia va lpal HEPOG aUTH TNG opadac Kabwg
EMLONG KL YLOL TLG TIOAUTLUEC CUMPBOUAEG Kol XproWEC TTANPOGOPLEG TTOU OV TTaPELXE
ota Sladopa otadla TNG SUTAWUATIKAG EPYOOLO TIOU €lXOV OOV QTTOTEAECUA TNV
gmtuxn ohokAnpwong t¢. Emiong Ba nBela va suxaplotiow tov Ap. Baocilelo
Mpoumova, AEéktopa TOU TUAHOTOG BloAoyikwv Emotnuwv tou Mavemiotnuiou
KUmpou, tou omoiou oL yVWOoelg Kal oL LOEEC TOu OToV TopEa TNG PBloAoyiag nrtav
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S16aktoplkd dottntr BaoiAn Baoleladn, yia 6An tn Bornbela mou pou npocdpepav

OTOV XPELACTNKA TLG YVWOELG KOL TG EUMELPLEG TOUG.

TéNog Ba NBela va adlepwow autr t AutAwpatikr Epyacio oto avBpwrmo mou pe
wOnoe otn katevBuvon tng MAnpodopikng kat o omoiog dev Bpioketal mAgov pall

Hag, To matépa pou, Kumpo Xat{nkwotag.

Z0G EUXAPLOTW,

Xat{nkwoTtaG ZUPEWV



NepiAnyn

OL MpwTEilveG OTOUC OPYAVIOUOUG AmoTEAOUV TTOAU ONUAVTLIKO KOl amapaitnTto mopdyovia
otn owoth Aettoupyia tou. OL mpwteiveg mpoodlopilovtal amd to DNA, oto ormoio
Bpiokovtal amoBnkeupéveg OAeG ol MANPOdOPIEG TTOU Elval AMAPAITNTES YLO TIC AELTOUPYIEG
TOU KUTTOpOU Tou opyaviopol. Ol mpwteiveg eival umelBuveg yla ta Bactkad SouLKA Kol

AELTOUPYLKA XOPOAKTNPLOTIKA TWV KUTTAPWV.

OL Aswtoupyieg Twv mMpwtelvwy, Opws kabopilovtal amod tnv tplodidotatn Soun Toug,
SnAadn t doun mou €xeL n mMpwteivn oto xwpo. MNa va ptacoupe dpwC otn TpLtotayn Soun
TPEMEL va yVwpiloupe Tpwta Tn SeutepoTayr Kal Tn mpwrtotayr doun tous. Me 1o 6po
npwtotayng Soung evvooupe Baolkd tnv akohoubBia Twv apwotéwv (20 Sladopetikd) amd
TO omola amoteAeital N cUYKPLUEVN TPpWTEivn. H Seutepotayoug dour elval oUuCLACTIKA HLa
QVamopAcTacn TG TPLTtotayols Soung Le T xprion Twv @-helix, B-sheet, loops kat coils, Twv
Tomikwv dnAadn Slapopdwoewv TG MOAUTENTLOIKAG aAuoidag (apwvotswv). H ouvBeon twv

helixes kal sheets oto xwpo Sivel TeAKA tn TpLTOTAYH SOUN).

ZKOTIOG TNG OUYKEKPLUEVNG epyaociog eival va mpoPAEéPoupe ocwotd tn Seutepotayr Soun
pLag mpwrteivng, yvwpilovtag tnv aAuoida Twv apvoféwyv amno tnv onola amoteAsital. Auto
urnopet va BswpnBel éva apylkd oTddlo woTe va MAPOUKE TEALKA TNV TpLToTayr Soun mou
TEPLEXEL TNV TTANpodopla tNg MPWTEIVNG 0TO XWPOo Tou eival autd mou pag svdladépet. H
epyooia Baoiotnke oe éva cuotnua BRNN mou uhomotnOnke apxikd amd tov AyaBokAéoug
(AyoBokAéoug, 2009), tpomomol)Bnke amd tn XplotodoUAou (XplotobouAou, 2010), Kot
BaoileTal oTNV APYXLTEKTOVLKN TIOU £LONYOYE MPWTOG oTov Xwpo o Baldi kal ol cuvepydteg

tou (Baldi et al., 1999, Baldi et al., 2000).

JTn OUYKeKpLUEvn epyaocia edapudlovial péBodol kol pNXavikég pabnong oe Siadopa
enineda tng avamtuéng Tou cuotnuatog (Preprocessing-Processing-Post processing), péoa
and TG omoleg mpoomaBolpe va AUENOCOUUE TO TOCOOTO EMITUXOUG TPOPAeNnG. Emiong
TipooTiaBoU e Vo OVATMTTUEOUE TITUXEC TOU TIPOPANLATOC Ttou TipLy Sev elyav emeepyaotel
oUTWC Wwote To cuotnpa vo emnefepyaletal meploocotepn mAnpodopia kot dpo vo Sivel
KaAUTtepn TpoPAedn. Xpnowpomnowwvtag RBF (Radial Basis Function) §iktuo to omoio mpwto
eixe enefepyaotei ta Sedopéva pe tn xprion evog Self Organized Map yla va dlAtpdplopa
™¢ €€660u to Q3 aufavetal PEXPL Kat 2%. Emunpoobeta pe tnv epapuoyn twv Evolutionary
Strategy £xovtag wc fitness function to SOV Score , To moocooto smituyiag os SOV (Segment
Overlap) score édtooe péxpL kat 74.02, cuyKPLOLUO LE QUTA TTOU avadEépovtal otn cuyxpovn

BiBAoypadia.
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1.1 BloAoyiko unopabpo
1.1.1 Npwrteiveg KoL apvogEa

Ol mpwrteiveg elvatl peyaAo BLOAOYLKA HOKPOUOPLA, TIOU OMOTEAOUVTOL amd Hia N
TEPLOOOTEPECG TMEMTIOKEG aAuoibeg (moAumentidia). Eva moAumentidlo amoteAeital
Qo PLO OELPA aTtO OpLVOEEQ, Ta omola elvatl Ta BAoLKA XNULKA SOULKA OTOLXELO TTOU

TO OUVOETOUV.

Ao ta Stadopa apLvoééa mou amovtouv otn uaon, LOVO €LKOGL XpnoLUomoLlouvTaL
KOTA KOovova yla tn ouvBeon twv mMpwteivwy. Ta apwvoéa cupPBoAilovtal pe tov
KwWOLKO TOu €VOG N Twv TPV ypappdtwyv (AyaBokA£oug, 2009). Emopévwg, n
apwvoélkry akoAouBia evoc TmoAumentidiou pmopel va  avamapootabsel  wg
oupPBolooelpd. Ta aptvoéEéa ocuvdEovtal OUOLOTOALKA UETOED TOUG UE TIEMTLOIKOUC
deopolg, oxnuatilovtag¢ KoT QUTOV TOV TPOMO MO YPOUUIK)  oaAuvocida
(moAumentubiky aluoida). KdaBs aupwvofl, amoteAeital omoO  plA KOWN
«paxokoKaAld», n omola meplhapPavel pa apwvo-opada (-NH2) kot po opada
kapBofuliou (-COOH) opoLOMOALKA CUVEESEPEVA LE EVO ACUUETPO ATOUO AvOpaKa
(AyaBokA€oug, 2009), ektOg amod tnv mepimtwon tng yAukivng (Gly). Auto mou ta
Sladoporolel petafy toug eival n mAeupikn aAuacida (side chain), ol L8LOTNTEG TNG

omnolag kaBopilouv tig L8LOTNTEC oV €X0ouV SladopeTikd apvoééa (Mount, 2001).

Onwg BAEnoupe kat and 1o oxnua 1.1, n mAevpikr) aAuvoida (R), ev yével SladEpel oe
KABe auwvolu, evw n umoloutn aAuoida eival n (Sta yia 0Aa ta apwvoééa. Ta R1 kat
R2, mpoodLopilouv XapakTnPLOTIKA TA CUYKEKPLUEVA aplvoféa. Metd tn ouvdeon
TOUG yLla TO OXNUATIONO TNG MOAUTEMTLOIKNAG aAuaidag avadepOUAoTeE 08 QUTA WG
«apwvollkd katdlowutar». Ta side chains (Kot katd OUVEMElQ Kal Ta avtiotoua
kataAouna), Stadépouv oTig SLadopes GUCIKOXNUKEG TOUG LBLOTNTEG (.. HéyeBOg,

oxnua, vdpodofikotnta).
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FIRST AMJHO ACID SECOND AMINO ACID

PEPTIDE BOND

Sxnua 1.1: H mAsupikn aAucida (side chain), mpoodidel YopakTNPLOTIKEG LOLOTNTEG O KADe

autvoéu/katalouro (Ao Mount, 2001).

Ta apwvofea, pmopouv va Slaxwplotouv oe SLAPopeC OHAdEC, avaloya HE TIG
dUOLKOXNULKES TOUG LBLOTNTEC. Taflvopouvtal SnAadn kupiwg Bacet tng opadag R,
adol 0UTA OCUYKEKPLUEVOTIOLEL TOL XOPOKTNPLOTIKA TOU apvofEwd. Exoupe yla
napadelypua ta MoAwpéva, ta poptiopéva Kal ta udpodofa auvotéa (Mount,
2001). Inuavtlkd eivat va avodEpPoupe OTL QUTEG OL LOLOTNTEG TWV OULVOEEWV
nailouv MOAU onUaAvVTkO pOAo oTNV Hopdn TG TPLToTayous SOUNAG TG TMPWTEIVNG

OTOV XWpPO, OwG Ba oV e Kol 6To UTIOAOUTO HEPOG ToU KedaAaiou.

H oAAnAouxia twv Sladopwv MpwTeivwv BploKeTal amoBnKeUPEVN OTO YEVETIKO
UALKO - Deoxyribonucleic acid (DNA). To yevetikd UALKO glval n KaBoplopévn oelpd
alwtouxwv Bacswv (VoukAeivika of€a) Tou DNA Kol To omolo eunmepLEXEL Ta yovidila
TwV KuTTtdpwv. H petatponn tng mAnpodopiag tou DNA oe mpwrteiveg ylvetal pe TIg
Sladikaoieg petaypadng kot HeTAdpAONG, TTOU ATTOTEAOUV KAl TO KEVIPLKO Soyua
™¢ MoploknG PBloloyiag. Zuykekplpéva, n xapaktnplotiki Siadikacia n omoia
avTlotolxilel Tt VOUKAEIVIKA ofa pe T Sladopa apwvoéa  Aéyetal
MPWTEIVOOUVOEDN KOl ETUTUYXAVETAL LE TOV KWK TPUTAETOG, OTMOU KABOE TPELG

Baoelg kwbikomolouv Eva apvoll. Eva mapadelypa pLag mpwrteivng eival n yvwotn
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alpgoodalpivn, n onoia anoteAeital anod téooepa moAunemntidia Kal eivat urtevBuvn

yla tnv petadopd ofuyovou ota epubpd alpoodaipla Tou opyavicuou.
1.1.2 Aopr) npwTEivwv

H tpttotayn¢ doun pag mpwteivng eival n tplodlaoctatn popdr) mou EXEL N MPWTELvN
KATW Omd OUYKEKPLUEVEG OUVONKEC, OMwG eival n Bepuokpaocia, To pH, o StaAuTng
(m.x. vepo) kat ta umoAouna StaAlupéva og autov popla. H tpitotayng dopr, sivat
Sladopetiky yla kKabe mpwreivn, kot mpoodlopilel TNV AsltoupylkotnTa ™. H
TpLrotayng Soun Aowmodv eival onuavtikn, eMeldn ol IBLOTNTEG Kal 0 TPOmog Spacng

TWV MPWTEIVWV EEQAPTWVTAL OO TG ASTITOUEPELEC TNG TpLodLaotatng Soung Touc.

Tu elval Opwg autd mou kabopilet tn doun twv Mpwteivwy; NMwg n TpwTteivn
«OVOASUTAWVETAL» OTOV XWPO OXNUATI{OVTAC L0t CUYKEKPLUEVN Soun Kal Tt Sivel oTLg

MPWTEIVEG TNV EVOTABELA TOUC;

Elval yevika amodektd otL n akoAouBia twv Stadopwv apwvolEwv amd to onola
amoteAeital n Mpwteivn TepPLEXEL OAN ekelvn TNV MANnpodopla MoU amalteitol Wote
VO OTOKTHOEL N TiPwTElvn tnv Tplodlaoctatn Soun TNG 05 CUYKEKPLUEVEG OUVONKEC
(Mount 2001). Ot Bavég aAANAemISpACEL AVAUECO OE QUTA TA OpLVOEEQ ival
MOAMWV  TUMWV, oupnepAapBavopévwy NAEKTPOOTATIKWY  aAnAemidpacswy,
Suvapewv Van der Waals, Seopwv ubpoyovou kat udpodoBwv alAnAerudpacswy.
Ta vbpodoPa auwvoléa teivouv va eival epdwALACUEVA OTO ECWTEPLKO TNG SOUNG

NG MPWTELVNG, yLa VAL LNV €pXOVTaL O€ EMAdI) LE TO VEPO.

H Soun Twv mpwtelvwv pmopel va meplypadel pe Lepapxlkd tpomo: H npwrtotayng
Soun pag mpwteivng (oxnua 1.2 aplotepad) eival n moAunentdikn aAucida edv Tnv
Solpe cav pLa oslpd amnd apwvotéa, dnAadn eav «EeSUTAwWoouPE» TNV Tplodlaotatn

™G dopn.
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Sxnua 1.2: Aptotepa: H mpwrtotaync Souny twv mpwteivwv eivar n aAAndouyia twv
auvoéewv mou tnv ouvdetouv. Aséia: H Seutepotayrg doun givatl ot TOMIKEC SLAUOPPWOELC

™¢ moAunentidikn¢ avaidag. (Ard Mount, 2001)

H &eutepotayn¢ Soun HOC TPWTEIVNG Teplypddel KATA KUPLO AOYO TOTILKEG
KOVOVIKEC SLapopdwaoelg TNG TOAUTIENTLOKAC aAucidag otnv tplodiactatn dopur Tng
(oxnua 1.2 6g€1d). Ot TOMIKEG AUTEG SLapopPWOELS UImopoUuV va SLaxwpLloTouV Katd
KUpLo AOyo o€ a-€Akeg (a-helices) kal ektetapévoug B-kAwvoug (B-strands) oL omolot
ouxva oxnuoatilouv B-mtuxwteg emdaveleg (AyabokAéoug 2009), omwe paivetal amnod
1o oxnua 1.3. Auto yivetal ylati onwg npoavadEépdnke oto unmokepaiawo 1.1.1, ta
apwvogéa €xouv TOAAEC UOLKOXNMLKEG LOLOTNTEC OL omoie¢ ta odnyolv o€
aAnAerudpaoelg pe aAAa apwvoééa t¢ aAuoidag. H Stadopd pHe tnv TPLTOTAYN
Sdoun eivat 6t n tptrotayng doun pmopsl va BewpnBel cav n cuvBeon auTwWV Twv
TOTUKWV SLapopdWoewV, Kot N cURIEPIANY N OAwV TwWV SOULKWY AETITOUEPELWV TIOU
neplypadouv AemtopepwC TNV TEAKKR Hopdn NG Mpwrigivng otov xwpo. Otav
TIEPLOCOTEPEG QMO Ml Tpltotayeilc OouéG ouvevwBouv petafl Toug, TOTE

avadepOPaoTE 0TNV TETAPTOTAY SOUN TWV MPWTEIVWVY OE TMPWTEIVLIKA OUUTTAOKAL.
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Sxnua 1.3: H dsutepotayng doun Twv MPwWIeivwy. ApLOTEPA QAIVETAL N TOTIKN SLUOPPWON
ou avarnaplotd tnv oudada twv Helix, kat deéia n tomikn dtaudpewaon mou avanaplotd thv

ouada twv Strands (Ané Mount, 2001).

1.1.3 POAoG nMpwteivwv

H tpwtotayng Soun kabe mpwteivng elval MoAU onuavtikn emeldni kabopilel tnv
Aettoupykotnta t™nG. O poAo¢ twv Mpwielvwy eival moAudidaotatog. Ixedov To
OUVOAO TWV AELTOUPYLWV EVOC KUTTApoU odeiletal otig mpwrteiveg. O Mo yvwotog
POAOC TOUG €lval OTL Aettoupyouv w¢ Eviupa péca ota Stadopa kuttapa. Ta evivua
Aewtoupyolv cav KaTAAUTEC oL omoiol KateuBuvouv Kal emitaxUvouv SLadopeg
XNHUIKEG avTIOPAOCEL;, PBAOCLKEG KOL QVAYKOALEG AELTOUPYLEC €vOG opyaviopol (my
petaBoAlopog). Emiong, ouxva ot mpwteiveg €xouv Sopikd poho, SnAadn
oupBailouv otn Stapdpdwon Tou oXNUATOC Kal TNG SOUAG TOU KUTTAPOU KoL TwV
LOTWV. AKOUN, UTLAPXOUV PUBULOTIKEG TTPWTELVEC, OL OMOLEC UImOPOUV VO TPOTIOTIOLOUV
™V ékPpaon TG YEVETIKNG MAnpodopiag tou DNA avaAoya HE TLG TIEPLOTACELG KO

TIC OVAYKEG TOU KUTTtApou. Ol ONUOVTIKEG AELTOUPYLEC Twv MpwTelvwyv Eelval
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amoTEAECUA TNG TPLoSLAoTATNG SOUAG TOUG KAl ylot TO AOYO QUTO AmOTEAOUV, €KTOG

TWV AAAWV, popLa pe peyaho Blotexvoloyiko evdladépov (Mount, 2001).

1.1.4 NpoPBAnpa protein folding

And ta mopamdvw eivol spdavég OTL n yvwon TG Tplodldotatng Soung twv
TIPWTEIVWV OE OTOULKN) AeMTOpEPELO UMOpEL (a) va Swoel onuavtikéG mMAnpodopieg
yla Tov tpormno dpacnc tng kat (B) va kaBodnynoeL tTnv envonon VEWV TPWTEIVWV UE
eMOUUNTEG LOLOTNTEG. AvAAoya LE TOV TPOTIO TTOU OVASUTAWVETOL OTO XWPO N KABe
npwtelvn Poodidel Kal TNV AELTOUPYLIKOTNTA TOUG. MOAAQ TELPAUOTO KOL EPEUVEC
yivovtal mavw otn peAETn NG tPLodlaotatng SoUNG TOUG £T0L WOTE va Sla@avei n
AELTOUPYIKOTNTA TNG TTPWTEIVNG Kal va XpnotponolnOel oe moAAoUG TOUELG. TETOLEC
puéBodol eivat n kpuotaAloypadia akTivwv—X kat n HEBodog mupnVvikol HayvnTIKOU
ouvtoviopoU Nuclear Magnetic Resonance (NMR). A€ilel va onpewwBel opwg, otL
QUTEC oL Stadikaoieg sival ToAUTTAOKEG, SamavnpEC Kal XpovoBopeg evw mapaAAnAa
KaBOe pEpa ovOKAAUTTOVTOL KOl KOLVOUPLEC TIPWTEIVEC. KT OUVEMELA, QMO TO
TEPAOTIO TANBOC TMPWTEIVIKWY akoAouBLwv Tou yvwpiloupe, HOVO YL €va TIOAU

HLKPO TIOCOOTO €XOULE TIELPAUOTLKA TIPOCSLOPLOUEVN TN SOUN TOUG.

Me 6e60UEVO OTL N MPWTEVIKN Soun KwSLKomoLelTal otnv akoAouBia Twv apLvotéwv
oTNV TOAUTIEMTIOKA oAuoida, avapévetal OtL eival Suvatov va mpoBAéPoupe to
SltmAwpa tng mpwteivng pe Baon tnv mpwtotayrn doun Kot pévo. Mia pébodog mou
Uropel va. akoAouBnBel yla tnv petafacn and tnv npwtotayr Sour otnv TpLtoTayn
Soun pwog akolouBiag, woTe va E€XOUME OTA XEPLOL MAG TNV TIOAU XPNOLUn
AeLToupylkoTNTA TNG MPWTEivng, lval péow tng Seutepotayoug Sounc. H ocwotn
npoPAedn NG Oeutepotayols SoUNG, HMopsl €UKOAA va HOG 0dnynoeL otn
tpLrotayn doun, adou emiBAAAEL TOTILKOUG SOULKOUG TTEPLOPLOUOUG. Exouv yivel kat
ouvexilovtal va yivovtal TOANEC €peuvnTIKEG TpoomadBeleg amd Sadopoug
ETMLOTNMOVIKOUC KAAS0oUG yLa Tn cwotn mpoPAedn tng deutepotayoug doung. MNapad
N TPO0SO TOU ONUELWVETAL T TeEAeUTaie  OekaeTieg, TO MPOPBANUA AUTO

€€aKkoAoUBEL va UTIAPYEL KAl VO TTAPAPEVEL AAUTO.
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ITOX0G aUTNC TNG SUTAWMOATIKAG gpyaciag eival n avamtuén pebodoroyiag yia tnv
npoyvwon tng deutepotayol SOUNG MPWTEIVWV aIo TNV AULVOELKT) Toug akoAouBia

xpnotpomnolwvtog dtapopEg alyoplOuLkéC peBodoug .
1.2 Ixetkn épeuva

Kata tnv Stdpkela twv 40 tedeutaiwv xpovwy, avamtuxdnkav moAAég péBodol

HeAETNC Kot TPOPBAEPNG TNG SeuTtEpOTAYOUG SOUNAG TWV TPWTEIVWV.

e pla mpwtn mpoomabela xpnolpomolndnkav oL otatiotikég uEBodol yia TN
npoPAsPn TnG Seutepotayous Soung mpwteivwy. OL péBodol autol eival Baolopéveg
0O€ OTATLOTIKOUG KOVOVEG Kal avamtuxdnkav kupiwg amd toug¢ Chou and Fasman
(Chou and Fasman, 1974) npwta Kol BeATIwONKOV OTN CUVEXELD Ao Pe TN HEBodo
GOR (Garnier — Osguthorpe — Robson) (Garnier et al., 1978). Ot kavoveg autol
ekppalouv TNV TBavOTNTA yla KAOe apvofl va omoteAsl HEPOG  KATIOLOC
Sdeutepotayouc Soung Kat mpoodlopilovtal pEcA amMd OTATIOTIKEC OVOAUOELG
XPNOLLOTIOLWVTOC TPWTEIVEG YWVWOTAG TPpLTtotayol ¢ dounc (Zvelebil and Baum, 2008).
Ot Chou kat Fasman avaAucav Tn cuxvotnta Tou KABe apvotEwg oe SeUTEPOTAYELS
6opuEg (a-helices, B-sheets kol turns) Kol oTn CUVEXELD KATOLOKEUQOOV €va TtivaKo
TOavotATwy yla TNV eudavion Tou KABe apwvoéwg oe KABe TUMO deuTEPOTAYOUG
Soung. AuTEG oL mBavoTtnTeg xpnotuomnolnonkav yia va tpoPBAedBel n Seutepotayng
dopng, 6edopgvng pag apvodikng akolouBiag. H péBodog autn eival mepimouv 50%
— 60% akplBng ue Baon to okop Q3 otnv npodPAedn Tng deutepotayol§ SOUNG HLAG

Ayvwotng mpwrteivng.

Ev ouvéxela, onwg mpoavadépOnke, avamtuxdnke n otatotiky péBodog GOR. H
HEB0SOG autn elval mapopola pe autr mou avamntuéav ol Chou and Fasman, aAAd
elvat o akpPng yatl umoloyilel tig mBavotnteg yia KABe apvofy Aapupavovtag
umoyn kat Tnv mbavotnta to apwvofl va SWOEL Ul CUYKEKPLUEVN SeutepoTayn
dopun, 6ebopévou TWV YELTOVIKWY TOU apwvoféwv. Xpnotwdomownke yU' autd To
okomo éva mapadBbupo 17 auwvotéwv (Zvelebil and Baum, 2008). H akpifela
poPAePnG tng Seutepotayoug doung Le tnv pEBodo autr) 6oov adopd to Q3 okop

elval yupw oto 65%. Na onuelwBel OtL to apxwkd GOR clotnua €xel BeATiwoOel,
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OUVETIWG ovamtuXOnKav VEEG EMEKTACELG TOU CUOTNUATOC LE amoTteAéopata ya SOV

70.7% kaL Q3 péxpL kot 73.5% (Zvelebil and Baum, 2008).

OL péBodol mou MOPOUCLACTNKAV OPYOTEPQ, NTAV OFE YEVIKO EMIMESO OTATIOTIKEC
pHEBodoL, 0AAA TILO BEATIWHEVEC OO TIC TTPONYOUHEVEC, adol AapuBavav urtddn toug
eTUnMpoobeteg mAnpodopieg yla tnv mpwteivn. OL mAnpodopieg autég adopolvoav
KUPLWG OXETIKN yvwon yLo TNV Sopn tng MpwTeivng, OnMwe To oxAUo Kol To PEYeBog
™G, aAAA Kal TIC GUOLKOXNHULKEG LBLOTNTEC TOUu KABe apvofEéwe Eexwplota. Mo
QVTLITPOOWTEVUTIKA HEBOSOC TTOU AVAKEL O€ AUTHV TNV Katnyopia eivalt to PREDATOR
(Frishman and Argos, 1996). To PREDATOR 6ev AapPdvel umoyn TIG TOTUKEC
oANnAemidpaoelg Omwe Kavel to GOR, aAld, AapPdavel umoPn peyaAa HAKN TNG
akoAouBiag, dapa peyaAeg OAANAEMIOPACELC TWV OHLWVOEEWV. Juykpilvel leuyaplo
OULVOEEWY WOTE a) Vo BPEL YELTOVIKA apLvoéEa TTou aAANAETILOpoUV PETAEY TOUG UE
udpoyovikoug deopolg yia mpoBAedn B-strands, kat b) udpoyovikoU¢ SeopoUC
HETAEL apwvolewyv i kal i+4 yia helices (Zvelebil and Baum, 2008). To PREDATOR
XPNOLUOTOLlEL €va oUVOAO om0 oOpoAoyeg okoAouBieg, Kal Oxt akoAouBwwv
oA\ amAnG otoixong. Napoha autd to PREDATOR pmopet va dwoesl moocoota Q3

akpiBelag puexpt kat 75% (Frishman and Argos, 1997).

OL TTILO ONUOVTLKEG OPWG MEBOSOL TTou xpnaotponolnBnkav ntav ta TNA (Yrnokepaialo
1.3), Support Vector Machines kat HMM (Zvelebil and Baum, 2008). Ot puéBodol
QUTOL OaVAKOUV OTILG UTIOAOYLOTLKEG KAl OXL TIG OTATIOTIKEG MeBOSouc. Ta TNA
XPNOLUOTOloUV €va oUVOAo Oebopévwy He Ta omola ekmaldevovtal, ota onoia
napouaotalovral akoAouBieg yvwotwyv mpwTeivwy, Kabwg kat n dgutepotayng doun
TOUG. & avtiBeon e TIG OTOTLOTIKEG PeBOSOUG, KaTA TNV SLApKELa TG ekmaideuong
Toug, uadaivouv TNV avilotolia TNG MpwtotayoUls pe deutepotayols Soung. Auto
ylvetal mpoocapudlovtag kabe popd ta cuvamtikd Bapn Toug KAatdAAnAa, wote va
HELWVETOL TO OAKO odpaipa tpoPAedng tou TNA. Autég oL uéEBodol mapouaoialouvv

ONUAVTLKA AMOTEAECUOTO O GUYKPLON LLE TLG TiponyoU LEVES peBodouc.

Tétoleg uéBobdoL eival yla mapadelypa eva SikTuo eUnpPocBLlou TEPACHUATOC KaL EVOG
kpudou emunédou (Qian and Sejnowski, 1988), To omoio xpnolpomnolei éva napdbupo

€l006ou ouviBwg 13 apwvoféwv kol TPOPAEMEL yla KABE KeVTPlKO apvofl Tnv
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katnyopia tou (Helix, Strand rj Coil). Zto 6iktuo autd xpnolpomolOnke kat éva
SeUtepo To omoio LopObwve Ta anoteAéopata tou tpwtou Siktuou. H pébodog autn

avtipetwrnile mpoBAnuata untepeknaideuonc.

To PHD 6iktuo (Rost and Sander, 1993), akoAouBei to (610 oxeSlaopd SIKTUOU OTWC
™V mponyoupevn péB0SOo, amAd epapuolovial KATIOLEG TEXVIKEG Yyl €MIAUCN TOU
npoPBARUatog tng umepekmaidevonc. Xpnoldomowdnkav emiong TEXVIKEG OTWG N

TtoAAamAn otoixlon akoAouBwwv.

To NNSSP (Salamov and Soloveyev, 1995) eival éva TNA mou XpnolUOTOLEL TNV
HEBOSO TOU KOVTLVOTEPOU yeitova, yla va opadomoliosl akoAouBieg BAaoel tng
OMOLOTNTAC TOUC KL VA TLG CUYKPLVEL pe AANEG akoAouBieg yvwotr¢ Seutepotayoug
doung. To moocootd akpifelag TG HeBOSou oautnc elvalr pEXpL Kol 68%
(Q3), evw xpnolpomolwvtag TOAANAMAN OToixlon 0oKOAOUBWWV T AmoteAéopata
BeAtwiwvovtal o 72.2%. EmutpoocBetn PBeAtiwon tou NNSSP oAyopiBuou nAtav to
YEYOVOC OTL xpnoLpomolOnkav OSladopeTIKEG TMPWTEIVEC ylot eKkmaideuon Kal
SladpopeTikeg Tpwteiveg yla emaAnBesuon, olUTWC WOTE va PNV EMKOAUTITOVTOL
HETAEL TOUC Tpwtelve¢ amd TO OUVOAO ekmaibeuong KoL omod TO GOUVOAO
enaAnBeuong. To amotéAeopa 0 AUTAV TNV Teplmtwon Atav 73.5% (Salamov and

Soloveyev, 1997).

O aAyopiBuog DSC (Discrimination of protein Secondary structure Class) (King and
Sternberg, 1996), opadomnolei oe Sladopeg Katnyopieg Ta anoteAéopata e€660u Tou
OIKTUOU Kal TpooTaBel He OMAEG YPOMMLKEG KOL OTATIOTIKEG HeBOdouG va
nipooeyyioel tnv akppn Seutepotayr Soun Twv MPpwTeivwy. To MOoooTo akpiBelag

TOU Xpnotpomnolwvtag to Q3 okop eivat 71.95%.

To BRNN (Bidirectional Recurrent Neural Network) (Baldi et al., 1999, 2000), sivat
TNA 10 omoio €ixe tnv KaAutepn amnoddoon otnv mpoPAedn deutepotayoug doung
npwteivwv. To TNA Séxetal pia akoAouBia amd auwvoféa pEOw €VOG KLvnTou
napaBbupou kal mpoomabel va mpoPAehel tnv deutepotayr) Sour) TOu KEVIPLKOU
apwvoééws. H onuaocia tou oxedlaopou tou SIKTUoOU autol eival peyaAn adou
Aappavel umoyn to auwvofEéa TOU TPONyoUVTOL KOl EMOVIOL TOU KEVIPLKOU

apwvotéwg xpnolporowwvtag TNA pe apdidpoun avadpaon. O Baldi kat ot
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OUVEPYATEC TOU EMITUYXAVOUV aKpifela ton pe 73.6% ylwa to Q3 okop HE TNV XPHoN
¢ MOAAQTTIAN G oTolxloNG akoAouBLwV oTo eminedo Ll0060U. XpNOLUOTIOLWVTOG OUWE

£€va ouvuaopo amo €L tétola Siktua to Q3 MOo0oTO AUTO auldvetal os 76%.

Mo mpoéodateg péBodol ival to LAD (Blacewicz et al., 2005), érmou uAormolel éva
OAYOPLOUO PUNXOVLKAG HABNONG, OMou HEAETA Kal AapBavel umodn Tig LBLOTNTEC Kall
™V dopn Twv apvoéEéwyv. H pEBodog autn eixe kahd amoteAéoparta (Q3 pe 70.6%)
KoL 081yNOE OE CUUMEPACHATO YLO TIC OXECELC TWV AULVOEEWY HETAELY TOUG, KAL TTWG

ennpealetal n poPAsPn tng Seutepotayous Soung Baon Twv LOLOTATWV AUTWV

Afloonpueiwtn eival kat ouvelopopd Twv Fevetikwv AlyopiBuwv otn emniluon tou
npoPAnuartog. Ot KJ Won, T Hamelryck (2005) oe pwa mpoonaBeta va auvérjoouv to
mMooootd  erutuxiag ekmaibevoav ta  Hidden Markov Models (HMM)
EVOWMOTWVOVTAC Toug MeveTikou AlyopiBuouc To MOCOOTO EMITUXLOC TTOU TIETUXOV

oe Q3 nrav nepinov 75% .

Amo 1o 2001, véeg puéBodol pe Support Vector Machines (SVM) (Ward et al., 2003)
(Kim and Park, 2003), epappootnkav yia thv mpoBAsedn tng Seutepotayouc SOUNG

TIPWTEIVWV.

Inuavtiky HEBodog mpoPAePng Seutepotayoug Soupng TPwTEivwy, elval n
npoPAedn twv Siedpwv ywviwv og cuvduacuo pe tnv mpoPAsdn tng deutepotayouq
Soung. O blebpeg ywvieg, elval ol YwVIeg TNG KOWNG payokokaAla¢ amd tnv omolia
amoTteAoUVTAL TA AULVOEEQ, elval Apeca ouoXeTI{OUEVEG Le TNV deutepoTayr doun
TOUG KOl CUVETIWG UIMOPOUV VO SWO0UV GNUAVTIKEG TTANPODOPLES yLa TNV TPLTOoTAYN
dopn ¢ mpwteivng. Ou Kountouris and Hirst (Kountouris and Hirst, 2009),
edapuolouv TNy mio mavw oéa: mpoPAEmouy Eexwplota kat tnv Seutepotayn doun
NG MpwTtotayous akolouBiag, ald Kot TG SlESPEC YWVIEG TNG PAXOKOKAALAG TWV
apwvoEEwv e TNV xprion duo poviéAwv Support Vector Machines (SVM). Zto mpwto
HOVTEAO, poBAEMETAL N EMIAOYN TNG KATnyoplag otnv omoia avrikeL To KABs apvofy
(H, E, L) kot mapopotla oto deUtepo HoviEAo mpoPAEmetal n katnyopia 6iedpng
ywviag otnv omoila avrkel. Xe KAOe ektéAeon, ta amoteAéopata KABs HovtEAou
xpnotlgormnolovuvtal ywa va auvérjoouv tnv €lcodo tou AGAAOU HOVIEAOU yla TNV

enopevn ektéAeon. H péBodog autr Sivel éva Q3 mocooto 80%.
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To Porter, eival €va véo cuotnua POPAePng Seutepotayouc SOUNG TPWTELVWVY UE
peyaAn akpifela (Pollastri and Mclysaght, 2004). Eival Baclopévo 0 apXLTEKTOVLKH
TNA pe apdidpoun avadpoaon (BRNN), ekmaidbevetar pe Oedopéva amd tnv
moA\amAn otoixton akoAouBwwv kot epapuolel @ATpaploua Twv MPOoPRAENOUEVWVY
akoAouBLwv Tou Siktuou, xpnotpomnolwvtog TNA pe avadpaon. TEAOC, yla va apeL
™V TteAkn mpoPAemopevn akoAouBia, ekmaldelel €va cUvoAo amo tEtolo Siktua
(BRNN), Eexwplota omou n teAkr akoAouBia umoloyiletal and tov HEco OpO TOUG.

To Q3 mocooto akpifelag tou Porter, sival 79%.

Mta amo Tig miio mpoodateg uhomolnoelg TNA, adopd tnv dnuoupyia duo emunmedwv
TNA (Cascaded Bidirectional Recurrent Neural Network) (Chen and Chaudhari, 2007).
Me &uo enineba TNA, oupmepllappdavouv Uumodn TOUG TIG UAKPLVEC
oAMNnAemidpaoelc petafl Twv apvoéEéwv, adol mailouv CNUAVTIKO POAO OTnV
avadimAwaon g MPwTEivng. Me TETOLA OPXLTEKTOVLKH T ATIOTEAECUATA TOU TTPWTOU
TNA (sequence to structure) eivatr n eicodog tou deltepou TNA (structure to
structure) pe amotéAeopa to Sevtepo Siktuo va @iAtpdpet Ta Sedopéva e€66ou Tou
npwtou OlKTUoU, KoTaAnyovtog ot Tio okplBr amoteAéopata. Ta Q3 mooootd
dtavouv péxpl kat 74.38% evw to SOV Score (Yrnokeddahato 3.4.2) eival o akpLBEg

o€ oLyKpLon Pe AAeg pebodoug (66,0).
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1.3 Neupwvika Aiktua

Ta Texvntd Neupwvikd Aiktua amoteAouv KOppATL Tou kKAddou tng MAnpodoplkig
ta omola edpopuolouvv Bewpieg Tou TOpéa TNG Texvnt¢ Nonuooluvng Kot Tov
YMOAOYLOTIKWV ZuoTnuatwyv. Kuplog okomog twv TNA eival va mpoBAépouv opBa to
QTIOTEAECHA HLOC HABNUATIKAG ouvaptnong. Meta tn Sekaetia tou 80 umnpée
HeyaAn avamnrtuén twv TNA kot péxpt onuepa epapuolovral pe HeyaAn emnttuyia os
moA\G kot Stadopa mMpakTikad mpofAnuata. Auth n peyaAn amnxnon twv TNA
odelletal Kuplwg OTO yeyovog OTL HOVTIEAOTOLEL TOV TPOMO Ae€ltoupyilog Tou

gykedalou.

O avbpwrivog eyképalo¢ amoteAel €va amd Ta HEYAAUTEPO HUOCTAPLA KOl
mepBAAeTOL Ao €va PEYAAO EPWTNUOTIKO WC TTPOC TOV TPOTO AELTOUPYLOC TOU.
MoANol MEAETNTEC KOl TELPAUATIOTEC aoXoAnOnkav kal mpoonmabnooav va
KOTOVO OOUV TOV TPOTIO TIOU OKEDTOUAOTE. Exel yivel peyaAn mpoodocg xwpic OpwG
va KataAdBoupe MANPWG ToV TPOMO Asttoupyiag tou. O avBpwrivog eykEPaiog,
OMwG yvwpilovpe A€oV, amoteAsitol amd EKATOMUUPLA VEUPWVEC, OL OTtoloL €ival
Kol ta Bactka kKuttapa tou eykedalou. KabBe BLoAoylkog VEUpWVAG amoTEAELTAL Ao
TO OWUQ, TO TIUPHVA, Tov afova, toucg devdpiteg kat TG cuvapelg. Kabe BloAoyLlkog
VEUPWVOC ETUKOWVWVEL PE AANOUG VEUPWVEG HEOW TwV cuvapewv. Aol umapel
KATOLo €pEBLOUA, TTOANG cuUVATTIKA SUVAULKA onpata, (SleyepTIKA I AVOOTAATIKA),
¢dtavouv otoug evdpiteg Twv veupwvwv. O BLOAOYLKOC VEUPWVAG TIALPVEL TA ONHOT
QUTA, Kol Ta enefepyaletol LECA OTO CWHA TOU. Ma va Ta EMeEEPYAOTEL, TIPETEL VAL
Ta OouvaBpoloel OTOV XWPO KAl OTOV XPOVO, WOTE Vva TAPEL  KATOold
QVTUTPOOWTTEVUTIKY T Yl TO OUVOAO TouG. Eav n tn auty eival kav va
gemepaoel To KATWPAL TOU VEUPWVA, TOTE SNULOUPYELTAL TO SUVAULKO eVepYELag,
dnAadn o veupwvag mupoPolel. Eav Opwg n tun Sev katadEépel va EemepAcel TNV
TR katwoAiov tou veupwva, tote dev mupoPfolel. ITnv cuvéxela, n mAnpodopia
Tou veupwva petadidetal oe dA\oug veupwveg péoa amo T cuvaels. Otav n
nmAnpodopia Pptdcel ot amoAReLg evog veupodtova, Tpokalel TNV ameleuBépwon
HLOG  XNUIKAG ouolag (veupodlafLBaoctig) oOTn  CUVATTIKY)  OXLOUA. OL
veupodLafiLBaotég petakivouvtal LA HECOU TNG CUVATTIKAG OXLOUAG OTO EMOUEVO

VEUPWVA OToU avayvwpiletal Kot SecpeveTal amo €LOLKEVPEVOUG UTIOSOXELG TNG
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€€WTEPLKNC EMLPAVELOG TNG KUTTOPLKAG HEUPBPAvVNC. Ot cuvaelg amoteAoUV TO TILO
ONUOVTIKO ONUELD TNG ETKOVWVIOCG TWV VEUPWVWY, YLOTL OUCLAOTIKA n cuvayn
TIEPLEXEL TN TAnpodopia TToU UMOopPEL va avayvwpiloel 0 PETACUVATTTLKOC VEUPWVAC.
O apBudc Twv Vveupwvwv OTwv avBpwrivwyv eyképalo eival otabepog kat
Snuoupyeital otov avBpwmnd amod T yévvnon Tou Kol eivat mepimou 100
SloeKATOUHUPLA VEUPWVIKA KUTTApA. AUTO Ttou aAAAleL oTn Topeia Tou avBpwrou
otn {wn elval ol cuvdeoelg PeTafl TwV VEUPpWVWY. OL CUVOECELG EMLTUYXAVOVTOL
HEOQ QMO TIC EUTELPLEC TOU KaL T padnon mou amoktd. H duvaun tTwv cuvapewv
OUTWYV, TPOTIOTIOLE(TAL CUVEXWG ME TNV HABNOoN, yL autd Kal n KatdAAnAn padnon
umopel va mpoodlopioel Ta KataAAnAa Bapn Twv cuvAPEWV WOTE va TIEPVOULV 1 OXL
OUYKEKPLUEVEC TTAnpodopiec. MoAol veupwveg pall dnuioupyolv €val VEUPWVLKO

Siktuo.

Ta TNA amoteloUv £€va UTTOAOYLOTIKO HOVTEAO Tou TpooTtaBel va MPOCOUOLACEL
KOTAL KATIOLO TPOTIO, TOV TPOTIO AELTOUpyLag ToU eyKePAAOU. To HEYAAO TTAEOVEKTN A
Twv TNA elvat ott  onw¢ otov avOpwrmivo eyképado, SLadopeg AeLToupyleg
ekteAolvTal TapAAAnAa Kol Apo UIMOPEL va avTlpeTwiosl Ta Stadopa mpoBAnpata
TIOAU ypriyopa Kol He TIOAU £€eLSLKEVIEVO TPOTIO Me TOV TPOTO QUTO UTTOPOUME Vol
AUooupe mpoPAnuata peydAou peyEBoug, acadn kot TOAUTAOKA o€ avtiBeon pe
TOV KAQGOLKO TIPOYPOUUATIONO OTIOU N OELPLOKI EKTEAECN TWV UTOAOYLOTIKWY

KAVOVWV &gV EMLTPETEL TNV YPNYOPN Kal arnodoTikr enilucn To MpoBAnUATwWV.

Akoun €va peyalo mAcovéKTNUa twv TNA €lval to yeyovog OTL péca amd T
mAnpodopia mou to Sivetal to Siktuo pabaivel kal mpooapuoletal availoya Kol
HEoQ oo TN HABNoN LEWWVEL TO AAB0G. AUTO TO KAVEL VA EVEALKTO, OVEKTIKO 0€ AdOn
Kol Tou TtPoaiBEeL TNV LKAVOTNTA VA YEVIKEVEL, adou ekmaldeuTel 0€ KATIOLO GUVOAO

Sebopévwy.

Onwg daivetal To MO ONUAVTIKO KOPUATL Twv TNA eival n uadnon. Méoa ano tn
HAaBnon to Siktuo ekmatdevetal Kot poabaivel va TPoPAETEL CWOTA TO ATIOTEAECUA
plog ayvwotng mpog autod akolouBiag Sedopévwy. Yridpyouv tpia €idn pabnong kat
ouvenwe Ttpla Oladopetikd €idbn TNA. OL TPELC QUTEC KOTnyopleg eilval n

eTUBAENOUEVN, N UN EMPBAETIOUEVN KOL N EVIOXUTIKN HAOnon.
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Itnv emBAenouevn pabnon €xoupe to poAo evog Sdackdlou. O ddaokaAog eival
urtevBuvog va ekmadeloel To cUOTNUA TAVW o€ €va cuvolo Sedopévwy (training
set) omou n emBupunt £€€0do¢ (amotéAeopa SikTUoU) gival yvwothH oUTWC WOTE va
HABeL, oAAG emtiong Kal og kaBe AaBog mou Kavel, Tov SlopBwvel Aéyovtag Tou Tola
elval n owotn amnavinon. Otav teAelwoel n dacn ¢ ekmaidbevong tou Siktuo,
Slvetal emiong €va ouvolo Sedopévwyv emalnbeuong, To omolo amoteAsital amo
nmAnpodopieg mou dev €xel Eavadel to cvoTnUa, AANA TTOU £XEL LAOEL TTOPOUOLEC
Tou¢ amo TtV ¢aon eknaideuong tou. Me autd to cUvolo Ba afloAoyoUue TNV

LKovotnTa padnong tou Siktuou (yevikeuaon).

TNV EVIOXUTIKN HABnon 6ev €xoupe SAOKOAO OAAG KPLTH, O OMOLOG KPIVEL TIC
€TAOYEG TOU SLKTUOU yla pio oslpd dedopévwy mou tou Sivovtatl. AnAadr oe kabe
EVEPYELQ TOU TO SikTUO avtapeifetal av mRpe T cwotn anodaon Kot TIHWPELTAL oV
niApe ™ AdBog anodaon. Me autd Tov Tpomo to Siktuo pabaivel otnv ovcia péoa
armo tn avrapolPr], MOLEG elval Ol CWOTEC Kal ToleG AABoC eVEPYELEG OTNV £miAuon

€VOC OUYKEKPLUEVOU TIPOBARLOTOC.

Itnv un erBAenopevn pabnon dev €xoupe oute To pOAO Tou Sackalou aAAd oUTe
TO pOAo Tou Kpttr). Emiong n emBupnt £€€060¢ Tou Siktuou Sev elval yvwotn. TOX0C
QUTAG TNG Habnong eival va opadonoliost ta Sedopéva eLcodou Tou Tou Sivovrat
HE BAON TA KOLWVA TOUG XOPOKTNELOTIKA. XpnoLUOToLeital Kuplwg yla mpoBAnuata
Katnyoplomoinong, omou 8edopéva e TAPOUOLEG LOLOTNTEG TomoBeTouvtal padll

SnuLoupywvtag opadeg.

TN OUYKEKPLUEVN OSutAwpatik epyaciocc Ba  acxoAnBoUpe Kuplwg HE TN
emuPAenopevn pabnon, adol Ba xpnowpomowjooupe éva Bidirectional Recurrent
Neural Network (YrmokeddaAato 2.1) yia eknaidevon kat Siktuo Radial Basis Function
(YrmokeddaAaio 4.3.2) yla GATpApLopa, OWE EMIONG KAL KATA €V UEPOCG HE TN HN
emBAenopevn ota npwto otadlo tou PATpapiopatog 6mouv Ba XpnNOLUOTOLCOUE

Xaptn avtodlopydavwong Kohonen (YrokeddAato 4.3.1).
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1.3.1 Apxttektovikr) NeupwvikoU AiktUou EmiBAenopevn Mabnong

Mta apxtkr) povteAomoinon evog BLOAOYLKOU VEUPWVA, N OTOLOl TIPOCOUOLWVEL TOV
TPOMO A€LTOUPYLOC TOU HE TOV TPOTO Tou €€nynOnke otnv mponyoluevn oeAida,
wWoTe va dSnuioupyouv SiKtua VEUPWVWY, TO omola €ival Lkava va pabouv Kal va
yevikeuoouv TAnpodopieg mapouoldotnke amo tou¢ McCulloch & Pitts (McCulloch
and Pitts, 1943), oL omoiol TMapouciacav €va TUTLKO HOVTEAO €VOG TeXvNnTOU

VEUPWVA, OTIWC PailveTal KoL arno To oxiua 1.4.

weights
inputs

% ()
activation

functon
X 0 net inrput
- net.
J .
2 @ —a
X @ activation
] —
transfer
: function
. 0
" threshold

Sxnuo 1.4: To povtédo texvntou veupwva McCulloch & Pitts (Ané McCulloch and Pitts,
1943).

OL diadopeg eloobol tou veupwva maipvouv T mMAnpodopieg elcodou. Kabe
€loob0¢ Tou veupwva, avtLloTolxileTal e KATIOLO CUVATTTLKO BAapog, SnAadn pia Ty,
N omola AVTLMPOCoWIEVEL TNV SUvapn tng cuvayng evog Blodoyilkol veupwva. Adou
0 VEUPWVAG TIAPEL OAEG TIG ELGOSOUC, TOTE AUTEG cuvaBpoilovtal HEcO OTO WO TOU
veupwva pe Baon tnv eflowon 1.1, kat avaloya Le To PBApPOG Mou €xeL n KAOe
€l0060¢. Mg TETOLO TPOTIO HOVTIEAOTIOLELTAL N XPOVLKI) cuvABpolon avaoTAATIKWY Ko

SLEYEPTIKWYV ONUATWYV TIOU €pXOVTaL O€ Eva BLOAOYLKO VEUPWVAL.

H extipnon Twv TIHWV Twv cuvamtikwy Bapwv evog TNA ouctaotikd Sivel Eéva Bapog
pe 1o omoio Ba AndBel unodn n ocuykekpLuEvn eicodog otnv Xpovikr cuvabpolon

TWV onuatwy, 6nAadn povteAomolel TNV €vvola Twv SLEYEPTIKWVY KOL OVOOTOATIKWV
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onuAtwv. H EmAeKkTIKOTNT QUTA TOU VEUPWVA, Elval XOPAKINPLOTIKO TwV

BLOAOYIKWV VEUPWVWYV KAl HECW QUTAG ETILTUYXAVETAL LABNnon.

L
H = Z e
i=1

Efiowon 1.1: Eéiowon L0060V OTOV TEYVNTO VEUPWVA, OTTOU Xi N TN ELGOSOU KAl Wi 1) TLUN
ToU Bapoug tou veupwva i. H eéicwon autr avtiotolyei otn transfer functiontou oxnUATOS

1.4.

Oupwg, adotou yivel n ouvabpolon, MPEMEL v eAeyXBel KOTA MOCO N TIUR OQUTA
Eemepva N OXL TOo KATWAL TOU VEUPWVA, WOTE VA TTUPOBOANCEL 1] OXL avtioTolya.

AUTO povtelomoleital pe Tnv BonbeLa oG cuvapTnong Evepyomoinon.

1 ifu>0
Y=V0 ifu<o

E§iowon 1.2: H ocuvaptnon katweliou, omou & n tiun tou katw@Aiov kat u n €éodog Tou

TEXVNTOU VEUPWVA.

H 1o amAr ouvaptnon evepyomnoinong eivat n cuvaptnon katwddAiou, mou pubuilet
Vv £€€060 €vOg veupwva avaloya pe éva katwoAl 8 (E¢lowon 1.2). Av n Tiun u ivat
TIAvwW amo tn T 6, Tote o veupwvag upoPolel, av oxL tote Sev mupoPolel. Opwg
N 7o MAVW ouvaptnon mapouciace MOANA cofapd TMPoPARUaTa XPriong HUE To
ONUOVTLKO TO YeEYOVOG OTL &ev UMmopel va AUCEL UNn YPAUULKA TpoPAnuata.
EVOAAOKTLKA XPNOLUOTOLOUME GUVABWG TNV OLYMOELSr) ouvapTtnaon, 1 KAmola GAAn

mapaywyilolun cuvaptnon ¢ yla evepyomnoinon tou veupwva (E€lcwon 1.3).

n
Yy = ¢‘) Z Wy
i=1

E§iowon 1.3: To amotédeoua e£660U €VOC VEUpwWVA, OMOU @ N MApaywylolun ocuvaptnon

gvepyormnoinang.
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o ToV OXNUATIOUO EVOG VEUPWVLKOU SLKTUOU, EVWVOULE TEXVNTOUC VEUPWVEC TUTIOU
McCulloch and Pitts (] kamolo AAAO HOVTEAO veupwva) PETOEL TOUG, WOTE va
oxnUatiotouv emineda and VEUPWVEC, OTIOU O KABE veELPWVOC EXEL TIC SLKEG TOU
€l006oug, ta Slka tou PBapn kat tnv Sk tou €€odo. Tétowa Siktua eival ta
perceptrons KoL UAOTIOLOUVTAL UE N YPOUUIKOUC veupwveg Tumou McCulloch and
Pitts. Ymapxouv tpia €i6n apyitektovikwyv TNA TOU UmopouV vol oXNUATIOTOUV KOl N
KAOe opXLTEKTOVIKA) Hmopel va xpnolpomolnBel oe Sladopetikd mpofAnuarta,

avaAloya pe tnv dpuon Tou TPoPANUATOC, TIC L00S0UG Kal TI e€680UG Tou.

Ot veupwveg TwVv TNA, omwc £xou e tpoavadEPEL, Elval UTTOAOYLOTIKEG LOVASEG, oL
ormnoleg umoAoyilouv pla cuvaptnon e€66ou BAceL TNG ELCOSOU TOUC yLa KATIOLA
OUYKEKPLUEVN oTlyur). To TNA cav oUvoAo, eival pia cuvadpoLon Twv CuvVapTHOEWY
€€060u Tou KABe veupwva, yla KaBe elcodo Tou SikTUOU, WOTE VA HETACKNUATIEL
TIC eLl0060UC o€ pLa cuvaptnon e€66ou n omola Agyetal Kot cuvaptnon diktuou
(Rojas 1996). H cuvaptnon auTr UMOpPEL va TPOOEYYLOTEL HEOW TNC ekmaideuonc,
Xpnotpomolwvtog ta cuvola ekmaidsuonc. To mpoBAnua padnong, ivat to
npoPBAnua t¢ BeAtiotonoinong Twv Bapwv PETAEL TWV VEUPWVWVY Tou SIKTUOU,
WOoTE va tpoaoeyyilouv 000 To SuVATOV KAAUTEPO TNV cuvaptnon auth. Etol, otav
karmola eilcodog mapouotlaotel oto Siktuo, n onoia dev Bplokdtav oto cUVOAO
ekmaibevong kat dpa to Siktuo dev TnV £xeL LABEL, MPETEL TO SiKTUO va glval Lkavo
va pooeyyioel KatdAAnAa tnv €£060 TNG VEAG AUTHG EL0O0S0U, XPNOLUOTIOLWVTAG TNV
ouUVAPTNON TOU SIKTUOU. ZUYKEKPLUEVA, AUTO TTOU BEAOULE VA KAVOU LE Elval va
€AAXLOTOMOLCOUHE TNV cuvaptnon AdBoug Tou SLKTUOU EAAXLOTOMOLWVTAG TO
odaApa rou nmpokaAel kaBe elco60¢ 0To SIKTUO. ZUVOTTTLIKA, OAQ Ta TIPORAR AT
npoBAedng ta onola kaAeital va Avoet éva TNA, Abvovtal Pe TV 1o mavw pébodo,
adou kaAolvtal va BeATIOTOMOLCOUY KATToL cuvapTtnon (mpofAnuata

naAwvépounong, katnyoptlonoinong).
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1.3.2 NoAvotpwpatika diktua perceptron EUnpocOLoU MEPACHATOG

e éva moAuotpwpatikdo TNA gumpocBlou mepaopatog, kKabe veupwvag tou TNA
EVWVETAL UOVO HUE VEUPWVA TOU EMOMEVOU eTuméSou. Ito Ixnua 1.5 pmopouue va
60U e OTL KABE VELPWVOG AVOTTOPLOTATAL OO €val KUKAO Kol KABe akur cupBoAilet
TO BAPOG TOU OUYKEKPLUEVOU Veupwva. Emiong pmopoUpe va So0UUE OTL uApXOUV

tpla enineda, o eninedo el06dou, 10 eninedo e€66ou kal to kpudo eninedo.

input values
input layer
hidden layer
output layer
output values

Sxnua 1.5: Eva moAuotpwuatiko Siktuo perceptron eumpooiou MEPACUATOC LUE EVA KPUPO

eninebo.

Ta MOAUOTPWHATIKA SIKTUA EUMPOCOLOU MEPACUATOC AmoTEAOUVTOL QMO TO eninedo
€l0660uv, 10 omnoio dev eival evepyd eminedo adol anmAd petadépel ta dedopéva
€l06860u oto biktuo, £éva evepyd eninedo €£660u Kal €va 1 TEPLOCOTEPA «KPUDA»
enineda. Na onuelwBbel otL ta kpuda enineda eival evepyd enineda mou Bpiokovral
HETaEL Twv eTNESWV €€060U Kal £L0080U. e €va SIKTUO EUMPOCcOLlou MEPATUATOC,
n mAnpodopia kat n emefepyaocia apyxilouv amd 10 eminedo el0o6dou Kol
petadibovral unpootd oe kABe eninedo tou Sdiktvou. Apa n eloodog kAabe veupwva
efaptdtal pévo amod tnv €060 Twv TMPONYOUUEVWV TNG VEUPWVWYV, EVW TO
anotéAeopa tou Slktuou e€aptdtal amd Toug VEUPpwVEG €€060U. H apXLTEKTOVLKA
kamowou TNA efaptdrtal dpeoa amnod 1o mpoPAnua riou BéAel va AVoeL. AvaAoya HE TN

TLOAUTTAOKOTNTA TOU TPOBANUATOC TIPEMEL VA KAVOUUE OwoTn €miloyr aplOuwv
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Kpudwv emMESWY, OMwWE eniong Kal owoth emhoyn aplBuol veupwvwyv. Meyalog
aplOuog veupwvwv 1 Kpupwv eninedbwv pmopel va Tpoodwoel TEPAOTLA
TLOAUTTAOKOTNTA KOL VO NV KatadEpel va AUCEL TOo TPOPBANUA. AKPWE ONUOVTIKA
Stadikaoia eivat n KAtdAAnAn mPoepyaoio TwV EL0OSWV auTwv. AUTO YIVETAL PE TNV
KaTAAANAn  kwdlkomoinon Kol Kavovikomoinon avaloya pe To €idog¢ TOU

TPOPBANUATOG TO OO0 KAAOUUAOTE VoL AUGOULE.

H eknaibeuon twv mo mavw TNA, pumopel va yivel pe tov aAyoplBuo pabnong mou

daivetat oto Ixnua 1.6, dedopévou OtL Exoupe emIPAenopevn padnon.

1. Apyxwkomoinon Bapwv Kot KATWPALOU pE PLKPEC TUXALEG TIHEC.

2. Mapouociaon elc6dou Kal eMOUUNTOU OMOTEAEGLOTOG.

Eloodoc: x0, x1, x2, ..., xn EruBupuntn €€odoc: d(t)

3. YmoAoylopOg MPOyHATIKAG TG €060U.
y(t) = f [wO(t)x0(t) + wi(t)x1(t) + w2(t)x2(t) + ... + wn(t)xn(t)]

ornou f() n ouvaptnon evepyornoinong tou biktuo

4. Tpooapuoyn Twv Bapwv He ToV Kavova SEATA.

wi(t+1) = wi(t) + nAxi(t), drmou A = d(t) — y(t)

5. EmavaAnyn ano to BrRua 2 evoow:
a) O alyoplBuocg dev £xel cuykAivel R

b) Ymapyouv akoun debopéva yla eknaideuon.

Zxnua 1.6: AAyopiBuoc uadnong perceptron, omou xi n eicodo¢ otov veupwva, wi to Bapog

TTOU avTLOTOLYEL OoTNV €(0060 Xi.
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1.3.3 NoAuotpwpatika diktua perceptron pe avadpaon

Mua SeUtepn apxLtekTovik TTOAVETMESWVY SIKTUWV perceptron eival ta diktua pe
avadpaon, kat Stadépouv amnod ta diktua epnpodoblou MEPACUATOC OTO YEYOVOG OTL
UTIAPXOUV KATOLEG OUVOEOELC METAEU Twv emméSwv tou OIKTUOU Ol Omoleg
Snuoupyouv kateuBuvopevoug kUKAouG. Ta Siktua pe avadpaon eival éva idog

VEUPWVLKWV SIKTUWV ELOIKA yla Suvautkeéc epaployEg.

Jta Siktua pe avadpaon, yivetal povtehomoinon tn¢ aioBnong tou ypovou. H
OPXLTEKTOVLKA TOUC £ival TETola WOTE N €l0080¢ Tou SIKTUOU O KATOLA XPOVLKNA
OTLyUr, VO amoTeAeltal and Ta Xopaktnplotika Sedopéva €l00b0uU, Kol amod TIG
€€060UC KATIOLWV VEUPWVWYV ULAC TIPONYOUUEVNC XPOVLKNAG OTLYUNG. Apa To Siktuo
urmopel va povtedomolel TNV évvola NG MvVAUNG, adou kabBe véa eilocodog

enegepyaletal £xovracg umoyn Ta AMOTEAEGUOTA TNG TTPONYOULEVNG OTLYUNAG.

Eva Mapadelypa HLOC TETOLAG TUTILKNAC OPXLTEKTOVIKAG Snuwoupynbnke amo tov
Jordan (Jordan, 1986) 6nwg daivetal kat oto oxAua 1.7. NMou OpWG UTAPXEL N
BpaxumpoBsopun pvnun; H pviun povtelomoleital pe tnv epapuoyn twv context
units, oL omoiol eival umevBuvol va Kpatouv tnv TAnpodopia e€6dou NG
T(PONYOUEVNG OTLYMNG, KL CUVETIWG €lval LooL Pe Tov aplBuo Twv veupwvwy e£68ou
Tou Siktuou. Quoika, ota context units, UTLAPXEL N €vvola TNG TOTILKAG avadpaong,
SnAadn n mAnpodopia moAamAactaletal pe pia Xpovikn otabepad. Oco 1o peyain
elval n xpovikn otaBepd, 1000 MLo TOAU OL context units KPOTOUV TNV CUYKEKPLUEVN
mAnpodopia. EKTOC Twv TOMIKWY OvadpAcEwv, UTIAPXOUV KAmola «Bapn» OTLG
avadpaacelg amno to eninedo €£660u ota context units. Ta Bapn auta eival otabepq,
wote va punv aAlalouv tnv €€0do. Zuvenwce, ota Siktua Jordan n €€odog karmolag
XPOVLKNG OTyung dev e€aptatal LOvo amo tnv tpExovca €icodo tou SikTtuou, aAAA

KoL oo tnv mponyouuevn €€obo.
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ofpts

Inpnts

Sxnua 1.7: Jordan biktuo ue avadpaon. Mapatnpeital OTL UMAPXEL N TOTILKY avadpach Twv

context units (Ao Jordan, 1986).

To 6iktuo pe avadpaon tou Jordan, £xelL €va pelovéKTnpa. To emnimedo e€66ou sival
TIEPLOPLOUEVO OO  Ta  emBupntd amoteAéopata. Mo  KAMwE KAAUTEPN
OPXLTEKTOVLKN Elval N OPXLTEKTOVIKN VEUPWVIKOU SlKTUOU pe avadpaocn amd Tov
Elman (Elman, 1990), n onoia ¢aivetatl oto oxAua 1.8. I AUTAV TNV APXLTEKTOVIKN,
UTTAPXEL KoL TTAAL To context layer, kal n avadpacon, avti va fekva amo tnv £€€odo
Eekva amo to Kpudo emimedo Kal mnyaivel iow oto context layer. H avadpaon
Aoumov yilvetol €vtog OktUou, PE QmOTEAECHA oL Veupwveg e€odou va elval
«gAevBepoly. ‘Ocov adopd TO MoLA APXLTEKTOVLKI) XPNOLUOTOLELTAL, EXEL VO KAVEL UE

10 £l60¢ TOU MpoPAnaTOC Kat TNV oxedlaon Tou SikTuou.

QUTPUT UNITS
| |
4
/!
| _ HIDDEN UNITS
b T
Il.l ~ . ".\
Fl T - ~ \".:
’ " m . #
| | | |
INPUT UMNITS CONTEXT UNITS

Zxnua 1.8: ElIman Siktuo ue avadpaon (And Elman, 1990).
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1.3.4 AAyOpLOpo¢ padnong pe avaotpodn petadoon Adboug

O aAyoplBuog pabnong avaoctpodng petadoong Aaboug ival évag adyoplBuog yla
eknaidevon TNA. Eivat pia pébodog emiBAenopevng pabnong Kot pia uAomoinon Tou
yvwotou kavova SéAta. O aAyoplBuog meplypadetal péca amnd dvo ¢aocels. H
npwtn ¢daon Aéyetal eunmpooctia. Katd tnv ¢daon auth éva éva ano ta dedopéva yla
eknaidevon tou mpoPAnpoato¢ umaivouv oto Siktuo. Na onuewwBel OtL yla ta
OUYKeKpLUEVa debopéva eloddou, n emBupnt £€€odoc¢ lvat yvwotn (emiBAenouevn
pnadnon). Adol ot umoloylwopol yivouv oe OAa ta Kpudd emimeda tou SikTUOU
umoAoyilovtal oL TIUEG TWV VEUPWVWV €060V yla TNV TpExouca ekmaibeuvon. Itnv
OUVEXELX Tapouotaletal n emlBupnt) €€060¢ Tou SIKTUOU yLO TNV CUYKEKPLUEVN
€l0obdo, ouykpivovtal oL TIMEC Kal pe Baon tnv otoTloTikn HEBOSO Twv HECWV
TETPAYWVIKWV glaxiotwv (Least Mean Squares, LMS), unmoAoyiletal to avtiotolyo

odpaipa (e€lowon 1.4).

E=1/2 z(:pj — 0,;)°
j

E§iowon 1.4: To uéoo TETpaywviko o@dAua, omou tpj n emSuuntn €éodog tou veupwva

e€obou, kat opj n npayuatikn é€060¢ ToU veupwva.

Kata tnv deutepn daon, n onola Aéyetal avaotpopn UeTadoon o@aAuatog, yivetal
€val MEPACHA TOU SIKTUOU TPOG Ta TIiow, WoTe To AdBog mou uToAoyloTnKe OToUG
VEUPWVEG £€060U va petadepbel mpog ta miow, kot avaloya pe to Aabog va yivel
KOl n avtiotolyn mpooapuoyn Twv Bapwv tou diktuou. H mpooappoyn twv Bapwv
TOU SIKTUOU YIVETAL UE TOV YEVIKEUUEVO Kavova déAta (Werbos, 1974, Rumelhart,
1986). OL eflowoelg ou xpnolgormolouvtal yla tv 6opbwon twv Boapwv Tou
Sktuou umoloyilovtal pe Baon tv HEBodo katdafaong KAiong, tov kavova S€Ata,
™mv pEBOSO TETPOAYWVIKOU OGAAMATOG KoL TNV OUVAPTNGCN EVEPYOTIOiNONG
(AyaBokA€oug, umtokedpaiato 3.3.2, 2009). O tumog ya TNV aAlayni Twv Bapwv Twv
veupwvwyv €€66ou daivetal otnv €iowon 1.5, evw o TUMog aAAayn¢ Twv Bapwv Twv

VEUPWVWV Tou Kpudou erunédou, daivetat otnv e€lowon 1.6.
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0pj = Opj (1- Op;) ( Ty - Opy)

Eiowon 1.5: YmoAoylouoc tou o@AAUATOC yla TOuG VEUpWvee £€obou, omou Opj n

npayuatikn £€é060¢ tou veupwva j (eéiowon 1.3) kat &,n emduuntn tun eéédovu.

E§iowon 1.6: YroAoyiouog tou oQaAUaToc yio TOUC VEUPWVEG KpUPWVY eMITESWV, orou Opj
n mpayuatikn €€060¢ TOU VEUPWVA j, SpK TO OQPAALLN OTTO TOV VEUPWVA K 0 OToL0¢ gival
ouvbebeévoc e Tnv £€odo Tou j kat Sibetal amd tnv eélowon 1.5. Wik eivat to Bapog
UETAEU TwV SUO QUTWVY VEUPWVWV.
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1.3.5 Ensemble of Neural Network

‘Evag dAAog aAyoplBuog padnong TNA eivat o cuAAoyLlkOg alyoplBuog (ensemble).
‘Eva ensemble TNA opiletal w¢ pia cuAoyn and avefdptnta VEUPWVIKA Siktua ta
omola cuvepyalovtal He OKOMO TNV av&énon Tng YEVIKEUON O OX€ON ME AUTH TOU
umopel va emiteuxBel pe €va kat povo Siktuo. O aAyoplOpUog auToG TPOCUELWVEL
oTnV oucia TNV €vvola TNG CUVEPYOOLOG KoL TNG CUAAOYLKNG TtpoomaBelag. Itnv
npaypatikn Iwn, otav €XoUHME vo. AUCOUME KArmolo coPapo TMPOoBAnpo KAVOUUE
ouvedpia OMou aKOUOVTAL Ol YVWHEG OAWV TWV HEAWV KAl OTO TEAOC TOLPVETAL PLa
opodwvn amavrnon, mou to Lo nibavov Ba sival kat KaAUTEpN amnod tnv anodoon

€VOC aTOUOU.

‘Etol oUpdwva pe to alyoplbpo autd cuvdualoupe MOAAA veupwViKA Siktua padl
Snuoupywvtag €va TLO HEYOAO VEUPWVIKO SIKTUO TIOU TO QmoTéAsopa tou Ba
umoAoyiletal AapBavovtag untoyn ta anoteAéopata OAwv Twv TNA cuMoyika. Me
TO oUVSLOOUO AUTO UIMOPOUUE va BEATLWOOUUE Kal va SLopOwooUUE TO TOCOOTO

gmtuyxiog mou Ba gixe pOVO €va VEUPWVIKO SiKTUO.

Yrnidpyouv Stadopot Tpomot yia va cuvduaoTtolVv ToANA veupwvika Siktua pall. Ta
Siktua prmopouv va €xouv T L6la apxLtekToviki 1 va SltadEpouv avaioya AvVTa Ue
To MPOPANUA TTou €xouv va emtAoouv. Eniong n teAkn amodacn tou cuAAoyLkoU
VEUPWVLKOU SLKTUOU umopel va emihexBet e moAAoUG TpOmouG. TETOLOL TPOTOL €ival
oL average, weighted average, Bayesian averaging, voting, rank-based mou Ba

avaAuBouv kal Ba xpnotpomnolnBouv ota enopeva Kepahala
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1.3.5 Mn emuBAsnopevn pabnon

Onwc¢ npoavadpEpOnke otn un emiBAenopevn padnon dev €xoupe kAmolo SAcKaAo
mou paBaivel oto diktuo éva cuvoho dedopévwy, ylati otnv oucia dev yvwpiloupe
v ermbupunt) €€odo. AvtiBeta péoa amd tnv ekmaibeuon tou mpoomabel va
opyovwoel Ta SeSoUEVO O€ KATNYOPLEG avVAAOYA LIE TA KOLWVA TOUG XOPOKTNPLOTLKA,
oUTwG wote otav tou 6oBel €va kalvouplo, Ayvwoto cUVoAo Oedopévwy, va
TipooTaOroeL va To oplosl avaloya Pe autd ou nén yvwpllel, TomobeTwvTag Kovtad
oe Pl opada Tou EXEL KOWA OTOLXElO. € QUTA TN Katnyopio avikouv Kal

autoopyavoU pevol xapteg Kohonen ( Haykin Simon, 1999).

Ol autoopyavoupevol xapteg Kohonen (Self-Organizing Maps SOMs) mapayouv pLa
avtloTolyia amd tov MoAudLaotato xwpo o€ éva Siktuo veupwvwy (ZxAua 1.9). To
KUPLO XOPpAKTNPLOTIKO TwV SOM eival ot Statnpouv TNV TormoAoyia, onoTe YELTOVIKOL
VEUPWVEC OVTLOTOLYOUV 0t mopopola mpotuma. Ot SOM  opyavwvovial WG
povodiaotata ) dtodtdotata Siktua. AvtiBeta pe ta MLP diktua mou ekmaldsvovtal
HE Tov aAyoplBuo back-propagation, ot SOM é€xouv veupofloloyikny Bacn. Xtov
eykédaAo Twv ONAACTIKWV TA OMTIKA, OKOUOTIKA Kal odng epebiopata
xoptoypadouvrtal os eninedo KuTtapwv. H tomoAoyia Siatnpeitat: av ayyiéoupue
UEPN TOU cwpatog Tou Pplokovtal kovtd, Ba evepyomolnBolv opddeg KUTTAPWY

Tlou Bplokovtal emiong Kovta.

& e

./

Zxnua 1.9: Xaptnc Autobiopyavwang Kohonen
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OL Kohonen SOM eival amotéAeoua NG cuvepylog TPWV Bacikwv Sladlkaolwv:

Avtaywviopog, Zuvepyaoia, Avtauolpn.

Itn ¢aon TOU aviaywviopou, ot KAaBe veupwva Ttou SOM amodidetal £€va
Stavuopatiko Bapog Staotacswv N iong pe pe dtaotaon tou Setypatoxwpou. Kabe
TPOTUTIO £L0OS0OU CUYKpPIVETAL PE TO BAPOG KABE veEUpWVA KAL O VEUPWVAG HUE TO

TANGLEOTEPO SLAVUOUATIKO Bapog (eAayiotn sukAsidela amootaon) avaknpUooeTal

VIKNTAG.

Itn ¢$Aon TNC CUVEPYAOLOG N EVEPYOTIOLNGN TOU VEUPWVO-VIKNTH SLOXEETOL OTOUC
VEUPWVEC TNG YELTOVLAG TOU. AUTO ETILTPETEL N TOMOAOYLO KOVIIVWV VEUPWVWY Va
yivel evaioBntn oe mapoduola mpotuma. H andotacn amnod To VIKNTH oTnV TornoAoyla
Tou SiktUou opiletal w¢ ouvaptnon tou MANBoUG Twv CUVEECEWY HE TO VIKNTH. To
HEYEDOG TNC YELTOVLAG lval apXLKA PEYAAO AAAQ CUPPLKVWVETAL HE TO XPOVO KaOwG
HEYAAN Yeltovid onuaivel Slatipnon Tng TOMOAOYLOG, EVW HLKPOTEPN ETILTPETEL

e€e16lkevon Twv VEUPWVWV.

Itn $aon ¢ avtopolBAg Katd TNV ekmaibeuon, o VIKNTAG Kol oL YE(TOVEC Tou
npooapuolouv ta BAapn TOUG VOl MOLACOUV TILo TIOAU OTO MPOTUTO £loaywyng. O
KQVOVOG TIPOCAPUOoYNG €lval mMapopolog autoU TNg avVTOYWVLOTIKAG padnong. Ot
VEUPWVECG TIOU BplokovTal TIO KOVIA OTO VIKNTH Tpooapuolouv ta Bdpn Ttoug
TIEPLOCOTEPO ATIO TOUG TILO MOKPLVOUG Kal cUHdwva Ue Tnv e€lowon 1.7. To péyebog
T(POCOPUOYNG EAEYXETAL QIO TO OUVTEAEDTH LABNnong mou e€aoBevel pe TO XpOVO yLa

va e€aodalioel cUykALon tou SOM.
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H eknaibeuon twv o mavw TNA, pmopel va yivel pe tov alyoplBuo pabnong mou

daivetat oto oxnua 1.6, Sedopévou OtL Exou e eMIPAenOpEVn padnon.

1. Apyxwkomoinon Bapwv Kot KATWPALOU pE PLKPES TUXALEG TIHEC.
2. EmavélaPe wootou umdpéel cUYKALON.
20. EnéAege mpoOTUTIO LGOS0V X,

(i). Eméle€e tn povada mou HOLAlEL TEPLOOOTEPO OTO X,

(LkpdTEPN euKAeldeLla amdoTaon)

(ii). Mpoodppooe Ta PApn TOU VIKNTH KAl TWV YETOVWY TOU
oUpdwva pe tnv e€lowon 1.7
2b. Meiwoe tov teheotn pabnong n(t) (e¢lowon 1.8)

2c. Melwoe tn yewtovid o(t) (e€lowon 1.9)

Sxnua 1.10: AAyopiduog exknaideuong SOM, omou xi n eicodo¢ atov veupwva, wi To Bapog

mou avtiotolyel otnv €icodo xi.

hh{t}=exp‘. -%‘

Onou dy=andotacn UETAlU wW;KaL Wy.

Eéiowon 1.7: Zuvaptnon opLoUoU TNG YELTOVLAG.
()
n(t)=ngexp| - - |
\ W

OMmoU  Ny=apXLKOC OUVTEAEDTNC uadnon T.=N,lter/log(Radius)
Radius=MapSize/2

E§iowon 1.8: Kavovac ueiwang tou ouvteAeatr uadnong.
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o(t)=Radius*exp(- T_tl)

orou k=aptdudc emavainync

Efiowon 1.9: Kavovac ueiwaonc the yettoviac.

1.3.7 Radial Basis Function Aiktuva

Ta Radial Basis Function &iktua (RBF) gival éva €idog TNA mou xpnotpornolel radial
basis functions (2uvaptroelg Afovikn ¢ Baong) wg cuvaptnon evepyomnoinonc. Ta RBF
Siktua ouvnBwc amotehovuvtal amno tpia enineda. To eninedo ewwddou, Eva kKpudo
eMinedo pe Ml PN YPOUMLK OUVAPTNON €vepyomoinong, mou ouvnBwg eival
Gaussian, kot to eninedo e€66ou mou eival ypappuLko. To eninedo el0060U KATAVEUEL
o\a ta Sedopéva el00dou og OAoUC Toug KOPBOUG Tou Kpudou emumédou. 2to Kpudo
eninedo kAaBs vevpwvog amoteAel €va KEvtpo. Ta KEVIpA avtlkatomtpilouv tnv
Katavopr twv dedouévwy oto xwpo. Ta Sdedopéva xwpilovtol oe opadeg yla va
KatavepunBouv ota KEvTpa, cuvnBwC Pe TN Xprnon un emBAENOUEVNG LABNONG TT.X.
He ™ Xxpnon SOM. Ta kévipa mpoomaBouv va koAUpouv €va peydho aplOuod
6edopévwy Tou Tapouactdlouv KOWaA XOpaKTnpLoTka. H ekmaidsuon tou Siktuou
ocuviotatal otnv tautomoinon Twv KEVIpwWV. To KpuhO OTPWHA VEUPWVWV Elval
unevBuvo va avayel To MPOPAnUa Tou €XeL va eMAUCEL TO SIKTUO 0 PNAOTEPEG
Slootdoelg, SnAadn UETATPENEL TO MPOPANUA amd pn ypaupka Siaxwplolpo oe
YPOUULKO. AUTH N LETATPOTI EMITUYXAVETAL OTIWG EMAKE UE TN XPAoN Tng Gaussian
ouvaptnong. Télog, oto eminedo €€6dou amoteAel otn oucia éva amAo biktuo
Percepton. NoAamAactalel tv £€060 kaBe veupwva Tou Kpudou emumeédou Pe Eva
Bapog kal To abpolopa OAwv pall amoteAel to amotéAeopa tou Siktuou. Ta RBF
Siktua xpnolpomololvtal Kupiwg yio opadomoinon dedopévwy Kal ylo €miAuon

npoPAnRuatog naAvdpounongc.

Ynidpyouv &Uo €ib6n RBF Siktuwyv, autd pe otabBepd KEVIPA KOL AUTA UE HETAPANTA
kévipa. Ta RBF diktua pe otabepd kévipa, Kpatouv otabepr) tn B€on Twv KEVTIPWV
OTO XWpPOo Kal peTafaiAouv povo ta Bapn ya va ekmoatdeutel To ovotnua. Auth n

pHEBodog xpnoluormoleital kupiwg otav Béloupe va Alooupe mpoBARuata
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napeUPoAng. Ta RBF diktua pe PeTABANTA UMOPOUUE VO HETABAAOUME KOl TO TPl
OUVOAO TIAPOUETPWY TOU SIKTUOU pag, ta Pdapn (CUVTEAEOTEG), Ta KEVIPA KAl TN
TUTIIKA  amokAlon O tng Gaussian ouvaptnong. Auti n Katnyopia Slktuwv
XPNOLLOTIOLELTAL YLl TTPOCEYYLOTIKN €TiAucn mpofAnudtwy, oémou Sev yvwpiloupue

mola eivat n BEATLoTN B€on Twv KEVTPWV.

H ekmaidevon evog RBF Alktuou pe PeTABANTA KEVTIPQ, UTOPEL va yivel HeE Tov

aAyoplBpo padnong nou daivetat oto oxnua 1.11

IxetkéG Kwdikomounoeig

Bapn/Zvvieleotég w Kévtpo R
EmbBouunt "E&odog t Iterator kévipov h
[Mpaypoatikn 'EEodog y ApOpog Kévipov m
[Tpétumo Eisod0v X Iterator E€6d0v 0
Input Dimension i ApBpog Kévipov k
Iterator

Input Dimension d Tomi Amoxhion c
Ap1Budg Eioodwv n Learning Rate NR, Ne, Ny
Iterator [péTomov p Bias unit b
Ewcdo0v

Mivakag 1.1: lMivaka¢ UE TIGC KWOLKOTTOLNOELS TWV TAPAUETPWY TIOU xpnotuormolel to RBF

biktuo.
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1. Emélefe tov aplBud (m) kol opXLKOTIOINOE TIG CUVIETAYUEVEC TWV

kKEvipwv (R) Twv RBF cuvaptioswv.

2. EméAe€e TNV apXLKn TN TG MOPAUETPOU (0) yia KaBe kévtpo R.

3. ApXIKOTOLNOE TIG TIHEC TWV BapWV W E HKPEC TUXALEC TLHEG [-1,1].
4. EmavaAofe wootou undpEel cUYKALON

)

5. Ma k&Oe mpdtumo eloddou x\P

6. YrnoAoywoe tv €060 y vy  kdBes kéuBo o

XpnoLpomnolwvtag tnv eélowon 1.10.

7. MetaBarAe Tig mapapérpous (W,R,0) xpnolomolwvTtag Tig

eflowoelc 1.15,1.16,1.17,1.18

8. TéNog yla p=n

Sxnua 1.11: AAyépiduoc eknaideuonc RBF.

E§ilowoeic RBF
e

Y = wy, + E wheo(z' P Ry, o)
h=1

E§iowon 1.10: H éoboc¢ yLa kade k6uBo o yia kade mpdturmo p

o (p) -. » II;_::'.] _ Rh. 2
olz Ry, on) =exp| — 552
h

E§iowon 1.11:H Gaussian Zuvaptnon
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() - (p) k
o P — Ry 2 = Z (.‘;r_‘lr‘u' — Rh;‘)

Efiowon 1.12:Efiowaon sukAgibelog amootaong.

E§iowon 1.14:Efiocwan o@AALATOC VEUPWVA O TOU TTPOTUTIOU p

S P o) \
Wy, = Whe + Nwel O(xF Ry, op)
Eéiowon 1.15:Eéiowan aldayrc Bapwv/cuvTeAEoTWY (o To KEVTPWV h UEXPL TO VEUPpWVA

egobou o)

i FERY
Wy, = Whe + r};_._-:’,,';,p !

Eéiowon 1.16:Eéiocwan aldayrc Bapwv/ouvtedsotwy (aro to bias b Léxpt to veupwva

egobou o)
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k (p)
; o o r., - Rh'
. (p). . r(p) W e
R, = Rp; +1r E e Who@(2¥, Rp, o) 7]
=1

Th

Efiowon 1.17:Eficwan ardayrc EoswV KEVTPWY

_. 2® — Ry 2

T
2

gip) ;.t:rmo[.';r."‘p" . Ru.on)

Crh = Th "—.I'J?g

=

O
Il
[

E§iowon 1.18:Efiowan aldayrc Bécgewv mAdtouc NG Slaomopdc o TG Gaussian ouvapTnong

TOU KEVTpOU h.
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1.4 E¢sAwktikoi AAyop1Opol (Evolutionary Algorithms)

OuL E€eAktikol AAyoplBuol amotelouv meplox) tng YMOAOYLOTIKAG Kal TexvnTAg

Nonuoouvng mou oupneptAapfAavet Toug:
MevetikoUg AAyopLlBuoucg (GA)

E€eALKTIKEG ZTpaTNYLKEG (ES)
E€eAlooopevo MNpoypappatiopo (EP)
M'evetiko Mpoypappotiopd (GP)
Juotnuata Mabnong Mpwtotunwv (LCS)
E€eAlooopevo YALoUko (EHW )

Ita enopeva neplypadoupe toug A kat EX mou Ba xpnotpomnoljooupe ota mAaiola

¢ epyaociag.
1.4.1 levetikoi AAyopLBpot

Ot levetikol AAyopiBuot (TA) eival pia katnyopia E€eAiktikwv AlyopiBuwy, oL omoiot
elvat pwa e€ellooopevn meploxn tng Texvntig Nonuoouvng. Ou E€eAiktikol
AAyopLBuol eivat alyoplBuol emiluong mpoBAnudatwy nou Bacilovral oTig apxES TNG
Blooyikng €€EALENG, SnAadn tNg UOIKNG emMNOYNG KAl TNG EMLKPATNONG TOU
loxupotepou. Ou Tlevetikol AAyoplOuoL, eival aAyoplBuot avalitnong Kat
BeAtlotomnoinong, Baoilovrtal otig apxeg TG e€EAENG Tou Tapatnpeital otnv ¢uon,
Kol ylvovtalL OAO KOl TIEPLOCOTEPO YVWOTOL XAPW TNG LKAVOTNTOC TOUG va
QVOKQAUTITOUV ypriyopa Kol aflomiota TIG KaAEG AUCEL SUOKOAWV Kal UEYAANG
Sltaotaong mpoPAnuatwy. OL yeveTikol aAyoplBuol eival xprioluol Otav o XwpPog
avalntnong ivatl peyalog rp ouvBetog, otav Kapia padnuatiki avaluon dev eival
SwaBéoun, i otav oL mnoapadoolakeég PEBodoL avalAtnong aAmoTuyxAvouv.
ErumpoocBeta  elvat eUkoAa  emektdolpol kot  e€eAl€lpol  kal pmopouv  va

xpnotpomnolnBouv o UBPLOIKEG popdEC pall pue AAAeg pebodouc.

Mola elval OpWG T KUPLA XOPAKTNPLOTIKA TwV A Tou toug mpodidouv autnv tv

lox0 oto va Alvouv mpoPAfuata ypryopa kot amodotikd; Kat’ apxiv ot A
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Soulelouyv pe pla Kwdlkomoinon evog GUVOAOU TLUWV TIOU HImopoUV va AdBouv ot
HETABANTEG, Kot OXL He TG (8Leg T petaBAntég tou mpoPAnuatog. H kwdikomoinon
oTou¢ MevetikoUg AAyopLBuouG, yivetal pe tn xprion tng duadikn kwdikomoinaon. Ot
F'A, kavouv avalntnon o€ TOAAQ ONUELD TOU XWPOU TOUTOXpOVA Kal OXL LOVO O€ €va.
EmumAéov, pmopolV val XPNOLUOTIOLOUV HOVO TNV OVTIKELUEVIK) OUVAPTNON oav
nmAnpodopia tng anddoong Tou alyopibuou, kat kapia aAAn mAnpodopia. TéAlog ot
A, xpnowomowolv miBavoBewpntikol¢  Kavoveg avalntnong Kot OxL

VIETEPULVLOTLKOUG, KATL TO Omoio yivetal kat otnv ¢puon (AukoBavaong, 2001).

Nw¢ Oouwg Aettoupyouv ol TA; T va To KataAdBoupe auto, mpenel va Soupe
LEPLKEG £VVOLEC TIOU aidpopoUV TNV BLoloyia, oL omoie¢ ouoxeTilovtal AUECO UE TNV
Aettoupyia twv TA. Tvwpilovpe OTL KABe {WVTAVOC OPYAVIOUOG OMOTEAE(TAL OO
KUTTOopa, Héoa ota omola Bpioketal To yeVeTlKO UALKO (DNA). To DNA, mepléXeL TIC
VEVETIKEC TANpodopiec mou kabopillouv Ta XOPAKTNPLOTIKA TOU KABE opyaviopou
KoL €XeL TNV popdr SUTANG €Akag. Ta XpwpoowHaTa ivol TURpata tou DNA kot
aroteAovvtal amo yovidia, Oomou To KABe yovidlo avaloya pe tnv O€on Tou
KWOLKOTIOLEL €va  OUYKEKPLUEVO XOPOKTINPLOTIKO TOu opyaviopol. Kota tnv
AelToupyila TG avamapaywyng, To ATopa SLacTOUPWVOVTAL KoL CUVETIWCE YIVETOL N
Slaotavpwon twv yovidiwv toug (Crossover). To VEO ATOUO EXEL XOPAKTNPLOTIKA T
omola KAnpovounoe Kat and toug Suo Tou Toug yovelg. OpwG, UTIAPXEL KAl N
mbavotnta tng pet@AAaéng (Mutation), katd Tnv omoila kAmolo otolxeio tou DNA
€XeL aAAA€eL, Kal auto odeiletal ocuvnBwe oe AaBog avilypadn Twv yovidiwv amno
TOUG YoveiG. Mia cuvortikn Teplypadn Twv AELTOUPYLWV TOUuG GALVETAL OTO XU

1.12.

43



Kwdwormoinon (Coding)

Emdoyn avtikelpevikng ocuvaptnong (Initialization)
Anokwdikomnoinon (Decoding)

YroAoylopog tkavotntag N afloAdynon (Fitness evaluation)
Ertidoyn (Selection)

Avanapaywyn (Reproduction)

Alwaotavpwon (Crossover)

© N o U~ W NoE

MetaA\aén (Mutation)

ErtavdAndn amd to BAua (2) uéxpt va tkovomolnBel To KPLTNPLO TEPUATLOMOU

Sxnua 1.12: Evac anAog yevetikog aAyopuduog (AvkoSavaoncg, 2001).

Kat apxnv yivetat n kwdikomoinon twv mbavwv AVcswv Tou mMpoBARuaTOoC OF
Xpwpoowpota (apxlkd¢ mANBuopog) kabwe kKat n emloyny TNG OUVAPTNONC
KOTAAANAOTNTAC TTOU avIUTPOooWTeVEL TO TMPOPBANUa. MeTd yivetal n apylkomoinon
TOU apXLlkoU autol mAnBucopou. Enelta, yivetal n anokwdikonoinon Twv atopwy t¢
veved (dalvotumoc), Kal 0 UTIOAOYLOHMOG TNG LKAvOTNTAG yla emiBiwon tou Kabe
XPWHOOWHOTOG (ocuvaptnon afloAdynong). Auto pog Sivel pa Tl avaloya UE To
OO0 KaAd AUVEL TO TPOBANUO TO OUYKEKPLUEVO XPWHOOWHO. XTNV OCUVEXELQ
Aappavel pépoc n dwadlkooia ¢ emloyng, mou e Bacn kamowo miBavotnta
ETUAEYEL T «KAAUTEPA» ATOMA TNG YeveAG Ta omoia Ba diactavpwBouv kat Ba
Swoouv mBavwe vEa KAAUTEPA ATOMA, APa VEEC TIEPLOXEC TOU XWpPou avalntnong ot
omoleg umopouv va Swoouv KaAUTePeg AUOELS. Emelta yivetal n avamapaywyn (ava
S6uo Aatopa PETALL TOUG) TWV ATOUWY TIoU ETUAEXOBNKaAv 0To ponyoupevo otadio. H
Slaotavpwon elval pla oAU onuavtikr Siadikaoia, emeldn avokateuBUvel Ttov
aAyoplBuo oe véa povomartia tou xwpou avalntnong. AkoAouBel n dtadikaoia Tng
UETAAAOENG, OTOU KATOlA OTOWEld TWV XPWHOOWMATWY aAAAlouv WOTE O
aAyoplBuog va amokAeioetl povomadtt Pasiparog. O dtadlkaoieg autég yivovtal Ue
kamoLla Tlavotikad kpttriplta Pm (mBavotnta yia petdAAagn), Pc (mbBavotnta yla
Slaotavpwon). Kputipla teppatiopol twv A umdpxouv TOAAG, OMwG yla
napadelypa o aplBudg twv péylotwyv yevewv (AukoBavaong, 2001). ZuvoAlka ot
TIAPAUETPOL TIou adopouV €vav YEVETIKO aAyoplOpo cupmeplAapBavopévou Twv

mBavotikwy Kpltnpiwv ¢aivovrtat otov nivaka 1.2.
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Napdpetpog Eneéiynon napapérpou

Pop_number AplBuog minbuopol
Pc MBavotnta yla Sltactalpwon
Pm MBavotnta yLo LETAAAEN

Num_generations | AplOudG yevewv (TEPUATLKO KPLTAPLO)

Mivakag 1.2: Moapapuetpot evog TurikoU MevetikoUu AAyoptduou.

1.4.2 Evolutionary Strategies

Mwa &AAn katnyopio E€eAlktikwv AAyopiBuwv eival ot Evolutionary Strategies
(E€eAkTiKEG ZTpOTNYLKEG). H EX Ttexvikn dnuoupyndnke yupw otn dekaetia tou 60
and Kal emekTAOnKe MepLocotepO TN Sekaetia To 70 amod toug Ingo Rechenberg kat
Hans-Paul Schwefel. H katnyopia auti avamntuxOnke yia va Aol mpoBAnpota
miou Sev pmopovoav va AUCOUV ATMOTEAECHOTLKA oL FeveTikol AAyopLlBuoLl. Adyw tng
Suadikng kwdikomoinong ot Mevetikol AAyoplBpuol mapouotalouve peyain SuokoAia
0TO va. AUOOUV TPOPANHATA TTIOU £XOUV VOL KAVOUV UE SEKASLKEG TLUEG. MTIOPOUV HEV
va Kwdlkomotjoouv éva 6ekadlko aplOuo, opwg 6co aufdvetal n okpifela tou
S6ekadilkol, TOOO UEYAAWVEL KAl TO UAKOG TOU XPWHATOCWHATOC. Apa augavetal n
TLOAUTIAOKOTNTA TOU TIPORAN LOTOG KAl EMOUEVWE TIOAAEG POPEC KaTaoTETE aduvatn

N €MAUCN KATOLWV TIPOBANUATWV.

Moleg elval OpwWG oL KUPLEG Sladopég o axEon e Tou MeveTikoUG AAyOpLOUOUG; 2TIG
€€EAIKTIKEG OTPATNYLIKEG OMIWG TipoavadEpBnke n kwdikomoinon d¢ yivetal Suadika,
oAMa pe Sekadlkoug aplBpols. AnAadn éva xpwuOowHa amoteAeital and éva
Tiivaka Tou TiepLéxel Sekadikolg aplBpoug kot kabs B€on Tou mivaka amoteAel Kot

L0l CUYKEKPLUEVN TIAPAUETPO TOU TtpoPAnaTog mou BEAoupe va eTIAUGOULE.

ANAN TOAU onpuavtikn dltadopd o oxéon Pe toug Mevetikolg AAyopLlBuoug eival otL
ebw kUpLOG TPOMOC avamapaywyng Oev eival mAéov n Slactalpwon oAAAd n
pHeTAAAagn. Mmopel ¢uolkd va ektedeotel Slaoctavpwon alda dev Ba dwoel ta

emBuUNTA amoteAéopaTa.
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Onw¢ avadépape otn Mo Mavw mapaypado KUPLOG TPOTOC avamapaywyng eivat n
HETAANOEN. 2TIGC €EEAIKTIKEG OTPATNYIKEG Oev UTAPXEL €va  ULKPO TOOOOTO
XPWUOOWHATWYV TIoU Ba uTtooToUV PETAAAOEN aAAG OAeC oL B€oeLg £xouv mIBavotnTa
va peTaAAaxtoUv. H petaAAaén yivetat pe tn xprion t¢ Gaussian Kotovoung n onoia

Ba pag Swoel andyovoug oL omoiol Ba elval OXETLKA KOVTA OTOUC YOVELC.

Ynapyouv Sladopol TpomoL eMAOYNE TNG EMOUEVNC YEVEAC OL Xpnoluomolouvtal
eniong kot otoug A mou avadépBnkav mo mavw. Ot mo Stadopévol eival ot
Tournament Selection, Roulette Selection, Truncation Selection. ¥to Truncation
Selection ta atopa tavopouvtat Bacn tou fitness function kat pa avaAoyia. Autol
TIOU CUYKEVTpWOoaV To PNAGTEPO MOCOOTO EMIAEYOVTAL VAL CUVEXLOOUV OTNV EMOUEVN
veved. 2to Tournament Selection emAéyoupe Ttuxaio kamowa Atopa amd TO
TANBUOUO KaL yla Ta CUYKEKPLUEVA dtopa Bpiokoupe ta fitness Toug yla dtadopeg
SOKLPEC. TNV ouoia dnULoUPYOUE KATTIOLOU €(60UC TOUPVOU A OTIOU OL VIKNTEG KABOE
Toupvoud ouvexilouv otnv emMOpevn yeved. Xto Roulette Selection, kdBe atopa
amokTa éva pepiblo og pla “pouAéta”’, avaloya pe to fitness tou. Ooco peydlo sivat
to fitness, t0oo mLo peydlo gival to pepiblo. Itn ouveéxela “yupil{oupe” T pouAéTa
Kol Ta atopa ou Ba pag deifel ouvexilouv tnv enopevn yeved. Kabe pebodog £xet
TO TTAEOVEKTHLOTA KL TOL LELOVEKTHHATA. AvaAoya e TO TPOBANUA TTou €XOULE va
eTMAVCOUUE OLOAEyoUpE TN KATAAANAN. Xtnv epyacia pog Ba emléfoupe TO

Truncation Selection.

Kwdéikomoinon (Coding)
Emloyn avtikelevikng ouvaptnong (Initialization)

Anokwdikomnoinon (Decoding)

H wo N

Anuoupyia mpoowpvol MAnBuouoU
i) MetdAAaén kaBe atopou yla dnuoupyia tou offspring
ii) YroAoylopog tkavotntag N agloAdynon (Fitness evaluation)

5. Emoyn (Selection)

ErmtavaAnyn amnoé to BrApa (2) uéxpl va tkavorolnBel To KPLTAPLO TEPUATLOMOU

g EZ.

Ixnua 1.13: Evacg anAog adyopiBuocg EEEAIKTIKNC ZTpATNYIKAG.
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KeddAaro 2

MNponyouuevn Epyacia

2.1 Apxttektovikry BRNN
2.2 Apxikomoinon BRNN
2.3 YAomoinon BRNN
2.4 Tpomomnolnoslg kot BeAtiotonoinong BRNN
2.4.1 Eloaywyn MoAAammAng Ztoixtong AkoAouBLwv

2.4.2 Evowpatwon SOV Score

47



Me To GuYKEeKPLUEVO BEpa TNG Mapoloag epyaciag eixav acxoAnBel o mpLv n
lewpyia XprotodouAou (2010) kat o MixaAng AyaBokA£oug (2009). Ztdx0G TNG
napouoag epyaciag eival va BEATLWOOUUE KAl VO EMEKTEIVOU LLE TA ATTOTEAECHATOL
TIOU TTETUXAV TIPONYOULEVWG OL SU0 TILo MAVW POLTNTES, EVOWHATWVOVTAC VEEC
pneB6Soug kat alyopibuoug, mpoonabwvtag va aUENOOULE TO TTOCOOTO ETLTUXLOG
TOU Mpoypappatog toco o Q3 eninedo, 600 kat og SOV. Ma va To EMITUXOUHE AUTO
TIPETIEL TIPWTOL VOl LEAETH)COUHE KOl VO KOTOVOOOULE TO OUOTNUO TIOU ELXE
Snuoupynoet mpwta o AyaBokA£oug (2009) kat to omoio tav €va BRNN Siktuo kot
Tpomornoinoe otn ouveéxela n XptotodouAou (2010). Zav apxkn L6€a, yla To cUoTnUA
XPNOLUOTIOLNONKE N 0PXLTEKTOVLKNA TIou TTPOTELVE 0 Baldi kat oL cuvepyateg Tou (Baldi
et al., 1999), aAAd n vAomoinon €ylve pe apkeTéC SladopéC WOTE Vo MIPOCEYYLOTEL TO

B£ua anod pa SLopopETIKr OKOTILA.
2.1 Apxtektoviky BRNN

Apxka Ba avaAuooupe to Siktuo mou eixe oxedlaoel o AyaBokAéoug Kal To omoio
glval kat n Baowkn Sopun Tou cUCTAHATOC TTou Ba LEAETHOOUUE Kol Ba ETEKTEIVOUUE.
Onwg kat to diktuo tou Baldi (1999), €tol Kal To TpEXOV Siktuo akoAouBel tnv iSla
aKPLBWG opxLTEKTOVIKA. AmoteAsital amo SU0 avefaptnto VEUPWVIKA Siktua
audidpoung avadpaong Kal €va VEUPWVLKO SIKTUO eumpooBlou TEPACUATOG Ta
omnola cuoyxetilouv TIg €£660UC TOUC WOTE VA SWOOUV TO TEAKO AmOTEAETUA. la TNV
€loob0 Twv apwvoEéwy xpnolomnoleital éva Kvnto mapabupo To omoilo epVA Mavw
art’ 6An tnv akoAouBia Tng MpwTteivng, kat kABe popd umoAoyilleTal TO AMOTEAECUQ
ylo TO KEVIPLKO apLvoll, cuoxetilovtag Ta apwvoééa mou to akolouBouaoav Kat ta

OULVOEEQ TIOU ETTOVTAL TOU KEVTPLKOU.

MO0 CUYKEKPLUEVQ, TO OPLOTEPO VEUPWVLKO Siktuo Ft (oxnua 2.1), emeepyaletal ta
auwvoééa TOU TponyouVTOL TOU OpLWVOEEWCG Tou PBplokeTal oTo KEVIPO TOU
napaBbupou. Mapopola, to de€Ld veupwvikd biktuo Bt emefepydletal ta apvoiéa
TIOU €TOVTAL TOU KEVIPLKOU aulvofEwg Tou Klvntol mapaBbupou. Auto eival oAU
oNUAVTIKO €meldn Adyw ¢ dvong twv mMpwieivwy, n Seutepotayng doun mou
oxnuatilouv eéaptatat amnod tig aAANAETOPACELS TWV OpLWVOEEWVY PETAEL TouG. Elval

anapaitnTo AOUTOV yLlo TO CUCTNUA VO CUCXETIZEL TO oUVOAO NG aAAnAouxiag mou
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mponyeital N €netal evog OopWVoEEWC. AUuTO povtelomoleital and tnv ¢uon Twv
Siktuwv pe avadpaon, wote og KABe véa Toug elcodo va €xouv pia tAnpodopia yla
TO T(PONYOUEVA KAL TA EMOUEVA aplvoEEa. To KEVTPLKO VEUPWVLKO SiKTUO, Talpvel
oav €loobo kal emefepyaletal to OpwolU ToOu PploKETOL OTO KEVIPO TOU
napabupou, Tou omnoiou avalntoupe va mpoBAéPoupe tnv deutepotayn doun. To

outputLayer oto t€\og Ba Swaoel tnv deutepotayr SoUn TOU OULVOEEWC aUTOU.

T

outputLayer
hLayerTwoF hLayerTwo hLayerTwoB
L ) » .
hLayerOneF hLayerOne hLayerOneB
'Y .
contextFt contextBt
L] hlayerTwoSizeF*s + hLayerTwoSizeB®s + |e¢—
20 digit aminoacid 20 digit aminoacid
, TR A ey o NP PO «
10000000000000000000 ! d

ABQN[dPFAK

Moving window

Zxnua 2.1: To tpEyov ouotnua, To omoio vAomotidnke amo tov AyadokAéouc (AyaBokAéouc,

2009).

H Stadikacia autr yivetal yia 6Aa ta apwvotéa ulag npwteivng. OAa pe tnv oslpd
Toug, Ba PpeBouv KAmola OTLYUR OTO KEVIPO TOU KLVOUHEVOU Ttapabupou kot Ba
nipoPAedBel €toL n Seutepotayng doun Toug. Auto yivetal yla KaBe mpwteivn Tou

ouvolou ekmaidevong kot Emewta, adol HE TOUG KATAAANAoug aAyoplbuoug
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ekmaldeutel to diktuo, poPAEneL kat tnv Seutepotayry Soun TwWV MPWTIEIVWVY TIOU
avikouv oto oUvoho emaAnbeuong €tol wote va amnodavOel edv  OVIwg

ekmalbevuTnKe. Autr €lval n yevikn 1&€a tou 6Aou Siktuou (oxnua 2.1).
Encepyacia AsSopévwv

Ma TN Katavonaon Tou TPOTIOU AELTOUPYLOG TOU GUOTHUOTOC TIPETEL VAL LEAET|COUE
TOOO TOV TPOTO TOU £XEL OVATTTUXOEL TO CUOTNUA 00O KAl TOV TPOTO ELCAYWYNC KO
efaywyng twv dedopévwy. Oa €ekiviooUpEe HE Tov TpOmo mou Stafalovral Kot

Kwdikomolouvtal ta dedopéva oto Siktuo.

To diktuo oto eminedo e€060u £xel Tpeig £€660UG yLa va UMOPECEL VA KWOLKOTIOLNOEL
TIC Tpelg TBaveg €€060UC TMOU avIUTpoowreVouV TNV deutepotayr Soun Twv
npwteivwy. H €€odoc tou ouothuatog yla kabe apwvofy eival i Helix ) Extended
(Strand) n Loop ta omoia oto apyxeio ocupPoAilovtol pe H, E kat L avtiotouya.
Xpnowuorowwvtag to apxeio threeClasses.txt (oxAua 2.2) pmopoups va
TIOPOTNPAOOUE OTL YIVETAL L0 CUCXETLON TWV opadwv deutepotayol Soung G, H,
E,B, I, T,S, Loe povo tpelg opadec, H, E, L kal Tov TpOmo KwSLKOTIONoN TWV TPLWV

mBavwyv e€66ou.

Three_classes
CRCR R R R R R R R

Classes_volume 3
TR W W W R R R RN
H G,H

E E,B

L I,T,5,L
output_Encoding
R TR R RN W
H 100

E 010

L 001

Zxnua 2.2: To apyeio threeClasses.txt, To onoio mpoodlopilel Tnv kwdikomoinon eEodou tou

kaOe auvoéEwe katL TnV TUMooinon Touc .

Ito ocuvuotnua tou AyaBokAéoug moapatnpoupe OtL n Kwdilkomoinon twv 20
aUwvoEEwY YIvETAL UE TN XPron Tou apxeiou sparse.txt (oxAua 2.3) kat auto

amnoteAel KoL TOV TPOMO £loaywyng Twv dedopévwy oto Siktuo.
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orthogonal_gncoding_(Sparse)
AR RAAERRAREARARRAA AR AR AR R
Resedue_volume 1
10000000000000000000
01000000000000000000
00100000000000000000
00010000000000000000
00001000000000000000
00000100000000000000
00000010000000000000
00000001000000000000
00000000100000000000
00000000010000000000
00000000001000000000
00000000000100000000
00000000000010000000
00000000000001000000
00000000000000100000
00000000000000010000
00000000000000001000
00000000000000000100
00000000000000000010
00000000000000000001
00000000000000000000

AL EC-{NRVOVZEZrAHIOTIMOND

Sxnua 2.3: To apyeio «sparse.txt», T0 omoio mpoodiopilel tnv kwdikomoinon tou kade

QULVOEEWC .

Emiong umapyxel to apxelo parameters.dat to omoio mepléxel OAQ TA OTOLXELQ
OPXLKOTIOLNOELC TwV SIKTUWV Tou Ba xpnotpomolnBouv (ZxNnua 2.4). ). H mepypadn
TWV TOPOUETPWY QUTWV daivetal otov mivaka 2.1 mou SnuioupynOnke amd tov

AyoaBokAéoug (AyaBokAéoug, 2009)

Hidden layer one_ size 12

Hidden layer two size 12

Hidden layer one of Backward size 13

Hidden layer two_of Backward size 12

Hidden lavyer one of Forward size 13

Hidden layer two of Forward size 12

Activation Function Twype 1

Learning Rate 0.01

Momentum 0.5

Window size 15

g _minus one 0.7

g plus one 0.7

Error Function Type

= 3

Maximum Iterations 200

input Profile sparce.TXHT

output_Profile threeClasses.txt

train File msaProteinsTrainBigDataset afterProcess.tXt
test_File msaProteinsTestBiglataset _afterProcess.TXT

Ixnua 2.4: To apxeio «parameters.dat», to omoio mMpPoodlopilel TIC MAPAUETPOUC TOU

oUOTHUATOG .
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Ovopa Napapétpou

E€nynon Astwtoupyioag

Hidden_layer_one_size

MéeyeBoc mpwtou kpudou eminedou Siktvou N

Hidden_layer_two_size

MéyeBog deUtepou kKpudou erumédou diktvou N

Hidden_layer_one_of Backward_size

MéyeBog mpwtou kpudou emnmedou Siktuou B

Hidden_layer_two_of_Backward_size

MéyeBog deUtepou KpudoU erumédou diktuou B

Hidden_layer_one_of Forward_size

MéyeBog mpwTtou kKpudou emnédou diktuou F

Hidden_layer_two_of_Forward_size

MéyeBog deUtepou Kpudou erumédou diktvou F

Activation_Function_Type

Erudoyn Zuvaptnong evepyomoinong

Learning_Rate

Erudoyn puBpol pabnong

Momentum

Erihoyn oppnig

Window_size

MéyeBog kivolevou mapabupou

g_minus_one

JtaBepd context Siktuou F

g_plus_one

JtaBepd context iktuou B

Error_Function_Type

Eruhoyn ocuvaptnong opaApaTog

S

Eloodog diktuou yla vanishing gradient

Maximum_Iterations

AplBuog emavainPewv

input_Profile

‘Ovopa apyeiou yla kwdikomoinon elcodou

output_Profile

‘Ovoua apxelou yla kwdikomoinon e€6dou

train_File Ovopa apxelou pe olvoho  Sedopévwv
eknaidevong

test_File Ovopa  apxeiou pe olvoho  Sedopévwv
enaAnBeuong

Nivakag 2.1: Enséfiynon tou apxeiov «parameters.dat» (AyadokAéoug, 2009).
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2.3 YAonoinon BRNN

Onw¢ npoavad£pOnke To AAAO ONUAVTLIKO VA KATAVONCOULE E(VaL O TPOTOC TTOU €XEL

uAomotnBei to diktuo BRNN kat mwg Aettoupyet.

H kUpla ouvaptnon tou OAou cuoTAUATOG BPLOKETAL OTNV KAQGH PSSp_UcCy.cpp: OE
autnv PBploketal o KUPLOG Bpoyxo¢ mou eAéyxel oAOKANPO To cuotnua. lvetal n
apxtkomoinon twv Sladopwyv MAPAUETPWY TOU SIKTUOU Omo TA avTtioTolya apxeia
KOl N KOTOLOKEUH TOU OAOU VEUPWVIKOU SLKTUOU Tou oxnpatog 2.1 pe faon auTEG TIC

TIOPOLLETPOUG.

2TO ECWTEPLKO TOU KUPLOU Bpdyxou mapatnpoU e OTL eKTEAOUVTAL SUO ECWTEPLKOL
Bpoyxol (Zxnua 2.5), €voc o omolog ekmaldeVeL TO SIKTUO XPNOLUOTIOLWVTAS TO
oUvoAo pwTteivwy ekmaidevonc, kat o eUTePOG gival £vag BpOyxog o omolog amAwg

enaAnBeVeL TO TPEXOV SIKTUO XPNOLUOTIOLWVTAC TO GUVOAO TIPWTEIVWY emaArBguonc.

While (epoch<maxEpoch)
{
While (uniagpxouv mpwTteiveg oo training dataset)
{
MNape Tnv EMOUEVN TIPWTIELVN X
Na xaBz auuvolv t Tng mpwIEivng X
I
1

doFeedForward (t)
doBackPropagation (t)

}
While (unapxouv rpwTteiveg oo testing dataset)
{

MNape TNV EMOMEVN TIPWTEIVN X

NMna xadzs auvoll t Tng mpwTIEivng X

I
| 8
doFeedForward (t)

St

Ixnua 2.5: AAyépiSuoc Exnaibevang BRNN
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MNna kabe apwoll plag mpwteivng Aownodv, dnuloupyeital Eva Kvoupevo mapabupo
WOoTe To apvofl va BplokeTal oto KEVIPO Tou Ttapabupou autou. Emelta KaAeital n
ouvaptnon doFeedForward() n omola eivatl umevBuvn va petadEpet TV mMAnpodopia
TWV KOTOAOLMWY TIOU TEPLEXOVTOL OTO Klvoupevo mapabupo, oto Oiktuo yla
enegepyaoia. Ztnv ouveéxela umtoAoyiletal n ££060¢ Tou SIKTUOU YLO TO CUYKEKPLUEVO
KEVIPIKO apwvofu. TéAog, akoAouBel n ouvaptnon doBackPropagation() ywa To
KEVIPLKO opvolU. H ocuvaptnon authy umoloyilel to opaApa tou SkTUou yla To
OUYKEKPLUEVO auvofl kol SlopBwvel ameuBeiag ta Bapn Twv €MUMESWV TOU
Siktuou. Mapatnpoupe OtL adou n dopbwon Twv Bapwv yivetal oe KABE apLvoty
kKaBe mpwtelvng, autd onuaivel OtL oto OikTuo aAUTO Slvetal ML ONUAVTLKA

noootnta nAnpodopiag kabe popa.

Ft Bt

Ixnua 2.6: Avanapdaotaocn tng kAaong doFeedForward().

H doFeedForward() eival n u€6odog n omoia gival umevBUVN va KAVEL TO EUMPOCOLO
népaocpa Twv dedopévwy Kol ota Tpla Sdiktua mou cuvamoteAouv To BRNN pe tn
BonBela to kvntol Mapabupou Tou dloxwpellel Ta auwvoféa avaloya e TO Tola
£TIOVTAL KQL TIOLA T(PONYOUVTOL TOU KEVTPLKOU apvoééwd. Onwe ¢paivetal oto IxNua
2.6, T0 KwNtd mopdbupo eivat péyebog 5 kal dapa Ba emefepyacToUpe TNV
mAnpodopia 5 auwvoféwv. To AG,A eival Ta apwvoééa mou Ba emetepyaotel To
QPLOTEPO VEUPWVLKO SikTuo amod aplotepa mpog de€la, ta A,S,H elval ta apwvotéa ta
omnola Ba enegepyaotel 1o 6e€Ld veupwviko Siktuo amd Seflad mpog aplotepd. To
KEVTPLKO apLvoEy €lval To A Kal €lval auto Tou Ba enetepyaoTel amd TO KEVIPLKO
6lktuo. ZInUavTtiko va onuelwBel OTL yla to KeVIPLKO SiKTUO, 0TO UTIAPXOV CUCTNUA
bev €xoupe kamowo mapdbupo. Mpoocoxi bivetalL oto OtL to 6efLd KAl APLOTEPO
VEUPWVLKO Siktuo audidbpoung avadpaong Sivouv ta amoTeAECUATA TOUG LOVO ULa
dopd yla kAaBe kwoupevo mopdbupo kol OxL yla KaBe oapwoy TO oOrmoio
enegepyalovral. Opwg n mAnpodopia amnd ta mponyoupeva apwvoléa v YAvetal,

eneldnl to Siktuo €xeL TNV OLOTNTA va KPATA OTNV HVAUN TLG TPONYOU UEVEC
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mAnpodopiec. Auto puoikd, e€aptdtal amo SU0 MAPAYOVTIEG, TNV XPOVLKH HETABANTA
g kot tTnv petaPAnti s. H petaBAnti s SnAwvel moéoo xpovo Ba peivel n tpéxovoa
£€€060¢ TOU SIKTUOU pe avadpoon cav HEPOG TNG VEag elcodou oto diktuo. Oco
HEYOAUTEPO €lval TO S, TOOO TEPLOOOTEPO XPOVO Ba TMOPAUEVEL OOV TUAHUA TNG
EMOWPEVNG €Ll00S0U TOU SLkTUoU e avadpaon. Mua tumikn elcodog oto context layer
tou F &wktvou, daivetar oto oxnua 2.7. To It elvat n kwdwkomoinon Ttou
OUYKEKPLUEVOU QULVOEEWG TIOU €€€TALEL TNV OTLYUN €Kelvn, evw To Wt adopd tnv
petaBAnt) s. H petaPAnt) auvty kabopilel mooa otolxeia amd ta mponyoUUeva
amoteAéopaTa TwV OULWVOEEWVY Ba KpATOeL WOTE va Ta enefepyaotel pall pe 1o véo
apwvoly. Eav yia mopadelypa to s tooutal pe 1, Tote otnv pvAun 6a kpatnBouv
HOVO Ta OMOTEALCHOTO TwWV Veupwvwv £€6dou mou adopoloav TO AUECWS
mponyoUEVO aplvoly. Eav Opwe To s eival peyoAUTEPO amod 1, TOTE OTNV UVAUN
KPATOUVTOL TO OMOTEAEOUATA TWV VEUpWVWY €060V ylo T S TIPONYOUHEVA
apwvoéa. To 8o akplBwe yivetal kat yla To context layer tou Bt diktuou. To s gival
LLOL ONUOVTLIKI) TIOPAUETPOG TOU TIPETEL va TipooeXBel Slaltepa ylatli 600 TLo
HEYAAO €lval To s val pev Bupdtal mepLoocotepo OAAA QUTO onpailvel €miong otL
ennpealeTal Kal eEQPTATOL TTEPLOCOTEPO OO TO TL TPONYNONKE Kat TL €metal. Auto
uropel va odnynoet oe YapunAo moocooto TPOPBAedng evw emiong TMpPooOEtel

TIEPLOCOTEPO XPOVO EMELEPYNTIAC OTO CUOTNA KOL APA TO KAVEL TILO apYO.

Quotkad, ta anoteAéopata Tng §660u Tou SKTUOU pe avadpaon dev petadEpovtal
avoAloiwta Tiow otnv €lcodo. YmApXeEL n Xpovikn otabepd, g n omnoia
TIOAAQTTAQOLALEL TA OMOTEAECHUATA OUTA HE HLA TR WOTE va efUTnpeTeltal n

aAAayr Toug oToVv Xpovo.

4321
ONORGRS (GRORGEORGRORGRGRORONORGRORORORGRORONORE
It

) un

B76
ONOR®

3

Ixnua 2.7: Avarnapdotaon tne e.oodou tou Ft Siktuou, n omola oxnuatiletat oto context
layer. To It givat n 20 Yneiwv kwdikormoinon tou auivoééwe etoodou, kat to Wt eivat o
aptFuoc veupwvwy e£6dou yla kalde mponyouuevo auivoéu mou Bédouvue va kpatndel otnv

uviun. Xtnv nepintwaon auty to Wt eivat oxtw.
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TéNog, otnv ene€epyacia Tou KEVTPLKOU ORLVOEEWC, TO SIKTUO XPNOLUOTIOLEL L step
function oto eninedo €£66ou (ZxAua 2.8), WOTE VA TPOTIOTOLCEL TOL ATIOTEAECOTO
oe TEG 0 kat 1. Etol oxnuatiletat n KwdLKOMOINon TOU OMOTEAECUOTOG
(6eutepotayolc Soung) Kal eival £ToL CUYKPLOLWO HE TNV apxLKr Kwdlkomoinon mou

600nke péow tou apyeiou «threeClasses.txt» yia to eninedo e€6dou.

Foreach output neuronx

{

If {[output of x=0.5) {output of x=1}

else {outputofx =0}

Ixnua 2.8: Avanapaaotach tng step function.

O aAyoplBuog pabnong mou xpnotpomnolnnke yla eknaidsuon tou Siktuou eival o
aAyoplBuog avaotpodpng petadoong AdbBoug. AnAadn, ywa kdBe opwvoly,
urmoloyiletat n €€odogc Tou OnMwG eixape mnpoavadépel, adol TEPACEL yla
enefepyaoia 1o KvnNTd mapabupo otou omoiou BplokeTal oTtnv KEVIPLKN B€on, amo
Vv KAaon doFeedForward(). 3tTnv GUVEXELO EKTEAELTAL YLOL TO CUYKEKPLUEVO QULVOEL
n kKAacon doBackPropagation(). $komog tng eival va uTtohoyioel To opAAUO OTOV KABE
veupwva  €€66ou, XpnOoLUOTIOLWVTOC T €mMBUMNTA  QMOTEAEOpATA  TNG
Sdeutepotayolg Soung mou Ba £mpemne va €XEL TO ApLVOED, KAl va TO LETASWOEL OTA
nponyoL Heva enineda, wote va emtevxBel n KAtdAANAn evnuépwon Twv Bapwv Tou
Oktuou oe kABe emimedo. Auto yivetal emeldr) OEAOUUE va EAOXLOTOTIOL|GOUME TO
OUVOALKO oddAApa o ocuvaptnon Ue to KABe Bdpog¢ Tou SlKTUOU. H CUYKEKPLUEVN
Sladikaoia emttuyydvetal pe tnv pEBodo katdapaong kAlong. Katd tnv Stdpkela Tou

back propagation yLa to cuykekplpuévo apvol, To opdApa petadidetal toco oto Ft
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000 Kal oto Bt &diktuo audidbpoung avadpaong. Ta Bdapn AoOUTovV evnuepwvVOVTOL

akpLBwe pa popa yla kaBe apvofl, kabe mpwrteivng.

AC TIPOXWPOOUE AOUTOV VA LEAETHCOUUE TNV UAomoinon aAAd Kol T ONUOVTLIKEC
Aemtopépeleg 6oov adopad to urtoAouro cuotnua. Ot Stadikaocieg mou adopouv Toug
VEUPWVEC Tou Siktuou, Staxelpilovtal anod tnv kKAaon «Neuron.cpp». Ekel umtdpyxouv
TIOA\EG HEBOSOL Mou UAomoLloUV oTolxela Tou KABe veupwva, aAlAd Kot SLadikaoieg
Tiou adopouV Tov aAyoplOpo pHadnong Twv veupwvwyv (oxnua 2.9). INUAvTKO sival
OTL N OUVAPTNON EVEPYOMOLNONG TOU XPNOLUOMOLElTaL yio TNV €€060 OAWV Twv
VEUPWVWV £vVal N OLYHOELSNC OUVAPTNON. ITO APXELO TTAPAUETPWY, UTIAPXEL OXETLKN
TIOPAUETPOC TOU MIMOpel va TtpomomolnBel emitpénovtag oto ouoTtnua va
EKTOULSEUTEL XpNnolpomolwvTag pla SLadopeTIk ouvaptnon evepyomoinong. EKTog
aUTOU, UTIAPXEL KAl MO TIPAUETPOC N omoia adopd Tov TPOMOo UMOAOYLOMOU TOU
AaBoug evog veupwva kol cupBadilel pe TNV cuvaptnon evepyomoinong (mivakog
2.1). Auto e€aptatatl kat amo to £(60¢ Tou veupwva. MNa Toug eEwTEPLKOUG VEUPWVEG,
To A@B0o¢ OTav n cuvApPTNON EVEPyOmoinong ival n olyposldng anoteAeital amo tnv
TIAPAYWYO TNG CUVAPTNONG EVEPYOTIOLNONG KL TO YEVIKO 0dAAMA TOU VEUpwvA. TO
VEVLKO opaApa Tou veupwva eival Stadopd NG emBUUNTA UE TNV IpAyHOTKA €060
Tou veupwva. Ocov adopd Toug KpudoUg VEUPWVES TO oPAApA amoTeAEiTal anod TNy
TAPAywyo TNG CUVAPTNONG EVEPyomoinong Tou Veupwva Kol To abpolopa Twv

YWOMEVWYV TwV BapwV ML T0 OPAAUA TWV VEUPWVWV TOU TIPONYOUEVOU ETILITESOU.
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Meuron {)
{
Apylkorminos to fépn Tou veupono
ApyLeoro iNos Tic LETafhnTés Tou vEupOma
1
calculatelnput()
{
¥rohdylos T guvohikr] slonSo Tou vEupdva
1

call&ctivationFunction()

{
Bpsc Ty £50 80 TOU YEURGNG ¥PGLLOITO LUNTEE THY OUP U0 ELEH GV GpThGT
1
getOutput()
{
Méps TIE wEEC SLEAS LG Y L0 ToY YEUPGNVE
calculatel nput()
callactivationFunction()
1

calculateCutputlayverError|)

{

¥rohdylos To odithylo Tou veupGve v slvel sEwTtepLki e

3

calculateHiddenLayverError()

{
¥rohdylos To adhylo Tou vEupive v slval kpugd g
1
adjustDw()
{
MpoooepLoyf) Poaptn Tou veupime
1

Zxnua 2.9: Mepikég onuavtikec uédodol mou xpnotuomnolouvtal otV kAdon « Neuron.cpp».
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2.4 Tponomnolnoslg Kat BeAtiotonotjosig BRNN

Y& YETEMELTA PAON TO CUOTNUA EMEEEPYAOTNKE KAl TpomomnollOnke anod tn Mewpyla
XptotodouAou (2010), cav pépog TG SUTAwHATIKAG gpyaciag tng. H XpltotodouAou
£€KOVE KATIOLEC ONMOVTIKEG OAAAYEC OTO UTIAPXWV cuoTnua mou Boribnoav otnv
KaAUTepPN poyvwaon kat BeAtiotonoinoayv ta anoteAéopata tou AyaBokAéouc. Towg
N TIO ONUOVTIKA Tpomomoinon nAtav n duvatotntag sloaywyns O&edopévwy
MoA\amAng 2toixton AkoAouBwwv (MSA) oto ovUotnua Kot He auty Ba

anaoyxoAnBou e mpwTta.
2.4.1 Ewcaywyn NMoAAanArg Ztoixtong AKoAouOLwv

H XplwotodoUAou B£Ance va tpomomoloel To SiKTuo wote va ekmaldeVeTAL QMO
PWTEIVEG oL omoleg atolxnOnkav pe Kamoleg AAAEC, £Swaav KATIOLO AmoTEAEoHATA
Kol dnuiovpynoav TEAoG, €va VEO TPOGDIA HE TA XOPOAKTNPLOTIKA TNG OLKOYEVELOG
QUTNC TWV MTPWTEIVWV TTou euBuypappiotnke. To povo SnAadn Kawvoupylo oTolxeio
nou Ba mpooteBel oto TPEYov Siktuo Ba eival n duvatotnta va enefepyaletal
npodiA MpwTteivwy mou mapdnkav pe tnv xprnon MSA (Rost and Sander, 1993). Kat’
akpifela autd mou Ba oAAael bev Ba elval To OUVOAO TWV TPWTEIVWV TOU
XpnoLgornondnkav HéExpL Twpa ya ekmaidsuon kot emaAndeuon, oAAd 0 TPOMOG
kwdlkomoinong toug. H péxpl Twpa KwSLKOMOINON TwWV apwvoféwv Tou eixe
Xxpnowhornownoet o AyaBokAéoug ntav otabepny yla KABe apwvofy kol AEyetal
orthogonal encoding (oxnua 2.3). MpootéBnke Aoutdv Mo véa €TAOYH OTLG
TIAPAPETPOUC Tou SIKTUOU ToU va Tou Sivel TV Suvatotnta va ekmatdeveTalL HE Eva
SL0POPETIKO TPOTO KWSELKOTOINONG TWV AULVOEEWY TWV TTPWTEIVWVY Ttou Ba Solpe

IO KATW.

H véa kwdlkomolnon mou mpémnel va maipvel to diktuo, Sev lval TOGo auotnpr 660
n mpwtn, Kot mapdAAnAa mpooBETel meploootepn TAnpodopia oto Siktuo. Autdg
elval kal o KUpLog Adyo¢g Ttou XpnoLpomoloUpe TNV LEBodo tnG moAAamANG otoixlong

KoL Twv MSA profiles yla ekmaidevon tou diktuou.

Mpwta yivetal n moAAamAnl otoixion t¢ MPwIeivng mou e€eTaloue Pe AAAEC TTOU

€XOUV ONUAVTIKA opoldtnTa He autAv. YmevOuuiloupe otL guBuypappilouvpe
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akoAouBiec e€eAIKTIKA OXETWOMEVWY TIPWTEIVWY, ylati mioteveTal OtL adol €xouv
e€eAlkTIkn) oxéon, Ba €xouv tnv Lo dopn Kkatl otov xwpo (Rost and Sander, 1993).
Emetta, oav QmotéAeoua QuTnC TNG otoixong dnuioupyeital to Aeyoupevo MSA
profile mou xopaktnpilel TNV OTOIXION TWV OUYKEKPLUEVWVY TPWTIEIVWY, Kol
VEVLKOTEPA UITOPOULE VA TIOUKE OTL xapaktnpilel tnv Sour toug. Apa to MSA profile
yla KAOE OLKOYEVELX MTPWTEIVWY, AVTLOTOLXEL O €va GUVOAO TIPWTEIVWV TTOU TTOPOAO
TIou oL akoAouBieg Toug Stadépouv, Sivouv Og YEVIKEC YPAUUEC TNV OLa Soun otov

XWpo.

MNa v véa kwdwomoinon xpnotpomoteitat o MSA profile plag owoyévelag
TMPWTEIVWV. ZUYKEKPLUEVA, KwdLKomoleltal n B€éon Tou apvofEwg Kat oxt To idlo to
apwvoly, apa n Kwdilkomoinon tou KAaBe apwvotéwg oe kabs mubavy B€on tng
akohouBiag aMalel. H kwdikomoinon tng 6€ong tou apwoeéwg &eixvel tnv
mBavotnta  epdaviong  twv 20  apwofEwv  oe  ekelvn v Béon
oupmnepAapBavopéVOoy Kal TOU OpWVOEEWC autol. Etol ywo kaBe BO€on g
akoAouBiag divoupe pa eicodo maAt 20 otoxeiwv (kabe ypapun tou profile), omou
KAOe aplOunTikn TLUA QVILTPOOWTEVEL TOV aplBud eudaviong kabe apvoéEéwc. H
HEYOAUTEPN TLUR KABe otAANG elval n otiAn mou avtiotolxel oto apwvofl g

akoAouBiag. Eva mpotumo tng véag kwdikomoinong ¢aivetal oto oxripa 2.10.

¥v L I M F W ¥ ¢ A P 58 T C H R K Q@ E N D
NO 0 O O 0 O 0 0 0 010 0 0 0 016 7 1 40 10
K1 1 1 1 0 o0 0 4 o 0 0 4 0 1 577 1 0 3 0
co ¢ 0 0 0 0 Q0 O O 0 0 02000 O O 0O 0 0O 0
P1 1 0 o0 1 0 222 548 4 2 1 7 1 2 0 1 1 1

Zxnua 2.10: Eotw Ot Eyoupe TV npwteivn 1bdoa_77-156. H mpwtn ypauun nopovotalet ta
20 autvoééa, kat n mpwtn otiAn ue bold ypauuara napouvotdlsl ta auvoééa tng mpwteivng
onwc ta Bplokouue otnv mpwtotayn doun. H SeUtepn ypauun mapouotalsl Ta autvoéea mov
mdavov va napatnpndouv otnv npwtn Jeon, otnv Jéon dnAadn tou N auivoléwc kal apa
kwélkomolel v VE€on TOU TPWTOU OUIWVOEEWS. EmouEvwe uUmopoUuse va SoUUE yla
napadetyua otnv SeUtepn ypauun otL ta autvoééa S,K,E,N napovaotaotnkav ue to N va Exet

™V nAsloPnpia eppavioswv To (610 yiveTal Kat yLa TIC UTTOAOLTEG TETELC TWV AULVOEEWV.

60



Apxik@ yla tnv uAomoinon Twv MSA TtomoBetnOnke o ¢GAKEAOC UE T VEEC
Kwdlkomolnoel twv mpwteivwv (MSA profiles), tic omoleg mnpe péow TOU
mpoypAappatog  «msaProduction.pl»  otov  EncodingProfiles  ¢ddkelo  tou
npoypdppatrog. Etor avti va Swafalet 1o apxelo sparse.txt pe TNV TAALA
kwdlkomoinon, Ba OSwafalet amd tov ¢akeho msaProfiles (Bploketol o©TO
EncodingProfiles pakelo), TNV kKwdLkomoinaon tn¢ mpwrteivng mou Payvet kabe dopa.
ErmunpooBeta, ektog anod ta apxeia twv MSA profiles, xpnolpomnoinoe kot éva apyeio
msa.txt mou Ba Sivel MANPOPOPLEC YL TO TIPOYPAUMO OXETIKA UE TOV OPLOUO TwV
apLvoEEwy Tou xpnotpomolouvtal (20 apwvoléa, to X dev xpelaletal) Kot Katd moco
n kwdélkomoinon adopd 1o KABe apwoly Eexwplotd (residue _volume). To apxeio
auto Ba avtikaBlotd to apxeio sparse.txt o6tov OéAoupe vo eKMALOEUCOUUE TO

6iktuo pe tnv xprion MSA profiles.

ApKeTEC aANayEC €ywvav Kal ot emimedo kwdika ot Sladopeg KAACELC TOU
anaptilouv To cvuotnua. Kat apxnv mpoobeoe akopo piat PETABANT OTO apxelo
parameters.dat n omnoia Aéyetalr msaEnable. H cuykekplpuevn petaBAntr eldomnolei to
cvotnua OtL n kKwdikomoinon aAAlel CUVEMWE TO OUOCTNHA TIPOKELTAL vV

ekmoudeuTel pe tnv xprion MSA profiles.

Mua onpavtik aldayn o eninedo kwdika €ywve otnv kKAaon DataReader.cpp. Otav
Sev umnpxe n xpnon MSA profiles kat n kwdikomoinon ywotav Bdaon tou apxeiou
sparse.txt, n KAAGCN QUTA OPXLKOTIOLOUCE KOl KPATOUOE O€ €va vector tnv
Kwdikomoinon tou kabe mbBavol ypAPPATOG (aLVOEEWC) Kal N Kwdlkomoinon autn
Sev aAAale yla KaBe apwvofl kabe mpwteivng. Itnv mepinmtwon xpriong MSA profiles
OUWG, N KwdLKomoinon autn mpénel va aAAAlel yla kaBe mpwTteivn. Auto onuaivet
OTL To vector Ba eival (0o pe to HEyeBOG TG MPWTEIvNG Kal Ba KpaATA ylo ML
TpEXovoa mMpwTteivn TNV Kwdikomoinon tng kabe BEong tng, SNAadn Tou AULVOEEWS
mou PBploketal oe ekelvn tnv B€on. Auta Ba maipvovtal amd ta MSA apyxeia Twv
TMPWTELVWY TIOU TIAPAUE HECW TOu Tpoypapuatog «msaProduction.pl» . Etol
vAorowBnke pa pEBodog n omola Ba evromilel katl Ba Stafalel tnv Kwdlkomoinon
KABe mpwteivng kaL Ba tnv amoBnkeveL OAOKANPN cav pLo cUPBOAOCELPA OE AUTO TO

vector (Zxnua 2.11).
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void readEncodingMSA (encoding, nameOfProtein)
i
AvolEs to apysio nameOfProtein
While {x §zv eivaLto tEhog Tow apyslou)
{
Mo kdBe apvofi t
{
AvaBoaos mBavotnra tou tyw tnv BEon x
AnoBrksuos Tnv mBoavotnta oto encoding

h

Sxnua 2.11: Weubokwdikog yia tnv uédodo readEncodingMSA.

INUOVTIKEG aAAaYEG SlekmepalwBnKav Kol otV KUPLO KAAGCN TOU TIPOYPAUUOTOC
BidirectionalRecurrentNeuralNetwork.cpp, wote va pmopel To Oilktuo va
enefepyaletal v véa kKwdlkomoinon. Kat' apxnv oAAAXTNKE n uvAomoinon tng
uebodou getinitiallnput(), n omola e€ivalr umevBuUvVn va apylKoTMoLlEl amd KAmola
apxela HETOPBANTEG TOU TIPOYPAUUATOC OMWG €lval To pEyeBog tnNg Kwdlkomoinong.
Xwpig tnv néBodo moAAamAng otoixiong to péyeBog tng kwdikomoinong Nrav 21,
ylati eiyape 20 aupwotéa ouv to X auwvofly, To omoilo Xpnolpeue ywa TNV
kKwdlkomoinon twv oplwv plog mpwteivng. MNa va yivel autod xpnotponolndnke 1o
apxelo sparse.txt. Eddoov Aoutdv, mpootebel n emloyn tng xpriong MSA profiles
otnv péBodo auth, to péyeBog TNG Kwdlkomoinong LoouTal YE TA QULVOEEQ TIOU
AapBavouv pépog o autny, SnAadn otnv nepimtwon pag Exoupe 20 SLapOPETIKEG
TlavotnNTeG, Pl yia kaBe éva amd ta 20 auwvoééa. To pEyebog tTwv auvotéwv
koBopiletal amd TO apxelo msa.txt KAl OUYKEKPLUEVA TNV TAPAUETPO
Residue_number. H kw&lkomoinon Twv oplwv tn¢ MpwIteivng yivetal akplpwg pe Tov
(610 TPOTO, HECW TOU TIPOYPAUMOTOC, OTIOU EVTOTILEL TIOTE £XOUUE VAL KAVOULIE E Ta
opLa TNG MPWTEIVNG, OOV yLa TNV KWSLKOTolNon Toug, ELCayAyYEL 0TO CUOTNUO ML

akoAouBia amnod 20 pndevika.
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Eniong, dSnuoupynBnke n ocuvdaptnon getMSAlnput() n omoia eivat umevBbuvn va
KOAEL OmoTe XpelaleTal Lo cUVAPTNON yla TNV KWOLKOTolNon ULaG VEAS TTPWTEIVNG N
oroila Ba Slvetal coav MAPAUETPOC OTNV ouvaptnon authi. H kwdikomoinon tng
npwtelvng Sdnuloupyeitar and tnv péEBodo readEncodingMSA() tng KAAong
DataReader.cpp (oxnua 2.11).

Emiong avaykaia ntav kat n uvlomoinon tng peBodou createMSAtemplinput(), n
orola maipvel oav mapdpetpo tnv B€on NG MpwTeivng mou e€ETALOUE KAL TO UAKOG
™C¢ kKwdikomoinong. To UAKog TnG Kwdikomoinong eival mavta oo pe 20, 6mou 20
glval to mMANBoc Twv apvofEwy kat £tol Sivetal pa mibavotnta yia ta 20 apvofea
va EPPavVIoTOUV OTNV CUYKEKPLUEVN B€an. Nvwpilovtag Tnv Kwdlkomoinon 6nwg tnv
TIAPOUE Qmd TO OPXELO Yyl TNV OUYKEKPLUEVN B£on, AOyw Tou OTL €lval pla
oupBOAOCELPQ, TIPETEL MPWTA VO TNV TPOTIOTIOL)COULE WOTE VA TIAPOUE TIG TLUEC
amo tnv cupBolooelpd auTH Kol PETA vo SWOOUE To VEO vector yla enefepyaocia
oto Siktuo. Etol, dnuloupyel pla mpoowpv €lcodo mou apopd TNV CUYKEKPLUEVN
B£on NG mMPwTeivng Kot To peTadidel yia enefepyacia. Auto Ba yivel yla OAEG TIC

Boelg TnG mMpwTteivng, SnAadn yia 6Ao To pnkog tTng (oxnua 2.12).

void createMSAtemplnput | position, length)

i
vea kwdikomoinon = splitvalues (encoding[ position])
Mo kdBs apuvobd ttne veac kwdkomoinonc

{

BaAs Tnv TR oTo input vector

h

Ixnua 2.12: Yeudokwdikacg yia tn uédobdo createMSAtempinput.
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Twpa, o6cov adopd TO TOTe Ba yivetal auto, €xeL TpomomolnBel n kAdon
doFeedForward(). H doFeedForward() otnv apxn dnuioupyel tnv eicodo tou Siktuou
avaAoya HE TO MapAabupo TwV AULVOEEWY TIOU TIPETIEL VO LKOWVOTTOLEL. OToU avti va
naipvet ocoav elcodo TNV apxikn Kwdlkomoinon, maipvel TO vector TOU
SnuoupynBnkKe, HE TIC TWHEG Twv 20 OULVOEEWV yla TNV CUYKEKPLUEVN B€on tng

npwteivng rou e€etalovpe (oxnua 2.13).

MNa kabe apwofi tou window
i
Anpuoupyia Kwdikomolnong:
Mo to apwofl position
{
av MSA ==
input = kwdikomolnon position Bdon sparse.txt
ahALug

input=createMSAlnput (position,20)

h

Ixnua 2.13: Yeuvbokwdikag eloaywyric MSA kwdikomoinong.

MkpEG aAAQYEG €ylvav oTnV KAAGN pssp_ucy.cpp. Xwplg Tnv xprion MSA profiles oto
ocuotnua, n Kwdlkomoinon NTav yla kabe auvofy kabe mpwteivng otabepn Kat £tol
mailpvape tv Kwdlkomoinon pia ¢popa HOVo yla OAEG TIC TIPWTEIVEG. AVTIOETWG UE
v xprion MSA profiles, tpwv va apxioel n emefepyaoia Twv apvoséwv xpeldletal va
E€poupe yla kaBe mpwrteivn tnv kwbdlkomoinon tng. Etol Aoumdv mpootednke uLa
€VTOAN oOmou Ba mpEmeL va maipvel TNV kwdlkomoinon Kat va tnv anobnkeveLl oTo
OUYKEKPLUEVO vector. Metd ektehovvtat ot SU0 PaOlKEC OUVAPTACELG

doFeedForward() xaL doBackpropagation() (oxnua 2.14).
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While (epoch<maxEpoch)

d

While ([umapyouv mpwTgives oto training dataset)

{

Mape v EMOUEV TIPWTELVN X

Mépe TNV kwdLkomolnan e TPWTEVC X
Mo kaBe apvobd t Tne mpwTelvne X

{

doFeedForward (t)
doBackPropagation (t)

h
While ([umapyouv mpwrgives oo testing dataset)

{
ME&pE TNV EMOUEV TIPWTETVR X
MNape tnv kwdlkomolnon TNe mpWITElVnC X
Mo kdBe apvobl t Tne mpwTeivne X

{
doFeedForward (t)

xnua 2.14: Weubokwdlkac LE TOV OmMoOI0 TPOTomoleital n kKAdon pssp.ucy, wote va

eneéepyaletal tnv xprion twv MSA profiles.
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2.4.2 Elcaywyn SOV tpomnou BadpoAdynong tou Aktuou

Mta GAAN ONUOVTLKY ELCAyWYr) 0TOU CUCTNHA TTOU €iXe KAVEL N XpLotodoUAou ftav

n evowpatwaon tou SOV Score.

SOV (Segment Overlap), eivat pa véa péBodog BabuoAoynong tng mpoPAEMOUEVNG
akoAouBiag tng deutepotayouc Soung n omolia mpotadnke apxtkd anod tov Rost Kal
Toug ouvepyarteg tou (Rost et al., 1994) kat emavanpoodlopiotnke amnod toug Zemla et

al (1999).

Méxpt tTwpa n péBodog Babuoldoynong tng akpifetag mpoPAsPng Seutepotayous
Soung plag mpwtelvng amd To udlotdpevo ovotnuo ivat n péBodog Q3.
Juykekplpéva n Q3 sival pa pebodog aflohoynong tou mpoBAedng dsutepotayolg
S0UNG MPWTEIVWV TIOU CUYKPLVEL €va TIPOC £val T ApLvoEEa TToU CUVOETOUV TNV
npwteivn unoAoyilovtag moca and autd TMPOPAsPe CWOTA, XPNOLUOTIOLWVTAC TNV
E€lowon 2.1. Opwg onwg Ba Sovupe otn cuvéxela auth n HEBodog Sev elval tooco

owoTr ano BloAoylkng amoPewc.

number of residues correctly predicted
03 = * 100
number of all residues

E§iowon 2.1: H uedodoc BaduoAoynong tng npdBAsyng tou diktuou, n onola Baoiletat otov

aptfuo twv katadoinwv mou mpoBAEPTNKaY owoTd.

To SOV eivat pia aAAn péBodog BabuoAoynong tng mpoPAenopevng akoloubiag n
omola elval mMOAU o Boloyikd akplBig amd to Q3. Autd oxlel emeldny dev
OUYKplvel €va mpog €va KaTAAouto, aAAG SlooTAHUOTA amd  KATAAOLTA TIOU
ETMIKOAUTITOVTAL OTIG SUO0 akoAouBie¢ NG TPOPAEMOUEVNC KOl TIPOYUATIKAG
akoAouBiag avtiotolya. Autod eival TTOAU ONUAVTLKO, YLATL AUTA Ta KOUUATLIO BEoEwY
elval auta mou kaBopilouv tnv «doun» NG MPpwIeivng otov Xwpo (tpLtotayolg
60UNnG). Aev cuyKplvel pla mpog P B€on Kal autr ival onmweg BEoape o mavw, n
Baowkn Stadopd pe to Q3. lNa mapadelypa, av n MPpwteivn otov xwpo amoteAeital

arnd Svo koppdtia Helices evw n mpoBAemouevn akoAouBia mpoBAémel povo éva
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Helix Staotnua (oxnua 2.15), autd onuaivel OTL UTIAPXEL TTIOAU HeYAAn Stadopd otnv
tpLrotayn doun, 6cov adopd 1o oxnua dnAadn tng Mpwteivng. Napola autd, pe
Baon kat maAL to oxnua 2.15, n mpoBAenouevn deutepotayng doun pe tnv pEbodo
BaBuoAoynong Q3 €xel éva peyaAo TOOO0OTO akplBeiag 75%. AmoO autd
kataAaBaivoupe otL ol Suo péBobdol BabBuoldynong pmopouv va dwoouv akpaia
anoteAéoparta, Kol auto okplBw yivetal emeldn n Bewpia tnv onoia epapuolouvv
elval oAU Stadopetikn. H véa opwg péBodog BabuoAdynong, ¢aivetal va eivat

PEOALOTIKA TTILO aKPLBAG amo tnv Q3.

EmBupnth dzutepotayng Sopn: HHHHH|E EEJHHHH

Mpophemopsvn Seutspotaync Soun: EEEEEEIHHHHHH

Ixnua 2.15: H smduunty Ssutepotaync Soun amoteAsital amd Svo tunuata H, evw n
npoBAenouevn deutepotayric doun anoteAsital uovo amo eva H. AouLKd AoLtov UTtapyeL ULo

TIOAU peyaAn Stapopad otic Suo auteég akoAouvdieg.

Me Baon Ttig e€lowoelg umtoAoylopou SOV (Zemla et al., 1999) onwg daivetatl otnv
eflowon 2.2, (s1,52) dnAwvel éva fevyog amd TuAHaAta mou efetalovral, Omou sl
avnkeL otnv emBupnty Seutepotayny Sopr Kal s2 OVAKEL otnv TPOoPAEMOUEVN
Sdeutepotayrp Soun. H toun twv SUO QUTWY TUNUATWYV TIPEMEL VA TIEPLEXEL
TOUAQXLOTOV £va KOLWVO OTOLXELO KaL N €vdeln tou aplBpol Twv KOWWV OTOLXELWY
kaBopiletal and tnv T minov(sl,s2). AvtiBeta, n TR maxov(sl,s2) kabopilel tnv
€Vwon autwyv Twv dUo Tunuatwy (e€lowon 2.2). EmutAéov n tun 6(s1,s2) kabopilet
gL BTk T lon pe to amotéleopa tng e€lowong 2.2 (tng deltepng eflowong),

orou len(sl) to pnkog tou sl tuAuatog Kat len(s2), To MAKOG TOU S2 TUAUATOG.
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1 minov(s,, 5.} + &(5), 52

323

N je[HEC S0 maxov(s,, s

< len(s))

5[5y, 52) = min|(maxov(s,. 5;) — minov(s,, s3],

minov(s,, s;), int(len(s;)/2), int{len(s;)/2)|

E§iowon 2.2: O eéiowoelc unmoAoyLouou tng véag uedodou BaduoAoynonc mpoBAenousvwyv
akoAoutiwv, SOV (Ao Zemla et al., 1999).

To eowteplko abpolopa (e€lowon 2.2) yivetal yia kaBs mBavo {elyog TUNUATWV
(s1,52) mou adopouv pia cuykekplugvn deutepotayr Soun. To e€wteplkd abpoloua,
yivetal yla kaBe Seutepotayry Sdopry mou peAeToUpe, SnAadn OTNV TIPOKELUEVN
TLEPLIITWOT, TO EOWTEPLKO ABpolopa Ba ekteAeoTel 3 GOPEG, Hia yla OAa T TUA AT
mou adopouv Helices (H), pia yia 0Aa ta T pata ou meptéxouv Strand (E) kat po

yla OAa ta tuipota tou €xouv Coils i Loops (C A L).

Nif) = E lenis,) + E len(s)

S T

E§iowon 2.3: Médobog urtoAoytouou tou opou N(i) (A Zemla et al., 1999).

H tiun N (g€lowon 2.3), ywa kamowa Seutepotayn doun (i), ivel to abpolopa GAwv
Twv WV len(sl) tng deutepotayng Soung mou PEAETOUME Kol Ttou oxnuati{ouv
ETUKAAUTITOMEVA. TUAMATA UE TNV TIPOPAEMOpeVn akoAouBia, aAAd Kal TNV TN
len(sl) tunudtwv NG emBuPNTAG  akoAoubiag, Tmou dev  oxnuatilouv

ETULKOAUTITOMEVA AT UE ™mv TtPOPAETOPEVN akoAoubBia.
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Mna va SoUPE TNV ONUAVIIKOTNTA QUTACG TNG VEACG UETPLKAG oG SOUUE TO TILO TTAVW
napadelypa tou oxnuatog 2.16, to omoio peAetd 1o SOV ylwa ta Helices. Eotw n
akoAouBia £xel To Lo mavw Tunpa and Helices. Ztnv npwtn mpoBAeyn, 5 and ta 10
otolxeia tng akoAouBiag €xouv mpoPAedtel ocwotd, Kal Aoyika, pe tTnv Q3 PETPLKN
QVOUEVOU LE EVa OKOP aVAAOYO e auTO Tou BAEMoUpE. Opwg, pe tnv uEbodo SOV,
TO OKOP OUTO HELWVETOL KATA TOAU. AvtiBétwe, otnv Seltepn mpoPAsPn to Q3
TOo0oTO £ival to 6lo adol n mMoooOTNTA TWV OTOLKELWV TIou €xouv TipoPAsdtel
owota eival n dla pe tnv mponyoupevn mpoPAedn, opws to SOV Score aAlalel
Spapatikd. Auto odelletal oto OtL To SOV Seiyxvel OtL n doun NG MPWTEIvNG He
Baon tnv &eltepn MpPOPAedn elval MO KOVIA OTNV TIPAYHOTLKA, €MELSH UTIAPXEL
pHovo €va tunua Helix, omwc cupBaivel otV MPAYUOTIKOTATA, KOL OXL TIEVIE OMWG
nipoPAETEL N TpwTn TPOPAsYPn. Me TO (610 OKEMTIKO UMOPOUUE VA KPLVOUME Tal
anoteAéopata Q3 kat SOV yia tig unoAouneg nmpoPAePelc. H méumtn mpoBAedn,
6ivel To uPnAotepo Mocooto 6oov agdopd tnv SOV HETPLKN, EMELSN €KTOC TOU OTL
TipoPALTEL Eva TURUa Helix, €xeL KoL ONUOVTLKA OUOLOTNTO UE TOL OTOLXELD TOU, EVW
o Q3 6ilvel Ta uPNAOTEPO TTOCOOTA yla TNV TPLTN KoL TETaptn TPOoPAedn oOmou
UOpPEL N TTOOOTNTO TWV OTOLXELWV TToU TIPOPAEPTNKAV CWOTA VA €lval PeEYaAUTEPN
aro Tg AAAeg mpoPAEP LS, alAd, n doun TNG MPWTEIvNG elvat TOAU StadopeTikn amnod

TNV TIPAYLOTLKOTNTAL.

SI:I‘r' G:-;
Observed CHHEHHHHHHHC
Prediction 1 CHCHCHCHCHOC 12.5 58.3
Prediction 2 CCOCHHHHHCCOC 63.2 583
Prediction 3 CHHECHHHCHHC 40.6 833
Prediction 4 CHHCCHHHHHCC 52.3 75.0
Prediction 5 CCCHHHARE O 80.6 66.7

Ixnua 2.16: Tumiko napadstyua ouykptong Suo uedodwv BaduoAoynang npoBAsyng

npwteivikwy akoAovtwv (A Zemla et al., 1999).
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To mpoypappa to omoio umoloyilel autiv tnv véa HeTplk SOV, eivat nén
uAorotnpévo kat dtabéotpo (SOV, 23 April 2010), kat xpnolponolionke xwplig kapia
oAAayn. To povo mou oAAGxTNKe €ival n popdn twv apxeiwv mou Sivel To TpEXoV
oUOTNUA, WOTE va eival cupBatd pe TNV pHopdn Twv OpPXELWV Tou Taipvel cav

eloobo 1o mpoypappa SOV.

To mpoypappa SOV, maipvel cav eicodo dUo akolouBieg, pia akolouBia mou
ekppalel TV mpoPAenopevn Seutepotayn Sour KAmoLag MPWTEVNG Kal Lo n omola
ekppalel TNV mpayuatikn deutepotayr Soun TNG MPWTIEIVNG AUTAG. TNV CUVEXEL
umoAoyilel To SOV mooooTo yla kaBe éva ano ta H, E kat L xpnolponowwvtag Tig mo
Tavw padnuatikég e€lowoelg (e€iowon 2.2, 2.3), kabBw¢ kal To oAkd SOV mocooto
yla TNV CUYKEKPLUEVN TPWTEivn. Emiong pia emutAéov mpafn mou KAVEL €ival o
umoAoylopog tou Q3, aAAd umoloyilel emiong ta QH, Qe kat Q. Eexwplota. To
avaAoyo apxeio e€660u MOV SIVEL TO CUYKEKPLUEVO TIPOYPAUUA OTTOTEAELTAL ATTO TLG

6U0 akoAouBieg elcddou, Kat amod T mAnpodopieg SOV kat Q3 (oxnua 2.17).

X H H 167
X H H 168
X H H 169
X o H 170
X C H 171
X H H 172
X H H 173
X H H 174
X H H 175
X C o 176
X Cc o

X c o

X c c

SECONDARY STRUCTURE PREDICTION ACCURACY EVALUATION. N AA = 179

ALL HELIX STRAND COIL
Q3 : 64.2 90.1 12.9 $0.9
SOV : 64.6 83.9 19.4 57.8

Ixnua 2.17: Tumiko apxeio e€o6bou yia to mpoypauua SOV, mou Seiyvel Ti¢ UETPLKEG Q3 Kal

SOV, kat yia 0An tnv mpwrteivn, kat yia ta H, E kat L Eeywplota.
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Ma TG avAaykeg tou ouothpato¢ n XplotodoUAou xpnolgomoince emiong Tto
npoypappa «confusionMatrices.pl» To omoio tpomomnolOnKe Kol LETOVOUAOTNKE OF
«confusionMatricesAndSOV.pl». To mpoypapua autd XPnoLLomoliOnke ylo va
KOTOOKEUAOTOUV ta confusion matrices kaBe mpwteivng oUTWC WOTE va eEETACEL
OTATLOTIKA N Kavotnto TPOPAsPNG Tou OLKTUOU yla OAEG TIG TUOOVEG TUUEC

Seutepotayouc dounc H, E ka L.

Ta confusion matrices ival éva €idog mivaka onw¢ ¢aivetal and to oxnua 2.18, to
OTolo XPNOLUOTOLE(TAL CUXVA YLa EKTIUNON TNS £€060L TWV CUVOAWV SES0UEVWYV TTOU
eKmoSeVTNKAV HE TNV XpHon emBAenopevnG nabnong, otav to cUVoAo dedouEvwv
bev eival wooluylopévo. Optlovtia daivetal n MPoPAEMOUEVN TLUAR TWV CUVOAWV

6e6opévwy mou Sivel To SIKTUO Kal KABETA N TTPAYHOTLKA TLUI TTOU €XOUV.

Mpoayportikn Tn
H E L
H 10 2 8
NMpoPfAemopsvn TR
E 1 b 2
L ] 1 1

Zxnua 2.18: Eva tumiko mopdadetyua evoc confusion matrix mpoBAsyng deutepotayouc

dounc uLac mpwteivng Ue xprion VEUPpwWVIKWVY SIKTUWYV au@ibpounc avadpaaong.

Ocov adopd 10 TPEXOV OUOTNUA, O Tivakag amoteAeital amd ta tpla €i6n
Seutepotayoug doung mou peAetoupe. Eotw OtL To oxua 2.18 deixvel to confusion
matrix plag mpwteivng tng omoiag n deutepotayng doun TpoPAEPTnke amod TO
cvotnua. Anmo ta 11 Aoutdv «H» mou umdpxouv otnv TPAYUATIKA SdeutepoTayn
6oun, ta 10 ar’ avtd ta npofAse cav H kat pévo 1o €va amnd autd npoPAEPTnke
oav «E». Autd onuaivel otL To Siktuo pmopel Kal MpoBAEMEL cwoTA TNV opAda Twv
Helixes. Zuvexilovtag, ano ta 9 «E» mou undpyxouv otnv dgutepotayr akoAoubia to

Siktuo katadepe va mpoPAEPel ta duo cav «H» kot To Eva cav «L» kot and ta 11
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«L» 1ou umapxouv POvo To €va amod autd POoBAEDTNKE owotd. Ao To TeEAguTalo
auto onuelo koatoAafaivoupe OTL €Xxoupe TPOBAnua 6oov adopd TNV TPITN
nepintwon, dnAadn tnv nepintwon mou adopd tv MPOPAsPn tou SIKTUOU yla T
«L». To 6iktuo bev pmopel va mpoPAEPel cwotd TNV opada «L», kot amd ot

BAEmou e oto mapadetypa, ouyxLIeL TNV opada auTr e TNV opAda Twv «H».

Emopévwg Atav oAU onuaviiko va dnuloupynBouv ta confusion matrices yla Tig
MPWTEIVEG TToU ekmaldevovtat Kot emaAnbevovtal Pe To TPEXOV cUOTNUA, YLaTL eival
€vag Tpomo¢ aflohoynong ooov adopd TIC EEXwpPLOTEC opAdEG TNG SeutepoTayoUg
SounG mou POPBAETEL, KAl VO EVTOTLOTOUV TUXOV CUYXUOELG TTOU UITOPEL va yivovtal

HETAEL TOUC.

Ma autd to Adyo xpnotlpomnoinos to mpoypappa «confusionMatrices.pl» to omoio
elval ypappévo otn yAwooa PERL kat umoAoyilel 0Aa ta confusion matrices. Emiong
OMwG TipoavadEPOUE TO TIPOYPAULO TPOTOTMOLNONKE KOl HETOVOUOOTNKE OF
«confusionMatricesAndSOV.pl» oUtw¢ wote va urtoAoyiletl ta confusion matrices kal
TIC amopaitnteg MAnpodopieg yla TG MPoBAemMOUEVEC 0KOAOUBIEC TOU CUOTAUATOG
yla KaBe mpwrteivn, XpnolUOTmOWWVTOC Kal tn Vvéa MEBodo afloAdynong tou

ocuotnuarocg, SOV.

Ano 1o oxnua 2.19 BAémoupe OtTL otn oucia mpdoBsoe  Tpeic SladOpPETIKEG
UTIOPOUTIVEG OTO POypaupa . H mpwtn unopoutiva, createTempFile eival umevBuvn
yla tnv Snuioupyia eVOG MPOowPLVOU apxelou, otnv popdr Twv apxeiwv mou
6éxetal to mpoypappa SOV, yia kaBs mpwrteivn. AkolouBwg Ba Tpéxel TO
npoypaupa SOV &ivovtag tou cav €icodo to apxelo autd. Amo auto To apxeio
TAlPVOUE UOVO TIG SUO TEAEUTALEG YPOAUMEG OL OToieC adopolV TIG UETPLKEG UE TO
Q3 kat SOV avrtiotolxa. Autég ot TwuEG Slapalovtal kal amobnkevovtol oOTo
npoypappa, ue Baon tnv unopoutiva readFromSOV. H teheutaia umopoutiva mou
ovouadletal printinformationToFile. €ival umevBuvn va TUMWVeL T MANPodopieg
autég o SUo Sladopetikd apxeia. To Mpwto apxeio eival éva yeviko apxeio yla to
OUYKEKPLUEVO CUVOAO TIPWTEIVWY TTOU LEAETOUME, KAl OAECG oL TAnpodopleg TNG KABE

npwtelvng amoBnkevovtal ekel. Emiong, dnuloupyel éva apxelo yla kabe Eexwplotn
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MpwTelvn, OMoU Kal TAAL amoBnKeVEL TA XAPAKTNPLOTIKA TNG, To confusion matrix

™G, aAAA Kol TG TLEG Q3, SOV oAko kat SOV yia kaBe dsutepotayn doun.

Awoe ovopa apyeiou ewsobou
N k@ Be npwreivn x Tou apysiouv ewgobou
{
AnoBrikevos emBupntn deutepotayn Soun
AnoBrkevos npayuatkn) Ssutepotayn Soun
Na kaBe Bfon i Tng npwisivng
{
Néape Seutepotayr Sopn z g emBuuntrc akohouvBiag
Néape Seutepotayr Sopn k Tng mpaypatikig axoloubiac
I0ykpvez kaw k
AnoBrikevoe TO aMOTEAECUA OTOV MivaKa

}
KaAeos vnopoutiva createTempFile()
Kaleoe unopoutiva readFromSOv()

Kakeoe vnopoutiva printinformationToFile()

s

Zxnua 2.19: H aldayn oto mponyouuevo mpoypauua «confusionMatrices.pl», to omoio

uetovouaotnke os «confusionMatricesAndSOV.pl» givat ot Tpeic teAeutaies ypapueg.

H popdn evog tumikol apyelou plog mpwteivng mou Sivel oav €€060 To MPoOypapua
«confusionMatricesAndSOV.pl», ¢aivetal oto oxnua 2.20 evw n popdn ToU YEVIKOU
apxelou yla 0AOKANPO TO GUVOAO TIPWTEIVWYV TIOU OXNUATI{ETAL Ao TO MPOYPAUUA,
dalvetal oto oxnua 2.21. INUAvVTIKO gival va avadEPOUUE OTL TO TPOYPOUHO QUTO
OTO TEAOG TNG EKTEAECNC TOU, UTIOAOYLIEL TOV PMEGO OPO TWV TLHWV Twv confusion
matrices yla TIC TPWTEIVEC TOU OUYKEKPLUMEVOU OUVOAOU TIPWIEIVWY TIOU
xpnolgomowndnke. AuTO €lval O QVIUTPOOWMEUTIKA TIAnpodopia ywa To
OUYKEKPLUEVO oUVOAO debopévwy To omoio enefepyalOpaoTe, Kal Pe Baon autd ta
anoteAéopata Ba deifoupe tTa mooootd oe Stddopa melpapata. Ot mMAnpodopieg

autég epdavilovtal otnv  ypaupn €EVIOAWV OTO TEAOG TNG EKTEAEONG TOU

TIPOYPAUUATOG.

73



ProteinName :1gl2D

FrimaryStructure :DAGLDALSSIISRQEQMGOEIGNELDEQNE IIDDLANLVENT DEKLRTEARRVI
SecondaryStructure : LHHHHHHRHHRHHH AR HH A HHAHHHEHHAHHRHHHHEHHHHARHHARARAT
PredictedSecondaryStructure :LHHHHAAAAAAHHAAAARAAAL.HAAAHHHHHALLAAHLLLLLLHHHLHAAALLL

R3 S0V (all) 50V (H) SOV (E) SOV (L)

77.8 23.0 22.7 100.0 66.7

Confusion Matrix: HH HE HL EH EE EL LH LE LL
40 0 12 0 o 1] 0 0 2

Sxnua 2.20: Tumiko apxeio eE6dou amo to mpoypauua «confusionMatricesAndSOV.pl» yia

ka9e pLa ano Ti¢ mpwteiveg eLoodou.

Eretein <) S((all) 50%(H) S0VIE) SOW(L) HB HE EL E a4 EL I# IE IL

lzink Bl 16.2 6.0 0.9 1.9 17 1 15 0 0 a &8 il 12
hjmC .4 3.7 4.6 wo.p 5L L] 3 1 ] ] 13 i) 7

Zprfh 6.8 56.9 B5.8 15.6 63.4 6 0 1 5 4 13 i il 51
TaisR 5.0 62.4 1.4 26.0 .0 B4 a 30 27 13 17 28 F) L]
2cpzh T5.8 58,7 87.5 109.0 4.9 5 1] 3 0 1] ] a7 1] 91
1bahk 55.1 41.8 5.1 HA 1.7 29 0 0 11 3 18 i 3 kL]
Jeagh 6.5 3.1 9.5 15.0 G6.0 L 1 15 13 12 L] 18 a 121
Zoemh E0.6 49.6 .4 wa.0  38.2 5 0 £ 0 0 0 15 4 50
leglh 43.3 3.7 B3.9 £.2 56.4 14 a 1 15 2 15 i il 10
Inkgh 58.3 43.9 55.3 4.8 52.9 n 1] 15 H 18 3 i 1 73
2]dxA £2.1 52.5 E3.0 4.9 8.8 g6 0 Fi a7 17 kL] 40 3 120
2dith 5.7 1.4 54.0 0.0 50.2 B 1 1 8 [ 2 i il 1]
2b51C 60.3 £5.2 43.3 17.3 4.0 17 a 5 19 5 16 28 1 B3
IvaR 66.7 60,3 .0 0.0 67.9 B ] £ 2 0 | B ] 32
InhéR 4.6 31 0.0 8.1 4.5 0 1 0 3 1 7 g il 16
eciE 58.1 43.0 35.6 3.5 40.5 47 0 £ 0 ] 18 kL] il H
laj4d E0.6 77.0 78.0 0.0 1.5 T8 0 13 1 0 1 16 a 51
Ivseh 34,8 55,7 B3.5 28.8 5.8 10 0 1 10 ] 11 12 1 27
1glaD 7.8 250 287 109.0 8.7 a0 1] 12 0 ] ] 0 il 2

1 £3.0 1.3 Bz2.3 109.0 667 168 i 17 0 i 0 i 1 &2
21076 El.1 3.9 1.7 0.0 8.6 129 i 10 1 0 1 3 a k0

xnua 2.21: Turmiko VEVIKO apxeio gobou oo TO TpoOypoUUd

«confusionMatricesAndSOV.pl» yia 0Ae¢ Ti¢c mpwteivec eloobdou.
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Kepalaio 3

Eneéepyaoia AcSopévwv

3.1 Xprjon CB513

3.2 Ene€epyaocia dedopévwy EE6S0L TOU ZuoTHATOG
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3.1 Xprion CB513

H mpwtn tpomomnoinon mou éylve oto cuoTNUA adopouce To cUVOAO TwV dedouévwv
TIOU €L0AYOVTAL OTO cUOTNHA yLa ekmaidevuon kat dokiun. Ta dedopéva elcodou oto
UTIAPYOV cUOTNHA, OTIWC TtpoavadEPONK,e ival xwpLopéva o deSopéva
eknaidevong kat Sedopéva SokLURG Kat Ta omoia Bplokovtal oto ¢pakelo TrainingSet
Kal TestSet. Onw¢ avadEpOnke oe mponyoUevo KePAAalo n eNAOYr CWOTWV
oUVOAWV Sedopévwy elvat TTOAU onuavtiki otn KaAn tpoPAsdn tou Siktvou. H
gmAoyn Twv MPWTEIVWY TTou Ba xpnotlponoloou he mailel peyalo poio ot
UETEMELTA eKaidevan. Av emAexBouv pwTelveg TTou GTaV OTOLXLOTOUV
mapouoLalouVv HeyAAn opoLloTNTA HETAEY TOUC , TOTE Bal EXOUE HELWUEVA TTOCOOTA
npoPBAsPnG. MExpL onpepa €xouv dnuioupynBei Stadopa cuvola dedopévwy mou
xpnotpomnotnonkav ywa tn mpoPAsdn tng Seutepotayols Soung mpwteivwy. H xprion
SLadopETIKWY CUVOAWYV EXEL OOV AMOTEAECUA va eival SUOKOAN N cUYKPLON LETAED
Stapopetikwy peBodwv mpoBAePng. Amopaacioape AOUTOV VA XPNOLUOTIOL)GOULE
£€va oUVoAo To Sedopévwy To omolo lval eupeia yvwoTo Kal avayvwplolo, yLo va
UTTOPOU LE VO CUYKPIVOUE QMOTEAECUATLKA TOL TTOCOOTO HAC LE TTOGOOTA GAAWY

epappoywv. To cUVOAO TTOU AMOPOCIOAE VO XPNOLLOTOLO0UUE €ival To CB513.

To CB513 eivatl éva oUvoAo mou dnuloupynBnke amnod toug Cuff kat Barton (1999) kat
arnoteAeital anod 513 npwrteiveg. AnoteAel To cuvoLAOUO TwV cUVOAWV RS126 Ka
CB554, ta onola mapouacialov KATmoLo ONUOVTLIKA pelovekTipata. To RS126
SnuoupynBnke amod toug Rost kat Sander (1993) kal anoteAsital ano 126
MPWTEiveC. OL MpwTEiveg eMAEXONKav BACN TOU Kavova OTL LETALY 2 TPWTEIVWY UE
neplocotepa amnod 80 apwvoééa ota SeSopéva Sev TIPEMEL v UTTAPXEL OUOLOTNTA
TEpav tou 25%. Otav Opwg xpnotpomnottnkav mio akplpeic péBodol olykpLong
napatnpnonkav OtL oL MPWTEiveg mapouotalouv PLeYaAUTEPN OUOLOTNTA. [ AUTO TO
Aoyo ol Cuff kat Barton (1999) dnuiolpynoav apxLlkd €éva cUVOAO amo PWTEIVES TTou
eTUAEXONKav amo tn Baon dedopévwy 3Dee e TN xprion evaiodntwv aiyopibuwv
oUYKPLONG aKOAOUBLWY Kal TEXVIKWV clustering avti Tng amAng cuykpLoNng
opolétnTag. To cUVOAO AUTO ovoudotnke CB554 kal Omwe dailvetal amo To ovoua

Tou amnoteAeital anod 554 mpwTeiveg.
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MNa va emPeBaiwbet 0tL to CB554 Sev mapouolalel opuolotTnTeC He To RS126, ta Suo
ouvoAa cuvduaotnkav Kot cuykpiBnkav pe tn péBodo AMPS (Alignment of Multiple
Protein Sequences) (Bardon, 1994), ue ntivaka blosum62 kai penalty gap 10.
Ytouyioelg pe SD Score peyalutepo tou 5, BewprOnkav opdAoyeC Kal yLo auTo ol
OUYKEKPLUEVEC TIpWTEiveg adalpednkav amod to cuvolro. Etol dnuioupyndnke to
TeAKO dataset, To omolo anoteAeital an 513 mpwteiveg kat ovopaletal CB513. Ito

CB513 untapxouv cuvoAlkd 73253 katdAoumna.

la TIg avaykeg tou mpoPAnpartog pag npaypatonotnoape 10-fold cross-validation
o€ 10 umtooUVoAQ. EToL OTaV TIPOKELTOL VA TPEEOU UE £va ME(PA A, EKTIALSEUOULE TO
ocuotnua yla ta 9 dataset kot SokLpHA{ou e TO UTTOAELTTOpEVO éva (Zxnua 3.1). H
Stadkaoia autn npenel va emavaindBOet kat yia ta 10 dataset. To TeAKO mMOcOCTO
npoPBAsPnG Tou Siktuou urmoloyiletal cuvdualovtog Ta apxeia Tou
xpnotpomnotndnkav wg TestSet kat ota 10 urmtocUvola. AnAadr) evwvovtag Ta
anoteAéoparta kot Twv 10 folds og €éva apyeio yla vo UTTOAOYLOTEL TO TEALKO

QTOTEAECHAL.

‘Exovtag AoV £va Stadedopgvo cUVOAO SESO0UEVWVY UTTOPOULE VoL AOU E KalL vl
OUYKPLVOULE TOL OMOTEAECHATA LOG UE GAANQ CUCTNO TIOU £XOUV aVaTTTuXBel xwplc

VoL UTLAPXEL TIPOBANO cUYKPLONG.

DataSet0 DataSetl DataSet2 DataSet3 DataSet4 DataSet5 DataSet6 DataSet7 DataSet8

DataSet9

M v v v

v

Exnaideuon BRNN

Aokiur) BRNN

A

Zxnua 3.1: Mapadeiyua Tpomouv Eknaidevon kat AoKun¢ Tou ZUSTHUATOC.2TO OUYKEKPLUEVO
napadetyua eknoatdeUoue yia ta DataSet aro 0 uexpt 8 kat Sokiualouue to DataSet9.
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3.2 Enefepyaocia dedopévwv EEG60u Tou Zuotipatog

AOYWV TWV VEWV TPOTIOTIOL|CEWV TIOU €YLVOV OTO Tipoypappa (YrmokeddaAatio 4.2)
avénBnke n mMoAumAoKOTNTA KAl Apa 0 Xpovog ekmaidsuong to cuotrpatog. MNa &ikn
LLO.C EUKOALO TPOTIOTIOLHOOE TO TIPOY PO OUTWC WOTE va Slvel o xprotng pnta
HEoQ Ao TO apXELO TTAPAUETPWY TOV OVopa Tou pakéAou mou Ba amobnkevovtal Ta
apxela e€66ou. Ano to oxnua 3.2 mapatnPoU e OTL N TEAEUTALO YPAPUA EXEL VA

KAVEL LE TO Ovoua To apxeio mou Ba amobnkevovral.

Hidden_layer_one_size 15
Hidden_layer_two_size 0
Hidden_layer_one_of Backward_size 17
Hidden_layer_two_of Backward_size 0
Hidden_layer_one_of Forward_size 17
Hidden_layer_two_of Forward_size 0
Activation_Function_Type_Hidden 1
Activation_Function_Type_ Output 1
Learning_Rate 0.09

Momentum 0.5

Window_size 31

g_minus_one 0.6

g_plus_one 0.6
Error_Function_Type Hidden 1
Error_Function_Type_ Output 1

S3

Maximum_Iterations 300

/********** I nputF | Ies**********/
input_Profile msa.txt

output_Profile threeClasses.txt
train_File trainSet0

test File testSetO
/*********OtherParamS*********/
msa_Enable 1

randomizeDataset 1
center_window_size 12
nameofOutPutFile Experiment02

Zxnua 3.2: lepilexousvo apysio parameters.dat. MNapatnpouue 0Tt oTn TEAEUTALA ypauun
ExeL mpootedel akoun UL MAPALETPOC TTOU APOPU TO OVOUX TOU apxElou oto omoio Ba
arro¥nkevovVTalL T ATTOTEAECUATA TOU TTELPAUATOC TOU Fa TpEEOULE.
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Auth n aAAayn BonBnoe otnv KaAUTEPN TafLVOUNON KAl TILOo EUKOAN amoBbrKeuon
TwV 6£80UEVWV HOG. 2TO TTPONYOUUEVO cUOTNHO TO Ovopa KaBe apxeio e€6dou oto
TENOG €lXe TNV nUEpPOUNVia TToU Snpoupyndnke. META TNV EVOWUATWON TWV
ensemble oto oUoTNQ, 6MoU 0 aPLOPOC TwV apxeiwv e€660u auénOnke, £yLve TTOAU
SU0KOAO va SLOKPLVELG TO opXEla TTOU oXeTIloVTaL YLO KATIOLO CUYKEKPLUEVO
neipapa. Me ) véa KwLKOTIOINoN TWV OVOUATWY, SlatnpoU e LOVo To Ovoua Xwpig
™V NUEpounvia Kat OAa ta apxeia mou oxetilovral yLa KAmoLo Meipapa

amoBnkevovral Eexwplota o 51kO Toug Ppakelo.

MNa kabe melpapa To cUOTNUA HE TN Xpron Twv Ensemble dSnuiovpyel 7 apxeia
€€060ou . H ovopaoia kabe apyxeiou eival X Output.txt, 6mou X pmaivel To ypappo
armo A péxpt F yia to kabe diktuo tou Ensemble (Zxua 3.3). Na to teAko apxeio mou
TIEPLEXEL TO amoTEAEaA Tou Ensemble Sivetal to ypappa Z. H Sopr) tou apyeio
€€06ou daivetal oto Ixnua 3.3. Eniong va avap£poupe OTL Katapyndnke n
Snuoupyia Twv apxeiwv .html ylati ot mAnpodopiec autég Snuioupyouvtat Kot

armoBnkevovtal and aAUTA T aPXELaL.

lbdoa 77-156 Correctness Percentage:0%

primaryStructure tEISGHIVRSPMVGIFYRTPSPDAKAFIEVGREVNVGDT LCIVEAMEMMNIEADKSGTVEAILVESGQEPVEFDEPLVVIE
secondaryStructure ' LLLLEFEELLLLEEEELLLLLLLLLLLLLLLEELLLLEEEEEEELLEEEEEELLLLEEEEEELLLLLLEELLL.LEEEEEL
predictedSecondaryStructure : LLLLLEEELLLLLEEEELLLLLLLEEEELLLEEELLLEEEEEEHHHHERELLLLLLLEEEEEEELLLLEEELLLEEEEEL
ledna 1-21 Correctness Percentage:0%

primaryStructure :CSCSSIMDEECVYFCHLDIIW

zecondaryStructure s LLLLLLLHHALLLLLLLLLLL

predictedSecondaryStructure : LLLLLLLLHLEEEEEEHHHEL

Ixnua 3.3: Aoun apyeio Z Output.txt. Na kade neipaua dnutovpyouvvral 7 apxeia tng
UOPPRC auTrg, Eva yla kade diktuo tou Ensemble kot Eva yia to TEALKO cuVOUAOUEVO
aIoTEAECUA.
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AKOUN €va BTG oToLXELO TNEG KWSLKOTOINONG AUTAG Elval TO yeEYovog OTL LE aUTO
TOV TPOTIO UIOPOU UE TIAEOV VA TPEXOUUE TTApAAANAQ TIOAAG TTELPALLOTA XWPLE Va
XPELALETAL VO TIEPLUEVOU LE VAL TEAELWOEL KATIOLO yLa VA EEKLVIOEL TO EMOUEVO. Ta
anoteAéoparta KAOE MELPAUATOC OTNV ponyouU Levn Kwdlkomoinon anobnkevovtav
oto ¢pakelo ‘DataOut/’ Kol ETOUEVWG KAOE dopd Tou EeklvoUOAE Eva VEO TIEIpA QL
avtikaBlotoloe Ta mponyoueva apxeia. ETol pe tnv aAAayr autr) UMopouUpE TAEOV
va TPEEOUE TTOANA TELPAUATA TAUTOXpOvVa otV iSLta pnxavn (Server) kat oto (610
npoypappa, adoul ta anoteAéopata Oa anobnkevovtal oe SLOPOPETIKOUC

dakéloug .

AUTO ival TOAU onNUaVTIKO ylatl yio va amodeifoupe otL Tnv opBotnTa TwVv
QTITOTEAECUATWY TWV TELPAUATWY LOC TIPETEL VA TPEEOU UE TIOAAQ TIELPALLOTA YLOL
enaAnBeuon. To cloTNUA 0TN TEALKI) TOU pHopdr] XpeLaleTal TTOAU XPOVO yLa
ekmodeuTel, ouvnOwe 4 pe 5 pépec. EMopEvwe Tav avaykaio, va HmopoU e va

TPEEOUE TIOAAQ TIELPAUATA TAUTOXPOVA, VL0 EEOLKOVOUNON XPOVOU.

AN\ onpovtikn tpooBnkn ota apxeia e€66ou nTav dnpwoupyia apyeiwv mou
TiePLEXOUV TNV akpLBn Tun e€66ou tou kABe dikTtuou os kABe BEan NG MpwTtelvng.
Ytn ¢aon tou filtering mou Ba avaAuBel oto Kepahato 4, xpelalOHaoTe TNV aKpLBN
QPLOUNTLK TLUN KOL TwV TPLWV €€08wV yla KABe apvofl kabe mpwteivng mou
EKTIALOEVUTNKE. ITA OpXELD TTOU TIEPLYPAPTNKAV TIPONYOUUEVWE TTAPATNPOULE OTL OTO
apxelo e€66ou amoBnKeVETAL LOVO TO YPAUUA TTOU AVTLOTOLXEL OTO TUTIO TNG
Seutepotayou Soung kat adol umoAoyLoTel n TeAkr) £€060¢ Tou Siktuou. Epeic Ba
SNULOUPYNCOUUE TIEPAV TWV 7 APXELWV TIOU UTIAPXOUV, KON 7 oTa omola yla KaBe
MPWTEivn Ba mpooteBolV 3 emMuMA£oV YpapES. H KABe ypapun Ba aviutpoownevel
TNV apLOUNTIKA TN TOU VEupwva €060V TTOU AVTLOTOLXEL O KABE KATAOTAON TNG
Sdeutepotayouc Soung (H, E, L), yia kabe aptvofl g mpwteivng (Zxnua 3.4). To
ovopa kaBe apxeiov Ba sival Tng popdng X _Filter_Output.txt, domou X eivat n idla
KwoLlKomoilnon Ue ta mponyoupeva apxeia. Emopévwg, Twpa Ba €xouue
arnoBnKeuUEVES OAEG TG TTANpodOpleg TTOU XpeLAlOUAOTE yLa TNV UAOTOLNoN Tou

filtering (Kepahaio 4).
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bdoa 77-156 Correctness Percentage:03

primaryStructure :EISGHIVRSPMVGTFYRTPSPOAKAFTEVGQXVNVGDTLC IVEAMRMNQIEADK SCTVRAI LVESGQPVEFDERLYVIE
secondaryStructure +LLLLEEEELLLLEEEELLLLLLLLLLLLLLLEELLLLEEEEEEELLEEEEEELLLLEEEEEELLLLLLEELLLLEEEEEL
predictedSecondaryStructure: LLLLLEEELLLLLEREELLLLLLLEERELLLEEE L LLEEREEEHRAHERELLLLLLLEEEREERLLLLEEELLLEREREL
Output Value of:

il
0,1062,0.1026,0,07538,0,161,0.07325,0.08788,0.02427,0.04913,0,008473,0. 01603, 0. 08948, 0,05163,0,02056, 0,01851, 0,08522,0.07248, 0, 1067, 0,07636, 0,07363,0.05144, 0.07217, 0, 1024, 0,19
22,0.06741,0.07939,0.1325,0.08003,0.1271,0.09848, 0.01459,0.1143,0.06612,0.07481,0.1122,0.02948,0,05511, 0. 2852, 0.1507,0. 2428, 0. 4174, 0. 3208, 0. 2842, 0.2379, 0. 3655, 0. 4615, 0. 4046, 0.
5047,0,2989,0,325,0.1145,0,06788,0.0743, 0,01198,0,04906,0,08483,0,076484, 001972, 0. 01846, 0, 1232, 0,03408, 0. 1171, 0,1025,0,397¢, 0., 1063, 0. 1171, 00397, 0, 03084, 0. 08366, 0,07138, 0.0272
§,0.06201,0,04211,0,1177,0.2765,0,08752,0,1209,0.1252, 0, 2284, 0,1825, 0.0021

L
0,7603,0,9001,0,8632,0,6902,0,6898,0,2161,0,2473,0,3211,0,8848,0,8664,0,8655,0,83,0,548,0,2779,0,04248, 0, 1386, 0,2866,0,6559,0,8376,0,9071,0,8649,0,7832, 07564, 0. 6648, 0. 3349, 0,
255,0,1543,0,2634,0.7328,0,9187, 0.6585,0,2116,0,2342,0.3203,0,8544, 0. 9317,0,6789, 0. 2536, 0, 04195, 0, 03236, 0, 009683, 0,03453, 0. 06248, 0. 1748, 0,3134,0,1808, 0. 2128, 0,2987, 0. 3128, 0. 24
,0.4484,0,5461,0.7448,0.7721,0.7171, 0, 8864, 0, 6204, 0,1636,0,0488,0,07252,0,07972, 0. 03655, 0. 1254,0,173,0.502, 0. 8985, 0. 9545, 0,8237,0, 4236, 0, 2583, 0, 4637,0,7226,0,8954,0,5243, 0. 289
1,0.06985,0.04385,0.04488, 0, 2011, 0.8562

£
0.04711,0,01882,0.06738,0.1348,0.1942,0,7732,0.8168,0,7003, 0. 1589, 0,1815,0,05139, 0. 1135, 0. 4503,0,8167, 0.9242,0,8206, 0. 5925, 0. 2653,0,0782, 0. 04336, 0,07041,0. 1067, 0. 1476, 0. 2678,
.6473,0.5371,0,7733,0.5182,0,1912,0,07659,0,1579, 0. 7889, 0,6107, 0. 5931, 0, 1143, 002508, 0. 03249, 0, 6113, 0. 6813, 0. 8018, 0,8715, 0. 6511, 0., 5625, 0.36,0,1433,0. 3992, 0. 1656, 0,3208, 0. 2504,
0.5701,0,4253,0.4216,0.1714,0.1899,0.154,0.06656,0.3827,0.836,0.8371,0.9315,0.8607,0.9309, 0. 4599, 0. 696, 0. 2508, 0.08539,0.0192, 0. 06898, 0. 5319, 0.6553,0.5022,0.1917,0,02312, 0. 1239
,0.6415,0,7251,0.9305,0,8841,0.551,0.07691

Sxnua 3.4: Aoun apyeio Z_Filter_Output.txt. Mapatnpouue ott yio kade F€on tng mpwrteivn
EYouuE Kal TNV akplBr aptSunTikn TN KoL YLa TI¢ TPELS MUIAVES KATHOTAOELS TNG

Sdeutepotayoug Soung.
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Keddaiawo 4

Ixeblaouog kat YAomoinon

4.1 YAomoinon NapaBupou Kevtpikol Atktuou BRNN
4.2 Evowpdtwon Ensembles
4.3 Yhomoinon Post Processing Filtering
4.3.1 Self Organized Map-Kohonen Algorithm
4.3.2 Radial Basis Function
4.4 Evowpatwon EEeAKTIKWY ZTpaTnyLKWyV
4.4.1 EEEANLEN Tou BaBpou Juppetoxng tou kaBe BRNN oto Ensemble
4.4.2 EEEALEN TWV TLHWV TwV Bapwv tou BRNN
4.4.20 EEEALEN TWV TILWV TwV Bapwv Xxwpig Tn Xprion tou Back-Propagation

4.4.2B EEEAEN TWV TLHWV TwWV BapwVv HETA TN ekmaibeuon Tou SIKTUOU HE

Back-Propagation

4.4.3 Evowpdatwon tou SOV wg fitness function
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4.1 YAomnoinon NapaBipou KevipikoU Atktuou BRNN

Kat" apxd¢ n mpwtn Tpomomnoinon mou KAVAape oto olotnuo adopa TO KEVIPLKO
6iktuo tou BRNN. Onwcg enefnyndnke oto kepaAato 2 to BRNN amoteAeital anod
TPla veupwvika Siktua (Kepahato 2, Ixnua 2.1). To aplotepd veupwviko Siktuo Ft
enegepyaletal Ta auvoféa TIOU TponyouvTol ToU aplvoféEwg mou Bploketal oto
KEVIpO TOUu mopaBbupou evw Tto Oefl0 veupwvikd biktuo Bt emefepyaletal ta
OULVOEEQ TTIOU £TTOVTAL TOU KEVIPLKOU QUVOEEWG TOU KvntoU mapabupou. Emiong
yla KaBe apvoll plag mpwteivng dnuioupyeital €va Kivolpevo mapaBbupo yla va
UMOPOULE VA yVWwpPLlou e TL TponynOnKe Kol TL EMETAL EVOG CUYKEKPLUEVOU QLVOEU.
H doFeedForward() cuvaptnon ival umevBbuvn va petadEpel tnv mAnpodopia Twv
KOTAAOLWVY TIoU TIEPLEXOVTAL OTO KIVOU LEVO tapdBupo, oto Siktuo yla enetepyacia

(Keparato 2, xAua 2.7).

Metd amod PEAETN OTO UTIAPXWV CUCTNUA TIAPOTNPNOAUE OTL EVW YLO TO OPLOTEPQ
Kol To 6e€ld Siktuo umapxel Kvntod mapabupo, yla To KEVTPLKO Siktuo Sev umapyeL
vAorotnpévo. Anhadn otav Sivetal €va apwvoly yla enefepyacio 0To cUOTNUA TO
KEVTPLKO Siktuo Sev enefepyaletal mAnpodopia MEPAV TOU €VOC OULVEOEWG. AUTO
umopel va 0dnynoet os xapnAa mocootd nmpoBAsedng yiati Sev divetal oto Siktuo n
anapaitntn mAnpodopia yia emnefepyacia. H avadimiwon twv Tpwrigivwy
ennpealetal Aueca anod tn MAnpodopia MoU EUNEPLEXETAL OTA KaTAAouta TnG. To TL
EMETOL KAl TL tponynOnke mailouv onpavtikd poAo adou cvudwva pe to Ceroni
(Ceroni et al.,, 2005) ta &edopéva €xouv ML XPOVIKN €EAPTNON METOEU TOUG.
Emopévwg n un Umap€n Kwntou mapabupou OTO KEeVIPLKO Oiktuo uUmopel va

nipokaAécel A\avBaopéva amnoteAéoparta.

H tpomomnoinon mou kavaue adopa tnv kKAaon BidirectionalReccurentNetwork.cpp
KOl OUYKEKPLUEVA TN ouvaptnon doFeedForward(), evw emiong €ywve Kal pla ULKpn
oAAayl Otn KeVvIplk KAAon pssp_ucy.cpp KOL OTO OpXEl0 TOPAPETPWV.
ZUYKEKPLUEVQ, TIPOOTEONKE apXLKA 0TO apxeio parametes.dat akoun Lo mTapAPETPOG
mou adopd to PEyeEBOG TOU KEVIPLKOU TapaBupou. MNa mapddelypa av n Tl g
napopétpou window_size elval 2, autd onuaivel OtL yla to Keviplkd Siktuo Ba

yvwpiloupe Ta apvoééa Twv 2 TPonyoU LEVWY KOL TWV 2 EMOPEVWY BEoewy (2+2=4).
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Ooov adopd tn BidirectionalReccurentNetwork.cop oto KOUUATL Tou adopd TO
KEVIPIKO TapdBupo mAéov 6e Ba enefepyalopacte mAnpodopia povo yla éva
apwvofy aAAd yla meploootepa. Emopévwe oto ouvaptnon doFeedForward(), oto
TUAHA TIoU adopd To KEVIPIKO OikTuo, TMpEMEL va TpooteBel akoun €va Bpodxog
emavaAnyng yia va dafalovral ta KatdAouma aplotepd Kot S€Ld TOU KEVIPLKOU

apwvogeog (Zxnua 4.1).

for (int center=sequencet-center window size;
center<=sequencet+center window size; center++)

for (int p=center-halfInputSize;
p<(sequencet-halfInputSizet+inputSize); p++)

Eunpéocbio mépaocua autvoééwg amd KeTplko O[KTUO

xua 4.1 : H  emutAéov  emavainyn oto KEVTPLKO biktuo ot
“BidirectionalReccurentNetwork.cpp” enttuyyavetat ue to eéwteptko loop. Ano to auvoév
nou StaBaoaue Ya napouue t nAnpoopia nou Bpioketal “center_window_size” autvoéea

TponyouuEvoc Tou Kat “center_window_size” auwoééa ueta.

H elocaywyn TN VEAC QUTAG MAPAUETPOU €EUTTOKOVUEL OTL TIPEMEL va Eavayivouv OAa
TO TIELPAUATA VLA TNV EVPECH TWV BEATIOTWY TLHWV TWV MApapETpwV (Kepaiato 5).
H mpoBAedn tng deutepotayoul douncg odeiletal os Mpwto PBaBUO OTLC TOLKIAEC
aAAnAerudpaoelg avapeoa ota opwvoféa. M autd Ttov Adyo, TOAAEC HEBoSoL
Bacilovtal og €va kvnto mapabupo otabepou peyéBoug amod to omnoio mpoonadolv
va poBAEPouv tnv Seutepotayr] Sopun TOu KEVIPLKOU apvoéEwg, AapBavovtag
urtodn TG OAANAETUOPACEL TwV OMWVOEEWV TOU Klvntol Tapabupou Tou
T(PONYOUVTAL KOl EMOVTAL TOU KEVTPLKOU apLvoEEod. Auto, Sev elval apKeTo, yLati ot
oAANAETUOPAOELG QVAUECO OTA AMLVOEEQ UIOpel va elval MOANEG Kal Tautoxpova
HOKPLVEG. EKTOG amd auTO, UTIAPXOUV KOl CUCXETIOELG QVAUESA OTa TPOBAENOUEV
otolxela tnNg Seutepotayoug SOUNG TWV AULWVOEEWY aUTWV. EmMopévwg éva Kvnto
napaBbupo otabepol peyEBoug eivat dUokoAo va Tpoodlopioel emakpPwWE TIG
HOKPLVEG OAANAETLOPACELG TWV apvoEwy Kal TNV Seutepotayr TOUG CUCXETLON.
Ouwg, emutpénovtag peyaAutepo péEyeBog mapabupou kat maAl Sev avédavoupe to
T0000TO TPOPAEPNG Adyw unepekmaidevong. Apa, n ebappoyn Kivntou napabupou
otnv mpoPAedn Seutepotayolg Sopng €xel coPapolc TEPLOPLOUOUG yla TO

npoPAnua (Crooks and Brenner, 2004), (Chen and Chaudhari, 2006, 2007).
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4.2 Evowpatwon Ensembles

H peBobdoloyia twv Ensembles xpnoiwpomouOnke onmwg mpoavadépbnke pe tnv
umoBeon otL moAAA Siktua pall pmopouv va e€dyouv KOAUTEPA amoteAEéopata anod
éva. lNa tnv uvlomoinon twv ensembles xpnolpuomolioapue tv iSla TEXVIKN TOU

akoAoUBnoe kat o Baldi (Baldi et al., 1999,Baldi et al., 2000).

To ensemble mou dnulouvpynoape anoteAeital anod £€L veupwvika Siktua BRNN kat
akoAouBouv OAa tnVv (8la apxltektoviky (ZxAua 4.2). 3TNV oucio avil va £XOUUE
LOVO €va aVTLKELMEVO TNG KAAoNC BidirectionalReccurentNetwork.cpp, TAEOV £XOUUE
6 oTlyuLOTUTIA TNG KAAONG autn¢. Ao to oxnua 4.3 BAémoupe OtL Kat ta 6 BRNN

SnuioupyouvTal Kol apXLKOTOLoUVTOL E TO 8Lo TpoTo.

MSA Input

BRNN BRNN BRNN BRNN BRNN BRNN

AVERAGE

HorEorlL

Zxnua 4.2: Apyitektovikn tou Ensemble mrou dnutovpyndnke

85



BidirectionalRecurrentNeuralNetwork BRNN2 =
BidirectionalRecurrentNeuralNetwork ('B', hLayerOneSize,
hLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,
hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu

t,learningRate, momentum, windowSize,
gMinusl, gPlusl,errorFunctionTypeHidden, errorFunctionTypeOutput,

s, maxlterations, trainFile, testFile,
inputProfile, outputProfile, msakEnable, randomizeDataset, outputfol

derName) ;

BidirectionalRecurrentNeuralNetwork BRNN3 =
BidirectionalRecurrentNeuralNetwork ('C',hLayerOneSize,
hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,
hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu

t, learningRate, momentum, windowSize,
gMinusl, gPlusl,errorFunctionTypeHidden, errorFunctionTypeOutput,

s, maxlterations, trainFile, testFile,
inputProfile, outputProfile, msakEnable, randomizeDataset, outputfol

derName) ;

Sxnua 4.3: Noapadeyua apyikorotnonc 2 oo ta 6 BRNN.

'OAeg oL Aettoupyieg Tou Ensemble yivovtal otn kUpla KAAON TOU CUCTIUATOG,
pssp_ucy.cpp. Amo to oxnua 4.4 mapatnpou pe 0tL 6tav Stafaletal éva apLvolD,
aUTO ekmaldevetal kot eme€epyaletal Kal amo to 6 BRNN. To teAlko amotéAeopa Oa
armoteAeital amo To cUVOUACHO TWV ATTOTEAECUATWY KoL TwV 6 SIKTUWV. Mo auto To
AOyo oploape €va mivaka yio kaBe BRNN oto onoio Ba amoBnkeletal To
amoTtéAeopa Tou cuykekpLuévou BRNN, evw emiong Ba xpeLlaotoU e Kal éva Tiivaka
oTov onoio Ba anobnkevovtal 0 CUVSUAOHUOG TOUG KOL ETIOUEVWG TO TEALKO

QmoTéAECUA.
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while (undpyouv mpwtelveg oto training dataSet)
{
AlLé&PBace 1o MSA Tng enmduevng X MPWTIELVNG
ALé&Bace 1o MSA Tng enduevng X MIPWTIELVNG
AlLé&PBace 1o MSA Tng enmduevng X MPWTIELVNG
ALdPBace 1o MSA Tng enduevng X IMPWTIELVNG
ALédPBace 1o MSA Tng enduevng X MPWTIELVNG
ALédPBace 1o MSA Tng enduevng X IMPWTIELVNG
Apxlkomoinon Kol mpeTolpoacioa BRNNI1
Apxlkomoinon Kol mpeTolpoacioa BRNN2
Apx lkomoinon kol mpeTolpuacioa BRNN3
Apx lkomoinon Kol mpeTolpoacio BRNN4
Apx lkomoinon Kol mpeTolpuacia BRNNS
Apxlkomoinon kol mpetolucacica BRNN6
Tia k&Be autvolU t Tnc mpwrtelvng X
{
BRNN1.doFeedForward (t)
BRNN2 .doFeedForward (t)
BRNN3.doFeedForward (t)
BRNN4 .doFeedForward (t)
BRNNS.doFeedForward (t)
BRNNG6.doFeedForward (t)
BRNN1.doBackpropagation (t)
BRNN2.doBackpropagation (t)
BRNN3.doBackpropagation (t)
BRNN4.doBackpropagation (t)
BRNNS5.doBackpropagation (t)
BRNN6.doBackpropagation (t)
}
Ano6rnkeuce 1o SequenceTrainingError yLo
Ano6rnkeuce 1o SequenceTrainingError yLo
Ano6rnkeuce 1o SequenceTrainingError yLo
Ano6rnkeuce 1o SequenceTrainingError yLo
Anobrnkeuce 10 SequenceTrainingError yLo
Anobrnkeuce 10 SequenceTrainingError yLo
Av Bplokeool oTn teAevutdLla emoXn{
TUnwoe 1o OutputSequence (t) yvia 1o BRNN1
TUnwoe 1o OutputSequence (t) yvia 1o BRNN2
TUnwoe 1o OutputSequence (t) yia 1o BRNN3
TUnwoe 1o OutputSequence (t) yvia 1o BRNN4
TUnwoe 1o OutputSequence (t) yia 1o BRNN5S
TUnwoe 1o OutputSequence (t) yia 1o BRNNG6

}

yia
yia
yia
yia
yia
yia

TO
TO
TO
TO
TO
TO

TO
TO
TO
TO
TO
TO

BRNN1
BRNN2
BRNN3
BRNN4
BRNNS
BRNN6

BRNN1
BRNN2
BRNN3
BRNN4
BRNNS
BRNN6

Zxnua 4.4: Ot Asttoupyieg tou BRNN ektedovuvtal kat yia ta 6 Siktua
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Ooov adopa tov Tpomo nmou Ba cuvbuaoTtolV, SoKLUACAUE 4 SLOAPOPETIKEG TEXVLKEG
TIPOCEYYLONG ylo VO aVOKOAUYOUE Tola €XEL Ta KAAUTEpa amoteAéopata. Mpwv
OVOAUCOUE TIG TEXVIKEC €lval KAAO va UTEVOUUIOOUUE TwC KwOLKOMOLETAL N
£€€060¢ tou Siktuou. To kaBs BRNN yla kaBe apivoll mou ekmaldevetal, emMoTpEdel
TPELG APLOUNTIKEG TLUEG, HLO Yla KAOE KATAOTAON TOU UTAPXEL 0T SeuTEpOTAYNC
SouNnG. H mio peydAn T QVIUTPOOWTIEVEL KOL TN KATAOTAON Tou TPoEPAede To
cuotnua. Emopévwe tTwpa mou ekmatdevovtatl 6 BRNN, n teAkn anodaon Oa npemnel

va urtoAoyiletatl AapBavovrag umoyn Kot tig 3 e£660u¢ Kot Twv 6 SIKTUWV.

OL 4 u€bodol mou xpnolponotnoape ntav to Average, Weighted Average, Voting kol

Borda Function.

Jupudwva pe to Voting To amotéAeopa ou untootnpiletal ano t mAswoPndia twv

VEUPWVLKWV SIKTUWV lval Kot To amotéAeopa Tou Ensemble (Zxnua 4.2).

JUpdwva pe to Bora Function divoupe kamolo okop (Borda Score) oe kaBe pélog tou
Ensemble. Eotw 6Tt TO r'k lvat To ranking TNG ioer; KAAONG TOU Korop TOEWVOUNTH, TOTE
To Borda Score untoAoyiletal aBpoilovtog to M- r'y EMOMEVWE TO TEALKO AmOTEAECUA

umoloyiletal cUpPwva pe tn e€iowon 4.1

.
Fle(z)) = maxiea ¥ (M — rj,(z))

k=1

E§iowon 4.1: Eficwon umoloyiouov tng e€6dou tou Ensemble Siktuou ue tn xprion tou

Borda Score.

Ztnv pEBodo to Average kaBepia amd TG TPeELS Kataotdoel e€66ou kabe BRNN
aBpoiletal pe tig untoAouneg twv AAAwv BRNN otn cuvéxela Bpiloketal o HEGOG 6pOg
yla KaBe kataotaon. TEAOG EMAEYOUUE UL amo TG TPELG kataotaoelg (H,E i L) mou

EXELTN PNAOTEPN TLUA.
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Télog n uEBodog Weighted Average eival mapopola pe tnv Average aA\d n
Sladopa NG eival otL otn £€€060 kaBe BRNN Sivetal pia tiurn Bapoug n omoia deiyvet
To BaBuod emippong Tou kABe SikTUoU KoL n omoia umoAoyiletal cUpPwWVA HE TO

ooooto odpalpartog tou kaBe BRNN (E€iowon 4.2).

1 - E
S (1 Ey)

iy

E§iowon 4.2: To w; opiletal w¢ 10 Bapog mou amokta n £€€0do¢ tou i BRNN Siktuou kat

urnoAoyiletal oUU@PWVA LIE TO TOOOOTO OPAAUATOC EJ.

Metd amod ok MoAAWV TELPAUATWY, T omoila apouatalovral oto Kepalato 5,
TIOPOTNPNOAE OTL T KAAUTEPO amoTteAEopATa BEATIWONG TOU CUCTAMOTOG ATAV HE
™ HEBoSo TO Average pe pkpn dwadopd amd ta amoteAéopata tou Weighted
Average. lNa AOyo auto Ba KpATHOOUUE QUTI TN TOKTLKN KoL 08 OAEG TIG HEBOSOUC
BeAtiwong kal mMepapdtwyv mou Ba avamtuxBouv otn cuvéxela. O TPOMOC ToU
umoAoyiletaL to Average OTO TIPOYPOUHUA HAG GALVETOL OTO TIO KATW KOMMATL

Kwdika (Zxnua 4.5)

T'ia xk&Be ratd&otaon K tng devrepotayoUc doung Ing npwteivng x

{

AnoTéAeopaEnsemble [K
ATIOT é A€ OPBRNN2
AToT é A€ OpBRNN4
ATOT éAeOPBRNNG6

= (AntoT éAeOpaBRNN1 [K] +

K] + AnotéAeopoaBRNN3[K] +
K] + AnotéAeopaBRNNS [K] +
K] )/6.0

— — — =

Ixnua 4.5: Kouuadtt kwdika amd t™ kAaon “pssp_ucy.cop” mou umoAoyilet to TEALKO

arotéAeoua tou Ensembe e Tn xprion tou Average
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4.3 YAomnoinon Post Processing Filtering

MoA)Aoi, €xouv mpoteivel yia to POPANUa auto éva Sevtepo Siktuo to omoio va
StopBwvel tTa amoteAéopata tou mpwTtou (Qian and Sejnowski, 1988), (Rost and
Sander, 1993). Mapopota, ot Chen and Chaudhari (Chen and Chaudhari, 2007) €xouv
npoteivel éva deltepo SikTuo, emunpocOeta oto diktuo tou Baldi (Baldi et al., 1999),
To omoio Oa AapPdavel umoyPn TIC OUOXETIOEL HETAED TwvV OTOLKElWV TNG
Seutepotayoug Soung (structure to structure) mou £xel mpoPAedptel yia kaBe
apwvoty amod to mpwrto Siktuo (sequence to structure), oAAA Kol TG HOKPLVEC
oAANAeTISpAOELC TWV apLVOEEWV. OUOLOOTLKA, TO TL KAVEL To SeUTepOo SikTUO £ival va
StopBwvel Tt AMOTEAECUATA TOU TIPWTOU OLKTUOU, BACN TWV CUOCXETIOEWV TNG
Seutepotayouc doung twv aptvotEwy. To diktuo auto Sivel éva mMOoooTo emLtu)iag
ue Baon tnv Q3 mapdpetpo 74.38%, kat yla tnv SOV napapetpo 66.05% (Chen and
Chaudhari, 2007).

Mta aAAN TeEXVIKN QIATpapiouatog mpoBAemOpeVWY MPWTeivwy, Ba akolouBnOel os
autn TV tpéxouca SumAwpATKA epyacia. AapBavovtag unmopn Tig Bswpieg NG
EruBAenopevng kat pn EmBAenopevne Mabnong Oa XpnoLUOTIOL|COUME Yyl TO
«@ATpdploua» Twv dedopévwy €660V Tou UPLOTAEVOU SIKTUOU TIPWTO £Vl XAPTN
autoopyavwong (SOM) Kal otn CUVEXELD €va VEUPWVLKO Siktuo tumou RBF. To
QUATpaploua autd AELTOUPYEL PE TOV 6Lo TPOMO OnMwG Kal To SeUtepo SLoPOBWTIKO
Siktuo Twv Chen and Chaudhari (Chen and Chaudhari, 2007), 6nAaén, dtopGwvel Tnv
nipoBAenopevn akolouBia mou Sivel To TpExov cUOTNUA OTO TEAOG KABe ekTEAEDONG
Tou, Aappavovtag umoyPn TG OUOCXETIOELG METAEU TNG  TPOPAEMOUEVNG

Sdeutepotayolg Soung KABe apLVOEEWC TNE TPWTEIVNG.

Onwcg npoavadépape oL €€odotl Tou SIKTUOU £lval TPELG ULl yla KAOE KATAOTAON
Seutepotayng doung. Emouévwg otdxog tou @IATpapiouatoc elval va TTAPEL AUTEC
TLG TIMEG KO va TtpooTiaBroet va TG SLopBwoel oUTWE WOTE VAL UMOPECEL VAL AUENOEL
TO TMO000TO cwoTNG TPOPAeYNG. MNa va yivel cwotd dATpdplopa Twv dedopévwy
ouudwva pe to RBF mpémel mpwto va yivel cwotr opyavwon twv dedopévwy pag.

MNa avto npwta Ba acxoAnBouue pe T dnuloupyila Tou XAPTN AUTOOPYAVWONG.
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4.3.1 Self Organized Map-Kohonen Algorithm

To SOM eival €idog un emiPAenopevng pabnong. Xtoxog¢ Tou €ival péoa amd tnv
ekmaidevon tou va opyavwoel ta Sedopéva O KOTNYOopLleg avAloya PE Ta KOWA
TOUG XOPOKTNPLOTIKA. YT OUYKEKPLUEVN TEPLMTWON OEAOUPE va OPYOVWOEL TA
6ebopéva e€66ou oe meployec-yeitovieg, ouudwva pe tn Seutepotayn doun Twv
TMPWTEIVWY, YLOL VO UITOPECOULE OTN OUVEXELD VO XPNOLUOTIOL)OOUME KATTOLEC

TLEPLOXEC TOU XAPTN WG KEVTPA oto RBF pac.

MNa tnv vlomoinon tou SOM Ba xpnolpomoljocoupse w¢ Sedopéva ecd6dou TO
Z Filter_Output.txt To omoio, onwg avadEépape oto Kepalalo 3, £XeL Tpomornotndel
oUTWG WOoTE yla KABe aptvofl tng KABe MpwTelvng mou TePAAUPBAVEL, EXOULE KL TN
Sekadikn T ¢ kabe g€ddou (H, E ) L)tng Seutepotayng Soung (Yrmokeddalaio 3.2,
Ixnua 3.4).

To SOM 68laBalel ta dedopéva el0odou pe tn Bonbela Twv KAACEWV “pssp.cpp,”
“pattern.cpp” kot “parameters.cpp”. To 6iktuo amoteAeital omd VEUPWVEC TNG
KAdong “neuron.cpp” n omola amoBnkevel £va mivaka pe OAa Ta BAapn TOU XAPTN Kot
£Va XQPOKTI PO TIOU QVTLTPOOWITEVEL TNV TLUN €€660u. OL TpeLg Aettou pyieg Tou SOM,
Avtaywviopog, uvepyaoia, Avtapolfr] yivovtal Katd KUpLo AOyo OTL( KAAOELG

“neutralnet.cpp” kat “neutralnet.h”.

Itnv apxn kabe B€on-veupwvoag TOU XAPTN OPXLKOTOLE(TAL ME Mla Tuxoia TLA.
Eneta kaBe mpwteivn tou StaPaletal kal amobnkevetal o €va Tivaka. Mo Tnv
ekmaibevon Tou XAPTN XPNOLUOTOLNoapE ONwG Kal oto BRNN cuotnua éva kwnto
napadupo to onoia pag Bonba va anobnkevoupe meplocotepn MAnpodopia yla pLa
OUYKEKPLUEVN B€on tng MPWTEivNG. ITn OUVEXELD UAOMOLEital n ekmaibeuon tou
SiktUou. AnAadn ylo €va OUYKEKPLUEVO apwvofy pe PBaon ta Bdpn Tou TO
kaBopilouv BploKoupE TO VEUPWVA TOU XAPTN TIOU QUMEXEL TN TILO ULKPH amooTao.
YroAoyiloupe otn ouoia tnv eukAeidela andotacn ¢ el0d6dou e KABe veupwva

Tou Xaptn (ZxNua 4.6).
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findWinningNeuron (vector<double> inputs)
{
Apxnkomoloe TO VLIKNTH ude 1o veupdva [0][0] tou x&p1n
Tia K&bBe veupdva tou X&ptn [1]1x[7]
{
YnoAdéyLloe 1nv andotoacn tou amd 1tnv €100do
distance = myNeurons[i] [j].calculateDistance (inputs);

if (distance < smallestDistance)
{
AmoBnkeuoce Tn andoTAon KOl TLG SUVIETAYUHEVEGS TOU
NLxntH
}
}

Enéotpede 10 NLKNTH

calculateDistance (vector<double> inputs)

{

distance = 0.0;

Tia xk&Be B&POC TOU VeEUPOVA
distance += (inputs[i] - w[i]) * (inputs[i] - w[il]);

return sqgrt (distance);

Ixnua 4.6: Yeubokwdikag mou umoAoyilet To vikntn-veupwva Baon TN eUKAEiSeLoG
anooTaonc tnG EL00doU Ao KAYE VEUpWVA TOU Xaptn.

O VIKNTAC VEUPWVAG ELVOL KOL QUTOC TToU Ba etnpeaoTel. 2 KABOe veupwva
QVTLOTOLXEL pLa yeLlTovid. AnAadr otav Ba avavewvou e Ta Bapn evog VEUPWVAC,
ETUNPOOOETA Ba AVAVEWVOU LE KOl Ta BApn TWV VEUPWVWV TTOU TOV TTEPLTPLYU pilouv.
H aktiva tng yeltoviag Tou untoAoyiletal pe tn Bonbela tng e€lowong 4.3. Ano tnv
e€lowon mapatnpol Ue OTL N aktiva KaBwg epva o XpOvog pikpaivel ylati BéAoupe
o€ KaBe emavaAnyn vo LELWVETOL N YELTOVIA TTOU EMNPEATETAL YLOL VOL LNV EXOU UE
OUVEXNG UETOKLVOELG TUNUATWY TOU XAPTH. ITO MPWTa oTAdLIa avadimAiwaong tou
XApTN BEAOULE OL TPOTIOMOLNOELG Va €lval PeYAAES yLati ta Bapn €xouv
apxkomolnBel Tuxaia. Opwc emeldn 0 XAPTNG CUVEXWC EKMALSEVETAL AUTO ONUaiveL

OTL 6ev XpelAleTAL VA TPOTIOTIOLOU UE HEYAAQ T HATA O KAOe emavainyn.
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axTiva =Méyebog X&ptn / 2;

T = MévyioTtog AplOudc Emoxadv/loge (axT (vor)

. ; . . —apL6udc emoxNc/T
AKT(va ELPPOAC yeELToviae = oxTiva * e' oPOMOC xAc/T)

Efiowon 4.3: H efiowon mou pac Sivet tn yeitovia mou Ja TPOMOMOIOUUE O KaOe
enmavaAnypn. H puetaBAntn radius avtimpoowneUel TV aktiva tou yaptn kat n T givat n
xpovikn otadepa, evw k opiletal w¢ o aptduoc tne emavainyng. Onwe BAémouus amod thv
efiowan oe kade emavaAnyn n aktiva mou eNnPealetal ULKPAIVEL yLa va Unv enNnpealel To

KOUUOTL TOU XAPTN TTOU EXEL EKTTULOEUTEL.

H efiowon 4.4 Mag beiyvel 0Tl 0 pubuOG ekKpABONONG HelwveTal €KOeTIKA 600
TepvolV oL emavaAfPELC Yyl va PNV ylvovtal TEPAOCTIEC OAAAYEC OTIC TLMEC TWV
Bapwv. Emiong onuavtikd polo mailel kal n mapapetpoc influence (E€lowon 4.5).
JUpudwva PE TN TMOPAUETPO AUTH, EEUMAKOUETAL OTL OCO TIOLO MOKPLA BPLOKOUOOTE
Qo TO VEUPWVA-VIKNTH TOOO TILO ULKPEG Ba tpEmeL va eival oL aAAayEG ota Bapn Twv
OUYKEKPLUEVO B€oswv. AuTO eival Aoylko yLoTl oL pakpLvol yeitoveg Tou veupwva-

vIKNTA 6V TpEMeL va emnpealovTal To (610 E TOUC TILO KOVTLVOUG.

\ , -k/Maxt ti
learningRate = startlLearningRate * e( /Maxterations)

E§iowon 4.4: E€iowon rmou uac divel to puduod ekuadnong os kade emavainyn

DistToNodeSg :(winningNeuronX—Xpm)2 + (winningNeuronY—Ypos)2
WidthSg = neighbourhoodRadius2

—_ 1 * .
influence = e( (DistToNodeSq) / (2*WidthSq))

E§iowon 4.5:Efiowon mou pacg Sivel To emtpporn mou Ja EYEL 0 VEUPWVAG VIKNTHC OTNV
aAdayn twv Bapwv eVOC VEUPWVA TG YELTOVIAC TOU.

93




Ooov adopa tnv S16pbwon Twv Bapwv yla peiwaon Tou AdBoug auTd EMLTUYXAVETOL

ocUudwWVA PE TN TUAUA KwdLKa TTou daivetal oto oxnua 4.7.

Tia k&Be B&pog 1 mou xopoaxtinpeilel 1o veUupdVA W
{
w[i] += learningRate * influence * (glocodog[i] - w[i])

}

Ixnua 4.7: Kwéikog o omoio¢ xpnotuomnoleital yia th aAdayn twv Bapwv ToU VEUPpWVWVY TOU

SOM.

Otav tedewoel n daon ¢ ekmaidevong, mepvape otn dpaon tng SOKLUNE OMou
Slvetal éva ayvwoto olvolo &edopévwv yla xaptoypadnbei oto SOM. Eva

mapAadelypa Tou TeAKO xaptn ¢aivetal oto oxnua 4.8.

Zxnua 4.8: ElKoVIKI) avamapaotach tne opyavwong twv Sedouévwv oe ouadeg. O xaptng
eival peyedoucg 275*275 kat ekmatdeUTNKe yla to ouvodo DataSetl tou CB513. H apyikn
aktiva gival 150 kat to pugyedos tou kivntou rapaduptu 5(2+2+1). To HwB avTLTPOOWTTEVEL
™ kwdtkormoinon E, to kokkwvo 1o L kat to kitptvo o H. To ykpilo xpwua avTiTpoOowWEVUEL
TI¢ V€0ELG TOU XdpTn 0 omoieg Sev xpnatuormotridnka moté Katd tn Stapkela ekmaidevonc tou

XAPTN KOl EMOUEVWCE OEV QVTUTPOOWITEUOUV KATIOLX CUYKEKPLUEVN Kataataon (H,E,L).
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210 2xAua 4.8 dpaivetal kaBapd o TPOMOC MOV EYLVE KATNYOPLOTIOLNGN. ZUYKEKPLUEVA
TO KiTpLVO Xpwua aviumpoowrneVel tnv €060 L(Loop), To kKOKKIVO xpwua tnv €€0do H
(Helix) kot To pwp xpwpa tnv €€o0do E (Extended). To ykpilo XpwHO QVTLTPOCWIEVEL
TIC B€oelg Tou XAptn O omoieg Sev xpnolpomolnOnka TOTE Katd tn SLAPKEL
eKmadeuong Tou XApTN Kal EMOUEVWE SEV AVIUTPOCWITEUOUV KATIOLA CUYKEKPLUEVN
kataotaon (H,E,L). Emiong amod tnv lkova eival ¢avepd OTL yla ta Helix mou
QIOTEAOUV TO HEYAAO TUAMO OTLC TIPWTEIVEC, TTAPATNPOUUE OTL £XEL YIVEL KAAUTEPN
opadormoinon. Asv €xoUupe TIOAEG ULKPEG OUAdEC oTo XAptn Ot aviibeon pe ta
Extended mou eival o SuokoAa va ta opadomoLnoeL, AOyw TNG XAUNANG epdaviong

TOUC 0TO OUVOAO TWV MPWTEIVWV.

AUTO TOU £lval ONUAVTIKO v amoBnKeEUOOUKE yLO va. XpNOLUOTIoW)coupe oto RBF
glval oL TLHEG TwV Bapwy TOU XAPTN OMWE £XOUV EKTALOEUTEL. ITO MPOYpPAUUA OTN
tedevtala  enmavaAnyn, Onuloupysel TOo apxeio weights.dat tou omoiou TO

Tieplexopevo dpaivetal oto oxnua 4.9.

Heuron Ho: 0 , 0O
0.00722648
0.0100125
0.9%98151

Heuron Ho: 0 , 1
0.0088144
0.0120228
0.994109

%]

HNeuron Ho: 0 ,
0.0144101
0.0190648
0.989178

Heuron Ho: 0 , 3
0.019415
0.0188003
0.98765

xnua 4.9: Moppn tou apysio weights.dat mou dnuioupyeital and to SOM kot MepLEXEL

UECA TIC TIUEC TWV BapwV TWV VEUPWVWYV TOU XAPTN, OMTWCE AUTOC 0pyavwInke
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4.3.2 Radial Basis Function

Itn enopevn ¢aon tou dAtpapiopartog dnuloupynoape Eva diktuo Radial Basis
Function to omoio 6nw¢ avapEpape aPXLKOTIOLNOAUE OE OXECN LE TO OMOTEAECHA
Tou SOM. To RBF mou emiAéxOnke xpnolpomnolel éva kpudo eninedo 6nwe eniong
vAoToLeltal Kot €dw To KLvNTO apdBbupo yia To (6to Adyo. AKOUN HLOL ONHOVTLKA
TLOPAUETPOC ELvaL TO yeYovog OTL eTuAéEape RBF pe petaBAnti 6€on kévipwy Kal
TUTLKN artokALon. Adyw tng dpuong Tou mpoPARuaTog eTUAEEQE TO HETABANTA
KEVTPA yLoTL SV £XOUUE va KAVOUUE HE TIPOBANUa TapeBoAnG aAd mpoBAnua

npoaéyylong. O aAyoplOuog mou xpnaotpornoldnke gpaivetal oto oxnua 4.10

IxetkéG Kwoikomonoeilg

Bapn/Xvvtereotég w Kévtpo R
EmbBouunt "E&odog t Iterator kévipov h
[paypoatikn 'EEodog y ApBpog Kévipov m
[potvmo Eicddov X Iterator EE6d0v 0
Input Dimension Iterator i ApOuog Kévrpov k
Input Dimension d Tomi) Amoxkhon c
Ap1Budg Eioodmv n Learning Rate NR, Ne, Ny
Iterator [péTomov p Bias unit b
Ewc660v

1. Eméhete tov aplOud (M) Kal opXLKOTIOINOE TIG CUVIETOYHEVEG TWV
KEvTpwV (R) Twv RBF cuvaptrioswv.

2. EméAe€e TNV ap)LKNA TN TNG MOPpAETPOU (0) yla KaBe kévtpo R.

3. ApxLKOmoinoE TG TIUEG TWV BapwV W UE UIKPEG TUXaLeC TIpEG [-1,1].
4. T kaBe emoxn

)

5. Ma k&Oe mpdtumo eloddou x\P

6. YroAoywoe tv €€06o y ywa kdBs kéuBo o
xpnoLpomnolwvtag thv e€lowon 1.10.

7. MetdaBoMAe TI¢ mapapétpous (w,R,0) XpnoLUomoLWVTAS TLG
eflowoelg 1.15,1.16,1.17,1.18

8. TéNog yla p=n

9. TéAog otav e=teleutaia emoyn

Zxnua 4.10: AAyoptduoc eknaibevonc RBF.
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To mpwto Pripa tou aAyoplBuou oxetiletal pe to Siktuo TNG Mn-emiBAenopevng
HAaBnong mou avamntuape mponyouUEVwG. 2 éva RBF Siktuo eivatl oAU onuavTikn
n owotn emntoyn aplBpol oAAd Kal Twv B€oewv Twv KEVIpwv ToUu Ba
XPNOLLOTIOLOOUE. Z€ TEPLTTWON ToU Sev yivel owoTr €mAoyr TOTE €lval TOAU
moavov va pnv KotopEpoupe va eKmaldeVOOUHME TO OLKTUO Kal Vol TTOPOUUE
XELPOTEPO ATOTEAECUATA OO TIPONYOUUEVWE. [ol AUTO GAAWOTE XPNOLLOTIOLOOE
to SOM(YrokedpdAaio 4.3.1 ). To SOM pag €xel opadOMOLNOEL TIG TPELG TIOAVEC
€€0dou NG Seutepotayng Soung pe PAon TA KOWA TOUC XOPAKTINPELOTIKA. ETol
BAEmovTag To XApTn Mou Snuoupynbnke UMopoUpe va SOUE TIOLEG TIEPLOXEG TOU
Xaptn Ba ntav KaAUTEPO va Xpnotlponoliooupe. EmAé€ape ot ouaia IEPLOXEG TTOU
gival “kaBapec”, dnAadn dev umapyxouv HECO OUASEC TWV GAAWVY KOTOOTACEWVY KOl
EKTE(VOVTOL OE OXETIKA HEYOAN QmooTaon Kol Aapa KOAUTTOUV HEYAAO aplOuo
OUVOUOOUWY TIOU EUTEPLKAEIOVTOL OTN OUYKEKPLUEVN Kataotoon. Emopévwg Ba
TLEPLEXOUV Kal KOAUTEPN MAnpodopla yla TNV CUYKEKPLUEVN KATAOTAON, KATL TTOU
elval amapaitnto va umapxel ota kévipa. Ocov adopa To aplOUo TWV KEVIPWY,
OUTOG ETUAEXTNKE EUTIELPLKA KOl HUETA amd MOANEC SokpEG os Sladopa Telpapata
(Kedpahato 5). Ito IxNua x.x ¢aivetal n emAoyy TwV KEVIPWV TOU €£86wWoe Ta
KaAutepa amoteAéopata. Onwe pmopol e va Soupe emAé€ape 3 tepLoXEC ou Sev
TIEPLEXOUV HEoQ AAAeC Kataotaoels. Kabe meploxn eival meputou 100 veupwveg.
Emopévwg ouvolo xpnotponolioape 300 kévipa. Onwg Ba dalvetal kat ota
nepapata tou Kepalaio 5, n o duokoAn emdoyn adopoloe Tn katdotaon E, mou
Sev €ylve 1000 KA opadomnoinon Kal EMpemne va SOLKUAOTOUV SLAdOPES TIEPLOXEG

HEXpLva BpeBel n kaAUTepn.
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Sxnua 4.11: To TETpaywvo UMTOSELKVUOUV TIC TIEPLOXEC TTOU ETUAEXTNKAV WG KEVIPA OTTO TO
SOM. Kade tetpaywvo eivat ueyedouc 100 veupwvwv Kat avTiKatonTpilel Ti¢ 3 SLAQOPETIKES
Kataotaoelc tne deutepotayouc dourc npwteivwv.O xaptng eival ueyedoug 275*275 kat
eknadeutnke yio to ouvolo DataSetl tou CB513. To uwB avtumpoownevel TN Kwdlkomoinon
E, T0 kOKktvo TO L Kka t0 Kitptvo T0 H. To ykpilo xpwua avTimpoowrnevel Ti¢ JE0EL TOU
Xaptn o omoisc dev ypnowuomnotndnka moté Kata T SLAPKELX eKTAlSELVONC TOU XAPTN Kol

EMOUEVWC SEV QVTLITPOOWITEUOUV KATIOLA OUYKEKPLUEVN kataotaon (H,E,L).

2T ouVEéXeLa OMwE PAEMOUUE Ao Tov aAyoplBpo (Zxnua 4.10) to kabe apwvofu poall
HE To apdbupo mou oplotnke mepva amnod To emninedo eloodou oto Kpudo eminedo
omou ekel umoloyiletal mpwrta n eukAeibela amdotacn NG £068ou amd KAbe
KEvIpo (ZxNua 4.12) kot otn ouvéxela pe tn BoriBsiwa tn¢ Gaussian Zuvdaptnon

avayoupe to mpoPAnua o PnAdtepn didotaon.
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Enavéiafe yvia éva PéyLoto aplbud Emovorflewv
{ Tia k&Be mpdtumo e1oddou 1 mou Pploketal oto Training Set
{Pta k&Oe veupdva j tou KpueoU Emimédou H
{ YnoAdéyloe Andéotoocn H[J] amd elicodo (i) xpnolLpomoldvIiag Inv
SxAuo 4.13

Xpnolponoinoe 1n Gaussian Suv&ptinong (Ixnua 4.14) via va
unodovyiocelg tnv £€&odou 1tnv Efodo xr&Oe KpupoU Neupdva

}

}

Tia k&Be veupdva J tou Emimédou EEddou O

{
YrnoAdyLoe 1o &6POLOUX TOU YLVouévou k&Be veupdva pe 1O
B&pog TOU

YrnoAdyLloe 10 error uHetalU emlOUUNTAHC KAL IPAYHAT LKAC TLUACQ

Sxnua 4.12: Kouudtt kwbika mou umoloyilel mpdta ™ T £6660U Kdds VEUPWVA OTO KPUEPO
eninebo Bpiokovtag TNV AMOOTAON ULAG EL0OS0U Amo KATE KEVTPO Kol 0T CUVEXELX UTTOAOYILEL OTO

eninebo €£660v 10 TEALKO amtoTEAEoUA TOU SIKTUOU.

T'ia k&Be kKevipo h tou KpupoU Emimedou

{

anbéotaon =(Etcodoc[i]-h[i])?

xnua 4.13: Weubwkwbikac mouv vmoloyilel v eukAeibeta andotaon UeTaéU TNC L0660V | Ko

ka9e kévtpou h Tou kpuoU emmédou.

T'ia x&Be xevipo h tou KpupoU Emimedou

{

e( -EukAe 1deta Andotoon (Elcocdog (1)-Kévipo KpupoU Emimédou / o2)

Ixnua 4.14: Yeuvdwkwdikag mou ObSeiyvel nwc xpnowuomnoleitar n Gaussian ylia va

urnoAoyioouue 1o anotédeoua e£0650U ToU KpUPOU Emttédou.

210 teAevtaio otadlo adou umoloyicoupe tn €€06o tou Siktlou aAAaloupe Ta
Bapn(E¢lowon 1.15) , ™ Béon twv kévipwv(E¢lowon 1.17) kot TN TR TNG TUTILKAG

Slaomopag(E€lowon 1.18) tn Gaussians Zuvaptnong.
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4.4 EvowpATwon EEAKTIKWY OTPATNYLKWY

Mua yeviki avadopd otoug E€eAktikoug AAyopiBuoug (EA), €yve oto umtokedalalo
1.3. AdpoU Aoutov ot EA eival t6oo XprioLlpoL Kol Umopouv va AUVouv TTOAUTTAOKQ
npoPANUaTa HE TIOAAEG TOPAPETPOUC TIOU OTOLTOUV TOAAOUC OUuVSOUACUOUC,
umopoUV  va  xpnowdomolnBoUv KAl OTO  OUYKEKPLEVO  ovotnuo. H
XptotodoUAou(2010) xpnotuomnoinos tn Katnyopia Twv Mevetikwv AlyopiBuwv (FA)
Kol tpoomnadnoe va Bpel éva cuvduaOoUO TOPAUETPWY yLa To Siktuo (mivakag 4.1)
wWoTe va umopéoel va Ppel éva PBEATIOTO TOOOOTO amodoonc. H avTIKELPEVIKNA
ouvaptnon tnv omnola mpoonabnoe va BeATIOTOMOLAOEL €lvol N TMOAPAUETPOC
anodoong Q3. Epeic otn tpéxouoca epyacia Oa mpooeyyicoupe to Ofua amod

SladopeTikn oKOTILA Kal XpnoLpornolwvtag Stadopetikolg alyoplopouc.

NAPAMETPOZ

Hidden_layer_one_size

Hidden_layer_two_size

Hidden_layer_one_of_Backward_size

Hidden_layer_two_of_Backward_size

Hidden_layer_one_of_Forward_size

Hidden_layer_two_of_Forward_size

Learning_Rate

Momentum

Window_size

g_minus_1

q_plus_1

Mivakag 4.1: Ot mapdueTpoL Tou SIKTUOU yLa TI¢ omoiec n XptotodouAou(2010) npoonadnoe

va Bpel Eva ouvbuaoud tiuwyv mouv va BeAtiotonolovy to mooooto Q3.

OL yevetikol alyoplBuol mou xpnotuornoince n XplotodouAou (2010) akoAouBouv
™V 6l apyttektovik twv A Tou oxedldotnkav Kot uAomolBnkav amod Ttov
AyoBokAéoug (2009). Xwpilovtar ot &vo kAdoelg (Chromosome.cpp,
GeneticAlgorithm.cpp), oL omoieg UAomoloUV ToV QAYOPLOUO TWV YEVETLKWY OTWG

eldape katL oto KeddAato 1, oL OMOLEG EVOWUATWVOVTAL OTO TIPOYPALUAL.
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H kwdikomoinon tou xpwpoowpatog yivetal pe duadikn kwdikomoinon kat adopd
TIC TTAPAUETPOUG TOU Ttivaka 4.1, avaloya PpuUOIKA Kal PE TO EUPOC TWV TLUWV TNG
KaBe pLag. Apou ohokAnpwOel pia yeved (aplOpog XpWHOOWHATWY), ETUAEYETAL TO
KOAUTEPO XPWHOOWHA YLO TNV CUYKEKPLUEVN YeEVEA. KUPLOG TPOTOC avamapaywyns
otnv vAomoinon auth sival n péBodog tng dlaotavpwon. Metd akoAouBouv ot
Sladikaoieg TnG emihoyng, LETAANAENG, Kal To SIKTUO IPOXWPEL OTNV EMOUEVN YEVEQA.

To KPLTrPLO TEPUATIOHOU Elval EVag apLlOOG YEVEWV TTOU TIPETIEL VAL EKTEAECTOUV.

Aoyw TNG duong tou TPOPANUATOC KAl TNG HEYAANG TOAUTIAOKOTNTOG N MEB0SOC
autn 6ev BonBnoe to cuotnua Kot dev emédpepe ta emMBUPNTA amoteAéopata. To
oUOTNUA OTN TEALKN) TOU KATAOTAON XPELA{ETOL HEYAAN XPOVIKH OLAPKELX yla va
ekmodeuTel, mepimou 4 pépeq. EMopévwg yla va emituxoupe BEATIOTOMOLNOELS PE TN
HEBodo autn Ba mpEmel va TpE€ou e To MPOYPOUUA Yio TIOANEG emavaANPELG-YEVEEC
adol oL mopapetpol mou Tmpoonabel va PBeAtiotomolnosl eival TOAAEC. AuTto
onuaivel otL To mpoypappa Oa Tpexel yiao efSouASEC, (oW KAl pAva, KATL Ttou Sgv
gival kaBoAou BoAwko yrati €xoupe 10 oUvola Sedopévwy ou BEAoU UE va TpE€ou e
yla va TIAPOUHE OALKA amoteAéopota. Emiong n ulomoinon autr mapouciale
Kamowa. mapafevn ocuumepldpopd Kal £6lve amoteAéopata mou Oev pmopoucav
e€nynBoulv. Eywa kamoleg aAlayég amod tn XplotodoUAou yla tnv emiluon Twv

TMPOBANUATWY aUTWV aAAG Kat TtaAL oL FTA Sev avénaoav To mOoTo EMLTUXLOC.

ITn TPEXouoa epyacia OMwG avadEPAE EVOWUATWOOUE Mo GAAN Kotnyopia
E€eAkTikwv AAyopiBuwv kal mpooeyyioape to mpofAnua ano Siadopetiky MAsUPA
eAnilovtag OtL Ba emTUXOUUE KOAUTEPO QTOTEAECUATA OO TPV KOL OE ALYOTEPO

XPOVo.
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H XplwotodoUAou mpoomaBbnoe va PeAtiotomoliosl Pe tn xpron twv FA OAeg TG
TapapETpoug Tou mpoPAnuartog (Mivakag 4.1). Epeic avtiBeta Ba mpoomnadricoupe
va BeAtiotonoljooupe SU0 TOPAPETPOUC TOUu TpoBARuatog, oAAG kaBe upia
Eexwplotad oe SLapopeTIKA cuoTAMOTA . H pia MOpAUETPOC TTOU TILOTEVOUHE OTL vV
e€eliytel Ba dwoouv kKaAUTepa amoteAéoparta sival n Tun twv Boapwv tou BRNN
€VWw N A@AAN eival n emppon tou KaBe Siktuou Tou Ensemble oto TEAKO amOTEAECHAL.
Ano Tt mopapétpoug mou Ba efeAifoupe eival davepod OtL Sev pmopoUpE va
XPNOLUOTIOLINOOUE TIAEOV TOUC A, ylaTlL €XOUME VO KAVOUUE HUE SEKASLKEG TLUEC.
MmopoUv ¢uaoikd va xpnotpomolnBolv yiwa Sekadikn kwdikomoinon aAlAd 6co
avéavetat n akpifela TOU OeKASIKOU TUAMOTOC TOCO auAvetal Kol N
TIOAUTTAOKOTNTAG TOUG. MNa autd to Adyo Oa XpnOLUOTOL)COUME TG EEEAIKTIKEC
ITPATNYLKEG TIOU SnuioupynBnkav yla tnv emiluon Kot Kwdlkomoinon TEToLwV

TIPOPBANUATWV.
4.4.1 EEENEN TOoU BaOpoL Zuppetoyxng tou kKaBe BRNN oto Ensemble

Oa &ekwvriooupe He T meplypadn tng SeUTePNG MPOCEyyLlong mou avadEpBnKe Kat n
ormola elval OXeTKkA TLo omAR. e auTr TN TPOoEyylwon Ba mpoomadricoups va
oAMafoupe to poAo mou Stadpoapartilel kaBe péAo¢ tou Ensemble oto teEAKO
anotéAeopa. Onwg e€nynbnke oto unokedaAato 4.2 Ta KAAUTEPA ATIOTEAECUATA YLa
Ensemble mapBbnkav pe tn uéBodo Average. Ivudwva pe tn pEBodo autn, adoul
€xoupe 6 BRNN kaBéva amd autd AapBdavel PEPOG OTO TEALKO OMOTEAECUA OE
avoAoyla 1/6. Opwg autd Sev eival AV KAAO yLaTL yLo. KATIOLo TIPOTUTIOL KATIOLO
amno ta €L diktua lowg ekmatdevtnke KAAUTEPA Ao ta AAAa. Apa Ba TpEmeL va €xeL
HEYOAUTEPO TIOCOOTO AVAAOYLOG OTO TEALKO QTMOTEAECHA. INUAVTLKO va onUeELwOEl

OTL T0 ABpolopa TnG avadoyiog OAwv Twv BRNN mpémnel va toovtal pe 1.
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H dladikaoia ektéleong tou aAyoplBuou ¢aivetal mou akoAoubBeital daivetal oto

IO KATw XxAua 4.15.

1.
2.
3.
4,

Kwdwomnoinon (Coding)
Eridoyn avtikelpevikng ouvaptnong (Initialization)
Anploupyia mAnBuopou.
Avayvwon &edopévwv elcddou yla kabéva amd ta €€l Siktua BRNN kot
amoBrKeuon Toug.
MNa kabe mpwrteivn
a. NakaBe auwvoly
i. AldBaoe tic TipéC e€660u kABe Siktuou BRNN.
ii. YmoAoyioe tn TLun €€66ou
iii. Av n mpoPAsPn ntav owot auvénoe To rank ToOUu
OUYKEKPLUEVOU QTOOU.
Anuloupyia mpoocwplvol MAnBuouov
i) MetaAlaén kaBe atopou yia dnuoupyia tou offspring
ii) EravélaBe to fApa 5
Ertidoyn (Selection)
a. Katartage ta atopo kot Twv Vo MANBUCUWY BETWVTAG TPWTO AUTO E

To YnAodtepo fitness

EnavaAnyn ano to Bripa (4) péxpt va tkavorolnBel to KpLtrpLlo TepUaTIopoL TG EX.

Zxnua 4.15: Evac anAdog adyopiBuocg EEEALKTIKNAC ZTpATNYLKAC.

KaBe BRNN £xel tpelg €€060ug. Adou €xoupe £€€L BRNN, 0 cUVOALKOG aplBuog twv

TLHwV Tov Ba e€eAifoupe eival 18. Emopévwg kabBe xpwuodowpa (“chromosome.h”)

Ba kwdikomoleitat amd €va mivaka OSekablkwv THwv, MeyEBoug 18. Kabe

XpwHoowHa €xel pLa afla mou umoloyiletal cupdwva pe To fitness function. To

fitness function to oploape wg cuvaptnon peylotonoinon ylati oxetidetal pe to Q3

TLOOOOTO TIOU EMITEVXONKE YLA TO CUYKEKPLUEVO GUVOAO SedopEVwy.
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Itn kAdon “ga.h” Ba dnuloupyrnooupe éva MANBUOUO amod XpwHooWHATA, LEYEBOUC
200, evw mopdAAnAa Ba €xoupe kol €va mMpoowplvd TMANBuouo, otov omoio Ba
yivovtal ot pet@AAaén kat n emthoyr). H dtadkaoia ¢ petdAAaéng otig EX yivetat
yla kaBe atopo adou ival kot o Bacilkog TPOMOC avamapaywyns. Emiong n cuvexng
UETAANOEN QTTOTPEMEL TNV TIEPLMTWON VA KOAOOUUE GE KATIOLO TOTILKO €AAXLOTO. Z€
KABe yeved To KABE ATOMO TOU MPOCWPLVOU TTANBUCUOU amoteAsl TN PETAAAOEN
€VOC atopou amnod 1o mAnBuopol pag. H petaAAagn akoAouBel emITUyXAVETOL ME TN
Xpnion t¢ Gaussians n omola pag eyyuatal OtL To dtopo nou Ba dnuioupynBel ivat
OXETIKA TOPOUOL0 HE TO yovid Ttou. Amo to oxnua 4.16 PBAEmoupe OtL TO

HeTaAAQYHEVO ATOHO glval pLa pkpr mpocBeon 1 adaipeon oTo yovio tou.

Tia k&Be mopduetpd mou eival xwdlxomolnuévn oe éva &Touo
{
g=gaussian(0,1);

npoowP Lvoc mAubnoudg[i] .&topo[j]=nAubnopdc[i] .&topo[j]l+g

Sxnua 4.16:Yeubokwdikac mou vAomolei tn Asttoupyia tng uetdAraéng oe kade ypwudowua

Ao T Kuppatopopdn tng Gaussian (IxNua 4.17) mapatnpoupe OTL avaloya e TN
HEON TLUN KOL TN TUTILKA aTOKALON TIEDTEL | AMOPOKPUVHETOL OO TO +9° 1) -0 LIE
SladopeTikd pubpoo. Epelg B€Aou e oL tuxaieg aAdayEg mou Ba yivovtal oTo Atopo
va Elval PIKPEG Kal va akoAouBoUv TNV KOWVOVLKN KOTAVOLI) YLOL VO LWTTOPECOUE Va

TIANOLACOUHE 600 To SUVATO 0TN BEATLOTN KWOLKOTIOLHON TOU XPWHOCWHATOG

10

Ppo (Xl
™S

0.0 ‘

Ixnua 4.17: Aiapopec Katavouég tng Gaussian Suvdptnonc yla Sta@opetikn pueon tiun (u)

Ka TUTTLKA amokAwon (o°).
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la tn vAomotnon Tng Gaussian Katavoun xpnolpomnolioe tn uEbodo mou daiveral

0oTo oxnua 4.18.

double ga:: uniform(const double min, const double max)
{

return min + rand()/ (RAND MAX/(max - min));
}

double ga:: gaussian(double mu, double sigma)
{
double p = 1.0, pl, p2;
double result=0;
while (p >= 1.0)
{
pl = uniform(-1, 1);
p2 = uniform(-1, 1);
p =pl * pl + p2 * p2;
}
result=mu + sigma * pl * sqrt(-2.0 * log(p) / p);

return result;

Ixnua 4.18: Kwbikag mou vAomolei tn Gaussian Katavoun

JTo TeAIlKO otadlo yivetal n emhoyry Tou véou mAnBuopol. H péBodog mou
XpnoLdomnowoape yla emthoyn e€ivalt to Tournament Selection. IUudwva pe TN
HEBodo autn oe kABe dtopo kal amd toug Vo TMANBuopoug Sivetal pla Béon
Katataéng cupdwva pe twun tou fitness function. Oco mo peydAn eivat n T tou
fitness Tou , tooo o PnAn Ba eivat n B€on otn katdtagn. Ma tnv emduevn yeved Ba
ETUAEEOUUE TOU KOAUTEPOUG yla va cuvexioouv, SnAadn ta 200 dATopa ME TN

PnAotepn tun fitness(xnua 4.19).
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void ga :: chooseBestIndividual ()

{
Anuloupyla mAubnopoU temp [POP*2]

Anmobnxevoe &Touo MAUGNOROU Kol HPOowPLVvoU mAudnouoU oto temp|]
temp=new chromosome [POP*2];

Taf Lvéunon temp koatat&ocovioag ta atdua oe oelpd Pdon to fitness
function

Enéotpele 1T &Toua tou temp mou PRplokovial otlg POP mpdTeq
Béoelc yLla va ouvexioouv otnv enduevn yeved

Sxnua 4.19: 310 1Mo Mavw KOUUATL KwoLka YIVETaL katataén twv duo mAvdnouwv avaioya
UE TN Twun tou fitness toug. Ot 200 kaAUtepol Ga €MIAEKTOUV Yl VO CUVEXIOOUV OTNV

EMOUEVN YeVEX ylaTi N KwWOLKOMOLNON Tou¢ £€5wOE T KAAUTEPA AIOTEAEoUQTA KAl APO

EUTIEPLEXOULV XpNaLun mAnpopopia.

AUTO Ba smavaAndBel péxpl éva HEYLOTO OpLlOUO YevEWV. ITn TeAsuTaia YeEVEQ TO
atopo pe to PnAotepo fitness Ba emlextel ylia va Soklpaotel os €va cUvoAo

6ebopévwy  SOKIUNG ylo. va  UTIOAOYLOTEL TO TEAIKO TOCOOTO  emLtu)iag.
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4.4.2 E§ENEN TWV TLHWV TwV Bapwv Tou BRNN

H &eUtepn péBodog mou xpnotlpomnooape adpopa ta Bapn tou BRNN. Zuykekplpuéva
Ba mpoonabrjcoupe va e€elifoupe TI¢ TLHEG TwV Bapwv Tou BRNN yLa va emituxouue
KaAUtepn mpoPAsPn. Ymoloyioape OTL 0 aplOpog twv Boapwv Tmou €XOUHE va
e€elifoupe, cUUPWVA HE TIG TTAPAUETPOUC TIOU £6Lval Ta KAAUTEPA AMOTEAEoUAT
(KedpaAato 5), eivat mepimou 30 000. O aplBuog autoc nepthapfavel ta Bapn Kal Twy

TPLWV SIKTUWV Tou cuvamnoteAouv to BRNN, og 0Aa ta enineda.
4.4.2a EEEALEN TWV TIHWV TWV BapwVv Xwpig Ttn xprion tou Back-Propagation

Mna tnv vAomoinon tng pebodou autr xpnolpomolioape SUO OTPATNYLKEC. TNV
mpwTtn mepintwon adalpécape TeAelws T pabnon pe avaotpodr Aaboug amod tnv
eknaidevon tou BRNN kat n pabnon mA£ov yivetal povo pe tn xprnon twv EX. To
KaBe Atopo Tou TMANBUOHOU OMWCG KoL TPV £Xel pa afla mou umoAoyiletal
ouudwva pe to fitness function. Xtn ouykekpluévn mepimtwon to fitness function
umoAoyilel To mean square error TNG MPAYHOTLKAG TG O OXECN HE TNV EMBuunTh.
Emopévwe £XOUHE va KAVOUUE HE OUVAPTNON EAOXLOTOMOLNGCNC YLOTL OGO TILO HLKPO
glval to opaApa toco 1o “KoAo” €lval TO CUYKEKPLUEVO ATOWO Tou MAnBuopou. Ot

TLUEG TWV Bapwyv apXLKOTIOLOUVTOL OTIWGE KAl TTPLV TuXaia.

O Aettoupyieg TNG LETAAAENG KaL TNG ETUAOYNG EKTEAOUVTAL AKPLBWG OL (SLEC OTWG
KOLL TTPLV E HoOvVN Sladopd OTL otn daon NG ETAOYNG, oL KAAUTEPOL Elval auTol ou

€XOUV TN HIKPOTEPN TN oto fitness function.
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Ma kaBe yevea
{
Ma kaBe dtopo tou MAnBucpou

{

AmokwdLKomoinon XpwHooWHATOS Kal apxikoroinon Papwv BRNN Bdon tou
XPWHUOCWHATOG

‘Ocov undpyouv MPwWTeiveg oto training dataset
{
Mape TNV KwbLKoToINOoN TNG EMOUEVNC TPWTEIVN X Bdon tou MSA
Ma kaBe apvolu t Tng mpwIteivng x
doFeedForward(t)

}

AmnoBrkeuoe to EpochError wg¢ Tuur tou Fitness Function

MeTAaA\an XpWHOCWHATWY E TN Xprion tn Gaussian
MNa kaBe dtopo tou mpoowpLvol MANBuopol

{

AmokwaLKomolnon XpWHOOWUOTOG Kol apxlkomoinon PBapwv BRNN Bdon Ttou
XPWHOOWHUATOG

‘Ocov undpyouv ipwteiveg oto training dataset
{
Mape TNV KwbLKoToINoN TNG EMOUEVNC TPWTEIVN X Bdon tou MSA
MNa KaBe apLvoly t Tng mpwTeivng x
doFeedForward(t)

}

AmoBrikeuoe to EpochError wg¢ twur tou Fitness Function

}

Emthoyn 200 kaAUTtepwy atdpwy BAacn mean square error

Edv n yeved eival n tedeutoia tote emélele to KAAUTEPO ATOpO KoL Sokipaoe to TestSet

Ixnua 4.20: Yevbokwdikag mou vAomotel tnv e€€A1€n Twv Tiuwv twv Bapwv tou BRNN ywpic

™ Xprion Back-Propagation.

108




4.4.2B EEEALEN TWV TIHWV TWV Bapwv META Tn eKnaidsuon tou Siktuou pe Back-

Propagation

Itn SeUtepn mepimtwon n apxLtektovikn Twv EX eival n dila onwg ¢aivetal oto
oxnua 4.23 aAla spapuoletal adotou yivel n ekmaidevon tou Siktuou. AnAadn To
BRNN efakoAouBel va ekmaldevetal kavovika pe to Back-Propagation (YmokegpaAato
2.3, Ixnua 2.5) kal petd to TEAOC TG ekmaideuong tou epopudletal 0 EEEAIKTIKOC
AAyOpLBuog (Zxnua 4.20). NMpoomabolpe otn oucia va BeAtiwooupe ta Bapn Tou

Siktuou adotou autd ekmatdeutnkav amo to BRNN.

To BRNN pe Back-Propagation yvwpiloupe OtL emip£pel KaAd omoteAéopara.
Emopévwe av yivel n eknaibevon kat peta epopuootei n EX eipaote olyoupol, o€
OX€0n HUE TN TponyoUUevn ulomoinon, OtL To mocooto emnttuxiag 6a ¢pOdoel ota
£MOAUATA TTOOOOTA KoL UE TIG HLKPEC PeATIwoELS TTou Ba edappoctouv ota Bapn

ToU 8IKTUOU pe Toug EX gueAmiotoUpe OtL ta Oa auvérjoouv To T0C0OTO EMITUXLOC.

4.4.3 Evowpatwon tou SOV wg fitness function

Ao ta melpapota ou eywvayv (Kedpalato 5) mapatnproape OtL kKamola atodntn
BeAtiwon davnke otnv teAeutaia vAomoinon (ZxAua 4.20). Onwg avadépape oTo
YriokedaAato 1.4 Eva amo Ta Lo ONUOVTLKA TTAEOVEKTHMATA TO EEEAIKTIKWY
AAyopiBuwv gival to n 1LoTNTA ToUuG va eHaPUOTETAL KAL VA TPOTIOTIOLOUVTAL E
HEYAAn eukoAia. Adou ta nelpapata £6etav kamola BeATiwon OKEPTAKAUE va
KAVOULLE HLaL LLKPH TpOoTtonoinon otov alyoplBuo adou n popdr tou ival TEtola
Tou eTutpénetal. H tpomomnoinon mou Ba kavou e adopa tov tpodmo afloAdynong
tou fitness function. ZTig o mavw neputwoelg To fitness unoAoyiletal elte pe to
mean square error €ita fdon tou Q3. ZkedTrKAPE AoUmov va doklpdooupe EX otnv x
vAormoinon aAAa to fitness function tou Ba umtoAoyiletal Baon tou SOV, KATL TOU

Oev €xeL EavadoKLUAOTEL TTPONYOU LEVWCG.
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O tpomog eVpeong tou SOV Score (YmokedpaAato 2.4.2) elval OXETIKA MEPLTAOKOC Kot
yla va uttoAoylotel xpelaletal tn BorBesla Tou mpoypdpupatog sov.c. Ot

TiponyoL Ueveg uAormolroetg Tou BRNN Sev pmopouoav va eknatdeloouv to diktuo
Bdaon tou SOV aA\ad avtiBeta umtoAoyl{otav oto TEAOC TNG EKMALSEVONC WG Eva
KpttrpLo a§LoAdynong tou BRNN. AvtiBeta pe tou EX pmopou e eUkoAa va to
EVOWHOTWOoOoUHE anAd aAlalovtag To fitness function. H Sour) Tou gival tétola mou

glval eUKOAO ETTEKTACLUOL.

MNa kaBe dtopo tou mAnBuopol dnpoupyol e éva apxeio oto pakelo SOV/ . n
Hopdr Tou apxelo elval AUTH TTOU UTTOPEL va. aVaYVWPLOEL TO TIPOYPOLLLLA SOV.C KOl
daivetat oto oxiua 4.24. Etol yla KaBe yeved amoOnKeUOUE TO OMOTEAECHA TNG
Seutepotayn Soung yla kaBe mpwrteivn oto avtiotolyo apxeio. To i6to
EMAVOAQUBAVETAL KAL YLO TO TPOCWPLVO TANBUGHO TTou SnuLoupyeital pe

HeTAANAEN. Zuvenwg yla TAnBuopd 200 atopwy Ba dnuoupynooupe 400 apyela.

>0SEC
LLLLEEEELLLLEEEELLLLLLLLLLLLLLLEELLLLEEEEEEELLEEEEEE

LLLLEEEEEELLLLLLEELLLLEEEEEL

>PSEC
LLLLLEEELLLLLEEEELLLLLLLEEEELLLEEELLLEEEEEEHHHHEHELL
LLLLLEEEEEEELLLLEEELLLEEEEEL

>0SEC
LLEEEEELLLLEEEEELLLLLEEEELLLLLHHHLEEEEELLLLEEEEEELLLL
EEEEELLLLLEEEELLLLHHHLEEEEELLLLLEEEEELLLLLLELLELLLLLE
LLHHHLLLLLHHHLEEEEEL

>PSEC
LLLEEEEELLLEEEEELLLLLELLLLLLLLLLLEEEEEEELLLEEEEELEELL

EEEEELLLLEEEEELLLLLLLLLEHEHLLLLLLHHHLLLLLLEEEEEELLLLL

>0SEC
LLLLLLLHHHLLLLLLLLLLL

>PSEC

LLLLLLLLIHLEEEEEEHHHEL

Ixnua 4.21: Mapadeyua Mopprc Apxeiou SovtempscriptX.txt omou X givat o aptBuocg tou

atouou tou mAvdnouou.
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210 TEANOG TNG YEVEAC TPEXOULIE TO TIPOYPALUA SOV.C Yla KABE apxeio yla va
SnuoupynBel to apxeio “OtX.txt” mou MepLEXEL LETA TO TTOOOOTO o€ SOV. Adou
uTtoAoyioou e To SOV UmopoU e va TIPOXWPHOOUUE oTn ¢Aacn tng emtAoyr onou Ba

emAextoLV Ta KaAUuTEpPA, autd dnAadn pe to PnAotepo mocooto os SOV.

SECONDARY STRUCTURE PREDICTION ACCURACY EVALUATION. N an = 212

ALL HELIX STRAND COIL
Q3 : T2.2 63.6 64.4 79.5
SV : 55.4 72.7 65.6 47.2

Sxnua 4.22: Tunua tou apyeio OtX.txt, ormou X o aptBuoc atouou tou mAnGuouou. Ano to
Tunua auto Sa napouue to SOV yLa va 1o artoBnkeUooUUE wW¢ ATOTEAEGUA TOU fitness

function.

Ao TN Soun TOU MPOYPAUATOC UIMOPOULE VoL SOUUE OTL XPeLAleTal TTOAU XpOVo yla
va TeAelwoel. Mépav amnod To Xpovo mou xpelaletal ya va ekmaldeuTel To cUOTNUA UE
Back-Propagation Twpa npootiBetal Kat 0 xpOvog mou amnatteital yio va eEeAL(Touy
ta Bapn. H dtadkacio Tou avolypatog kat eyypadng os apxela yla KaBe Atopo Tou
TIANBUGOUO yLa KABe yeveds aufAavel EKOETIKA TO XPOVO EKTTANPWONG TOU
TIPOYPAUMATOC. Opwe amo ta anoteAéopata mou gaivovrat oto kepdalato 5

TLOPATNPOULE TO TOG00TO BeATiwong oe SOV Score dtavel pExpL kot To 74%.

H ulomoinon tou tg uebddou autr daivetal oto Mo KAtw IxNua 4.23.
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Exmaidevoe kavovikd to BRNN pe tn xprion tou Back-Propagation
Mo kaBe yeved
{
Mo k&Be dtopo tou MAnBucpov
{
AmnokwdLkomoinon xpwHoowHaTog Kat apxLkomoinon Bapwv BRNN Bdon Tou XpwHOOWUATOS
Anpoupyia Apxelwy, éva yla kaBe dtopo.
‘Ocov undpyouv TPWTEIVEG oTo training dataset
{
Mape v Kwbikomoinon g endpevng mpwieivn x faon tou MSA
Mo k&Be apuvolu t Tng mpwteivng x
doFeedForward(t)
}

AmoBrKEUOE OTO APXELO TOU ATOMOU TN KATAoTaon Tou PoBAEDONKe otn KATAAANAN popdn)

MeTaA\a€n XpWHOCWHATWY WE TN Xprion T Gaussian
Mo kaBe ATopo Tou MPocwPELVoU TANBucuoU
{
Amnokw&LKomoinon xpwHoowuaTog Kat apylkomoinon Bapwv BRNN Bdcon Tou XpwUOOWHUATOS
‘Ocov undpyouv TMPWTEIVEG oTo training dataset
{
Mape tnv kKwdlkomoinaon ¢ endpevnc mpwteivn x Baon tou MSA
Mo kaBe apvoly t Tng mpwTeivng X
doFeedForward(t)
}

AmoBrKEUOE OTO APXELO TOU ATOUOU TN Katdotaoh Tou poBAEDONKe atn KATAAANAN popdn

Mo kaBe aropo

EUpeon tou SOV Score pe ™ Ponbela Twv apxeiwv mou dnuoupyndnkav Kot th xprion tou
T(POYPAUMUOTOG SOV.C

AmoBnkelon tou SOV wg Tiun tou fitness function
Ertthoyn twv 200 KaAUTEPWV ATOUWV UE TN Xprion tou Tournament Selection

EGv n yeved eivat n teheutaio tote eméAe€e TOo KaAUTEpO ATOMO Kal Sokipooe to TestSet
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Kepalaio 5

Newpapata Kot avaAuon AnOTEAECHATWVY

5.1 Nelpapata yla eUpean BEATIOTWY TLUWV MOPAUETPWV

5.1.1 Nelpapata yio eUPeon BEATIOTWY TLHWV TTOPAPETPWYV TIOU adopolV To

KEVTPLKO Aiktuo Tou BRNN

5.1.2 MNepdaparta Kot omoteAéopaTa e oAy TLLWY TWV TAPAUETPWY TOU

SiktUoUu
5.2 Nelpapata pe tnv xprion Ensemble
5.3 Qultpapioua TpoPAenopeVng SeuTEPOTAYOUG SOUNG TTPWTEIVWV

5.3.1 AnoteAéopata ¢pAtpapiopatog mpoBAemopevng deutepotayol Soung
MPWTEIVWV e xprion SOM

5.3.2 AnoteAéopata ¢Atpapiopatog mpoBAemopevng deutepotayolc SoUNg

MpwTteivwyv He xprion Radial Basis Function
5.4 AntoteAéopata EEEAIKTIKWY ZTPATNYLIKWY
5.4.1 AnoteAéopata EEEAENC Tiuwv Tou Ensemble Aiktuou
5.4.2 AnoteAéopata EEEALENG Tiuwv Twv Bapwv tou BRNN
5.4.2 (i) AnoteAéopata Xwplig tn xprion Back-Propagation
5.4.2 (ii) AnoteAéopata peta tnv eknaibeuvon pe Back-Propagation
5.4.3 AnoteAéopata EEEAENG Tiuwv Pe T Xprion Tou Sov Score

5.5 MevIKEG TapaTnPNOELS Kal culitnon

113



210 umtdpyov cuotnpa POoBAedng deutepotayous Soung MPWTEIVWY, XPELAOTNKE Vol
yivouv kamoleg aAAayeg, onweg avadEépOnke kot oto kedpdalalo 3 kal 4, oUTWE WOTE
va SltaodpoAlotel n owot Aeltoupyia Tou. ApXLKA, TPOTIOTIOLCOUE TO GUVOAO
6ebopévwy pe To omoio ekmatdevoupe to Siktuo poag, adol MAEOV XPNOLUOTIOLOU UE
To oUvoho CB513 (KeddAaio 3). EmutAéov evowpaTwoape to moapdbupo yla To
KEVIPIKO Oiktuo Tou BRNN 10 omoio aM\alet to moood TmAnpodopiag Tmou
enefepyaletal to Oiktuo ywo KABe oapwvoty. Autd efumakoUel OTL TPEMEL va
Eavaylvouve Ta MEPAPATA yla TNV EVUPECH TwV BEATIOTWY TLHWV TWV TIAPOUETPWY

adou.

Mevika, HETA amo omoladnmote aAAayr 0To cUOTNHA, TIPETEL VO EAEYXOULE ava TNV
arnodoon tou SIKTUOU, WOTE VA KATAAABOUUE €AV OVTWC €XEL EMNPEAOCTEL Kol
Baolka, eav £xel BeATIwOeL TO AMOTEAEGUA OE CUYKPLON UE TA QAMOTEAECUATO XWPLG
TLC TPOTIOTIOLNOELG QUTEC. Ae Bal yivel AETTTOUEPNC CUYKPLON HE TA ATTOTEAECHATA TNG
XpLotodoUAou (2010) yia To AOyo OTL £X0UV yivel alAay£EC Kat £Xouv XpnotpomnolnOel
Sladopetika ouvola dedopévwy ekmaibeuonc, oL omoleg Kataotolv SUGKOAN TNV
akpLBr¢ olykplon. Oa Yivel OpWG a TEALKR olykpLlon yla va SoUPE Katd mOco ol
VEEC HEOBOBOL KAl TEXVLKEG TTIOU XpnoLuomnotdnkav avénoav To mocooTO EMITUXLOC OF
OXEON ME TO TEAIKO TOOOOTO TOU eixe emituxel. H XplotodouAou (2010) pe TG
TPOTIOTIOLNOEL; TIOU  €lonyaye TETuXe Q3 TOOCOOTO MEXPL KAl 76%, €vw
xpnowuonowwvtag Hidden Markov Models (HMM) ywa dpdtpaplopa tg €€66ou, T0

SOV 1mocooto aufdvetal puexpl kat 70%.

Mevikd Opw¢ Ba SNULOUPYNOOUUE €K VEOU TIELPAUATO WOTE VA MEAETHOOUUE TNV
HetaBoln tng anddoong Tou Siktuou pe TG Stadopeg AAAAYEG OTLC TTAPAUETPOUG OF

oxéon kaBe dopa e TO MTPONYOUEVO TTIOCOOTO TIOU ETULTUXALE.

Onwc¢ npoavadEpOnke kat emegnynOnke oto KedbdAato 3 xpnotponotjocape to CB513
yla tnv eknaidevon tou Siktvou. To CB513 eival éva eupéwg Sladedbouévo kal
avayvwpLlopévo oUVoAo amod mpwteiveg. EMopévwe ta amoteAéopata pag Ba sival
ouykplowa pe Ta amoteAéopata AAAwv edapuoywv mou avamtuxdnkav ylo thv

€MIAUCN TOU OUYKEKPLUEVOU TIPOBAALLATOC.
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5.1 Melpapata ywo €0pecn PBEATIOTWV TIUWV TOAPAHETpWY Tou adopolv To
KEVTPLKO Aiktuo Tou BRNN

Ol mopAPETPOL UE TIG omoieg Eekvape va ekmatdevoupe to Siktuo daivovtal otov
miivaka 5.1. Ot mapAPETPOL AUTEC MAPONKAV amod TIC TAPAUETPOUC TTOU £8woav Ta
KOAUTEpA amoteAéopata ota Telpapata mou €tpefe n XprotodovAou (2010). To
KOAUTEPO TTOC0OTO akpLBelag pe BAon TIG TLUEC QUTEC, elvat 76.0% XpNOLUOTIOLWVTOC
Vv napdpetpo Q3 kat 70.0% yia tn mapdpeTpo SOV. MoTEVOUHE OTL Ol OPXLKEG
OUTEC TIMEG TWV TIAPOUETPWY, €lval pla KaAn apxn yla vo EEKLVAOOUUE Ta VEQ
TELPAUATA, Yo va SOUUE vV N ELOOYWYH TWV VEWV TEXVIKWV Kol BEATLOTOMOLNOEWV
eTLdEPEL KAAUTEPA ATIOTEAECHOTO HE OUTEG TLG TIMEG N TIPETEL val aAAaytouv. Mua
onuavtikn dtadopd sival onwg PBAémoupe oto Mivaka 5.1 n swaywyn TG VEAC

napopétpou 14 (“center_window_size”)mou adopd to pHEYEOOG TOU KEVIPLKOU

napabupou.

No NAPAMETPOZ TIMH
1 | Hidden_layer_one_size 17
2 | Hidden_layer_two_size 0
3 | Hidden_layer_one_of Backward_size 15
4 | Hidden_layer_two_of Backward_size 0
5 | Hidden_layer_one_of Forward_size 15
6 | Hidden_layer_two_of Forward_size 0
7 | Learning_Rate 0.5
8 | Momentum 0.1
9 | Window_size 15
10 | g_minus_1 0.5
11 | g_plus_1 0.5
12 | S 3
13 | Maximum_lterations 200
14 | Center_window_size 5

Mivakacg 5.1: ApYLKEG TIUEC VLA TIC TTAPAUETPOUC TOU SIKTUOU.
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MNna ta dStadopa nelpapota mou akoAouBouv, kaBe dopd mou doklpaloTav o véa
TIUA KPATOUOOME TIG UTIOAOUTEG TOPOHETPOUG TOu OLlKTUou mou odnynoav Tn
XptotodouAou (XplotoboUAou, 2010) oto amotéAeopa 76.0%, otabepéc (Mivakag
5.1). Mg autov tov Tpomo Ba Solpe eUKoAa cuVOUACUOUG TLHWV OTLC TIAPOUETPOUG
nou ennpealouv, aAAa Kal o€ mio Babuod, tnv eknmaibeuon Kal KATA CUVETELD, TNV
arnodoon Ttou ouotApato¢. Na onuewwBel otL €éywvav TOANA TELPAMOTO KO
Sokipaotnkav moAot cuvduaopol , kpatwvtag otabepd ta Bapn, yia va Bpebei to
KOAUTEPO QTMOTEAECUA OTIC TIMEC TWV TIAPAUETPWV. EMOHEVWC Ol TIHEC TwV
TIOPOUETPWY TIOU €TUAEEQUE amoTeEAOUV TO Lo TiBavov to “BéATioto” ouvduaouod
yia 1o Oiktuo pag. lowg kamowo¢ GAAo¢ ocuvbuaocpdg va  dwoel KaAUTeEpo
QTOTEAECUA, OUWG TO amotéAsopa Ba eival eAayiota StadopeTiko Kal lowg Tuxaio.
21O PWTA TIELPAUATA TIOU £YLVAV YL TNV EVPECN TwV BEATIOTWY TLUWV TIPOTLUNCAUE
va emAEEoupe WG PETPO oUYKPLONG To Q3 mou Sivel o PnAa anoteAéoparta, EVw TO
SOV xpnolUomoLEiTaL 0T CUVEXELA OTov Yivetal to filtering kal evowpdtwon Twv ES.
Itn ypadlkrn ovamapOaoToon TWV ONMOTEAECHATWY MOC EUPAVI{OUME TIC TIUEG OL

ormoleg ntav KopPLkES Kal eival epdavig n dtadpopd LETOED TWV TMEPAUATWV.

Kat apxrv, eloayope To Opo TOU Keviplkol mapabupou. Mo to Adyo autdo Ba
TELPAUOTIOTOUE HE TO UEYEDOC TV KpUudWV EMMESWV TOU KEVTPLKOU SIKTUOU yLa
va BpoUpe o mola TN €XOouvV TO KAAUTEPO TO000TO. Emiong Ba Sokipdooape

S1APOPEG TIUEG YLA TO KEVIPLKO MApABUPO TTIOU EVOWHUATWOALE.

Onwc avadépape oto Kepalato 3 ta dedopéva pog eivat xwplopéva os 10 folds kat
KABe umocouvolo xpelaletal MoOAAN wpa yla va Tpeel. MNa to Adyo auto Ba Bpoupue
TPWTA TIC BEATIOTEG TLMEC TWV TIAPAMETPWY MOVO yla €val UTTOOUVOAO Kal OTn
OUVEXELA TLG KAAUTEPEG Ba TIG SOKLUACOUHE yla OAa ta uTtocUvoAa Kot Ba Bpol e To
HECO OPO. ITO TMELPAUATA TIOU TIOPOUCLALOVTIAL TILO KATW XPNOLUOTIOLCAUE TO
DataSet1 to omolo ival oxetikd “600KkoA0”, ylati To MTOC0O0TO eMLTUXAG TPORBAedNS

TOU €ilval ULKPOTEPO CUYKPLVOUEVO UE T AAAQL.
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Sxnua 5.1: lpa@ikn mapaotoon mou napouctalel To mooooTa enituyiac Q3 oe ouvaptnon
Ue blapopec tuéc yla tic napauetpouc Hidden layer one_size, Hidden_layer_one_size kat
window_center_size. la Tov unoAoyloud Kade mopauETPoU KPATHOUUE OTATEPES TIC dAAEG

dUo0 kat (oec pe Tig TIUES Tov urtoAoyiotnkav Baon tou Mivaka 5.1

ITn o mMavw ypadik BAEMoOUpE MW Kupaivovtal ol SLadOopeg TIUEC TWV TPLWV
TMAPAUETPWY O oxéon HMe To Q3 mooooto. Onwg daivetar amd tn ypadikn
napaoctacn ot PEATIOTEC TIMEG Yyl TS TapapéTpou Hidden_layer one_size,
Hidden_layer_two_size kaw center_window_size eivat oto 17, 8, kaL 5 avtiotolya.
MapatnpoUUe E€MioNG OTL T TTOCOOTA TPOPAeYNC He HeyAAo péyeBog Klvntou
napabupou lval OXETLKA HLKPOTEPO QIO TOL TTOCOOTA TPOPAEYNG XPNOLLOTIOLWVTAG
HLKPOTEPO PEYEBOC KlvnTOU mapabupou. Otav to péyebog tou mapabupou eival 5,
10 anotéAeopa naipvel Tnv PnAotepn tou Twun, 73.8%. MNa va eipoote olyoupol otL
elval mpdypartt ol KaAUTtepeg TIUEC Sokipaoe S1adOPES TLUEG TTOU KU alvovTal KOVTA
0€ QUTEG TLG TLHEG KOL OL OTTOLEG €lxavV KAl AUTEC KAAQ amoTeAEoUATA. Ta CUYKPLTIKA

anoteAéopata ¢aivovral oto Mwvaka 5.2.
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Architecture layer Window Size  Architecture Learning Momentum
layer by layer

by layer for Centre for Fr —Br Rate

Network
73.54% 17-6 5 17-0-17-0 0.09 0.5
73.58% 17-6 7 17-0-17-0 0.09 0.5
73.93% 17-8 5 17-0-17-0 0.09 0.5
73.78% 17-8 7 17-0-17-0 0.09 0.5
73.71% 17-10 5 17-0-17-0 0.09 0.5
73.65% 17-10 7 17-0-17-0 0.09 0.5
73.83% 15-6 5 17-0-17-0 0.09 0.5
73.71% 15-6 7 17-0-17-0 0.09 0.5
73.79% 15-8 5 17-0-17-0 0.09 0.5
73.67% 15-8 7 17-0-17-0 0.09 0.5
73.7% 15-10 5 17-0-17-0 0.09 0.5
73.55% 15-10 7 17-0-17-0 0.09 0.5

Mivakag 5.2: 3tnv SeUTEPN OTHAN QAIVOVTAL OL TIUEC YLA TOV APLIUO TWV VEUPWVWYV O Kade
entinebo tou keviptkoU Aiktuou tou BRNN. H ertouevn otnAn apopd to ugysdoc tou Kivntou
napaGUpoU ToU KeVTPLKOU SIKTUOU, EVW Ol UTTOAOLIEC OTNAEG EXOUV TIC TIUEG TwWV dAAwv
TTOPAUETPWY TIOU KpatnOnkav otadepec kat (OlEC UE QUTEC TIOU TETUXE T KOAUTEpA

aroteAéouata n XptotodouAou (2010).

Itov MNivaka 5.2 BAEmMou e TL yivetal v aAAAEOUHE TNV OPXLTEKTOVLKI TOU SLKTUOU
edapuolovrag SLadopeTikd aplOud veupwvwy 0cov adopd TO KEVIPLKO SIKTUO Kal
TO KEVTIPLKO TapdBbupo povo. O aplBpodg Twy VEUPWVWY TwV GAAWV SUo SiKkTUwY, TO
péEyeBog¢ Tou KvnTtou mapabupou, KABWE Kol Ol XPOVIKEC HUETOPANTEG, O PUBUOG
Hadnong, KoL 0 6poG TNG OPUNG MAPAUEVOUV OTABEPA YL va BpoUpe Twe emnpealet
N OPXLTEKTOVLKN TOU KEVIPLKOU SLKTUOU TNV ekmaideuon Tou cuoTHUaToS. Omwg
BAETIOUE TOL ATMTOTEAECUATO TOU CUCTAHATOC £ival TIOAU KOAQ OTAV N OPXLTEKTOVLKI)

elval 17-8 kalL 1o Kevtplkd mapdbupo PEVEL ULKPO Kal (oo pe 5. MapoAo mou n
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Sladopd Otav n apxltektovikn eivatl 15-6 sival pikpn €Uelc Ba KPATHOOUME TNV

TIPWTN APXLTEKTOVIKN yLaTl £0TW Kal Hikpn n dtddopa, umapyeL.

5.1.2 Nepapata Ko aAnoTteAECHATA HE AAAOYH TLLWV TWV TTOPAUETPWY TOU

Swtvou

TN OUVEXElD Ba TPOTOTOL)COUUE TOV ApPLOUO TwV VEUPWVWV Twv GAAwv Suo
Siktuwv, To epmpocBlo (Fr) kat to miow (Br). Aoyilka emeldny ol aAAayEC Tou €ylvav
HEXPL Twpa dev emnpealouv ta GAAa SUo Siktua aUTO onuaivel OtL n BEATIOTN TLUA
elvat aut mou Bprike n XplotodouAou (2010) kat ival ton pe 17 yla 1o TPWTO
kpud o eminedo kat 0 yia to deUTtePO KPU DO emimedo kat yia ta dvo diktua. Opwg yla
va €€akplBwWOOUUE TNV UMOBEON HOG OTL TPAYHATL QUTH €lval n KOAUTEPN TN,
EaVOSOKLUACOE KATIOLO TIELPARLOTO TPOTIOTIOLWVTAC TLC 2 TIOPAUETPOUC QUTEC KOl T

anoteAféopata GpalveTal o KATw.

210 IXNua 5.2 mo katw ¢aivovral Ta aMOTEAECHOTO OO TA TIELPAUATA YLA TLHEC

mou adopouv Ta kpuda emnineda tou Backward (Br) diktuou.

Q3

74’00% 73,84“0 /3,627 73,8000

73,50% 73,60% 73 55%
73,50%
73,00% 12,35%
) ()
72,50%
’ |
72,50% - Q3
72,00% ]
71,50% T T T T T T T T
10 12 15 17 19 20 25 50

Zxnua 5.2: Mpapikn mapdaotaon mou mapoudlalel Ta mocoota emituyiac Q3 os ouvaptnon
UE TO uEyedoc Tou mpwTtou kpuou emmédou oto Siktuo Br tou BRNN.To ouUvoldo

ekmaidevonc nou ypnowuornotidnke ntav to DataSetl tou CB513.
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Itn Mo mAavw ypodlky mopActacn Kpatioape otabepo to péyeBog to SelteEpou
kpudou emumédou kal oo 0. Emiong xpnolpomolioape TG BEATIOTEC TTAPOAUETPOUG
TIOU UOALG BPAKOUE yla TO KEVTIPLKO TapaBupo. Mpadyuatt and tn ypadikr BAEMoupe
OtL n L 17 divel mooootod emtuyxiag 73,84% mou eival Kal To 1o PnAo. Eniong anod
™ ypadiki mapdotacn oto IxAua 5.3 daivetal otL 6tav Sev XpnNOLUOTIOL|COULE

SeUtepO KPUDO emimedo maipvoupe KAAUTEPO ATMOTEAEGLATAL.

74,00% 73,82%
73,50%
? 73,25% 73,21%
73,05%
73,00% 72.89%
72,50% = Q3
72,50%
72,00% [
71,50% T T T T T
0 2 10 15 30 50

Ixnua 5.3: Fpa@ikn mapaotoon mou napouctalsel To mooooTd enttuyiac Q3 as ouvaptnon
UE TO uEyedog tou OeUTEPOU Kpuou emumedou oto Siktuo Br tou BRNN. To oUvolo

eknaibevanc mou ypnotuomnolidnke ntav to 20 fold (DataSet1) tou CB513.

Ta amOTEAECOUOTA TWV TIELPAPATWY YLa TO EUNPoacBio diktuo (Fr) dev Ba avaluBolv
ylati mapouvciacav mapopola cupneptdpopd pe to Backward Aiktuo. Avadépoupe
OUWG OTL Kal €6w 0 aplBPOG TWV VEUPWVWY 0TO TIPWTO Kpudo emimedo eival 17 ka

oto deltepo 0.
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To enopevo neipapa, adopd tnv evariayn dtadpopwv TIHWV yla TNV TMAPAUETPO 7
Tou mivaka 5.1, mou adopd tov pubuod pabnong tou cuotiuatog. H XpiotodouAou
otnVv uAormoinon tng eixe umoAoyioel OtL TOo KOAUTEPN TN yLo pUBUO pABnong
€npene va eival ton 0,09. OuwG HETA amo SOKIUEC TIOU KAVOHE OTn OLKA HOg

vulomoinon Tmapatnpioope OTL  SLOPOPETIKEG TIHEC emédepav  KOAUTEPQ

anoteAéopara.
75,00%
73,91%
74,00% -—73,55%
73,00% - 72,62%
72,14%
72,00% -
71,00% - 70;57%
69,98% mQ3

70,00% - 7549
69,00% -
68,00% -
67,00% T T T T T T T

0,1 0,2 0,3 0,4 0,5 0,6 0,7

Ixnua 5.4: lpapikn mapdaotoon mou napouctalsel To mooooTd enituyia¢ Q3 as ouvaptnan
UE TO puBuldc uadnong mou xpnowuomoiiooaue. To ouvodo ekmaibeuong mou

xpnotuorotBnke nrav to 2o fold (DataSet1) tou CB513.

A’ otL BAémoupe amd TNV ypadlkn mapdotacn Tou oxnuatog 5.4, n andédoon Tou
ocuotiuatog epapuoloviag otov pubuo Habnong TIUEG peyalutepes amo 0.4 eival
XOUNAOTEPN O OUYKPLON HE TO OMOTEAECUATA TNG AMOS00NG Tou SIKTUOU OF TLUEG
arntd 0.1 péxpt 0.2, KATL MOU €ixe mapatnprost kat n XpiotodovAou (2010). To
peyaAltepo Opwg Q3 mocootd amodoong Atav 73,91% kou emiteuxBnke otav o
puBUOG nadnong Nntav 0.2. Autr) n aAAayr) oTnV TLUAR Tou pubuol pabnong os oxéon
HE autl NG XplotodoUAou (ow¢ va odeiletal Kuplwg OTO YeEYovoG OTL

xpnotporotnoape dtadopetikd cUVoAo SeSopévwy.
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H emopevn mapAaueTpog mou iowg va xpilel dtepeuvnong, ival n opun (MAPAUETPOC
8 tou mivaka 5.1). Etol Aounodv, opiloape S1APOPEG TIHEC yLa TOV OPO TNG OPMNG KOl
KQVaUeE Ta TMepdpata Baon twv TWwv autwv. Onwe ¢ailvetal kal amod T
amoteAéopata oto oxiuo 5.5 mapatnpoUpe OTL N TN tNg opung dev xpelaletal

oAAayn adou pe tun 0,5 divel ta kaAUTeEpa amoteAEéopaTA.

74,50%
74,00% 73.87%
73,58% 73,62%
73,50%
72,95%
73,00%
72,50% Q3
72,13%
72,00%
71,50%
71,00% . . . . .
0,1 03 0,5 07 0,9

Sxnua 5.4: Mpagikn napaotaon mou mapouolalsl Ta Tooo0oTd eMituyiag Q3 os ouvaptnon
UE TO puBuOC uadnong mou xpnowuomoiiooaue. To ouvodo ekmaibeuong mou

xpnotuorotnBnke nrav to 2o fold (DataSet1) tou CB513.

KAelvovtag Tov KUKAO TwV TELPAUATWY TIoU apopouV TIG TAPAUETPOUG , UIMTOPOUUE
va SoUpe OTL Ovtwg n peBodoloyia mou akoAouBnbnke Kal T MEPAUATA TIOU
€ywav yla To oUvolo dedopévwy yla €va fold tou CB513, €dwoav KAMOLEG TOTILKA
«BEATLOTEGY TLUEG YLO TLG TAPAUETPOUG TOU TtivaKka 5.1, Kal €éva mocooto poBAedng
73,91%. Ot TLEG aUTEG daivovTal CUVOMTIKA oTov Ttivaka 5.2. Emiong punopolpe va
SoUE OTL N EVOWUATWON TOU OPOU TOU KEVTPLKOU TapaBbupou avénoe ev PEPEL TO
TIOOOOTO €mutuxiag Tou ouoTHMOTOG OAAA OxL oto PBabud mou umoloyilape.
JUVOTITLKA TO KEVTPLKO mapdBupo otn PEATIOTN T TOU ToU €ival ion He 5,

npocBeoe avénon ™ng Tagewg TOU 0,8%

122



No NAPAMETPOZ TIMH
1 | Hidden_layer_one_size 17
2 | Hidden_layer_two_size 8
3 | Hidden_layer_one_of Backward_size 17
4 | Hidden_layer_two_of Backward_size 0
5 | Hidden_layer_one_of Forward_size 17
6 | Hidden_layer two_of Forward_size 0
7 | Learning_Rate 0.2
8 | Momentum 0.1
9 | Window_size 31
10 | g_minus_1 0.5
11 | g_plus_1 0.5
12 | S 3
13 | Maximum_lterations 200
14 | Center_window_size 5

(2+2+1)

Mivakoag 5.3: TEAIKEG TUUEG YLO TIC TTAPAUETPOUC TOU SIKTUOU OMWC TIC OPIOOLE KoL OL OTTOLEG

elvat ot BEATioTEC.

5.2 Nepapata pe tnv xprion Ensemble

Adou Bpnkape TG BEATIOTEG TIMEG yla TG Tapapétpoug (Mivakag 5.3) ywa éva
UTTOOUVOAO, KOVOVIKQ OTn OUVEXELR TIPEMEL va tpé€oupe kal ta 10 folds mou
aroteAolv to CB513 yia va BpoUpe TO TEAKO AMOTEAECHA UE TN Xprion Tou Méoou
Opou. Opwg avti va yivel auto, Adyw Ttou peyaAou XPOvou E€KTEAEONG TOU
TipoypAUpaTOC eTUAEEape va Tpé€oupe Kal ta 10 folds adou MpwTa EVOWUATWOOUUE
kol to pEBodo tou Ensemble. Emeldn ta nmepapata Ba emavaindBouv kat yla tnv
gupeon NG KoAUTepnG MeBOdou Ensemble, mpotunoape va Tpeoupe €va
UTTOGUVOAO KOlL OE QUTH TNV TPOTOoMoinon tou cuotiuatog. Adou Bpebel n kaAutepn

pHEBodog tote Ba yivouv melpapata o€ 6Ao to CB513.

Onw¢ avadépape oto Ymokedpahato 4.2 n uéBodog tou Ensemble uhomowiOnke pe

™V unoBeon otL mMoAAd Siktua pall pmopouv va e€dyouv KAAUTEPA OMOTEAECUOTA
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oo €va. ITa TEPAPOTO TTOU KAVAUE TO cuotnua amoteAeital and 6 diktua BRNN
kot Sokipaoape 4 Stadopetikég peBoddoug, To Voting, To Borda Function, To Average
kot to Weighted Average mou emefnynbnkav oto Ymokedpaiaio 4.2. Ta
QIMOTEAECLATA TWV TELPAPATWY Selxvouv To Too0oTod emituyiag o Q3 kat SOV kal

daivovtal oto 1o Katw Ixnua 5.5.

78,00%
76,20% 76,05%
76,00%
74,00%
72,00%
70,00% mQ3
m SOV

68,00%

66,00%

64,00%

62,00%

Voting Borda Function Average Weighted Average

Zxnua 5.5: Mpapikn mapactoon mou mapouotalsl Ta mooootd snituyiac o Q3 kot SOV yia
¢ 4 uedodouc mou xpnoiuomoliBnkav yia tnv vdomoinon tou Ensemble. To ouvoAo

eknaibevanc mou ypnotuomnolidnke ntav to 20 fold (DataSet1) tov CB513.

Onwg daivetal anod ta mepapata n PEBodog tou Ensemble emidpépel mpayuartt
KaAUtepa amoteAéopata. Kat pe tig 4 pebodoug katadépape va auEOCOUUE TO
TIOC0O0TO OWOoTNG MPORAeYNng amod 73,91% péxpL kal 76,20% oe Q3. Ta kaAutepa
anoteAéopata toco o Q3 600 Kal o SOV mapbnkav and to pEBodo Average pe
Hkpn dtadopa anod tn péBodo Weighted Average. EmiAéxBnke emopuévwe n Average
HEB0SO n omola eival KAl n 1o arAr Kol EXEL TN Alyotepn TOAUTIAOKOTNTA WG AUTN
HE TNV omola Ba yivouv ta Melpapata mavw oe oAokAnpo to CB513. Tuvdualovtag
TG PBEATIOTEG TIMEG TWV TOPAUETPWY TIOU TINPAUE TIPONYOUHEVWG pall pe TO
Ensemble, Ba tp€oupe kat ta 10 folds tou CB513. To TeAKO MTOCOOTO EMITUXLOG TOU
ouvotiuato¢ Ba mapBel adol evwooupe Ta 10 oapxeia €€6dou mou Ba

SnuloupynBoulv kat umoloyilovtag To pECO Opo Touc. Mo TN emoAnBeuon Twv
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amoteAeopdtwy n OAn Swadikacia emavaAndbnke 3 ¢dopéc. Ta amoteAéopata

daivovtat oto oxnua 5.6.

78

76,39

76 A

74

72

70 -

68,72

68 -

66 -

64 -
Q3 sov

Zxnua 5.6: Mpapikn mapaoTaon mou MoPoUsLalEL TO UEGO OPO TOU NTOCOOTA eTituyiag o Q3
ko SOV yia tpeic eKTEAETELS UE TNV Xprion The uedodou Average otn Snutoupyia Twv
Ensemble. Kade ektéAeon avapépetal kat ota 10 folds tou CB513, 6mou 1o TeAIKO
amoTEAsoUd 0PpIleTaL WG N CUVEVWAN TwV amoteAeoudtwy twv 10 aveéaptntwy folds.

Onwg daivetal anod ) ypadlki mapaotocn oto IXAUaA 5.6 T0 HEYAAUTEPO MOCOOTO
erutuxiag €ptaoce 1o 76,40% oe Q3 kal 68,74 oc SOV. ZUYKPLTIKA ME TO TEALKO
TLOOOOTO TOU €lXe emTUXEL N XplotodoUAou (2010), mapatnpoUUe OTL N TpEXouoa
uAomoinon Tou cuothpatog ETuxe oxedov 0,5% avénon oto Q3 evw to SOV, amo
70% mou ATav TP Twpa MHewwdnke katd 1,3%. Itn ouvéxela Ba Solpe Mwg

UITOPOU E VO AUENOCOUE TIEPLOCOTEPO TO MOCOOTO HE Sladopeg AANeG pebodouc.

5.3 ®Atpaplopa nPoPAENOHEVNG SEUTEPOTAYOUG SOUNG MPWTEIVWV

MéxpL Twpa eldape OTL TO TEAKO TOCOCTO TOU CUCTHHATOG £dTaoce PéEXPL To 76,40%
oe Q3 kaL 68,74% oe SOV. lNa tnv enitevén KOAUTEPWV QMOTEAECUATWVY OMWG
e€nynbnke oto Ymokedpdlawo 4.3 evowpatwooue post-processing filtering oto
cvotnua pag. H texvikn auty xpnowpomowwvtag tnv €€odo tou BRNN (tpeig

kataotdaoeslg H,E,L), mpoomnabel va Stopdwoet tnv mpoPAenopevn akohouBia mou

125



Slvel to TPéXOV oloTnUa oto TéEAog KABe ektéAeong Tou, Aappdavovrag umoyn Tig
OUOXETIOELG HETAEL TNG TTPOoPAETOPEVNG SeuTEPOTAYOUG SOUNG KABE QULVOEEWC TNG
npwteivng. H péBodog mou akoAouBnOnke yla 10 QIATpdploua ATAV LE TN XPNon
Siktuou RBF (YmokedpaAato 4.3.2). Na T owoth E€mAoy TwV KEVIPWVY Kol
apxlkomoinon Ttou RBF XpnOLUOMOIACOUE TPWTA €va XAPTH QUTOOPYAVWONG
Kohonen ywa tn katnyoplomoinon twv 6edopévwv pog. Emopévwe mpwrta Oa

avapepbol e ota anoteAéopata tou SOM.

5.3.2 AnoteAéopata pAtpapicpatog npoPAEnOpevVNg dsutepotayols Soung
MPWTEIVWV HE Xprion SOM

MNa tnv vlomoinon tou SOM Ba xpnolpomoljooupse w¢ Sedopéva elcddou TO
Z Filter_Output.txt To omolo, onw¢g avadépape oto KepaAato 3, £xeL Tpormornotndel
oUTWG WOoTE yla KABe aptvofl NG KABe MPpwTelvNG Tou TEPAAUPBAVEL, EXOULE KL TN
Sekadikn T tng kabe e€66ou (H, E 1 L) tng deutepotayoug dounc. To péyebog tou

XAPTN ToU OSNULOUPYHOOUE OMWG KoL Ol UTIOAOLTIEG TOPAUETPOL daivovtal oto

Mivaka 5.4

No NAPAMETPOZ TIMH
1 | mapSideSize 275
2 | learningRate neighborhood 0.2
3 | Radius 50
4 | maxlterations 10
5 | trainFile Z_Filter.txt -

6 | testFile Z_Filter_Output.txt -
13 | Window_size 7

Mivakag 5.4: TEAIKEG TILEG Lo TIC TOPAUETPOUC TOU XAPTN aautoopydvwaonc Kohonen (SOM).
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Ma tnv enloyrn TwV CWoTWV TTOPAPETPWY EYLVOV OTWCE KAl TIPLV TIELPAUOTA YLo TV
gvpeon Twv PBEATIOTWY TIHWV. Mo kKABe meipapa mou ekteAéoape ekmaldeVOUE TO
6iktuo ota 9 aveaptnta umoouvoAla tou CB513 kat Sokipalape o 1. Auth n
Stadikaoia emavaAndOnke 10 dopég yia va Sokipdooupe kat Ta 10 umtocuvoAa. To
TEAIKO QTMOTEAECUA €lval (00 UE TO MECO Opo Twv 10 oUVOAWV. YO KOVOVLKEG
ouvOnkeg to SOM xpnolpomolnBnke yla tnv €UPECn TWV KEVIPWVY TNG TOTOAoyiag
tou RBF. Opwg adou n 0An Stadikacia Ba yivel yia TNV opyavwon tTwv SEopévwy
HoC o opadeG, OKEPTAKAUE VO XPNOLUOTIOLCOUME To SOM kot w¢ aveédptnto
eidog filtering, yla va So0Upe Mwg avtdpd oTto cUYKEKPLUEVO TIPOBANUa. OuoLaoTIKA
OlUTO QMOTEAEL KOlL TO TPOTIO EUPEONC KAl TWV BEATIOTWY TILWV TWV TTOPAPETPpWV. lNa
va Bewpnbel KaAR N TR HLOG TTOPAUETPOU TIPEMEL PACIKA TO QMOTEAECUA EVOC
TIELPALATOG VO EXEL TIEPLTIOU TA (6Lt ATOTEAECUATA UE TIPLV. A€ TIPEMEL VA EXOULE
pelwon oto Q3, oUte oto SOV. Av pLa TomoAoyia emipEpeL XAUNAOTEPA TOCOOTA ATO
TIPLV QUTO OnUaivel OTL To TLo TBavo av tn XPNOLUOTIOLOOUE OTNV EMOUEVN dAon,

Ba £xou e XaUnAd MOo0OOTA.

To nmpwTto neipapa mou €ywve adopd To peEyebog Tou xaptn. Aokipdotnkav Stadopa
HEYEDN amod 50x50 péxpl 300x300. Ta O ONUAVTIKA amoteAéopata daivovtal o

KATw (Zxnua 5.7 kat 5.8).

Q3

78,00%

76,39% 76,37%
75,80% 75.42%

76,00%
74,50%
74,00% 73.24%
72,00% 71.25%
70,00% --09.57%
68,00% :I
66,00% -

50x50 100x100 150x150 200x200 250x250 275x275 300x300 500x500
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Zxnua 5.7: Mpapikn mapdotaon mou mapouctalel Ta mooootd enttuyiag o Q3 yla diapopa
UeYETN Tou yaptn mou Ga opyavwooule. Ot UTTOAOUTEG TAPAUETPOL SLATNPOUVTAL OTHTEPEC

Kot (0&¢ e aUTE mou aivovtal oto lMivaka 5.4

0,7

68,72% 68,75% 68,61%

0,68 7
66,74%
0,66
64,10%
0,64 62,85%
H Columnl

0,62

) m SOV

60,26%

0,6
0,58
0,56 T T T T T T T

50x50 100x100 150x150 200x200 250x250 275x275 300x300 500x500

Ixnua 5.8: Mpapikn noapdaotacn mou mapouotalel Ta TOooOoTd mituyiag os SOV Score yia
Slapopa Usy€9n tou xaptn mou Bo opyavwooulEe. Ot UTOAOLITEG MOPAUETPOL SLATNPOUVTAL

otadepEC Kal (0EC e aUTE TTou aivovtal oto livakoa 5.4

ATo Tt ypadLlk MopAcTACn UMOPOUUE va SOUME OTL To KOAUTEPO QTOTEAECUATA
ETULTUYXAVOVTAL OO Xaptn 275x275, dnAadn 75625. Auto cupBaivel yloti o aptOuog
TWV oLVoEEWV (residues) mou €XoupE Vo EKTTALOEVUCOUE GUVOALKA GTAVEL TTEPLTTOU
TG 73000. Emopévweg auto to péyeBog xaptn otnv oucia Unopel va xaptoypadroel
oxedov kabe auwvofl oe kABe BEon. MikpoTtepOU UEYEBOUG XAPTN TAPATNPOUUE OTL
€XOUV UIKPOTEPO TIOOOOTO ETUTUXLOG €VWw HeyaAutepol Sev emiudpépouv Kamola
KOAUTEPQ QMOTEAECUATA, EVW EMUMPOOOeTa aufdvouv Tn TOAUTTAOKOTNTA TOU

OUOTHMOTOC.

MLa KOO ONUAVTLKY TIAPAUETPOG TIOU TIPEMEL VAL £EETACOEL TTPOOEKTIKA Elval TO
HEyeBog Tou KvntoL mapdbupou mou Ba xpnolpomnoliocou he. Onwg npoavadEpbnke

10 péyeBog Tou KvoUpevou mapabupou mou Ba xpnollomoltjooupe mailel TOAU
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ONUAVTIKO poAo, adou n avadimlwon Twv MPpWIEivwV ennpedletal AuUeca amo T
nmAnpodopla Tou gumepLEXETAL OTA KATAAouTa tnNG. Ta anoteAéoparta Ue TIG SOKLUEG

ToU Pey€Boug Tou mapabupou daivetal oTo Mo KATw IxAua 5.9.

80,00%

75,00% -

72,20%

0,
70,47% 69 829%

70,00% -

mQ3
65,00% - m SOV

0,
60,00% - A2%

55,00% -

Zxnua 5.9: Mpapikn mapactoon mou mapouctalsl Ta mooootd emnituyiac o Q3 kot SOV yia
SLapopa UeyEBN Tou KvnToU mopadUpou mou xpnotuomnotnoaue. Ot UTTOAOLTTEG TUPAUETPOL

Sdtatnpouvrat otadepec kal (0e¢ Ue aUTE mou @aivovtal oto lMivaka 5.4

Amo tn ypadikn mapdaoctacn oto IxXNua 5.9 pnopouue va SoUpe OTL To Mapdbupo
TIPAYHOTL EMNPEATEL TO TEAIKO AMOTEAECHA KATIOLEG POPEC BETIKA Kol KATIOLEG HOPEC
apvnTikd. Elval ¢avepd OTL OTav £XOUME ULKPO KLvNTO Tapdbupo 1 kKaboAou To
TIOOOOTO emutuxiag ival o PnAod, evw otav to Mapabupo eival Leyalo mpokaAel
XElPOTEPQ amoteAéopata. Autd odelleTal OTO yeEYOvOG OTL OTAV £XOUME HEYAAO
napabupo onuaivel Ot mpoomnabel va xoptoypadroel peyaAn mAnpodopia oe
KATIOLO TUAMA TOU XAPTN KOL QUTO £XEL OOV OQITOTEAECUO VO NV WIMOPEL va YIVeL

owoTtn xaptoypadnon.

TNV ouVvéxela SoKLpAoape va aAAAEoUE Ta pUBUO HABNONG KAl TNV aKTiva Tng
VELTOVLAG. ATTO T QIMOTEAECUATA TWV TMEPAUATWY TIou daivovtal otov Zxnua 5.10
TIAPATNPOUHE OTL T KAAUTEPA TOCOOTA ETLTUYXAVOVTAL HE pUBUSO pabnon 0,2 Kal

apxtkn aktiva 125. H T tng aktivag pmopei va e§nynOel amd to yeyovog 0Tl Kabwg
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TLEPVOUV OL EMOXEG N OAKTIVOL HLKpOivel. EmMopévwg peyaAn aktiva otnv apxn €xel
KOAUTEPA QIMOTEAECUOTO YLOTL OTa apylkd otadlo TnGg opydvwong Tou XAptn
B€Aou e va TPOTOMOLOUVTAL HEYAAQ TUAUATA, HEXPLS OTOU O XAPTNG TIAPEL KATOLA

Hopdn.

80,00%

76,42% 76,37% 76,39% 76,40%
75,10%

75'00% /_-5’4()“0 74,25%

70,00%

65,00% -

60,00% -

55,00% -

10 30 50 75 100 125 150 200 275

Sxnua 5.10: Mpapikn mapaotach mou napouotalel Ta mooooTda enituyiag o Q3 kot SOV yia
Slapopa ueyedn aktivac mou ypnotuornolioaue. Ot UTOAOLTEG MapdueTpol dtatnpouvtal

otadepEC Kat (0eC e auTE mou aivovtal oto lMivakoa 5.4.

5.3.2 AnoteAéopata ptpapicpatog npoBAenopevng Seutepotayols Sopung
npwrteivwv pe xpon Radial Basis Function

AdoU €xoupe dnULOUPYNOEL TO XAPTN HaG €lHaoTe og BECN va apXLKOTIOLICOUE TO
Siktuo RBF pag. Onwg avadépbnke oto Ymokepahaio 4.3.2 TMOAU ONUAVTLKA
TIAPAUETPOC £lval N owaoTr Aoy KEVIPWV. Av 8eV YIVEL CWOTH €TIAOYI KEVIPWV
Tote Sev Ba £xoupe Ta emBUUNTA amoteAéopata. H AAAN MOPAUETPOC TIOU TIPETEL
va ehexBel mpooextika eival To péyebog Tou Kivntol mapabupou. Oa EEKIVACOUE
™ TEeplypadr TWV TEWPAUATWY UG ME TN TPWTN TAPAUETPO Kol apxika &g Ba

XPNOLLOTIOLCOUME KATIOLO KLvNTO TtapdBupo.
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H emloyn tou aplBuou twv kévipwyv Ba Eekvoel amd 1 kat Ba avéavetal. Onwg
yvwpiloupe ota RBF diktua 600 aufadvetal o aplOpog Twv KEVTIPWY, 0dnNyoULOOTE OE
napeuBoAn dnAadn to diktuo mpoomabel va pabel “anéw” KATOLEG CUYKEKPLUEVEC
YVWOTECG Kataotaoelg. Oocov adopd tnv emloyn TG B€oNg Twv KEVTPWVY aUTH EyLVeE
gumelplkd. AnAadn PBAémovrag mwg £xel xaptoypadnbel o xdaptng oto SOM,
ETUAEYOULE TIEPLOXEC OL OMOILEC elval «KaBapec» SnAadny Sev mepléxouv TUAUATA
amo TG AAe¢ dU0 KATAOTAOELG. Ol TIHEC TwV BapwV TWV VEUPWVWY OTIG BEoELC
OUTEC Bal aMOTEAECOUV KOl TIG TLUEG TWV KEVTPWV Tou Ba xpnotpomnotjooupe. Ta
anoteAéoparta yia dtadopa mepapata pe StadopeTikd aplBud kévipwv daivovtat

oTo Ixnua 5.11.

80,00%

76,49% 76,38%

75,00%

70,00%

65,00% mQ3

m SOV

60,00%

55,00%

50,00%
1 3 10 50 100 200 400 1000

Zxnua 5.11: Mpapikn mopacTac mov napouoidlsl Ta mocootd emtuyiac o Q3 kat SOV ya

SLdpopouc aptBuUoUc KEVTPWY TTou xphotlpornotndnkayv otnv eknaidevon tou RBF.

Ao ta amoteAéopata tng ypadlkng mapdctocn oto IxAua 5.11 pmopoupe va
SoUpE OTL TO KAAUTEPO TIOCOOTO EMITUYXAVETAL OTAV XPNOLUOTMOLoOUUE Tepimou 100
kévtpa. Me 1o aplBud auto katadépape va av§nooupe to SOV score Katd 1% evw
o Q3 €pelve oxetikd otabepd. Emiong amod tng ypadikn mapdotaon eival pavepod
OTL OTOV XPNOLUOTIOLACOUUE MEYAAO aplOUO KEVTPWVY 06NYOUUAOTE OE TIO XOUNAQ

TIOCOOTA Ao OTL Xwpig TN néBodo tou filtering ylati ouolaotika to diktuo pabaivel
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“amé€w” KAMOLEG KATAOTACELS Kal otav tou §oBel To unmoolvolo pe ta dedopéva
SoKLUNG Tou TepLéXeL péoa TpwTeiveg mou Sev €xel Eavadel dev katadEpvel va

npoPAEPeL cwota tn deutepotayr) dour Toug.

H enopevn napduetpo¢ tou RBF mou Ba eAéyéoupe eival to péyebog Tou Kivntou
mapabupou, pla TTAPAUETPOG TTOU eAEXONKE Kal Katd tn Sldpkela Tng ekmaidsvon
Tou SOM. Ta amoteAéopata yla Stadopa peyedn mapabupou ¢aivovral otn TLo

KATW ypadLkr tou Ixnuarog 5.12.

79,00%

77’00% 76,49% 76,53% 76161% 76’80% 7ﬁ,Aﬂ°n

76,11 7
©76,01% 75,85% 75,55%

75,00% -
73,00% -

MW Series 1
71,00% - M Series 2

69,00% -

67,00% -

65,00% -

Sxnua 5.11: [papikn mapaotach mou napouotalel Ta mooooTd enituyiac o Q3 kot SOV yia

Stapopa peyedn kwvntou napadupou mou xpnotuomnotdnkay otnv eknaibdevon tou RBF.

Onwg pumopoupe va oUUE N ELCAywYN TOU Kvntou mopabupou eMédPepe OMwWE Kat
TPV KaAUTepa amoteAéopata. Otav 1o Kwntou mapdbupo eival (oo pe 7 (3+1+3)
dnAadn amobnkeloupe mMAnpodopia MEpav amod TO KEVIPLKO apvofl yla oKopa 2
kataAouta Sefld KAl 2 OPLOTEPA TO TTOCOOTO EMLTUXLOG QVEPXETAL ot 76,80% Kol
70,25 yia SOV. EmMopévwg, mopatneoUe (ia onUavTkn avénong kupiwg oto SOV
™G tagng tou 2,5%. Ao tn ypadikr MApAcTACnH UMOPOUKE Vo SOUUE emiong OTL
otav 1o mapabupo avénBel kL AAAO TOTE TO TTOCOOTO ETUTUXIOG PELWVETAL KOL EXOUUE

XOUNAGTEPQ TTOGOOTO Ao OTL €AV dev Xpnotpomnotovoape filtering.
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Ta kaAd amoteAéopata TOU emITeVXONKAV TPONYOUPEVWG Hag odnynoav va
KAVOUUE TEPLOCOTEPEC OOKIUEG KOl OUYKPLOELS, KABwWC €mMiong Kal TO OVAAUTLKA

neplypadr tng mpoBAeng Tou cuoTHUATOC.

80,00%

76,83%

75,00% -

70,27%
70,00% -

65,00% -

60,00%

55,00% -

50,00% -

H SOV

Sxnua 5.12: [papikn mTapaoToon mou mapouctalel To UECO OPO TOU TOCOOTA EMLTUXING O
Q3 kat SOV yLo Téooepiq ekTEAETELG TG uedodou filtering ue tn xprion RBF diktuou. Kade
ekTéAean avapépetal kot ote 10 folds tou CB513, omou to TeALko amotéAeaua opileTal we n
OUVEVWON TwV amoteAeoudtwy tTwv 10 aveéaptntwy folds.

H ypadik mapdotacn oto oxnua 5.12 aviutpoowmneUel Kal Tn TEALKO TTOCOOTO
gmutuxlog mou emtelxOnke pe tn MEBoSo Tou filtering. AMO T GUYKEVTPWTLKA
anoteAéopata  PmopoUPe va SoUHe OTL MPAyHaTlL HE TO @UATpAploua Twv
anoteAeopdtwyv tou Siktvou BRNN maipvoupe aloBntd koAUtepa amoteAéopata
Kupilwg yLa SOV Score. H xprion to filtering pe tn néBodo auvtr avénoe to Q3 katd

0,4% evw 1o SOV Katd 2,5, Lo OXETLKA TTOAU KaAn BeAtiwon.

O petadldaktoplkdg epeuvntng Ap. Métpog Kouvtoupng yla 1o ido mpoBAnua
Sokipaoe ladopEg TeXVIKEC DIATPAPIOUATOC UE TN XProN Tou mpoypappatog WEKA.
Ta amoteAéopata TOU, OMWE KOl TA QAMOTEAECHATO TIOU emLTUXAUE dailvovral

OVOAUTLKA 0TO TTILo KATtw Mivaka 5.5.
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Filtering w Q3 Qn Qr QL SOV S0Vy  S0VE  SOVp Crx Ce Cr SEL

method @) (%) (%) (%)
LibSVM 19 7704 7802 6581 8240 7254 7192 6864 7080 0718 0.635 0583 7479
Logistic 19 7693 7869 6733 8076  72.83 7243 6874 7131 0716 0.633  (.582  74.88
RBF (SOM) 7 76,80 7742 £3.98 8318 7025 7035 66,91 7091 0713 0625 (586 73.53
MLP 5 7675 7794 6602 8168 7L75 7072 6877 7017 0717 0626 0579 7425

76.65 79.06 6678 8011 70.60 70.91 67.57 69.66 0712 0.625 0580 73.63

U

Simple Cart

SS-filt — 7A43 7598 6223 8458 7125 70.53 66.92 7056 0711 0.622 0.578 73.84
No filtering — 7639 7712 6353 BLE7 6874 6875 66.07 69.63 0706 0.618 0580 7257
WH-filt — 7624 7477 6233 B5.06 6943 6731 65.90 7035 0710 0.6l6 0577 7284

RBF (k-Means) 1 7623 8152 6988 7544 6930 71.73 68.84 66.86 0705 0.618 0578 7277

Naive Bayes 3 7610 7868 7199 7627 7175 71.37 70.46 6857 0710 0.629 0561 7392
Viterbi 1 7398 7777 6393 B8l14 6959 6958 65.57 6753 0705 0.619 0562 7279
J48 3 7598 7897 6587 7910 6853 6933 66.84 67.84 0704 0610 0569 7225

Random Forest 19 7519 7964 6838 7323 6676  68.58 66.68 6494  0.69 0608 0550 7098
IBk (k=3) 13 7203 7867 6264 7181 6266 6798 62.71 60.86  0.640 0566 0499 67.34

Mivakag 5.5: Mivakac mou Seiyvel CUYKEVTPWTIKA Kol QVOAUTIKA TO mooootd mpoBAsyYnc
TOU OUOTNUATOC Tooo 0 Q3 000 kat o SOV, oc oyéon HE OGAAEC TEYVIKEG TOU
xpnotuorotnGnkav ano to post-doct etpo Kouvroupn yua filtering. Xtn ueon tou Mivaka
EYOUUE T MOOOOTA XWPIC TNV Xprion omotoudnnote filtering, evw amd t™n péon kot mavw

EXOULE T TTOOOOTA TWV TEXVIKWYV TTOU KATAPEPAVY Vo dUENCOUV TO MOGOCTO ETLTUXIOG.

JuykplvovTtag Ta amoteAéopaTa oG He autd Tou Ap. Nétpou Kouvtoupn pmopol e
va SOUHE QVOAUTIKA OTL TEXVLKA TIOU avamtuape emipEpel Ta Tplta KOAUTEpPQA
amoTteAéopaTa amod OAEG TIG TEXVIKEG TOU XpnotpormolnBnkav. Ou U0 TPWTEG
TEXVIKEG TIOU €ixav Ta KaAUtepa mooootd eival LibSVM kat Logistic Function.
MmopoUpue eniong amd tov Mivaka 5.5 va S0UME OTL KOl OTLC TEXVIKEG TOU
xpnotuonoinoe o Métpog Kouvtoupng umnpée meplocdtepn avénon oto SOV Score.
Akoun av doUpe avaAuTtika tnv mpoPAsdn kabe kataotaong eivat pavepo OtL n Sikn
HOG TEXVLKA UOTEPEL KUPLWCE otn cwoth PoPAeYPn tng katdotaong E (Extended B-
strands) a¢ou o010 MocooTo cwoth NPOPAeYNg ival 63,98% yla Q3 kat 66,91 yLa
SOV o€ oxeon Ue 1o 65,78% o Q3 kat 68,61 o SOV tng uebodou LibSVM. Avtibeta
OUw¢ 6oov adopd tn katdotaon L (Loop) mapatnpolpe OtL n Sk pog pueBodo
Eenépaoe To Mooootd tou Q3 toco Tou LibSVM 600 kal tou Logistic adol édtaoce to

83,18% o€ oxeon ue 10 82,42% kat 80,76% avtiotolya.
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Onw¢ PAEmovpe amd v ypadlkn mapdotacn tou oxnuoto¢ 5.13, n opdda Twv
Strands (E), 6ev mpoPAénetal cwotd o peyaAo Pabud. BAEmoupe OtTL mepimou TO
0,64 kata péco 6po (E) mpoBAémovtal cwota ano 1o diktuo. H opada twv (L) katd
HECO Opo TPOPAEMETAL OWOTA amd To SikTuo, OMWCE TMAPATNPOUUE KAl OO TNV
péxovoa ypadikn. TéEAo¢ n opada twv (H), mpoBAénetal o kavomownTiko Badbuod
ano to Siktuo. To mpoPAnua sival pe tnv opada (E). Autod onuaivel 0tL to Siktuo
poc e€akolouBel va mapouolalel HELWHEVA TTOCOOTA OTn owoth TPOPAsdn NG

katdotaong E.

90,00%

85,00% 83,25%

80,00%

75,00% - o HH
70,91%

70,00% - EE

miLL

65,00% -

60,00% -

55,00% -

Q3 SOV

Zxnua 5.13: Mpapikn mapdotaon Tou MapousLaleL ToV UETO 0po mpoBAsync H, E kat L, otav
T0 eTuBuUNTO anotéAsoua eivatl H, E kat L avtiotoya 6oov agopa to Q3 ko to SOV. Ta
armoteAEouata tou napouaotalovral eival CUVONTIKA pla 4 ekTEAEoeLC. KaOe ekTéAeon
avapépetal kat ota 10 folds tou CB513, ormou 1o TeAlkO amotéAeoua opiletal we n
OUVEVWON TwV amotedeoudtwy Twv 10 aveédaptntwy folds.

Av KOLTAEOUE TA AVAAUTIKA TTOCOOTA TNG KABe katdotaong kat ywa to SOV Score
(ZxAua 5.13), umopolpe va Soupe OtTL KAl MAAL n katdotaon E mapouoldlel tn
XopnAotepn PeAtiwon. AvtiBeta ol AAAe¢ SU0O KOTOOTAOEL( TAPOTNPOUUE OTL

auéndnkav oxedov 2%, n avénon yla tn Katdotaon E eivat poAg 0,9%.
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AdouU eidape ta amoteAéopata 6ocov adopd tnv owotr MPoPAsdn tou Siktuou,
6nAadn ta EE, HH, kat LL, mapatnproape OtL €XOUUE KATOLo TPOPANUA ylati o
aplOpocg twy Strands (E) mou mpoPAEmovtal kavovika og Strands (E) e€akoAlouBei va
glval yapnAog. Oa emnikevipwBol e KUplwg ota moocootd o SOV mou eivatl Kot To
HUETPO OUYKPLONG TIOU €ixe tnV Teplocotepn PBeAtiwon. MNpodavwe, TO TPOPANUA
aUTO, lowg va odelleTal og pLor «oUYXUON» KATTOLWY OUASWV pPeTaly Tout. MNa va to
SoUuE aUTO, MpEMEL va SOUHE TA AMOTEAECUATA VLA T UTIOAOLTTA oTolxeia, dnAadn
EH, EL kat @A\a (oxnua 5.14). Eniong ival kaAo va doupe mooo eival To TOC0OTO
avalutika ywo kaBe fold tou CB513, yia efakplBwooupe av to mpoBAnua eival
TOTKO O€ KAMmolo UmooUVoAO. Emiong oto Ixnua 5.14 daivovrtal cUYKPLTIKA Ta

QVOAUTIKA QMOTEAECUATO O€ OXEON ME AUTA ota omola Sev €xel yivel filtering.

80

HE
HL
EH
W EE
W EL
LH
W LE

With Filtering Without Filtering

Zxnua 5.14: lpapikn mapaotacn mou napouotalsl tov Uéco 6po mpoBAeync H, E kat L ue
filtering kat ywplc filtering, otav to emtduunto amotédeoua eivat H, E kat L avtiotoiya kadwg
kot tic AavBaouéveg npoBAeWeic HE, HL, EH, EL, LE, LH. Na napadetyua n karaoraon LE
onuaiver ott n emduunty €éodog eivar L kat eusic mpoBAsyaue E. Ta amoteAéouara
armotTeAoUV TO OUVOALKO amotédsoua OAwv twv folds tou CB513, evw n oamnokAion

QVTUTPOOWITEVEL TO SLOPOPU TOU ATTOTEAEOUATOC LUETAEL TwV folds.

136



BAémoupe oto oxfua 5.14 mo kabapd, Ta Katd HEco Opo mocootd o SOV yla to
OUVOALKO amotédeopa OAwv twv folds Tou CB513, evw n amokALon avTUTPOCOWTEVEL
1o Sladopd tou amoteAéopartog petall twv folds. Mapatnpoupe otL n MPOPAsPn
(HH), n omola gival pa amo Tig TPeLg mou BEAoupe, elval Kal n 1o cwaotr) MpoPAedn
€vavtl ¢ AavBaopévng katataéng (HE) kat (HL). Apa to Siktuo pmopel cwota va
npoPAEPeL og peydho Babuo tnv opdada (H). Ocov adopd tnv opada (E), omwg
BAEmoupe amod ta anoteAéopata, Sev pnopet va npoPAedtel cwota ylati cuyyxvletal
pue tnv opada twv Loops (L). Téhog n opada twv (L) €ivatr kot n mo ocwotd
npoPAenopevn opada, agpol oe peyaho Pabuo ta dedopéva tnG TpoPAEmovtal

owota (LL).

To mpoBAnua auto pmopel va udiotatal yla moAAoU¢ Adyouc: a) amo tnv ¢puon Toug,
0 aplOpo¢ twv Strands (E) mou KwSIKOMOLOUV £V GUYKEKPLUEVO TUHO £XOUV YEVLKA
HULKPOTEPO WUNKOC OO TO TUAHATA Tou KwdikomowoUv Helices kat Loops, yU' auto
muBavov ta Strands va yavovrat oto péyebog Tou mapabUpou ToU XPNCLUOTOLOUUE,
B) moAU miBavov pépog tou mpoBAnpatog va opeiletal oto cUVOAo SedopEVwy TTOU
xpnotpomotlovpe. Mmopel 1O OUVOAO OeSOpéVV Vo MMV QVIUTPOCWIIEVEL
LKOVoToLlNTIKA TtV opada twv Strands (E), y) n tpéxouoa kwdilkomoinon Tou
erunédou €£060u. Ito enimedo ££060UV €xoupe oxtw TOAVOUCG CUVSUAGUOUG TIOU
KwdLkomolouv Kamola deutepotayr doun. Emeldn opwg omwg elvatl uAomolnuévo to
ouoTNUA, N opada twv (L), £xeL 6 cuvVSUAGHOUG TTOU TNV OVATIAPLOTOUV, AUTO UTopEl
va amnoteAel mpoPAnua, ylati pe autdv tov Tpomno mbavov va Sivetal peyaAltepo

Bapog otnv opada autr).

Eniong av ouykpivoupe ta teAkd mooootd pe filtering kat xwpic (Zxnua 5.14)
UIopoU e va oV e OTL 0XeOOV 0€ OAEG TA KATAOTACELG AavBaopévng mpoPAedng ta
TOo0OTA €XoUV HELWOEL. Mo aUTO Kal TO CUYKEVTPWTLKO SOV avéPnke oto 70,25.
MapoAo ou To oAkd SOV avéBnke evtoUToLg TO MOC0OTO AavBacouévng poBAedng
™G Katdotaong €xeL TAAL TO MO PEYAAO TOc0oTO AavBaouévng mpoPAsdnc.
JuvoAlkd mooooto 30,9 cuyxéetal pe Tn Katdotaon L oe oxéon pe 1o 32,12 mou
Atav mpwv. AKOpa pia AavBaopévn KAatdotacon Tou MapoucLdlel KAmolo mpofAnua

oAAQ o€ pIKPpOTEPO BaBuo sivat n HL, érmou 1o mocooto eivat 19,05 pe filtering. Auto

137



duoka dev eival téoo coPfapod ylati n opbn mpoPAsPn oe H kal L eival apketa

HEYAAD.

JUUMEPAOUATLIKA UTTOPOUUE va avTiAndBoU e 6Tl mpaypatt n péBodog tou post-
processing filtering BonBa aloBntd otnv emiluon tou mpoBAnpatog mpoBAedng Tng
Seutepotayoug Soung MPpWTEIVWVY Kal Umopet va SwWoel KAAUTEPA AOTEAETATA
owoTtn¢ mPoPBAeding, kupiwg 6co adopa to SOV score. € AUTO CNUAVILKO
TIAPAYOVTA EMALEE KAL N ELOOYWYH TOU Klvntou mapabupou. Me to va
ene€epyalOUaoTe EPLOCOTEPN MANPodopia yla kKabe BEan plag mpwteivng emédepe
akopa o PnAa noocootad oto filtering. Ta TeAikd amoteAéopata €6L€av OTL TO
filtering Bon®noe 1o SOV yla t kataotaon H va avénbet oxedov kata 2%, Tou L
katd 1,2% kat og o Alyo BaBuod to E kata 0,9%. Eniong pmopolpe va SoU e OTL Ue
HEBO0SO auTh KATADEPAE VO LELWOOUE TO TOCOOTO TNG AavBaouevng poPAsding
yta ELto omolo sivat éva amo ta tpoPAnuata nmou eixe SuokoAEéPel LSLaltepa Kal Tn

XplotodouAou (2010).

5.4 AnoteAéopata EEEALKTIKWY ZTPATNYIKWV

JTO €MOUEVO OTASLO TNG QAVAMTUENG TNG OUYKEKPLUEVNG AuTAwpaTikAG Epyaociag
TipooTaBNoapE Vo EVOWHATWOOU LE dladopeg E¢eAkTikég MeBodoug oto cuoTnua.
Onwg avadépdnke oto YnokeddaAalo 4.4 mapopoLla mPoomabeila elxe yivel Kal amo
™ XplotodovAou (2010). H XplotoboUAou xpnolpomnoinoe Fevetikoug AAYOpLOUOUG
(FA) ya TNV €€EALEN TWV TIHWV TWV TOPAUETPpWY Tou BRNN. MapoAo mou ot A €xouv
TNV LKAVOTNTA VO EVOWHATWVOVTAL O€ TIPORARMATA TEXVNTWY VEUPWVIKWY SIKTUWV
Kalt va &lvouv AUOCELC QMOGOTIKEG, €VIOUTOLG OTO OUYKEKPLUEVO TIPOPANUa Sev
BonBnoav oxedov kaboAou. Evag mBavwg AOyog yLa To YEYOVOC auTo elvat OTL lowg
6ev mpooeyyiotnkav kal &ev xpnowuomowibnkav ocwotd otn emniAuon Tou
OUYKEKPLUEVOU TpoPAfuatog. MNa autd 1o Adyo ota mpodbupa autng NG
AutAwpatikig Epyaciag xpnowpomouiOnke n opdda twv EEEAKTIKWY ZTPATNYIKWV

(EZ) oL meplypadtnkav avalutikd oto YrokepdaAalo 4.4.
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5.4.1 AnoteAécpata EEEAENG Tipwy tou Ensemble AwktUou

H mpwtn mpoomnadBbela mou €yve NTav va eEeAEOUE TIC TIUEG CUMMETOXAG TOU KABE
BRNN tou Ensemble oto teAikd amotéAecpa. e autr TN TpPooEyylwon Oa
npoonaBbricoupe va aMAdafoupe 1O polo mou Sladpoapoatilel kaBe UEAOG TOU
Ensemble oto teAikd amotéAeopa. Onwg e€nynbnke oto YmokepdAoio 4.2 ta
KaAUtepa amoteAéopata yla Ensemble mapBnkav pe tn pébBodo Average. ZUpdwva
ue tn péEBodo autr, adou £xoupe 6 BRNN kabéva amd auvtd AapBavel HEPOG OTo
TeAkO anotédeopa og avaAoyla 1/6. Epeic Oa e€eAifoupe TNV TIUA CUMUETOXNAC KAOE
BRNN oUTwG WOTE OTAV KAMOLO MO OUTA €XEL KAAUTEPA AMOTEAECUOTO TOTE Oa
OUUPETEXEL TIEPLOCOTEPO OTO TEAIKO QTMOTEAECOUA. TN TPWTIA TELPAMOTO TIOU
EKTEAECQUE KpaTnoape otabBepd otn UAOTIOINON HOC, TO YEyovog OTL To aBpolopa
™¢ ouppetoxng kabBe BRNN mpémel va Loovutat pe 1. Ta amoteAéopata ¢aivovral

OTO TILO KATW XA 5.15.

80,00%

76,37% 76,83%
75,00%
70,00%
65,00% mQ3
m SOV

60,00%

55,00%

50,00%

ES method Previous Results Without ES

Zxnua 5.15: Mpapikn mapdotaon mou mapouotalsl Ta mooootd emituyiac oe Q3 kat SOV,
OUVOALKd yLa TEOOEPLG EKTEAEOELC TNG UeFObou e€€Aiéng Twv Tiuwy ouuuetoxnc kaede BRNN
010 TeALKO amotédeoua. Kade ektéAdson avapéepetat kat ota 10 folds tou CB513, omou 1o
TEALKO armoTéAeoua opiletal w¢ N oUVEVWON Twv amoteAeoudtwy twv 10 aveéaptntwy folds.

Ao ta melpdpato Tou ekteAécope (IxNUa 5.15) pmopolpe va SoUpe OTL N
vAomoinon autn ev enédepe kamoila alobntr Sdladpopd O0TO TOCOCTO EMLTUXLAG,
Tépav ano pia mepimtwon 6mou UMAPEE pLa Uikpn avénon ano 76,39% ot 76,43% oc

Q3 n omoia 6pwg unopei va BewpnBel kat tuxaia adov dev emavalndOnke.
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2T ouvéxelo SOKLUACAUE VoL adOOUUE TIG TIHEC VO EEMEPACOUV TN TLUN TOU €VOC
KOL VO TIAPOUV TUXOUEC TIUEC elta DETIKEG, elte apvNTIKEG yla va SoUpe mwe Ba

avTIOpACEL TO CUOTNUAL.

80,00%
76,83%
75,00%
70,00%
65,00% mQ3
m SOV

60,00%

55,00%

50,00%

ES method 2 Previous Results Without ES

Sxnua 5.16: [pa@Lkn TAPAOTHON TOU TAPOUCLAlsL T TOo0oTd emttuyiac o Q3 kat SOV,
OUVOALKA YLOl TECOEPLG EKTEAEDELC TNG UETOSOU €EEALENG TwWV TIUWY CUUUETOYXN G kads BRNN
OTO0 TEALKO amotéAeoua otav To adpotoua toug Eemepva To 1. Kade ektéAeon avapépetal kat
ota 10 folds tou CB513, 6mou 1o TeALkO amoTEAeoua opileTal WG N CUVEVWON TwWV
anoteAeoudtwy twv 10 aveédptntwy folds.

Ta anoteAéopata ou dpaivovral oto oxnpa 5.16 €dsl&av kamoLa pikpr avénon
kuplwg otn Q3 petpnon. Onwg pnopoupe va doupe To Q3 avénbnke amno to 76,39%
o€ 76,55%, dnhadn mepinou 0,15% . Autr) n avénon epdaviletal o OAA TG SOKLUEG
TIOU KAVAUE, EMOUEVWG &g pmopel va BewpnBel Tuxaia. Kat maAl dpwg & katadepe
vaL EEMEPACEL TO TOCOOTO MOV ElXAE TIETUXEL Pe TN LEB0SO tou filtering to omoio
édtaoe o 76,8% yla Q3 kat 70,25 yra SOV. Emiong autd amodelkvuel 0tL n néBodog
Tou Ensemble mou uAomotOnke oto Yrmokeddaato 5.2 eival apketd akpLpng Kat

a€Lomiotn Kat onotadnmote eEEALEN TN Sev emudEpeL kamola aloOnth BeAtiwon.
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5.4.2 AnoteAécpata EEEALENG Tipwy Twv Bapwv tou BRNN

H &eUtepn mpoomdBeila mou €yve NTav va eEEAEOUUE TIG TLUEG TWV Bapwv OAwV TwV
veupwvwyv tou BRNN. T ™ péBodo autr) mpooeyyioape Vo AUCELC. TNV MTPWTN
neplntwon adalpécape TeEAeiwg T pabnon pe avaotpodny AdBoug amod TNV
eknaidevon tou BRNN kal n padnon mAéov yilvetal povo e tn xpron twv EZ, evw
otn &eltepn mepimtwon to BRNN Ba ekmaldeutel kavovikd pe Back-Propagation
(YmokedaAato 2.3, IxAua 2.5) Kal HETA TO TEAOG TNE ekmaideuong tou edpapuoletal o

E€eALlkTIKOG AAyopLBuog (Zxnua 4.23).

AOyw NG HeyAAnG Slapkelag KTEAEONC TOU TPOYPAUUATOG Yla TNV EVOWUATWON
Twv peBOdwvV autwv amevepyomolnOnkav n xprnion tou Ensemble mou eixe
npooBéoel TOAU XpOvoC oOTo Tpoypappa. Kot ot Svo mneputtwoelg Oa
0KOAOUBONOOUME TNV (8Ll APXLTEKTOVIKN KOl TG (OLEC TIHEC TWV TIAPOUETPWY TIOU
Bprkape ot elvat ol BEAToTeG. (Mivakag 5.3). ATO TIG MTAPAUETPOUG AUTEG UITOPOU UE
€UKOAQ VO UTTOAOYLOOUHE OTL 0 aplOUOG TwV Papwv Tou £xoupe va e€elifoupe eival
3089 Kkal eMOpEVWC KAOe Ypwpoowpa Ba €xet punko¢ 3089. Emiong o opxLKOG
TANBuopo¢ mou Ba xpnotuomnotjooupe eival 200 atopa evw To 1610 péyeBoc €xeL Kal

0 MPOOoWPLVOC TTANBUOUOC. Tal AMOTEAECHOTA TNG TIPWTNG TEXVIKNCG daivovtal oTo

IxNuas5.17.
90,00%
80,00%
70,00%
60,00% mQ3
H SOV

50,00%

40,00%

30,00%

1 2 3 4

Zxnua 5.17: Mpapikn mopaoctach mov napouoialsl Ta mooootd emituyiac o€ Q3 kat SOV yia
TEOOEPLC EKTEAETELG TNC UeFobou e€€Aiénc Twv tiuwv twv Bapwv tou BRNN ywpic ™ xprion
Tou Back-Propagation yia eknaibevon. Kade extédeon avoapépetal kat ota 10 folds tou
CB513, Omou To TEALKO aMOTEAETUA OPIIETAL WC N CUVEVWON TWV ammoTeAsoudtwy twv 10

aveédaptntwy folds.
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Ano ta anoteAéopata TG ypadLkAG mopaotacng UopoU e va SOUUE OTL N TEXVLKN
autn bev emédepe KaAUTEpa amoteAéopata aAAA aviiBeTa mapaTnPOUUE Hila TTOAU
xopunAn tpoBAedn kot kaBoAou opolopopdn. Auto to 1o Bavov va odpeileTal otn
opxLlkomoinon Twv atopwv Tou TANBuouou | otov aplBud tTwv yevewv. Auto otnv
oucia NTav KATL OV TO TMEPLUEVAPE adou ol E€shiktikol AAyoplBuol dev pmopouv
va €MAUOOUV TOOO amodotTikd To MpoBAnua tng mpoBAedng tng deutepotayoulg
Soung MpwTtelvwv amo povol Touc. MNa auto to Aoyo MPEMEL vo. cuvdUOOTOUV UE Ta
TNA yla va emidp£pouv KaAUTepa amoteAéopata. MNa autd AAAWOTE UAOTIOLCALE TN
beltepn pEB0SO Mou TpoavadEPAUE KoL TO amoTteAEéopaTa tn¢ omolag daivovroal

OTO TILO KATw Xy 5.18.

80,00%
76,59% 76,83%

75,00% -

70,27%
70,00% -

65,00% - =Q3

H SOV
60,00% -

55,00% -

50,00% -

ES Result Filtered Result

Zxnua 5.18: Mpapikn napdotaon nmou napouotalel ta mooootda enttuyiog o Q3 kat SOV,
OUVOALKD yLot TPELG EKTEAEDELC TNG ueFOdou e€€Aiéncg Twy Tiuwv twv Bapwv tou BRNN apou
yivelr eknaibevon tou OiktUou UeE TN Xprion Ttou Back-Propagation. Kade ektéAeon
avapépetat kot ota 10 folds tou CB513, Omou 10 TEAIKO amotéAeoua opiletal we n

OUVEVWON TwV amotedeoudtwy Twv 10 aveédaptntwy folds.
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Ou efehiktikol aAyoplBuol onwe avadépape oto YmokepdAaio 4.4 e€aptwvrol
KUPLWG amo tnv tuxaio petdAAagn. MNa auto to mpoypoppa TPEEae To mpoypappa 4
dopEg yla va emiBefalwooupe Ta amoteAéopota pog. H peyaAn Stapkela eKTEAEONC
Tou Tpoypappatog dev Bonboloe otnv ekTéAean MEPLOCOTEPWV emavalPewv. Alo
Ta amoteAéopata TG ypadikng napaoctaong (Ixnua 5.18) unopoupe va dolpe OtTL
auvtn n pEBodog ouviéleoe otnv av&non Tou TooooTou emitu)iag o Q3 aAld
Kuplwg og SOV. H avénon autn katdadepe va Eemepdoel Ta enimeda mou eixape
TETUXEL TO0O e TN HEB0SOo Tou Ensemble, 6co kat pe tn péBodo tou filtering yia
SOV, adol €dptace oto 70,38. AvtibBeta to Q3 mapaTNPOUUE OTL EUELVE OE TILO
XOUNAQ Tocoota agou €dtace pEXPL 76,61%, TMOCOOTO TMOU EeMepvd QUTO TOU

Ensemble aAAa oxL tou filtering.

Mna va dovpe av o aplBPog Twv yevewv mailel poho r Ba emipEpel KATL KAAUTEPO,
okeptnKape va oAlafoupe to HEyeBog Tou. Afilel va ONUEWWOOUME OTL OGO
avéavovtal ol yeveeg aufAavetal Kol 0 Xpovog ektéAeonc. MNa mapadsypa otav o
vevegc ntav 300 dtopo 0 XpOvog eKTEAEONG NTav oS0V 8 pEPEC. MNa AUTO KAVOLE
HOvo 8U0 SOKIPEC pe peydlo aplBpd yevewv. Ta amoteAéopata pe Stadopoug

mAnBuopoucg daivovrat oTo Tio KATW Ixnua 5.19.
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Ixnua 5.19: [papikn mapdotaon mou napoudialel Ta moocoota emituyiog o Q3 kot SOV
xpnowuomnolwvtag ™ uedodou €€ALENC twv Tiwwv Twv Bapwv tou BRNN e Stapopetikous
aptIUoUC yevewv kat a@oU yivel ekmaibevuon tou OIKTUOU UE TN xpnon tou Back-
Propagation. KaOe extédeon avapépetal kat ota 10 folds tou CB513, o6mou t0 TEALKO

amoTEAEoUd 0PIZeTaL WG N CUVEVWON TwV amoteAeoudtwy Twv 10 aveéaptntwy folds.

Ta anoteAéopata £6el€av OTL MTEPLOCOTEPES YEVEEG eV BonOnoav MePLOCOTEPO TNV
edappoyn auvth. Napatnpolpe otL nepinmou 200 enavalRPeLg elval apKeTEG yla va

OUYKALVEL 0 OAyOpLOpOC.

Emopévwg ouvomtika pmopel ot péBodol Twv EEEAIKTIKWY ITPATNYLKWV vV HNV
Katadpepav va Eemepacouv To moocooto Q3 mou netvyape pe tn uEbodo tou filtering,
OUWG TA AMOTEAECUATA TNG TEAEUTALOG TEXVIKAG £6€L€av OTL N EVOWHATWON TOUG
uropet va BonBnoel otnv avénon tou mocootol SOV. AuTO TTOU UIMOPOUE VA TIOUE
elval n tedevtala TeXVLKA TTOU TtepLypadTnNKe Umopel va emtteAéoel To 1610, lowg Kall
KaAUTEPO, pOAO Ue TtV edapuoyn Tou Ensemble pe tn povn onuavtkn dtadopd to
XPOvo ektéAeong. H péBodog tou Ensemble xpelalotav 3 pe 4 pEpeg yla TpEEEL OAO

10 CB513, evw ol EX xpelaotnkav pHéExXpL Kol 8 HEPEG yLa TO (610 aUVoAo.
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5.4.3 AnoteAécpata EEEAENG TiHwy pE TN Xprion tou SOV Score

IKEDTNKAUE VA TPOTIOTIOL|OOUHE TOV OAYOPLOUO TNG TEAEUTALOG TEXVIKNG TIOU
avadépBnke otnVv TPonyoupevn mapdypado Kol 0 omolog elxe ta KaAutepa
amoteAéopata. Avtli va XpnoLUOTOLOUME TO Mean square error wg KpLtriplo Tou
fitness function, xpnolponowjcape to SOV Score. H Soun twv EX eival tétola mou
KOTOOTOUOE €UKOAN TN TPOMOMOLNON KOl EVOWUATWON Tou Kpltnpiou SOV. Eva
HEYAAO UELOVEKTNUA TNG MEOOSOU auTnC elval Kol TAAL O XpOvVOC €KTEAEONG, O
omolog auéavetal akoun neplocotepo. MAaAL o TeEAKOC Xpovog oAOkAnpou tou CB513
€ptaoe tg 10 pépes. M Tov umoloywopd tou SOV onwg avadépbnke oto
YrokedpdaAawo 4.4.2.8 XPELACTNKE VA XPNOLUOTMOLNOOUUE TO TPOYPAUUA SOV.C TO
ormoio ypadel kat Stapalel amo apyeia, Stadikaoieg oL omoieg ival apketa apyEg. H
dopn twv EX mou xpnoluomoloope TPOUTMOBETEL OMWE KAl TPV TNV Umapén
mAnBuopov 200 atopwv Kabwe emiong Kal mpoowplvol mMAnBuopol akoun 200
aTOPWV. Emopévwg oe KABe yeved MpEMEL va xpnotpomnotloUpe 400 apxeia, KATL TOU
elvat moAu xpovoPopo. Napola autd Tpefape To mpodypappa ya oAa ta folds tou

CB513, 3 ¢popég kal ta anoteAéopata epdavilovrat oto Ixnua 5.20.

79,00%
77,00% 76,10% 75°91% 76,12%
75,00%
73,00%
=Q3
71,00% m SOV

69,00%

67,00%

65,00%

1 2 3

Zxnua 5.20: Mpapikn mapdotaon mou nopouotalel ta mooootd emituyiag o Q3 kat SOV,
OUVOALK yLa TPELG EKTEAEDELG TNG UEBOSOU eEEALENG TwV TIUWV TwV Bapwyv Tou BRNN dtav to
kpLtripLo tou fitness function eivat to SOV. Kade ektédeon avapépetat kot ota 10 folds tou
CB513, oOmou 10 TeAkO amotéAsoua opileTal WG N CUVEVWON TwWV oTOTEAEoUATWY Twv 10

aveédaptntwy folds.
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Elval dpavepod ot £xou e emitUXEL peyAAn avénon oto SOV adou eédtace oxedov oto
74%, evw 10 Q3 OMwC PAEMOUE TIC TAELOTEG TIEPUTTWOELG EXEL LA ULKPH UElwon. Av
SoUpe Vv avaAutikn mpoBAen yia SOV yla KaBe KAtAoTtaon UMopoUpE vo SoUuE

0€ Tolou¢ TopEelg BonOnoe meploocotepo n péBodog autr). IxNua 5.21

90

W HH
W HE
W HL
W EH
W EE
W EL

ES With SOV as fitness With Filtering

Sxnua 5.21: [papikn mapaotoon mou napouvotalsl Tov Ueco 0po npoBAeync H, E kat L, ue
xpnon ES yia e€€Aién e€€Aiénc twy tipwvy twv Bapwv tou BRNN otav to Kplthplo tou fitness
function eivat to SOV kaSwc entionc kat ta anoteAéouata Ue filtering yla TPELG EKTEAETEL,
otav 1o emduunto amotédeoua eivatl H, E kat L avtiotoya kadwc kat tic Aaviaouevec
npoBAgYeic HE, HL, EH, EL, LE, LH yta SOV. lNa napadeyua n kartaotaon LE onuaivel otL n
emdvuntn €éobdoc eival L kat eueic mpoBAeYaue E. Ta amoteAcéouata amoteAovv TO
OUVOALKO amotédeoua OAwv twv folds tou CB513, evw n amokAlon avTUTPOOWIEVEL TO

Stapopa tou anoteAéouartoc uetaél twv folds.

210 melpapata mov kavape Ue filtering eldape ot oto IxNua 5.14 n mpoPAsdn twv E
OUYXEOTAV WE TNV KAAon Twv L pe anotéAeopa to 31,0 oxedov twv E va mpoPAémnetal
oav GAAn kataotaon. AUt To YEyovOg MapaTNPOUE OTL BEATIWVETAL ALoONTA HE TN
xpnon Twv EZ. Onwg mapatnpol he Kal amno TiG TLUEG 0To ZXNUa 5.23 To 0000t TWV

E mou mpoPAénetal cav L elval mepimou 27,95, TOU €ival Lo TOAU ONUAVTLKN
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evioxuon yla To oUOTNUA EVW TO TOCOOTO OWOTAG TMPOPAedNC NG Katdotaong E
€ptaoe oxedbov 70,0. Autd n AGvodo¢ TAPOUCLACTNKE Kal yla T GAAeg Svo
KOTAOTAOELS, OPWCE 6ev ATV TOoo alcbntrh. Onwg pmopoupe va SoUUE OTO OXAUO
5.23 oL kataotaoelg L kat H Sev eixe tnv idta dvodo adou édptacav to 73,0 kat 71,98
avtiotowa. Eival pavepd Opwg To yeyovog OTL auTh N UAomoinon mou maipvel oav
TPWTO KpLltrpLo to SOV daivetal otL BorOnoe 1o cluoTNUA va AUENOEL OE KATTOLO

BaBuo to cuvoAilko SOV Score édtace oto 74%.

Aev mpemnel va mapaleiPoupe va MOUUE OTL auTh N UAomoinon mapouclalel Kot
KAToLo.  apvnTIKA oamoteAéopata. Amo ta Ixnua 5.20 onwg eibope to Q3
mapouaoLalel xapunAotepa mooootd. Mapopola cupnepldopd e MAPATPNOE KAL N
XpltotodouAou (2010), otav eixe xpnolpomnoinosl tTn uEBodo tou viterbi pe Hidden
Markov Models yia pIATpaplopa. JUVOTTIKA, UIMOPOUHE va SOUUE OTL UE OQUTH TN
vAormoinon twv EX, pmopel pev va peltwdnke to Q3 mooootd, OpwE N peiwon dev
glval tooo peyalAn, 6c6o n avodog oe SOV mou ATav apKeTA alodntr. Emopévwg av
OKOTIOC paG eivatl n avénon tou SOV, dnAhadn avénon tng cwaotrc mPoPAsYng ya
SlaotApata amd KOTAAOUTA TOU ETKOAUTITOVTOL 0TI SU0 akoAouBiec g
TIPOPBAETOPEVNG KOL TIPAYUATIKC oKoAouBiag avtiotowxa, tote n pEBodOG auth
omou xpnotuomnolel to SOV wg kpttrplo oto fitness function emidpépel MOAD KaAEG

BeATlwoELG.
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5.5 leviKEG mapatnpnoELg Kat culntnon

KAelvovtag 1o KepAAalOo TO TELPOUATWY, OMWCE €lxape avodEpPeL oTNV apxr Tou
kepalaiov autol, Ba KAVOUUE pLo armAr) oUYKPLON HE TA QTMOTEAECOUATO TOU £(XE
TeETUXEL N XplotodouAou (2010). H XplotoSoUAou ota TeAkd otadla gixe katadEpel
va TETUXEL TOo0OoTO 76% yla Q3 kat 70,0 yia SOV. Epeic katadpEpape va MAPOUUE
Too0oTo 76,4% yla Q3 kot 68.75 yia SOV xwpig tn xprion onotacdnmnote epapUoyng
filtering N E€eAiktikwyv AlyopiBuwv. MNoapatnpoupe OTL METUXAUE KATola avénon oTo
Q3 adou avePnke 0,4%, Opwc avtiBeta eiyape atodnti mtwon tne tafewg 1,25 ya
o SOV. Ouwg edapuolovrag tn texVikn tou filtering pue RBF Siktuo eidape otL
avénoape o moocooto akpifela adov édtace 10 76,8% yia Q3 kat 70,25 yiwa SOV.
ErunpocBeta pe tnv edpappoyn twv EEEAKTIKWY ITPATNYLKWY TTOU XPNOLUOoToLoUoE
w¢ fitness function tn mapdapetpo SOV, eidape 6tL To SOV avéBnke pexpt kat 74,0

evw to Q3 médtel oto 76,1%.

Emopévwg ouvomtik@ PBAEMOUME OTL Ta TOCOOTA QUENONKOV O OXEON HE TIC
LETPNOELC TTIOU €lXe KAVEL N XplotodouAou (2010). Juvenwc ot HEBOSOL KL TEXVLKEG
TIOU evowpatwOnkav pmopolv va Bewpnbolv emituxnuéveg, adou emedpepav
avénon oto TteAkO TooooTo TPOPAsYnG Seutepotayous doung Mpwieivwv. Opwg
elval kaAo va avadpépoupe ava OTL Oev €ylvav AVOAUTLKEG OUYKPLOELS HE T
anoteAéopata TG XplotodouAou (2010) yati 6mwg avadEPAUE Kal TTPONYOUUEVWE
Sev xpnouomnotoape To (6lo ouvolo dedopévwy ekmaideuong, Kia MTAPAUETPOG TTOU

nailel KaBopLoTIKO pOAO 0T TEALKO amotéAeoua Twv TNA.
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Kedpdalaio 6

Tuunepaopata Ko LEAAOVTLKNA epyaoia

6.1 Zupnepaopata

6.2 MeAhovTikn epyacia
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6.1 Zuunepaopata

Apxika@, Ba avoadepBoUpE OTIC TPOTIOMOLACELG TIOU adOopPoUV TNV OPXLTEKTOVLKH KoL
T mapapérpouc tou BRNN. Onwg eibape and ta melpdpata aAAayEG 0€ KATIOLEG
amo TIC TIMEC TwV TOPAUETPWV Tou BRNN métuxav pia pikpry PBeAtiwon twv
TIOOOOTWV aKPIBELOG TOU CUCTAUATOC. l10WG N TO ONUAVTIKA aAAayn ATav n
£L0aYywWYN TOU Klvntou mapdbupou yla To Kevtplkd diktuo. H aAlayr auth avénoe
LEV TO TTOOOOTO OAAG OXL oto BaBuo mou meppévape, adol €dwoe pa avénon tng
tafewg to 1.7% oe Q3. Afilel va onuelwBOel OtL evw yla ta aAa duo Siktua tou
BRNN to péyeBd¢g Tou Kivntou mapabupou Kotd HECo O0po 000 aufavotav £8Lve
KoAUTEpa amoteAéoparta, aviiBeta otn TEPUMTWON TOU KEVIPLKOU OLKTUou £8Llve
KOAUTEPA QMOTEAECUATO 00O AUTO Slatnpeital NTav pKpo. Auto odelletal oto
YEYOVOC OTL Ta peyaAa mapaBbupa Twv AAwV §U0 SIKTUWV £lval OPKETA Kal UmopouV
VO CUCXETIOOUV HLOL MEYOAUTEPN TIEPLOXN QIO KOTOAOLTA ULOG TTPWTEIVNG METAEL
tou¢. Etol, pe ta peyala kwvnta mapabupa twv Forward kot Backward Siktou
KOAUTITOU UE O€ PEYAAO BaBuO TIC paKPLVEC TANPOodOoplec Tou adopouv Ta apLVoEEQ.
Yuvoyilovtag, €va Klvnto mapabupo otabepol peyEBoOUC yla TO KEVIPLKO SikTuo
urmopel va pn ouvtéleose oto PoBOud TIOU TEPLUEVOUE, OHWG, ETLTPETIOVTOG
peyaAUtepo pEyeBog mapabupou Kal TaAL Sev augdvoupe To TOo0ooTO TPOPRAEPNG

AOyw umepeknaibeuvong.

AvtiBeta awobntr avénon enédepe n elwcaywyn tng ueBodou Ensemble. H xpron
moAwv BRNN ta omola amnodacilouv culhoyikd To TEAKO amotéAeopa €dwoe
TPAYHOTL TNV SuvaTOTNTA 0TO cUOTNUA VA TIPOBAENEL e PeYaAUTEPN akpifela tnv
Sdeutepotayn doun tng mpwteivng. Kat ol téooeplg péBodol mou xpnaotponolnénkav
€6woav KaAuTépa amoteAéopata, aAAd TeAkA eTUAEXONKE n uéBodog Average mou
€6LvE Ta MO pPEYAAa MOo00oTo, adol édtace To cloTNUA UEXPL 76,4% yla Q3 Kot

68,74 yLa SOV.

Inuavtik BeAtiwon tou moocootol TPOPAEPNG TwV MPWIEIVWY TOU CUOCTHMATOC,
elxe kal n mpooBeon tou post-processing filtering. To PpATpdpLopa ATTOCKOTEL val
SlopBwoel v mpoPAenopevn akoloubiag adol AapuPdvel umtodn T CUCXETIOELG

HETAEL Twv oTolxelwv TnG deutepotayoug doung (structure to structure) mou €xet
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npoPAedtel yla kabBe auwvofy amd 1o mMpwto Siktuo (sequence to structure). H
puEBodocg tou filtering epapudotnke mavw otig KoAUTEPeS TIPOPAEPELG IOV Elyape
HEXPL Twpa, dnAadn 76,4% yla Q3 kot 68,75 yia SOV. MNa to ¢GIATpApLOPO TWV
anoteAéoparog pag Sokipdoape €va Siktuo RBF Ttou omolou Ta  KEVIpA
apxlkomolnOnke Pdaon &vog xdptn autoopydvwon¢  Kohonen. H mapouocia
YPOUULKNAC ouvaptnong evepyomoinong oto eninedo €€060U Kal TNG KN YPOAUULKAC
(Gaussian) oto kpud06 eninedo ocuvtéAeoe otn avénon tng cwotng MpoBAednc. Me
N Xprnon tou SIKTUoU autol METUXAUE onUavtikn avénon oto SOV mou £édtace to
70,25 evw 10 Q3 avéPnke oto 76,8%. Mol onUAVTLKA TApATAPNoN €lvat OTL yla TV
EMITELEN TWV TOCOOTWV AUTWV XPNOLUOTIOLCAME Kal TAAL Klvnto mapdbupo. Ma
AAAN pa dopad daivetal kaboapd OTL Pe TN XPHoN Klvntou mapdBupou KAAUTTTOUE
TIC HOKPLWVEC TIAnpodopieg kot aAAnAemidpdoelc mou adopolv Ta ALVOEER Kol

ETUTUYXAVOU LE KOAUTEPQ ATOTEAECHATAL.

Baoel Twv anoteAecpdtwy tou umokedpaAaiou 5.3.1, mapatnpoUpe To MPOBANUO LE
™ xounAn nmpoPAedn twv Strands (E) e€akoAouBel va uTtapxel aAAd OE HKPOTEPO
BaBuo. To diktuo bev pmopet va mpoBAEPeL TOoo KOAA TNV opada Twv (E), Omwg Tig

AaMAeg U0 Kataotaoelg (2xnuatog 5.13).

AUTO BewpnTIKA UIopEL va yivetal yia oAAoUG Adyoug: a) odeiletal otnv puon Twv
B — strands. Ta B — strands (E) TuApaTa, €XOUV YEVIKA HLKPOTEPO WNKOG QO T
TUAUata ou kwdikomolouv Helices kat Loops. Eva Tétolo TuApa anoteAsital ano
nepinou 5 — 10 (E), ta omoia Bpiokovtal o éva HéEPOG TNG aluaoidag, pe €va Ao
UM pe 5 — 10 ouvexopeva (E) va akoAouBel Tou mpwTtou o€ Kamola anootaoch. Ta
Vo autd tuRpata Twy (E), eite Staxwpllovral pe €va UKpO TUAHa antd Loops, n
Bplokovtal OpPKETA HaKPLA TO €va amo To AGAlo, pe Swadopa ala &idn
Sdeutepotayou Soung avaueod toug (Mount, 2001). Etol eival mBavov ta Strands
va ydvovrat oto PEyeBog¢ tou mapabupou Tou xpnolpormoloUpe. B) Evag GAAog
TBavog Adyog yla tv xaunAn nmpoBAsdn twv (E) iowg eival to cuvolo dedbouévwv
TIOU XPNOLUOTIOLOUHE. Mrmopel to oUVOAO OebSOpévwV va NV QVILTPOCWIEVEL
LKOVOTIOLNTLKA TNV opdda twv Strands oe oxéon He TG AAAEG opadeC. v) H tpéxouoa
OPXLTEKTOVIKA) TOU OlkTUoU (owg odeideTtal katd €va UEPOG yla TO TLO TAVW

POPANUa. To emninmedo €€660U TOU CUCTAUATOC ATIOTEAELTAL ATO TPELG VEUPWVEG, OL
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omoiol avaAoya pe tov TPLadikd binary ouvbuaocpd KwdKomolouv pio opdda
Seutepotayoug doung (mapdptnua Z). Tu yivovtal Opwg oL urtoAounol cuvduaouol;
Me Bdon tnv vAomoinon Tou SiKTUou, ot uTtoAoutol cuvduacpol kataypadovtal oav
(L). Auto pmopetl va dikatoAoyrnosl TTOAAG amod Ta Mo MAvw epwtripata, SLotL iowg

ebw va odpeiletal n peyain npoBAedn twv Loops mou €xel To diktuo.

Itnv ouvéxela edappocape dtapopéc pebodoug E€eAiktikwv AAyoplBuwv. AuTég
Katadepav va TETUXOUV TEAKA Kol Ta KOAUTEPA QmOTEAEopATA QMO OAEG TIG
TEXVIKEC TIOU Xpnotlpomololoape o6cov adopd To SOV. JUYKEKPLUEVA UETA TNV
eknaidevon tou Siktvou pe Back-Propagation, mpoomaBroape va e€eAi€oupe TIg
TIHEG TwV Bapwv tou BRNN, pe tn xprion EEeAkTikwv Itpatnylkwy, omou SOV
aroteAel to Kpltiplo tou fitness function. MpoomaBroape dSnAadn va KAVouuE
HULKPEC OAAOYEG OTIC TIUEC Tou, Tou Ba emidpépouv KaAUTEpA TOCOOTA. Me TNV
TEXVIK auTh, To amoteAéopato TpoPAedng pe PBaon tv SOV mopAapetpo
avénbnkav péxpt Kat 74.0 evw pe Baosl tnv Q3 £€necav yupw oto 76,1%. Emiong pe
™ pEBodo autn to MPOBANUa TG XapnAng mpoBAsdnc twv (E) £€xel mapouolaosl

pelwon og kamowo Badbuo. NapdAa autd cuveyilel va udiotavral .

TéAoc Ba avadepBolpe O0TO MO GNUAVTLIKO TIPOBANUA TTOU QVTLUETWIIOAUE OE OAEC
TG paoelg TG AumAwpatiking Epyaciag. To mpoBAnua autd NTav o Xpovog EKTEAECNG.
Onoleodnmote aA\ayEG KAvape, TpocBetav emUMAEoV Xpovo oto 1dn apyo cloTNUA.
Mo xapaktnplotiko mapadslypa otn ¢acn vAomoinong EX oto YrnokedpdaAaio 5.4.3
OTOU 0 XPOVOG €KTEAEONC ylat OAo To CB513 £drtaoce g 10 uépeg mepimou. AKOuUN
KAToleG AAAeC OPEC, MOPOUCLACTNKAV TPOPBAAUATA KOL HUE TIC HMNXOVEG TOU
XPNOLLOTIOLOUCAE YLO TO TIELPAUATA HaG. AOYyw Tou OTL YEULle n RAM n unxavn &gv
UITOPOUCE VO TEAELWOEL KATIOLA Ao Ta TEPAPATA TTou dokipalape. AUTOG NTav Kot
0 AGYOG Tou SV UMOPECAUE VO KAVOU LLE TIEPLOCOTEPO TIELPAATA OTLG UAOTIOLHOELG

pe E€eAlktikoUg AAyopLOuouc.
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6.1 MeAAovtikn Epyaocia

Onwc¢ eixape deL oto Ymokepahalo 5.4.3 n evowpdtwon EEEAKTIKWVY ITPATNYLIKWV
mou B€touv wg kpttriplo to SOV oto fitness function, emédpepe kaAUTepa moocootd
oocov adopd to SOV. Emopévwe Ba nAtav pia kaAn béa va Sokipalape va
ekmodevape and tnv apxn to BRNN, aAA& avti pe To mean square error PeTaty
eMBUUNTAG KOl TPOYHOTIKAG €E66ou, pe PBdaon to SOV. Akoun koAltepa BOa
MITOPOUCOUE VA CUVEUACOUME Kal TLG SUO UETPLKEG TIOU XPNOLUOTIOLOUUE yLo val
UTTOAOYLOOUHE TO TOCOOTO owoth TPOPAsYnG Tou Siktuou, dnAadn to Q3 Kot To
SOV. To SOV umopel va pnv Bewpeitol €mil TIC €KATO MOCOOTO OUWG UTTOPEL va
ouvbuaotel pe To Q3 Kot Ba pmopoVoape Vo OplOOUUE £€va PETPO GUYKPLONG OTIWG
auTo mou ¢aivetal otnv E¢lowon 6.1. Me auto tov tpomo Ba Aappavoups umoyn

KL TLG SUO UETPHOELG OTO TEALKO QMTOTEAECHAL.

SEL= (Q3+S0V) /2

E§iowon 6.1: EEiowan mou ouvSualel kal TIC SUO UETPIKES TTOU XPHOLUOTIOLOUUE YLl ThV

EUPEDN TOU TOOOOTOU ETLTUXNC TTPOBAeYNC SeutepoTayouc SouUnc mpwTeivwy.

Ooov adopa tn xprion Twv Ensemble, eixav xpnowuonownBel 4 Stadopetikég pebodol
yla va cuvéuAaooupe Tto amotéAleopa Twv 6 BRNN mou cuvamoteAouv to cUoTnua.
Yriapxouv Opw¢ Kat GAAeg LEBoSOL, MEpAV amo AUTWV OV avantuxBnkay, Tou (owg
vat 50UAEVOUV TILO ATIOTEAECUATIKA OTN EMIAUGCN TOU CUYKEKPLUEVO TIPORANLATOC Kall

va ETILGEPOUV KAAUTEPO TTOC0OTO TPOPRAEP NG SeutepoTayOUC SOUNG TPWTEIVWV.

O &nuloupydG TOU CUCTHMOTOC PSSP _ucy Tou TpooTabrnoape vo BEATLWOOULE,
MuwxaAng AyaBokAéoug, €xel avaAafel Tn dnuloupyila evog véou cuoThuatog. To véo
ocuotnua acyxoAeital pe tnv emniduon tou dlou mpofARuatog, aAAd mpoomnabel va
BeAtiwoel tnv kavotnta npoPAsePng tou BRNN, avtikaBlotwvtag tov aAyoplBuo
HaBnong Back-Propagation pe éva second-order learning aAyoplBuo. Eival amodexto

OTL outou Ttou eildoug oAyoplBuoL elval  avwtepol otnv  ekmaibevon
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TIOAUCTPWHOTIKWY  VEUPWVIKWY  SIKTUWV. ZUYKEKPLUEVA O aAyoplBuo¢ Tmou
uAormoinoe eival o Scaled-conjugate-gradient (SGC), o onoio¢ paivetal va ivat oAU
TIO OMOOOTIKOC KAl QMOTEAECUOTIKOG Otav edapuodletal o€ peydla ocUvVoAa
6ebopévwy, €vavtl Tou Back-Propagation through Time. Emopévwe okomog tou VEou
ouotnuatog eivalt va evowpatwoel to SCG oto BRNN ywa tnv emiluon tou
npoPBAnuatog tng mpoPAsePng tng Seutepotayol¢ Soung. H evowpdtwon auth
amookomel otnv €EAAELPn TWV CNUAVIIKWY HELOVEKTNUATWY TOU Ttapouciale To
UTIAPXWV oUOTNUO Kal oxetilovtal KUplwg PE TO XPOVO EKTEAEONG Kal TNV emidoon

TOU ouoTHUATOC oTtnV 0pBn MPOPAsdnG TNG SeuTtepoTayoUC SOUNG MPWTEIVWV.

Kamola mpwta nelpapata €xouv deifel Betika amoteAéopata. MNapatnprnbnke otL o
XPOVOC eKTEAEONG £XEL PELwOEeL paydaia, adol Twpa XpelAleTal LOVO KATOLO AETTA
yla va ekmatdeutel. Emiong dpaivetal va SouAeUel AMOTEAECUATIKA OE KATOLA QA
TPOPBANUATA VEUPWVLIKWY SIKTUWV avadpaonc. Apa Ba ntav kKaAn Wéa va yivouv os
KamoLa paon KATOoLEG oUYKPLOoELG HeTa€l Twv SUO cUOTNUATWY, O SLAPOPEC TITUXEG.
Ma mapadslypa To mooooto MPoBAeding tng katdotaong E, To onoio e€akolouBei va
TIOPOUEVEL OXETIKA XOUNAO OTO UTIAPXWV CUOTNHA, OE OXEON UE TN MPOoBAedn Twv
AMwv 800 KotaoTAacswv. Me QUTO TOV TPOMO UTMOPOUME va SOUPE av auth N
ouuneplpopd, elval  QMOTEAECMA TNG OPXLTEKTOVIKAG TOU  OUYKEKPLUEVOU

OUOTHMATOC N EMNPEAlEL Kol AAAQ CUCTAATAL.
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NAPAPTHMA A

Nevpwviko Aiktuo Apdidpopng Avadpaong
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pssp_ucy.cpp

//included libraries

#include "DataReader.h"
#include "Neuron.h"
#include "BidirectionalRecurrentNeuralNetwork.h"
#include "OutputData.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

int main(int argc, char* argvl[])

{
//initiate random function - the same random values every time
srand (time (NULL) ) ;

//variables of the main program
char trainFile[100];

char testFile[1007];

char inputProfile[100];

char outputProfile[100];

char msaFile[100];

int primaryStructureSize;

int msaEnable;

int randomizeDataset;

float parameters([1l7];

int epoch=0;

bool endOfFile=true;
vector<double> outputresultl;
vector<double> outputresult?2;
vector<double> outputresult3;

vector<double>
vector<double>
vector<double>

outputresultd;
outputresulth;
outputresulté6;

vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>

vectoroutputresultl;
vectoroutputresult?2;
vectoroutputresult3;
vectoroutputresult4;
vectoroutputresultb;
vectoroutputresult6;
vectoroutputresultensemble;

vV V V VYV VYV

vector<double> ensambleAverage;
char secSt;

double maxVal;

int maxIndex;
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double tempadditionprotein;
vector<double> ensambleResults;

vector<char> primaryStructure;
vector<char> secondaryStructure;
vector<char> predictedSecondaryStructure;
char proteinID[100];

time t rawtime;

struct tm * timeinfo;

time ( &rawtime );

timeinfo = localtime ( &rawtime );

string tempstr="DataOut ";

string oFolder=asctime (timeinfo);

string oFolderl;

string oFolder2;

string oFolder3;

string oFolder4;

string oFolder5;

char outputFolder[500];
char scriptcommand[500];
char scriptcommand2[500];
char viterbicommand[500]

’

int center window_size;
char outputfolderName[100];

for (int i=0;i<500;i++) {
outputfolderName[i]="\0";
scriptcommand2[i]="'\0";
}
//object of the DataReader class that reads the program's
parameters from the parameter file
DataReader *getInput=new DataReader ()

//Parameters' entry

getInput-
>readParameters (parameters, inputProfile, outputProfile, trainFile, testF
ile, &émsaEnable, &randomizeDataset, &center window size,outputfolderName

)7

//Create the Outputu Folder
oFolderl.insert (0, "mkdir ");

oFolderl.insert (oFolderl.length(),outputfolderName) ;
oFolderl.insert (oFolderl.length(),"//");
for (int i=0;i<oFolderl.length();i++) {
outputFolder[i]=oFolderl[i];
}
for (int i=oFolderl.length()-1;1<500;1i++) {

outputFolder[i]="\0";

char temp;

system (outputFolder) ;

oFolder2.insert (0, oFolderl) ;

oFolder2.insert (oFolder2.length() -
2,"/ScriptResults//");
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for (int i=0;i<oFolder2.length();i++) {
outputFolder[i]=oFolder2[i];

}

for (int i=oFolder2.length()-1;1<500;1i++) {
outputFolder[i]="\0";
}

system (outputFolder) ;

oFolderl.erase (0, 06);

oFolder2.erase (0, 06);

oFolder2.erase (oFolder2.length (), 6);
oFolder3.insert (0, oFolderl) ;

oFolder3.insert (oFolder3.length()-2,"/Z Output.txt

oFolder4d.insert (0, oFolderl) ;
oFolder4.insert (oFolder4.length()-2,"/Z Output.txt
"+oFolderl+"/Z Output.txt >"+oFolderl+"/ScriptResults/viterbi.txt");
oFolder4.insert (0, "perl viterbi.pl ");
for (int i1=0;i<oFolder4d.length () ;i++) {
viterbicommand[i]=oFolderd[i];

}
for (int i=oFolder4d.length()-2;1<500;i++) {
viterbicommand[i]="\0";

oFolder3.insert (oFolder3.length()-2,0Folder?2);

oFolder3.insert (oFolder3.length()-6,"/results.txt
>"+oFolder2+"info.txt");

oFolder3.insert (0, "perl confusionMatricesAndSOV.pl
")

for (int i=0;i<oFolder3.length();i++) {
scriptcommand[i]=oFolder3[i];

}
for (int i=oFolder3.length()-6;1<500;1i++) {

scriptcommand[i]="\0";
}
for (int 1=0;1<500;1++) {
if (outputfolderName[i]=="\0") {
outputfolderName[i]="/";

break;

}

OutputData* saveOutputData=new
OutputData ('Z',outputfolderName) ;

OutputData* OutputDataForFilter=new
OutputData ("Z Filter",outputfolderName) ;

saveOutputData->createEnsembleOutputFile () ;

for (int 1=0;i<3;i++)
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r

outputresultl.push back(
outputresult2.push back(
outputresult3.push back(
(
(
(

r

)

)

)
outputresultd.push back(0);
outputresult5.push back(0)
outputresult6.push back(0)

ensambleAverage.push bac

I3

0
0
0
0
0
0);
k(0);

//initiate the program's parameter
int hlLayerOneSize = parameters[0];
int hlLayerTwoSize = parameters|[l];
int hLayerOneSizeB = parameters|[2];
int hLayerTwoSizeB parameters[3];
int hlLayerOneSizeF = parameters[4]
int hlLayerTwoSizeF = parameters|[5];

int activationFuncTypeHidden = parameters[6];
int activationFuncTypeOutput = parameters[7];
double initiallearningRate = parameters[8];
double momentum = parameters[9];

int windowSize = parameters[10];

double gMinusl = parameters[1l1l];

double gPlusl = parameters[1l2];

int errorFunctionTypeHidden = parameters[13];
int errorFunctionTypeOutput = parameters([14];
int s = parameters([15];

int maxIterations = parameters[16];

double learningRate=initiallLearningRate;

’

//creation of the Bidirectional Recurrent Neural Network with
the specific parameters

//takes the details of the msa file

BidirectionalRecurrentNeuralNetwork BRNN1 =
BidirectionalRecurrentNeuralNetwork ('A',hLayerOneSize,

hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden,errorFunctionTypeOQutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile,msaEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN2 =
BidirectionalRecurrentNeuralNetwork ('B', hLayerOneSize,

hLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl, errorFunctionTypeHidden, errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,
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inputProfile, outputProfile,msaEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN3 =
BidirectionalRecurrentNeuralNetwork ('C',hLayerOneSize,

hLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t, learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden,errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile, msakEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN4 =
BidirectionalRecurrentNeuralNetwork ('D',hLayerOneSize,

hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t, learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden, errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile, msakEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN5 =
BidirectionalRecurrentNeuralNetwork ('E',hLayerOneSize,

hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden,errorFunctionTypeOQutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile,msaEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN6 =
BidirectionalRecurrentNeuralNetwork ('F',hLayerOneSize,

hLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl, errorFunctionTypeHidden, errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile, msaEnable, randomizeDataset, outputfol
derName) ;

//the main loop of the program.
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tempadditionprotein=0.0;//for ensamble per protein
while (epoch<maxIterations)
{

tempadditionprotein=0.0;//for ensamble per protein

//open pointers to the output files
BRNN1.openFolders (
BRNNZ2 .openFolders (
BRNN3.openFolders (
BRNN4.openFolders (

(

(

I3
I3

)
)
);
) .
)
)

I3

I3

BRNN5. openFolders
BRNN6.openFolders

I3

//takes the first protein of the training set
endOfFile=BRNN1l.initTrainingInput (&primaryStructureSize);
BRNN2.initTrainingInput (&primaryStructureSize);

BRNN3.initTrainingInput (&primaryStructureSize);
BRNN4.initTrainingInput (&primaryStructureSize);
( )
( )

’

’

BRNNS5.initTrainingInput (&primaryStructureSize
BRNN6.initTrainingInput (&primaryStructureSize

’

learningRate = initiallearningRate * exp (-
(double) epoch/ (double) (108.57));//prosthesi apo ton Antoni

//

while (endOfFile)

{
//takes the new msa encoding of this protein
if (msaEnable)

{

’

BRNN1.getMSAInput
BRNN2.getMSAInput
BRNN3.getMSAInput
BRNN4.getMSAInput
BRNN5.getMSAInput
BRNN6.getMSAInput

)
)I
)7
).
)
)

’

’

—~ o~ o~~~

’

’

BRNN1.initProtainQuest ()

BRNN2.initProtainQuest () ;

BRNN3.initProtainQuest () ;
()
()
()

’

BRNN4.initProtainQuest
BRNN5.initProtainQuest
BRNN6.initProtainQuest

’

’

for (int
sequencet=0; sequencet<primaryStructureSize;sequencet++)

{
//processing
//cout<<primaryStructureSize<<endl;
//cout<<sequencet<<endl;
BRNN1.doFeedForward (sequencet, 1, epoch,center window size);
BRNN2.doFeedForward (sequencet, 1, epoch, center window size);

BRNN3.doFeedForward (sequencet, 1, epoch,center window size);

BRNN4.doFeedForward (sequencet, 1, epoch, center window size);
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BRNN5.doFeedForward (sequencet, 1, epoch, center window size);
BRNN6 .doFeedForward (sequencet, 1, epoch, center window size);
BRNN1.doBackpropagation (sequencet, learningRate, 1) ;
BRNN2.doBackpropagation (sequencet, learningRate, 1) ;
BRNN3.doBackpropagation (sequencet, learningRate, 1) ;
BRNN4.doBackpropagation (sequencet, learningRate, 1) ;
BRNN5.doBackpropagation (sequencet, learningRate, 1) ;

BRNN6.doBackpropagation (sequencet, learningRate, 1) ;
}

/*for (int 1i=1;1i<OtH.size () ;i++) {
cout<<OtH.at (i)<<", ";
*/

//pernoume to error gia tin protein pou isoute me
to sinoliko lathos/ton arithmo twn aa pou exei i proteini

BRNN1.getSequenceTrainingError () ;

BRNN2.getSequenceTrainingError
BRNN3.getSequenceTrainingError
BRNN4.getSequenceTrainingError
BRNN5.getSequenceTrainingError
BRNN6.getSequenceTrainingError

) ;
) ;
) ;
).
)

r

(
(
(
(
(
(

if (epoch==maxIterations-1) {
BRNN1.printOutputSequence (1, vectoroutputresultl,0);
BRNN2.printOutputSequence (1, vectoroutputresult2,0);
BRNN3.printOutputSequence (1, vectoroutputresult3,0) ;
BRNN4.printOutputSequence (1, vectoroutputresult4,0) ;
BRNNS5.printOutputSequence (1, vectoroutputresult5,0);
BRNN6.printOutputSequence (1, vectoroutputresult6,0) ;

}

//takes the next protein from the training file
endOfFile=BRNNl.initTrainingInput (&primaryStructureSize);

BRNN2.initTrainingInput (&primaryStructureSize

BRNN3.initTrainingInput

BRNN4.initTrainingInput

BRNN5.initTrainingInput
BRNN6.initTrainingInput

)

&primaryStructureSize);

&primaryStructureSize);
)
)

’

&primaryStructureSize
&primaryStructureSize

’

—_~ e~~~

endOfFile=BRNNl.initTestInput (&primaryStructureSize) ;
BRNN2.initTestInput (&primaryStructureSize) ;
BRNN3.initTestInput (&primaryStructureSize) ;
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BRNN4.initTestInput (&primaryStructureSize) ;
BRNN5.initTestInput (&primaryStructureSize) ;
BRNN6.initTestInput (&primaryStructureSize) ;

//
ensambleResults.clear();
while (endOfFile)

{

I3

vectoroutputresultl.clear (
vectoroutputresult2.clear (
vectoroutputresult3.clear (
(
(

I3

’

vectoroutputresultd.clear
vectoroutputresultb.clear
vectoroutputresult6.clear (
vectoroutputresultensemble.clear ()

’

)
)
) ;
)
)
) ;

//takes the new msa encoding of this protein
if (msaEnable)

{

’

BRNN1.getMSAInput ()

BRNN2.getMSAInput () ;

BRNN3.getMSAInput () ;
0)
0)
0)

’

BRNN4.getMSAInput
BRNN5.getMSAInput
BRNN6.getMSAInput

’

’

}

r

BRNN1.initProtainQuest ()

BRNN2.initProtainQuest () ;

BRNN3.initProtainQuest () ;
()
()
()

r

BRNN4.initProtainQuest
BRNNS.initProtainQuest
BRNN6.initProtainQuest

r

r

predictedSecondaryStructure.clear();

for (int
sequencet=0; sequencet<primaryStructureSize;sequencet++)

{
BRNN1.doFeedForward (sequencet, 2, epoch, center window size);
BRNN2.doFeedForward (sequencet, 2, epoch, center window size);
BRNN3.doFeedForward (sequencet, 2, epoch, center window size);
BRNN4 .doFeedForward (sequencet, 2, epoch, center window size);
BRNNS5.doFeedForward (sequencet, 2, epoch, center window size);
BRNN6.doFeedForward (sequencet, 2, epoch, center window size);
BRNN1.retOutput (sequencet, outputresultl, &secSt) ;
BRNN2.retOutput (sequencet, outputresult2, &secSt) ;

BRNN3.retOutput (sequencet, outputresult3, &secSt) ;
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BRNN4.retOutput (sequencet, outputresult4, &secSt) ;
BRNN5.retOutput (sequencet, outputresultb, &secSt) ;

BRNN6.retOutput (sequencet, outputresult6, &secSt) ;

’

vectoroutputresultl.push back (outputresultl
vectoroutputresult2.push back (outputresult2

’

( )
( )
vectoroutputresult3.push back (outputresult3l);
vectoroutputresult4.push back (outputresult4)
( )
( )

’

’

vectoroutputresult5.push back (outputresultb
vectoroutputresult6.push back (outputresult6

’

//calculate the average ensemble output
for (int ensambleI=0;ensamblelI<3;ensamblel++)

{

ensambleAverage[ensamblel]=(outputresultl [ensamblel]+outputresu
1t2 [ensamblel]+outputresult3[ensamblel]+toutputresultd [ensamblel]+outp
utresult5[ensamblel]+outputresult6[ensamblel])/6.0;

}

vectoroutputresultensemble.push back (ensambleAverage) ;

maxVal=ensambleAverage[0];
maxIndex=0;

for (int position=0;position<3;position++)

{
if (maxVal<=ensambleAverage[position])
{
maxVal=ensambleAverage[position];
maxIndex=position;

}

if ( (maxIndex==0 && secSt=='H') ||
(maxIndex==1 && secSt=='L") || (maxIndex==2 && secSt=='E"'))

tempadditionprotein=tempadditionprotein+1.0;
if (maxIndex==0)

predictedSecondaryStructure.push back('H'");
else 1f (maxIndex==1)

predictedSecondaryStructure.push back('L");
else 1f (maxIndex==2)

predictedSecondaryStructure.push back('E'");
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ensambleResults.push back(primaryStructureSize);

BRNN1.getSequenceTestingError (
BRNN2.getSequenceTestingError (
BRNN3.getSequenceTestingError (
BRNN4.getSequenceTestingError (
BRNN5.getSequenceTestingError (
BRNN6.getSequenceTestingError (

if (epoch==maxIterations-1)

{
BRNN1.printOutputSequence (2, vectoroutputresultl,0);
BRNN2.printOutputSequence (2, vectoroutputresult2,0);
BRNN3.printOutputSequence (2, vectoroutputresult3, 0);
BRNN4.printOutputSequence (2, vectoroutputresult4,0);
BRNNS5.printOutputSequence (2, vectoroutputresult5,0);

BRNN6.printOutputSequence (2, vectoroutputresult6,0);
BRNN1.returnData (primaryStructure, secondaryStructure, proteinlID)

//create the ensemble output file
saveOutputData-
>createOutputFile (primaryStructure, secondaryStructure, predictedSecond
aryStructure,proteinID, 0,2, vectoroutputresultl,1);
OutputDataForFilter-
>createOutputFile (primaryStructure, secondaryStructure, predictedSecond
aryStructure,proteinlD, 0,2, vectoroutputresultensemble,0) ;

saveOutputData-
>printEnsembleOutputFile (primaryStructure, secondaryStructure, predicte
dSecondaryStructure, proteinlD, vectoroutputresultl, vectoroutputresult?2
,vectoroutputresult3, vectoroutputresultd4, vectoroutputresultb,vectorou
tputresult6, vectoroutputresultensemble) ;

}

endOfFile=BRNNl.initTestInput (&primaryStructureSize);
BRNN2.initTestInput (&primaryStructureSize)
BRNN3.initTestInput (&primaryStructureSize);
BRNN4.initTestInput (&primaryStructureSize) ;
BRNN5.initTestInput (&primaryStructureSize)
BRNN6.initTestInput (&primaryStructureSize)

’

’

’

double count=0;
for (int i=0;i<ensambleResults.size () ;i++)

{

count+=ensambleResults[i];
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cout<<epoch<<"
"<< (tempadditionprotein*100) /count<<"%"<<endl;

//
BRNN1.getEpochError (
BRNN2 .getEpochError (
BRNN3.getEpochError (
(
(
(

r
I3

)

)

) 4
BRNN4.getEpochError () ;
BRNNS5.getEpochError ()
)

BRNN6.getEpochError

I3

I3

I3

//
BRNN1.closeFolders ()
BRNN2.closeFolders ()
BRNN3.closeFolders () ;
()
()
()

’

BRNN4.closeFolders
BRNN5.closeFolders
BRNNG6.closeFolders

’

epoch++;

’

BRNN1.printOutputs ()

BRNN2.printOutputs ()

BRNN3.printOutputs () ;
0
0

BRNN4.printOutputs
BRNNS5.printOutputs
BRNN6.printOutputs () ;

BRNN1.printNetworkSpecification
BRNN2.printNetworkSpecification
BRNN3.printNetworkSpecification
BRNN4 .printNetworkSpecification
BRNNS5.printNetworkSpecification
BRNN6.printNetworkSpecification

)7
)7
)7
) .
)
)

’

’

’

~ e~ o~~~ o~

system(scriptcommand) ;
system(viterbicommand) ;

saveOutputData->closeEnsembleOutputFile () ;

return 0;
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BidirectionalRecurrentNeuralNetwork.h

#include "Neuron.h"
#include "DataReader.h"
#include "OutputData.h"
#include "targetver.h"
#include <cstdio>
#include <cstdlib>
#include <cstring>
//#include <fstream>
#include <iostream>
#include <cmath>
#include <cctype>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

#ifndef BidirectionalRecurrentNeuralNetwork h
#define BidirectionalRecurrentNeuralNetwork h

//*******************************************************************
KA kI ARk I ARk I ARk I ARk Ak Kk kK

//class BidirectionalRecurrentNeuralNetwork: This class illustrates
all the functions that
//a Bidirectional Recurent Neural Network needs to be trained and

tested
//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

class BidirectionalRecurrentNeuralNetwork

{
private:

//members of BidirectionalRecurrentNeuralNetwork class
vector<string> encodingT;

vector<string> encodingOutput;

vector< vector<char> > outputClassification;
vector<char> currentInput;

vector<char> primaryStructure;

vector<char> primaryStructureRead;
vector<char> secondaryStructure;

vector<char> secondaryStructureRead;
vector<char> predictedSecondaryStructure;
vector<char> predictedSecondaryStructureTrain;
vector<double> weightsReturn;

int msa;

int msalinelength;
int inputSizekK;

int inputSize;

int halfWindow;

int halfInputSize;
int outputSize;

int sizeOfEachLetter;

char trainFile[100];

char testFile[100];
char inputProfile[100];
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char outputProfile[100];
char proteinName[100];
char proteinID[100];

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

hLayerOneSize;
hLayerTwoSize;
hLayerOneSizeB;
hLayerTwoSizeB;
hLayerOneSizeF;
hLayerTwoSizeF;
activationFuncTypeOutput;
activationFuncTypeHidden;
windowSize;
errorFunctionTypeHidden;
errorFunctionTypeOutput;
Sy

randomizeTheDataset;
maxIterations;

testSetAdditionVectorTempSize;
prevExcl;

double
double
double
double
double
double
double
double
double
int ss;
char outputlLetter;
int tempSizeStart;
int tempSizeEnd;

learningRate;
momentum;
gMinusl;
gPlusl;

trainingSetAddition;
testSetAddition;
trainingSetAdditionEpoch;
testSetAdditionEpoch;

vector<Neuron>
vector<Neuron>
vector<Neuron>

hLayerOne;
hLayerTwo;
hLayerOneB;

trainingSetAdditionVectorTempSize;

percentageCounter;int percentageCounterTrain;

percentage;double percentageTrain;

vector<Neuron>
vector<Neuron>
vector<Neuron>
vector<Neuron>

hLayerTwoB;
hLayerOneF;
hLayerTwoF;
outputlLayer;

vector <int> tempOt;

vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>

ot;

It;

contextFt;
contextBt;
hLayerOneOutput;
hLayerTwoOutput;
hLayerOneBOutput;
hLayerTwoBOutput;
hLayerOneFOutput;
hLayerTwoFOutput;
inputhLayerOneF;
inputhLayerOneB;
tempInput;
inputOutputlLayer;
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vector<double> targetOutputs;

vector<double> tempVector;

vector<double> trainingSetAdditionVector;
vector<double> trainingSetAdditionVectorTemp;
vector<double> testSetAdditionVector;
vector<double> testSetAdditionVectorTemp;
vector<double> trainingSetAdditionEpochVector;
vector<double> testSetAdditionEpochVector;
vector<double> msalnput;

//objects of input,output to a file
DataReader* getInputData;
OutputData* saveOutputData;

OutputData* OutputData Filter;
DataReader* getInput;

//private method of BidirectionalRecurrentNeuralNetwork class
void getInitialInput (void);

public:

BidirectionalRecurrentNeuralNetwork (char id, int
hLayerOneSize, int hlLayerTwoSize,int hLayerOneSizeB, int
hLayerTwoSizeB, int hLayerOneSizeF, int hLayerTwoSizeF, int
activationFuncTypeHidden, int activationFuncTypeOutput, double
learningRate, double momentum, int windowSize, double gMinusl,double
gPlusl,int errorFunctionTypeHidden,int errorFunctionTypeOutput, int
s,int epochN,char trainFile[100],char testFile[100], char
inputProfile[100],char outputProfile[100], int msaEnable, int
randomizeDataset,char outputFolder[100]);

~BidirectionalRecurrentNeuralNetwork (void) ;

//Methods of BidirectionalRecurrentNeuralNetwork class

bool initTrainingInput (int *primaryStructureSize);

void retOutput (int seqgt,vector<double> &outputresult, char
*secSt) ;

bool initTestInput (int *primaryStructureSize);

void doFeedForward(int sequencet,int isTrainOrTest, int
epoch, int center window size);

void doBackpropagation (int sequencet,double learningRate, int
enable) ;

void openFolders (void) ;

void closeFolders (void) ;

void getSequenceTrainingError () ;

void getSequenceTestingError () ;

void getEpochError () ;

void printOutputs();

void printOutputSequence (int ¢, vector<vector <double> >
vectoroutputresult, int flag);

void getTargetOutputs (int sequencet);

void printNetworkSpecification();

void getMSAInput () ;

void createMSAtempInput (int p, int g, int size);

void returnData (vector<char> &primaryStructure,vector<char>
&secondaryStructure,char proteinID[100]);

void initProtainQuest();

}i

#endif
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BidirectionalRecurrentNeuralNetwork.cpp

#include "DataReader.h"
#include "BidirectionalRecurrentNeuralNetwork.h"
#include <cstdio>
#include <cstdlib>
#include <cstring>
//#include <fstream>
#include <iostream>
#include <cmath>
#include <cctype>
#include <vector>
#include <time.h>
#include <string>

//using namespace std;

//*******************************************************************

) Kk ok ok k ok ok ok k ok ok ok ok ko k ko ok kK
//Constructor

BidirectionalRecurrentNeuralNetwork: :BidirectionalRecurrentNeuralNetw
ork

// (int hLayerOneSizeN, int hLayerTwoSizeN,

// int hLayerOneSizeBN,int hLayerTwoSizeBN, int
hLayerOneSizeFN, int hLayerTwoSizeFN,

// int activationFuncTypeN, double learningRateN,double
momentumN, int windowSizeN,

// double gMinuslN,double gPluslN, int
errorFunctionTypeN, int sN, int epochN,

// char trainFileN[100],char testFileN[100],char
inputProfileN[100],char outputProfileN[100]) :

// initiates the BidirectionalRecurrentNeuralNetwork
//Parameters:

// int hLayerOneSizeN :hidden layer
one size

// int hLayerTwoSizeN :hidden layer
two size

// int hLayerOneSizeBN :Backward
hidden layer one size

// int hLayerTwoSizeBN :Backward
hidden layer two size

// int hLayerOneSizeFN :Forward hidden
layer one size

// int hLayerTwoSizeFN :Foeward hidden
layer two size

// int activationFuncTypeN :number that
corresponds to an activation function

// double learningRateN :learning rate

// double momentumN :momentum

// int windowSizeN :the window
size for each specific residue

// double gMinuslN :the g operator
for forward recurrent neural network

// double gPluslN :the g operator
for backward recurrent neural network

// int errorFunctionTypeN :number that
corresponds to an error function

// int sN :the

operator s
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// int epochN :number of
iterations

// char trainFileN[100] :the file name of
training set

// char testFileN[100] :the file name
of testing set

// char inputProfileN[100] :the file name of
input profile

// char outputProfileN[100] :the file name of

output profile

//*******************************************************************

khkkhkrh kA hkhkkhkhrhkhkhrKhkkxk*x*x

BidirectionalRecurrentNeuralNetwork: :BidirectionalRecurrentNeuralNetw
ork (char id,int hLayerOneSizeN, int hLayerTwoSizeN,
int hLayerOneSizeBN, int hLayerTwoSizeBN, int
hLayerOneSizeFN, int hLayerTwoSizeFN,
int activationFuncTypeHiddenN, int
activationFuncTypeOutputN, double learningRateN, double momentumN, int
windowSizeN,
double gMinuslN,double gPluslN, int
errorFunctionTypeHiddenN, int errorFunctionTypeOutputN, int sN,int
epochN, char trainFileN[100],char testFileN[100],char
inputProfileN[100], char outputProfileN[100],int msaEnable, int
randomizeDataset,char outputFolder[100])
{
//private objects of BidirectionalRecurrentNeuralNetwork to
read from files and write to files
getInputData=new DataReader();

saveOutputData=new OutputData (id, outputFolder) ;
//OutputData Filter=new OutputData (id, outputFolder);
getInput=new DataReader () ;

//variables of class

inputSizeK=0;

inputSize=0;

halfWindow=0;

halfInputSize=0;

outputSize=0;
percentageCounter=0;percentageCounterTrain=0;
percentage=0.0;percentageTrain=0.0;
trainingSetAddition=0;
testSetAddition=0;
trainingSetAdditionEpoch=0;
testSetAddition=0;

//assign parameters of this class

hlLayerOneSize = hlLayerOneSizeN;

hlLayerTwoSize = hlLayerTwoSizeN;

hLayerOneSizeB = hLayerOneSizeBN;

hLayerTwoSizeB hLayerTwoSizeBNj;

hLayerOneSizeF = hLayerOneSizeFNj;

hLayerTwoSizeF = hLayerTwoSizeFN;
activationFuncTypeHidden = activationFuncTypeHiddenN;
activationFuncTypeOutput = activationFuncTypeOutputN;
learningRate = learningRateN;

momentum = momentumN;

windowSize = windowSizeN;

msa = msaEnable;

gMinusl = (1.0 / gMinuslN); //change applied by Georgia
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gPlusl = gPluslN;

errorFunctionTypeHidden = errorFunctionTypeHiddenN;
errorFunctionTypeOutput errorFunctionTypeOutputN;
maxIterations=epochN;

s = sN;

randomizeTheDataset = randomizeDataset;

//assign parameters
for(int i=0;1i<100;i++)

{

trainFile[i] = trainFileN[i];
testFile[i] = testFileN[i];
inputProfile[i] = inputProfileN[i];
outputProfile[i] = outputProfileN[i];

proteinID[i] "\O"';

}
//printValuesOfOutputNeurons (-1,0) ;

//private method that is called to read info about the input
and output encoding
BidirectionalRecurrentNeuralNetwork: :getInitialInput () ;

//create variables for RNNs

halfWindow=floor ((float)windowSize/2) ;

halfInputSize=floor ((float)inputSize/2); //inputSize is the
residue volume -- almost always = 1

//create vector for the target output of each simulation
for (int i=0;i<outputSize;i++)
{
targetOutputs.push back(0);
}

//create a vector for the current input of the network
for (int i1=0;i<inputSize;i++)
{
currentInput.push back('\0");
}

//create a vector for the current input of the network -- is 21
for (int i=0;i<inputSizeK;i++)
{
It.push back(0);
}

//create the hidden layer one of the network
for (int i=0;i<hLayerOneSize;i++)

{

hLayerOne.push back (Neuron (inputSizeK, momentum, learningRate, act
ivationFuncTypeHidden, activationFuncTypeOutput, errorFunctionTypeHidde
n,errorfFunctionTypeOutput, 1))
hLayerOneOutput.push back(0) ;

}

//create the hidden layer two of the network
for (int i=0;i<hLayerTwoSize;i++)
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{

hLayerTwo.push back (Neuron (hLayerOneSize,momentum, learningRate,
activationFuncTypeHidden, activationFuncTypeOutput,errorFunctionTypeHi
dden, errorFunctionTypeOutput, 1)) ;
hLayerTwoOutput.push back(0) ;
}

//create the contex layer of forward recurrent neural network
if (hLayerTwoSizeF==0)
{
for (int i=0;i< (hLayerOneSizeF*s) ;i++)
{
contextFt.push back(0);
}
lelse
{
for (int i=0;i< (hLayerTwoSizeF*s) ;i++)
{
contextFt.push back(0);
}
}

//create the contex layer of backward recurrent neural network
if (hLayerTwoSizeB==0)
{
for (int i=0;i< (hLayerOneSizeB*s);i++)
{
contextBt.push back(0);
}

lelse

for (int i=0;i< (hLayerTwoSizeB*s) ;i++)
{
contextBt.push back(0);
}
}

//create the input vector of hidden layer one
for (int i=0;i<(inputSizeK+contextFt.size());i++)
{

inputhLayerOneF.push back (0);
}

//create the input vector of hidden layer two
for (int i=0;i<(inputSizeK+contextBt.size());i++)
{

inputhLayerOneB.push back (0);
}

//create the hidden layer one of forward recurrent neural
network
for (int i=0;i<hLayerOneSizeF;i++)

{

hLayerOneF.push back (Neuron (inputSizeK+contextFt.size (), momentu
m, learningRate, activationFuncTypeHidden, activationFuncTypeOutput,erro
rFunctionTypeHidden, errorFunctionTypeOutput, 1)) ;
hLayerOneFOutput.push back(0);
}
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//create the hidden layer two of forward recurrent neural
network
for (int i=0;i<hLayerTwoSizeF;i++)

{

hLayerTwoF.push back (Neuron (hLayerOneSizeF, momentum, learningRat
e,activationFuncTypeHidden, activationFuncTypeOutput,errorFunctionType
Hidden,errorFunctionTypeOutput, 1))
hLayerTwoFOutput.push back(0);
}

//create the hidden layer one of backward recurrent neural
network
for (int i=0;i<hLayerOneSizeB;i++)

{

hLayerOneB.push back (Neuron (inputSizeK+contextBt.size (), momentu
m, learningRate, activationFuncTypeHidden, activationFuncTypeOutput, erro
rFunctionTypeHidden, errorFunctionTypeOutput, 1)),
hLayerOneBOutput.push back(0);
}

//create the hidden layer two of backward recurrent neural
network
for (int i=0;i<hLayerTwoSizeB;i++)

{

hLayerTwoB.push back (Neuron (hLayerOneSizeB, momentum, learningRat
e,activationFuncTypeHidden, activationFuncTypeOutput, errorFunctionType
Hidden,errorFunctionTypeOutput, 1)) ;
hLayerTwoBOutput.push back(0);
}

//creates the output layer with input and output vectors of
this layer
//the size of the vector depends from the size and existence of
previous layers
if (hLayerTwoSize==0 && hlLayerTwoSizeF==0 && hLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerOneSize+hLayerOneSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput, 0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerOneSizet+hLayerOneSizeF+hLayerOneSizeB;i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize==0 && hlLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{
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outputLayer.push back (Neuron (hLayerOneSize+hLayerOneSizeF+hLaye
rTwoSizeB, momentum, learningRate,activationFuncTypeHidden, activationFu
ncTypeOutput,errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0; i<hLayerOneSizethLayerOneSizeF+hlLayerTwoSizeB;i++)
{
inputOutputLayer.push back(0);
}

}else if (hLayerTwoSize==0 && hLayerTwoSizeF!=0 &&
hLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerOneSize+hLayerTwoSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden, activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back(0);
tempOt.push back(0) ;
}

for (int
i=0; i<hLayerOneSize+thLayerTwoSizeF+hLayerOneSizeB;i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize==0 && hlayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerOneSize+hLayerTwoSizeF+hLaye
rTwoSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerOneSizet+hLayerTwoSizeF+hLayerTwoSizeB;i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hlLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

180



outputLayer.push back (Neuron (hLayerTwoSize+hLayerOneSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0; i<hLayerTwoSizethLayerOneSizeF+hLayerOneSizeB;i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerTwoSize+hLayerOneSizeF+hLaye
rTwoSizeB, momentum,

learningRate, activationFuncTypeHidden, activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back(0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerTwoSize+hLayerOneSizeF+hLayerTwoSizeB;i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize!=0 && hlLayerTwoSizeF!=0 &&
hlLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerTwoSize+hLayerTwoSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerTwoSizet+hLayerTwoSizeF+hLayerOneSizeB;i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{

181



outputLayer.push back (Neuron (hLayerTwoSize+hLayerTwoSizeF+hLaye
rTwoSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerTwoSizethlLayerTwoSizeF+hLayerTwoSizeB; i++)
{
inputOutputLayer.push back(0);

}

//*‘k‘k‘k**‘k‘k‘k**‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k*******************‘k****
*Ahkkhkhkkhkhkhkhkhkhkhhkkhkkhkkhkkk*

//Deconstructor BidirectionalRecurrentNeuralNetwork (void)
//*******************************************************************

KA kI ARk I ARk I ARk h ARk Ak Kk kK

BidirectionalRecurrentNeuralNetwork: :~BidirectionalRecurrentNeuralNet
work (void)

{
}
//executes this once

void BidirectionalRecurrentNeuralNetwork::getInitialInput ()

{

if (msa == 0)
{ //to msalLinelLength den xreiazete otan msa=0, gi afto den
xrisimopiite pouthenaF
getInput-

>readEncoding (encodingT, &inputSizeK, inputProfile,msa, &émsalinelength) ;
inputSize=inputSizeK;
sizeOfEachLetter=encodingT[0].size();
inputSizeK=inputSizeK*sizeOfEachLetter;
}
else //extra code by Georgia
{
//reads the detail lines from the information file
getInput-
>readEncoding (encodingT, &inputSizeK, inputProfile,msa, &émsalinelength) ;
inputSize=inputSizeK;
sizeOfEachLetter=msalinelength;
inputSizeK=inputSizeK*sizeOfEachLetter;

getInput-
>readOutputEncoding (encodingOutput, outputClassification, &outputSize, o
utputProfile);
}
//
void BidirectionalRecurrentNeuralNetwork: :getMSAInput ()
{

//get the whole msa encoding of the protein
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getInput->readkEncodingMSA (encodingT,proteinlID) ;

void BidirectionalRecurrentNeuralNetwork: :openFolders (void)

{

getInputData->initiateDataPointers (trainFile,testFile);

}
//

void BidirectionalRecurrentNeuralNetwork::closeFolders (void)

{

getInputData->closeDataPointers (trainFile,testFile);

//randomize dataset
if (randomizeTheDataset==1) {int k = system("perl
randomizeDataset.pl") ;}

}

bool BidirectionalRecurrentNeuralNetwork::initTrainingInput (int
*primaryStructureSize)

{
bool endOfFile;

//the proteinID is the name of the current protein -- reads it
from training set

endOfFile=getInputData-
>readTrainingInput (primaryStructureRead, secondaryStructureRead, protei
nIlD) ;

primaryStructure.clear();
secondaryStructure.clear () ;

for (int i=0;i<primaryStructureRead.size();i++)
{
if (primaryStructureRead[i]!="!")

{
primaryStructure.push back(primaryStructureRead[i])

secondaryStructure.push back(secondaryStructureRead[i]);
}
}

if (endOfFile) {

getInputData-
>translateSecondaryStructure (outputClassification, secondaryStructure)

*primaryStructureSize=primaryStructure.size();

return endOfFile;

}

else { return endOfFile;}

}

bool BidirectionalRecurrentNeuralNetwork::initTestInput (int
*primaryStructureSize)

{
bool endOfFile;
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endOfFile=getInputData-
>readTestInput (primaryStructureRead, secondaryStructureRead, proteinID)

’

primaryStructure.clear();
secondaryStructure.clear();

for (int i=0;i<primaryStructureRead.size();i++)
{
if (primaryStructureRead[i] !=""!")

{
primaryStructure.push back(primaryStructureRead[i]) ;

secondaryStructure.push back (secondaryStructureRead[i]);
}
}

ss5=0;
if (endOfFile) {
getInputData-
>translateSecondaryStructure (outputClassification, secondaryStructure)

*primaryStructureSize=primaryStructure.size();

return endOfFile;
}
else
{ return endOfFile; }
}
//
void BidirectionalRecurrentNeuralNetwork: :createMSAtempInput (int p,
int g, int size)
{
//msalnput is a double values vector
msalnput.clear();

//initialize and split msalnput --encodingT is a vector<string>
//primaryStructure[p] gives a letter
msalnput = getlInput->splitValues (encodingT[p]);

’

for (int i=0;i<size; i++) {
tempInput.push back (msalnput([i]);

}
}

void BidirectionalRecurrentNeuralNetwork::initProtainQuest ()

{

prevExcl=0;
tempSizeStart=0;
tempSizeEnd=primaryStructure.size () ;

for (int i=0;i<primaryStructureRead.size () ;i++)
{
if (primaryStructureRead[i]=="!")
{
tempSizeEnd=i;
break;
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void BidirectionalRecurrentNeuralNetwork: :doFeedForward (int
sequencet,int isTrainOrTest, int epoch, int center window_ size)

{

if (sequencet>=tempSizeEnd)

{

prevExcl++;

tempSizeStart=tempSizeEnd;

tempSizeEnd=primaryStructure.size();
for (int
i=tempSizeStart+2;i<primaryStructureRead.size () ;i++)

{

if (primaryStructureRead[i]=="!")
{
tempSizeEnd=i-prevExcl;
break;

}

//cout<<primaryStructure[sequencet]<<endl;

if (sequencet==2)
{
//cout<<endl;

}

//RNNF
for (int forwardt=sequencet-
halfWindow; forwardt<=sequencet; forwardt++)

{
tempInput.clear();

for (int p=forwardt-halfInputSize;p<(forwardt-

halfInputSize+inputSize) ;p++)

{
if (p<tempSizeStart || p>=tempSizeEnd) {

for (int g=0;g<sizeOfEachLetter;g++)
{
tempInput.push back(0);
}
}

//if to p ine apo 0 mexri to tempsize-1
else

{
for (int g=0;g<sizeOfEachLetter;qg++)

{
//if (sequencet==185)

/71
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// cout<<p<<"
"<<g<<sizeOfEachLetter<<endl;

//}

if (msa == 0)

tempInput.push back((double)encodingT [primaryStructure[p]-
651 [q]-48);
else{//change by Georgia

//take the input in the sequencet
place -- the p variable express the position

if (sequencet==2)
{

//cout<<p<<" "<<g<<endl;
}

createMSAtempInput (p, q, sizeOfEachLetter);
break;

}

for (int p=0;p<inputhLayerOneF.size () ;pt++)
{
if (p<contextFt.size())
inputhLayerOneF [p]=contextFt[p];
else{

inputhLayerOneF [p]=tempInput [p-
contextFt.size()];

}

for (int p=0;p<hLayerOneF.size () ;p++)
{

hLayerOneFOutput [p]=hLayerOneF [p] .getOutput (inputhLayerOneF) ;
}

if (hLayerTwoSizeF==0)
{

int temp=contextFt.size()-hLayerOneFOutput.size();
int newPlace=contextFt.size()/s;
for (int p=0;p<temp;p++)
{
contextFt[p]l=contextFt[ptnewPlace];
}
for (int p=temp,i=0;p<contextFt.size () ;p++,1i++)
{
contextFt [p]=hLayerOneFOutput[i]*gMinusl;
}

lelse

for (int p=0;p<hLayerTwoF.size () ;pt+)
{

hLayerTwoFOutput [p]=hLayerTwoF [p] .getOutput (hLayerOneFOutput) ;
}
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int temp=contextFt.size()-hLayerTwoFOutput.size();
int newPlace=contextFt.size()/s;
for (int p=0;p<temp;p++)
{
contextFt[p]=contextFt[ptnewPlace];
}
for (int p=temp, i=0;p<contextFt.size () ;pt++,i++)
{
contextFt[p]=hLayerTwoFOutput[i] *gMinusl;
}

}

for(int 1i=0;i<contextFt.size();i++)
{

contextFt[1]=0;
}

It.clear();
for (int center=sequencet-
center window_size;center<=sequencet+center window size;center++) {
for (int p=center-halfInputSize;p<(sequencet-
halfInputSizet+inputSize) ;p++)
{
if (p<0)
{
for (int g=0;g<sizeOfEachlLetter;gt++)
{
It.push back(0);
}
}
else if (p>=primaryStructure.size())
{
for (int g=0;g<sizeOfEachletter;g++)
{
It.push back(0);
}

else

for (int g=0;g<sizeOfEachLetter;g+t+)
{

if (msa == 0)

It.push back((double)encodingT [primaryStructure[p]-65][g]-48);
else(
msalnput.clear();
//initialize and split msalnput --
encodingT is a vector<string>
//primaryStructure[p] gives a letter
msalnput = getInput-
>splitValues (encodingT[p]) ;
for (int i=0;i<sizeOfEachLetter; i++) {
It.push back(msaInput[i]);

break;
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}
}

/ /BNNF
for (int
backwardt=sequencet+halfWindow;backwardt>=sequencet;backwardt--)

{
tempInput.clear();
for (int p=backwardt-halfInputSize;p<(backwardt-
halfInputSize+inputSize) ;p++)

{
if (p<tempSizeStart || p>=tempSizeEnd)

{
for (int g=0;g<sizeOfEachlLetter;qgt+)

{
tempInput.push back(0);

}
else

for (int g=0;g<sizeOfEachlLetter;qgt+)
{

if (msa == 0)

tempInput.push back((double)encodingT [primaryStructure[p]-
651 [q]-48);
else{//change by Georgia
if (sequencet==268)
{
///cout<<p<<" "<<g<<endl;
}

createMSAtempInput (p, q, sizeOfEachLetter);
break;

}

}

for (int p=0;p<inputhLayerOneB.size () ;p+t+)
{
if (p<tempInput.size())
{
inputhLayerOneB[p]=tempInput[p];
}

else

{
inputhLayerOneB|[p]=contextBt [p-

tempInput.size()];
}
}

for (int p=0;p<hLayerOneB.size () ;pt+)
{

hLayerOneBOutput [p]=hLayerOneB[p] .getOutput (inputhLayerOneB) ;
}

if (hLayerTwoSizeB==0)
{

int temp=contextBt.size ()-hLayerOneBOutput.size();
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int newPlace=contextBt.size()/s;
for (int
p=contextBt.size () ;p>=hLayerOneBOutput.size () ;p--)
{
contextBt [p]=contextBt [p-newPlace];
}
for (int p=0;p<hlLayerOneBOutput.size () ;pt++)
{
contextBt [p]=hLayerOneBOutput [p] *gPlusl;
}
lelse
{
for (int p=0;p<hlLayerTwoB.size () ;pt+)
{

hLayerTwoBOutput [p]=hLayerTwoB[p] .getOutput (hLayerOneBOutput) ;
}

int temp=contextBt.size()-hLayerTwoBOutput.size();
int newPlace=contextBt.size()/s;
for (int p=contextBt.size()-
1;p>=hLayerTwoBOutput.size () ;p—--)
{
contextBt [p]=contextBt[p-newPlace];
}
for (int p=0;p<hLayerTwoBOutput.size () ;pt++)
{
contextBt [p]=hLayerTwoBOutput [p] *gqPlusl;

}

}
//telos BRNN

for(int 1=0;i<contextBt.size () ;i++)
{

contextBt [1]=0;
}

for (int p=0;p<hLayerOne.size () ;p++)
{

hLayerOneOutput [p]=hLayerOne[p] .getOutput (It) ;
}

if (hLayerTwoSize!=0)

{
for (int p=0;p<hlLayerTwo.size () ;p++)

{

hLayerTwoOutput [p]=hLayerTwo[p] .getOutput (hLayerOneOutput) ;
}
}

if (hLayerTwoSize==0 && hLayerTwoSizeF==0 && hLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlayer.size () ;p++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]=hLayerOneFOutput [p];
else
if (p<(hLayerOneFOutput.size () thLayerOneOutput.size()))
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inputOutputlLayer [p]l=hLayerOneOutput [p-
hLayerOneFOutput.size()];
else
inputOutputLayer [p]l=hLayerOneBOutput [p-
hLayerOneFOutput.size () ~hLayerOneOutput.size()];
}
}else if (hLayerTwoSize==0 && hLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]=hLayerOneFOutput[p];
else
if (p<(hLayerOneFOutput.size () +hLayerOneOutput.size()))
inputOutputLayer [p]=hLayerOneOutput [p-
hLayerOneFOutput.size () ];
else
inputOutputlLayer [p]=hLayerTwoBOutput [p-
hLayerOneFOutput.size () -hLayerOneOutput.size()];
}
}else if (hLayerTwoSize==0 && hLayerTwoSizeF!=0 &&
hlLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerTwoFOutput.size())
inputOutputlLayer [p]l=hLayerTwoFOutput [p];
else
if (p< (hLayerTwoFOutput.size () +thLayerOneOutput.size()))
inputOutputLayer [p]=hLayerOneOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputLayer [p]=hLayerOneBOutput [p-—
hLayerTwoFOutput.size () —hLayerOneOutput.size()];
}
}else if (hLayerTwoSize==0 && hlayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;p+t+)
{
if (p<hLayerTwoFOutput.size())
inputOutputlayer [p]=hLayerTwoFOutput [p];
else
if (p< (hLayerTwoFOutput.size () +thLayerOneOutput.size()))
inputOutputlayer [p]=hLayerOneOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputlayer [p]=hLayerTwoBOutput [p-
hLayerTwoFOutput.size () ~—hLayerOneOutput.size()];
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hlLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlLayer.size () ;p++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]=hLayerOneFOutput [p];
else
if (p<(hLayerOneFOutput.size () thLayerTwoOutput.size()))
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inputOutputlLayer [p]l=hLayerTwoOutput [p-
hLayerOneFOutput.size()];
else
inputOutputLayer [p]l=hLayerOneBOutput [p-
hLayerOneFOutput.size () ~hLayerTwoOutput.size()];
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]=hLayerOneFOutput[p];
else
if (p<(hLayerOneFOutput.size () +thLayerTwoOutput.size()))
inputOutputLayer [p]=hLayerTwoOutput [p-
hLayerOneFOutput.size () ];
else
inputOutputlLayer [p]=hLayerTwoBOutput [p-
hLayerOneFOutput.size () -hLayerTwoOutput.size()];
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF!=0 &&
hlLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerTwoFOutput.size())
inputOutputlLayer [p]l=hLayerTwoFOutput [p];
else
if (p< (hLayerTwoFOutput.size () +thLayerTwoOutput.size()))
inputOutputLayer [p]=hLayerTwoOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputLayer [p]=hLayerOneBOutput [p-—
hlLayerTwoFOutput.size () ~hLayerTwoOutput.size()];
}
}else if (hLayerTwoSize!=0 && hlLayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;p+t+)
{
if (p<hLayerTwoFOutput.size())
inputOutputlayer [p]l=hLayerTwoFOutput[p];
else
if (p< (hLayerTwoFOutput.size () +thLayerTwoOutput.size()))
inputOutputlayer [p]=hLayerTwoOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputlayer [p]=hLayerTwoBOutput [p-
hLayerTwoFOutput.size () ~hLayerTwoOutput.size () ];
}
}

//gia kathe output neuron vazw sto Ot tin real timi tou
for (int p=0;p<outputlLayer.size();p++)
{

Ot [pl=outputlayer[p] .getOutput (inputOutputlayer) ;
}

//function that takes the target outputs of the output neurons

getTargetOutputs (sequencet) ;
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//1 == is train
1if (isTrainOrTest==1)
{

for (int p=0;p<0t.size() ;p++)

{

trainingSetAddition+=(targetOutputs|[p]-
Ot [p]) * (targetOutputs [p]-0t[pl);
}

//we want to see what were the real outputs of the
training set

int i=0;

int counterEnc=0;

int x;

double maxVal=0t[0];
int maxIndex =0;

for(int 1=0;1<0t.size () ;1i++)

{

if (maxvVal <= Ot[i])
{

maxVal = Ot [i];
maxIndex = 1i;

for (int i1=0;i<tempOt.size();i++)
{
if (i==maxIndex)
{
tempOt[1i]=1;
}
else
{
if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)
tempOt [1]=-1;

else
tempOt [1]=0;
}
}
for (int i=0;i<encodingOutput.size () ;i++)
{
counterEnc++;
//1if the current position has a letter
if (encodingOutput [i] [0]!="\0")

{
int counter;
int desiredOutput;

for (counter=0; counter<tempOt.size ();counter++)
{
desiredOutput =
((int)encodingOutput[i] [counter]-48);
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//changes the lower bound if tanh is

used for output neurons
if (activationFuncTypeOutput==2 &&

errorFunctionTypeOutput==2)

{
if (desiredOutput==0)
desiredOutput = -1;

}

if (desiredOutput!=tempOt [counter])
break;

}

if (counter==tempOt.size())

{
outputLetter=i+65;

break;

}

x=encodingOutput.size () ;
if ((int)x == (int)counterEnc)
outputLetter="L";

if (epoch==this->maxIterations-1) {

predictedSecondaryStructureTrain.push back (outputLetter) ;

//2 == 1is test -- no backward
else 1f(isTrainOrTest==2)

{
for (int p=0;p<0t.size () ;p++)
{
testSetAddition+=(targetOutputs[p]-
Ot[pl)* (targetOutputs [p]-0Ot[p]);
}

int 1=0;
int counterEnc=0;
int x;

//step function
/*for (int 1=0;i<0Ot.size () ;1i++)
{
//1if the activation function is tanh
if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)

{
if(0t[1]1>=0.0)
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tempOt[i]= 1;
else
tempOt[i]= -1;
}
else
{
1if(Ot[1]>=0.5) //kanonika edw ine

0.5 an exw sigmoid/linear

function

tempOt[i]= 1;
else
tempOt[i]= O;

y*/
//enable this for "winner takes all" and remove step

double maxVal=0t[0];
int maxIndex =0;

for(int 1=0;1<0t.size () ;i++)

{

if (maxVal <= 0Ot[i])
{
maxVal = Ot[i];
maxIndex = 1i;

for (int i1=0;i<tempOt.size();i++)
{
if (i==maxIndex)
{
tempOt[1]=1;
}

else

{
if (activationFuncTypeOutput==2 &&

errorFunctionTypeOutput==2)

tempOt [1]=-1;
else
tempOt [1]=0;

for (int i=0;i<encodingOutput.size () ;i++)

{

counterEnc++;
//1if the current position has a letter
if (encodingOutput [i] [0]!="\0")

{
int counter;
int desiredOutput;

for (counter=0; counter<tempOt.size ();counter++)

{
desiredOutput =

((int)encodingOutput[i] [counter]-48);
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//changes the lower bound if tanh is

used for output neurons
if (activationFuncTypeOutput==2 &&

errorFunctionTypeOutput==2)

{
if (desiredOutput==0)
desiredOutput = -1;

}

if (desiredOutput!=tempOt [counter])
break;

}

if (counter==tempOt.size())

{
outputLetter=i+65;

break;

}

x=encodingOutput.size () ;

if ((int)x == (int)counterEnc)
//outputLetter="X";
outputLetter="'L";

if (epoch==this->maxIterations-1) {

predictedSecondaryStructure.push back (outputLetter) ;
}

}

void BidirectionalRecurrentNeuralNetwork::getTargetOutputs (int
sequencet)

{

//always save 1 or 0 in the tagetOutputs vector -- if
activation function is sigmoid/linear it does not need any other
processing

for (int p=0;p<O0t.size () ;p++)
{

targetOutputs [p]l=encodingOutput [secondaryStructure [sequencet] -
65] [p]-48;
}

//1if the output neuron's activation function is tanh changes
those target values from 1 and 0 to 1 and -1 respectively
if (activationFuncTypeOutput==2 && errorFunctionTypeOutput==2)
{
for (int p=0;p<Ot.size () ;p++)
{
//change only the 0 to -1
if ((targetOutputs[p]) == 0 )
{
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targetOutputs[p] = -1;

void BidirectionalRecurrentNeuralNetwork: :getSequenceTrainingError () {

trainingSetAdditionVector.push back(sgrt(trainingSetAddition) / (
double)Ot.size () /primaryStructure.size());
trainingSetAdditionVectorTemp.push back(sqrt (trainingSetAdditio
n)/ (double)Ot.size () /primaryStructure.size());
trainingSetAdditionVectorTempSize=trainingSetAdditionVectorTemp
.size();
trainingSetAddition=0;
}

void BidirectionalRecurrentNeuralNetwork::getSequenceTestingError () {

testSetAdditionVector.push back (sgrt (testSetAddition)/ (double)O
t.size () /primaryStructure.size());
testSetAdditionVectorTemp.push back (sgrt (testSetAddition)/ (doub
le)Ot.size () /primaryStructure.size());
testSetAdditionVectorTempSize=testSetAdditionVectorTemp.size () ;
testSetAddition=0;

void BidirectionalRecurrentNeuralNetwork: :getEpochError () {
double tempValue;
tempValue=0;

for (int i=0;i<trainingSetAdditionVectorTempSize;i++)
{
tempValue+=trainingSetAdditionVectorTemp[i];

}

trainingSetAdditionEpochVector.push back (tempValue/ (double)trai
ningSetAdditionVectorTempSize) ;

tempValue=0;

for (int i=0;i<testSetAdditionVectorTempSize;i++)
{
tempValue+=testSetAdditionVectorTemp[i];

}

testSetAdditionEpochVector.push back (tempValue/ (double)testSetA
dditionVectorTempSize) ;

trainingSetAdditionVectorTemp.clear () ;
testSetAdditionVectorTemp.clear () ;

void BidirectionalRecurrentNeuralNetwork: :printOutputSequence (int
trainOrTest, vector<vector <double> > vectoroutputresult,int flag)

{
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double tempPercentage;
int counter=0;

if (trainOrTest==2) //testing
{for (int i=0;i<primaryStructure.size();i++)
{
if (secondaryStructure[i]==predictedSecondaryStructure[i])
counter++;

}

tempPercentage= (double) counter*100.0/ (double) secondaryStructure
.size();

saveOutputData-
>createOutputFile (primaryStructure, secondaryStructure, predictedSecond

aryStructure,proteinlID, tempPercentage, 2, vectoroutputresult, flag);
percentageCounter++;
percentage+=tempPercentage;
predictedSecondaryStructure.clear () ;}
else //training

{

for (int i=0;i<primaryStructure.size();i++)

{

if (secondaryStructure[i]==predictedSecondaryStructureTrain[i])
counter++;

}

tempPercentage= (double) counter*100.0/ (double) secondaryStructure
.size();

saveOutputData-

>createOutputFile (primaryStructure, secondaryStructure, predictedSecond
aryStructureTrain, proteinID, tempPercentage, 1, vectoroutputresult, flag)

percentageCounterTrain++;
percentageTraint+=tempPercentage;
predictedSecondaryStructureTrain.clear();
}

}

void BidirectionalRecurrentNeuralNetwork: :printNetworkSpecification ()

{
saveOutputData-
>createNetworkFile (hLayerOneSize, hlLayerTwoSize,hLayerOneSizeB, hLayerT

woSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, learningRate, momentum, w
indowSize,

gMinusl, gPlusl,errorFunctionTypeHidden, s, maxIterations, trainFil
e, testFile,

inputProfile, outputProfile, percentage/ (double)percentageCounter
)

void BidirectionalRecurrentNeuralNetwork: :printOutputs ()

{
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saveOutputData-

>createErrorFiles (trainingSetAdditionEpochVector, testSetAdditionEpoch
Vector,

trainingSetAdditionVector, testSetAdditionVector); //change by
Georgia - last variable

saveOutputData->closeAllPointers();

}

void BidirectionalRecurrentNeuralNetwork: :doBackpropagation (int
sequencet, double learningRate,int enable)

{

for (int p=0;p<outputlayer.size () ;pt+)
{

outputlLayer[p] .calculateOutputlLayerError (targetOutputs[pl]);
outputlLayer[p] .calculateErrorPropagation () ;
outputLayer[p] .adjustDw (learningRate) ;
}
//
if (hLayerTwoSizeF==0 && hlLayerTwoSize==0 && hLayerTwoSizeB==0)
{

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

)i J++) |

tempVector.push back (outputlLayer[]].getSpecificError(i));
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i) ;

}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenlLayerError (tempVector[i]);
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear();

for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
if (3==0) {

tempVector.push back (outputlLayer[]j].getSpecificError (i+hLayerOn
eSizeF));

}else(

tempVector[i]+=outputlLayer[j].getSpecificError (i+hLayerOneSizeF
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for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i].calculateHiddenLayerError (tempVector([i]);
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i1=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerOneSize));
}else(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+hLayerOneSizeF
+hLayerOneSize) ;

}

for (int i1=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i].adjustDw (learningRate) ;

}else if (hLayerTwoSizeF==0 && hlLayerTwoSize==0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear ()
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputlayer[]j].getSpecificError(i));
}else{

tempVector[i]+=outputlayer[j].getSpecificError (i) ;
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector[i]) ;
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hLayerOneF[i].calculateErrorPropagation() ;
hLayerOneF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<outputlayer.size();j++) {
1if(J==0){

tempVector.push back (outputLayer[]].getSpecificError (i+hLayerOn
eSizeF));
telse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerOneSizeF

}

for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i] .calculateHiddenLayerError (tempVector([i]) ;
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i].adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i1=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlayer.size();Jj++) {
1f(3==0){

tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerOneSize));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i+hLayerOneSizeF
+hLayerOneSize) ;

}
}
for (int i=0;i<hLayerTwoB.size () ;i++) {
hlLayerTwoB[i] .calculateHiddenLayerError (tempVector[i]) ;

hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size ();Jj++) {
1f (3==0) {
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tempVector.push back (hLayerTwoB[]J].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoB[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF==0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB==0)
{

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputlLayer[]].getSpecificError(i));
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i) ;
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenLayerError (tempVector[i]);
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if (3==0) {

tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF));
telse(

tempVector[i]+=outputlLayer[j].getSpecificError (i+hLayerOneSizeF

}
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}

for (int i=0;i<hLayerTwo.size () ;i++) {

hLayerTwo[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;]j++) {
if (3==0) {

tempVector.push back (hLayerTwo[]].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwo[j] .getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i].adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size();Jj++) {
1f(3==0){

tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerTwoSize));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i+hLayerOneSizeF

+hLayerTwoSize) ;

}

for (int i=0;i<hLayerOneB.size () ;i++) {

hlLayerOneB[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOneB[i] .calculateErrorPropagation () ;
hLayerOneB[i].adjustDw (learningRate) ;

}else if (hLayerTwoSizeF==0 && hlLayerTwoSize!=0 &&
hLayerTwoSizeB!=0)
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tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
if (3==0) {

tempVector.push back (outputlLayer[]].getSpecificError(i));
lelse(

tempVector[i]+=outputlayer[]j].getSpecificError (i) ;
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
if (3==0) {

tempVector.push back (outputLayer[]].getSpecificError (i+hLayerOn
eSizeF));
}else(

tempVector[i]+=outputlayer[j].getSpecificError (i+hLayerOneSizeF
}

}

for (int i=0;i<hLayerTwo.size () ;i++) {

hlLayerTwo[i] .calculateHiddenLayerError (tempVector[i]);
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
if (j==0){

tempVector.push back (hLayerTwo[]J].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwo[j].getSpecificError (i) ;

}
}
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}

for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i] .calculateHiddenLayerError (tempVector([i]);
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerTwoSize));
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+hLayerOneSizeF
+hLayerTwoSize) ;

}
}

for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector([i]) ;
hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;Jj++) {
1f(3==0){

tempVector.push back (hLayerTwoB[]j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoB[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hlLayerOneB[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOneB[i].calculateErrorPropagation() ;
hLayerOneB[i].adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hlLayerTwoSize==0 &&
hLayerTwoSizeB==0)
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tempVector.clear () ;
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputLayer.size();j++) {
if (3==0) {

tempVector.push back (outputlLayer[]].getSpecificError(i));
lelse(

tempVector[i]+=outputlayer[]j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector([i]) ;
hLayerTwoF[i].calculateErrorPropagation () ;
hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwoF[]j].getSpecificError (i));
telse(

tempVector[i]+=hLayerTwoF[]].getSpecificError (i) ;
}

}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenLayerError (tempVector[i]);
hlLayerOneF[i].calculateErrorPropagation();
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear ()
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<outputLayer.size ();j++) {
if (3==0) {
tempVector.push back (outputLayer([]j].getSpecificError (i+hLayerTw
oSizeF));
telse(

tempVector[i]+=outputlLayer[j].getSpecificError (i+hlLayerTwoSizeF

}
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for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputLayer[]j].getSpecificError (i+thLayerTw
oSizeF+hLayerOneSize)) ;
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+thLayerTwoSizeF
+hLayerOneSize) ;

}

for (int i1=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize==0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear ()
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputlLayer[]j].getSpecificError(i));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i) ;
}

}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector[i]);
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hLayerTwoF[i].calculateErrorPropagation() ;
hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
1if(J==0){

tempVector.push back (hLayerTwoF[]j].getSpecificError (i));
lelse(

tempVector[i]+=hLayerTwoF[]].getSpecificError (i) ;
}
}
}

for (int i1=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
if (J==0) {

tempVector.push back (outputLayer([]j].getSpecificError (i+hLayerTw
oSizeF));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i+hLayerTwoSizeF

}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hlLayerOne[i].calculateErrorPropagation () ;
hlLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlayer.size();Jj++) {
if (3==0) {

tempVector.push back (outputLayer([j].getSpecificError (i+hLayerTw

oSizeF+hLayerOneSize));
telse(
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tempVector[i]+=outputlLayer[j].getSpecificError (i+hlLayerTwoSizeF
+hLayerOneSize) ;

}
}

for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector([i]);
hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwoB[]j].getSpecificError (i));
}else(

tempVector[i]+=hLayerTwoB[]].getSpecificError (i) ;
}
}
}

for (int i1=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i].adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB==0)
{

tempVector.clear ()
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlLayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputlayer[]j].getSpecificError(i));
}else{

tempVector[i]+=outputlayer[j].getSpecificError (i) ;
}
}
}
for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoF[i].calculateErrorPropagation();
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hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
if (J==0){

tempVector.push back (hLayerTwoF[]].getSpecificError (i));
lelse(

tempVector[i]+=hLayerTwoF[]].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
if (J==0) {

tempVector.push back (outputLayer[]j].getSpecificError (i+hLayerTw
oSizeF));
telse(
tempVector[i]+=outputlayer[j].getSpecificError (i+hLayerTwoSizeF
}
}

for (int i=0;i<hLayerTwo.size () ;i++) {

hlLayerTwo[i] .calculateHiddenLayerError (tempVector[i]);
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwo[]].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwo[j].getSpecificError (i) ;
}
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for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputLayer[]j].getSpecificError (i+thLayerTw
oSizeF+hLayerTwoSize)) ;
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+thLayerTwoSizeF
+hLayerTwoSize) ;

}
}

for (int i1=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear () ;
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputlayer[]j].getSpecificError(i));
lelse(

tempVector[i]+=outputlayer[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoF[i] .calculateErrorPropagation () ;
hLayerTwoF[i] .adjustDw (learningRate) ;
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tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwoF[]].getSpecificError (i));
lelse(

tempVector[i]+=hLayerTwoF[]j] .getSpecificError (i) ;
}
}
}

for (int i1=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int J=0;j<outputlLayer.size();j++) {
if (3==0) {

tempVector.push back (outputLayer[]j].getSpecificError (i+hLayerTw
oSizeF));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i+hLayerTwoSizeF
}
}

for (int i=0;i<hLayerTwo.size () ;i++) {

hlLayerTwo[i] .calculateHiddenLayerError (tempVector[i]);
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
if (j==0){

tempVector.push back (hLayerTwo[]J].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwo[j].getSpecificError (i) ;
}
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for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i] .calculateHiddenLayerError (tempVector[i]);
hLayerOne[i].calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputLayer[]j].getSpecificError (i+thLayerTw
oSizeF+hLayerTwoSize)) ;
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+thLayerTwoSizeF
+hLayerTwoSize) ;

}
Y/

for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector([i]);
hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;Jj++) {
1f(3==0){

tempVector.push back (hLayerTwoB[]j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoB[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hlLayerOneB[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOneB[i] .calculateErrorPropagation () ;
hLayerOneB[i].adjustDw (learningRate) ;
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void BidirectionalRecurrentNeuralNetwork::retOutput (int
seqgt, vector<double> &outputresult,char *secSt)

{

outputresult=0t;
*secSt=secondaryStructure[seqt];

}

void BidirectionalRecurrentNeuralNetwork: :returnData (vector<char>
&primaryStructureReturn, vector<char> &secondaryStructureReturn,char
proteinIDReturn[100])

{

primaryStructureReturn.clear();
secondaryStructureReturn.clear () ;

for(int 1=0;1<100;i++)
{

proteinIDReturn[i]=proteinID[i];

for (int i=0;i<primaryStructure.size();i++)
{

primaryStructureReturn.push back(primaryStructureli]);

secondaryStructureReturn.push back (secondaryStructure[i]);

}
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Neuron.h

#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

#ifndef Neuron h
#define Neuron h

//*******************************************************************
KAAIAAIAA XA A KA XA KA XK A K

//class Neuron: This class illustrates all the functions of a neuron
in a Bidirectional

//Recurent Neural Network that is trained by a variation of
Backpropagation Algorithm

//through time

//*******************************************************************
KAk kA kA kA Rk Ak kA khk*k

class Neuron

{
private:

//members of Neuron class
vector<double> inputVector;
vector<double> weightsVector;
vector<double> weightMulError;
vector<double> previousAdjustment;
vector<double> Dweights;

int sizeOfInput;

int activationFunctionTypeOutput;
int activationFunctionTypeHidden;
int errorFunctionTypeHidden;

int errorFunctionTypeOutput;

int neuronType;

double output;
double error;

double bias;

double Dbias;

double inputNet;
double momentum;
double learningRate;
double biasPreviousAdjustment;
double slope;

double amplitude;
double fmin;

double fmax;
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public

functi
errorT

#endif

void callActivationFunction (void) ;
void calculateInput (void) ;

Neuron (int size,double momentumN,double learningRateN, int
onTypeHiddens, int functionTypeOutput, int errorTypeHidden, int
ypeOutput, int neuronType) ;

~Neuron (void) ;

//methods of Neuron class

double getOutput (vector<double> getInput);

void calculateOutputlLayerError (double targetOutput);
void calculateErrorPropagation () ;

void calculateHiddenlLayerError (double prevWeightSum) ;
void adjustDw (double learningRateNew) ;

double getSpecificError (int x);

voilid returnWeightVector (vector<double> *weihtsReturn);
void printTest();
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Neuron.cpp

#include "Neuron.h"
#include "Services.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

//*******************************************************************
) Kk Kk ok k k ok ok ok ok ok ok ok ko k ok k ok k&

//Constructor Neuron (int size,double momentumN, double
learningRateN, int functionType) :

//initiates the Neuron

//Parameters:

// int size :Specifies the input size
// double momentumN :Specifies the initial momentum
of the neuron

// double learningRateN :Specifies the initial learning
rate of the neuron

// int functionType Specifies the activation function

of the neuron
//*******************************************************************

KAk kA Ak kA kA ik A ik kA khk*k

Neuron: :Neuron (int size,double momentumN,double learningRateN, int
functionTypeHiddens, int functionTypeOutput, int errorTypeHidden,int
errorTypeOutput, int neuronTypeN)

{

Services newServices=Services|();

for(int 1=0;i<size;i++) {
inputVector.push back(0);
weightsVector.push back (newServices.rand numbers());
weightMulError.push back(0);
Dweights.push back(0.0);
previousAdjustment.push back(0.0); //the previous
weights are saved in this wvariables

}

output=0;

error=0;

Dbias=0;

inputNet=0;
biasPreviousAdjustment=0;

bias=newServices.rand numbers();
sizeOfInput=size;
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momentum=momentumN;

learningRate=learningRateN;
errorFunctionTypeOutput=errorTypeQutput;
errorFunctionTypeHidden=errorTypeHidden;
activationFunctionTypeHidden=functionTypeHiddens;
activationFunctionTypeOutput=functionTypeOutput;

neuronType=neuronTypeN;

//parameters for tanh() activation function
slope = (2.0/3.0);
amplitude = 1.7159;

//sigmoid bounds
fmin = 0.0;
fmax = 1.0;

//*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k**************************************
) Kk ok ok k kk ok k ok ok ok ok k ok k ok k ok kK

//Deconstructor Neuron (void)
//*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k**************************************

KAAIAAIAA XA A I A XK A XK A K

Neuron: :~Neuron (void)
{
}

//*******************************************************************
Rt A i A i S I b S A S I b S 4

//void calculatelInput (void): private method that is called to
calculate the

//neuron's input. Specifically, it multiplies each input (output of a
neuron

//from the previous layer) with the appropriate weight and then sum
all the

//results together to calculate the new neuron’s input
//*******************************************************************

R A i A b dh i S I S b S I b 4

void Neuron :: calculateInput (void)

{
inputNet=0;

for (int i=0;i<sizeOfInput;i++) {
inputNet+=(inputVector[i] *weightsVector[i]);
}

inputNet= (inputNet+ (-bias));

}

//*******************************************************************

Ak AkkkkAk kA kA kA kkkhAkk kA kA kkhk%k

//void activationFunction (void): private method that is called to
calculate the

//neuron's output through an activation function
//*******************************************************************

Ak AkkAkkAkhAkkkhk Ak kA kA kkhkhkkhk%k

void Neuron :: callActivationFunction (void)

{
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//hidden neurons
if (neuronType==1)
{
if (activationFunctionTypeHidden==1) //using sigmoid
{
output=(1/ (l+pow(2.718281828, -inputNet))) ;
}
else if (activationFunctionTypeHidden==2) //using tanh
{
output = amplitude * tanh (inputNet*slope) ;
}
else if (activationFunctionTypeHidden==3) //using linear
{
output = inputNet * ((fmax - fmin) + fmin);
}
}

//output neurons (neuronType==0)
else
{
if (activationFunctionTypeOutput==1) //using sigmoid
{
output=(1/ (l+pow(2.718281828, -inputNet))) ;
}
else if (activationFunctionTypeOutput==2) //using tanh
{
output = amplitude * tanh (inputNet*slope);
}
else if (activationFunctionTypeOutput==3) //using linear
{
output = inputNet * ((fmax - fmin) + fmin);

}

}

//*******************************************************************

KAk kA kA kA kA kA khhk*k

//double getOutput (vector <double> getInputs): public method that is
called to calculate

//the output of the neuron

//Parameters:

// vector <double> getInputs :the outputs of the

previous layer that are given as

// inputs to this
neuron and are used to calculate the

// net input

//Return:

// double output :the output of the

neuron
//*******************************************************************

khkkhkkkhkhkhkhkkhkkhkrkkhkkhkkrhkhkkhkhk*
double Neuron :: getOutput (vector<double> getInputs)
{

inputVector=getInputs;
calculateInput();

callActivationFunction () ;
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return output;

}

//*******************************************************************
)k k ok ok ok ok ok ok ok ok ok ok ok ok ok ok kK ok ko

//void calculateOutputLayerError (double targetOutput): public method
that is called to

//calculate the output error of the neurons of output Layer
//Parameters:

// double targetOutput :the specific,target output
of the neuron for each
// time step

//*******************************************************************
AKhkA Ak kA hkhkAk Ak kA XAk kk k%
void Neuron :: calculateOutputlLayerError (double targetOutput)
{

//sigmoid function

if (errorFunctionTypeOutput==1)

{

error = output* (l-output) * (targetOutput-output) ;

}

//tanh function

else if (errorFunctionTypeOutput==2)

{
error = (slope/amplitude) * (targetOutput-output) *

(amplitude-output) * (amplitude+output);
}
//linear function
else 1if (errorFunctionTypeOutput==3)

{
error = 1.0 * (targetOutput-output);

}

//*******************************************************************
khkkhkhkkh kA hkkhkkhAkkhkkhkkAkhrhkkhkkKhk*k
//void calculateErrorPropagation(): public method that is called to

calculate the error
//that must be propagated back to the weights that are connected to

the specific neuron

//by multiply all the weights of the neuron with the epecific error
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void Neuron :: calculateErrorPropagation () {

for (int i=0;i<weightMulError.size () ;i++) {
weightMulError[i]= error * (weightsVector[i]);
}
}

//*******************************************************************
khkkhkkkhkhkhkhkkhkkhkhrkhkkhkhrhkhkkhkhk*x
//void calculateHiddenlLayerError (double previWeightSum): public method

that is called to
//calculate the output error of the neurons of Hidden Layers

//Parameters:

// double prevWeightSum :the sum of the neurons'
error that are connectet
// with the output

of the specific neuron
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//*******************************************************************

kkkhkhkkkhkhkkkhkhkhkkhkhkkkhkkkkhkk%k

void Neuron :: calculateHiddenLayerError (double prevWeightSum)
{
//sigmoid function
if (errorFunctionTypeHidden==1)
{
error = output* (l-output) *previWeightSum;
}
//tanh function
else if (errorFunctionTypeHidden==2)
{
error = (slope/amplitude) * (amplitude-output) *
(amplitudet+output) * prevWeightSum;
}
//linear function
else if (errorFunctionTypeHidden==3)
{

error = 1.0 * prevWeightSum;

//*******************************************************************
R R e b b b b db db db 4 g b b ab (db db db  db 4

//void getSpecificError (int position): public method that is called
to return the

//result of the multiplication of a specific weight with the neurons
error

//Parameters:

// double position :the position of the weight

in the weight's vector
//*******************************************************************

Rt A i A i S I b S A S I b S 4

double Neuron :: getSpecificError (int position) {

return weightMulError[position];

}

//*******************************************************************
kkhkkhkhkkhkkhkhkhkkhkkhkhkkhkkhkhrhkhkkx k)%

//void adjustDw () : public method that is called to calculate the
adjustment of each

//weight and bias of the specific neuron. The bias is adjusted like a

neuron's weight
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void Neuron :: adjustDw(double learningRateNew) {

for (int i=0;i<Dweights.size () ;i++)

{

/*Dweights[i]+=learningRate*inputVector[i]*error+momentum*previ
ousAdjustment[i];

previousAdjustment[i]=learningRate*inputVector[i] *error+momentu

m*previousAdjustment[i];
welightsVector[i] = weightsVector[i] + Dweights[i];*/
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Dweights[i] =
learningRateNew*inputVector[i] *error+momentum* (weightsVector[i] -
previousAdjustment[i]) ;

previousAdjustment[i] = weightsVector[i];

weightsVector[i] = weightsVector[i] + Dweights([i];

//Dweights[1]=0;
//previousAdjustment [i]=0;

}

Dbias = learningRateNew*1l*error+momentum* (bias-

biasPreviousAdjustment) ;
biasPreviousAdjustment = bias;

bias = - bias + Dbias;
bias = -bias;

}

void Neuron :: printTest () {

for (int i=0;i<inputVector.size();i++)
{

cout<<weightsVector[i]<<" ";
}cout<<endl;
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DataReader.h

#include <fstream>
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

#ifndef DataReader h
#define DataReader h

//*******************************************************************
KA kI ARk I ARk I ARk I ARk Ak Kk kK

//class DataReader: This class illustrates all the functions that the
Bidirectional
//Recurent Neural Network needs to read from files for its inputs and

parameters
//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

class DataReader

{
private:

//members of DataReader class
ifstream inTrainFile;
ifstream inTestFile;

ifstream encodingFile;

int beginning;

int numberOfResidues;
ifstream inMsaFile;

public:
DataReader (void) ;
~DataReader (void) ;

//methods of DataReader class

void readParameters (float parameters[1l7],char
inputProfile[100],char outputProfile[100],

char trainFile[100],char testFile[100], int*

msaEnable, int* randomizeDataset,int *center w size,char
outputFolder[100]);

void readEncoding(vector<string> &encodingT, int
*inputSizeK, const char inputProfile[100], int msa, int* length);

void initiateDataPointers (char trainFile[100],char
testFile[100]);

bool readTrainingInput (vector<char>
&primaryStructure,vector<char> &secondaryStructure,char name[100]);

bool readTestInput (vector<char> &primaryStructure,vector<char>
&secondaryStructure,char name[100]) ;
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void readOutputEncoding (vector<string> &encodingT,vector<

vector<char> > &outputClassification,int *outputSize,
const char outputProfile[1007]);

void translateSecondaryStructure (vector< vector<char> >
&outputClassification,vector<char> &secondaryStructure);

void closeDataPointers (char trainFile[100],char testFile[100]);

void readEncodingMSA (vector<string> &encodingT, char
proteinID[100]) ;

vector<double> splitValues (string stringEncoding);

}i
#endif
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DataReader.cpp

#include "DataReader.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>
#include <sstream>
#include <algorithm>
#include <iterator>

using namespace std;

//*‘k******************‘k‘k***‘k****‘k****‘k****‘k**************************
) Kk ok ok ko k ok k ok ok ok ok ko k ko ok kK

//Constructor DataReader (void) :initiates the DataReader
//*‘k******************‘k‘k***‘k****‘k****‘k****‘k**************************
) Kk ok ok k ok ok ok ok ok ok ok ok ko k ok k ok k&

DataReader: :DataReader (void)

{
}

//*******************************************************************
)k kk ok ok kk ok k ok ok ok ok kkkkkkk

//Deconstructor DataReader (void)
//*******************************************************************
*hkkhkhkkhhkkhkkhkkhkkhkkkkk*kxk*k

DataReader: :~DataReader (void)

{
}

//*******************************************************************

AKhkAkhk kA kA kA kA kA Ak hkkhk%k

//void readParameters (float parameters[15],char
inputProfile[100],char outputProfile[100],

// char trainFile[100],char testFile[100]): public
method that is called to

//get the parameters of the neural network from the parameters.dat
file

//Parameters:

// float parameters[17] :this table returns alla
the numeric parameters for

// BRNN. Each
position illustrates a parameter and which are

// depended from
their order in the parameters.dat

// file

// char inputProfile[100] :this table returns the

input profile file name
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//

char outputProfile[100] :this table returns the

output profile file name

//

char trainFile[100] :this table returns

the file name which contains the

//
//

training set
char testFile[100] :this table returns

the file name which contains the

//

testing set

//*******************************************************************

khkkhkkhkhkhkhkhkkhkhrhkhkhkkkhkkxkxk*k

//*******************************************************************

khkkhkkhkhkhkhkhkkhkhrhkhkhkkkhkkxkxk*k

void DataReader::readParameters (float parameters[17],char
inputProfile[100],char outputProfile[100],

char trainFile[100],char testFile[100], int*

msaEnable, int* randomizeDataset,int *center w size,char
outputFolder[100])

{

//variables
char temp[100];
char state[100];
int counter=0;

//opens the Dataln\\parameters.dat file to read the parameters
ifstream inFile;
inFile.open ("Dataln//parameters.dat");

if (!inFile) {
cerr << "Unable to open file parameters.dat";
int x=0;
cin>>x;
exit (1) ;
}

//takes all the network parameters with specific order
for(int 1=0;1<27;1i++) {
//reads the general parameters
if(1i<17)
{
inFile >> temp;
inFile >> parameters[i];
}else if (i==18)

inFile >> temp;
inFile >> inputProfile;
}else if (i==19)

inFile >> temp;
inFile >> outputProfile;
}else if (1i==20)

inFile >> temp;
inFile >> trainFile;
telse if (i==21)

inFile >> temp;
inFile >> testFile;

telse if (i==23)

inFile >> temp;
inFile >> *msaEnable;
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}
else 1if (i==24)
{
inFile >> temp;
inFile >> *randomizeDataset;
lelse 1if (1i==25)

inFile >> temp;
inFile >> *center w size;
lelse 1if (i==26)

inFile >> temp;
inFile >> outputFolder;
}
else if ((i==17) || (1==22))
{
inFile >> temp;
}

}

inFile.close();

//*******************************************************************
KAAIAAIAA XA A I A XK A XK A K

//void readEncoding (vector<string> &encodingT,int *inputSizeK, const
char inputProfile[100]) :

//public method that is called to read the file with input encoding
of a protein's primary

//structure. The file must have a specific layout. The encoding of

each letter is saved in

//a vector to the position that the letter has in the English

alphabet.

//Parameters:

// vector<string> &encodingT :returns a vector of
strings that illustrates the encoding

// of each letter.
The vector has size of 26 strings which

// portrays the
place of each letter

// int *inputSizeK :returns the size of
each input (how many residues)

// const char inputProfile[100]:the name of input profile

file name
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void DataReader::readEncoding (vector<string> &encodingT, int
*inputSizeK, const char inputProfile[100], int msa, int* length)

{

//variables

char temp[100];

char tempChar;

int tempK;

string tempString="\0";

for (int i=0;i<100;i++)
temp[i]="\0";
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//create the path string
strcat (temp, "EncodingProfiles/");
strcat (temp, inputProfile);

//points to the file
encodingFile.open (temp) ;

if (!encodingFile)
{
cerr << "Unable to open file "<<inputProfile;
int x=0;
cin>>x;
exit (1),
}

if (msa == 0)

{

//create the size of those vectors
for(int 1i=0;1i<26;i++)
encodingT.push back (tempString) ;

for(int 1i=0;1i<24;i++)
{
if (i<2)
{
encodingFile >> temp;
}
else 1f (i==2)
{
encodingFile >> temp;
encodingFile >> tempK;
*inputSizeK = tempK; //residue volume

}
else if (i<24)
{
encodingFile >> tempChar;
encodingFile >> tempString;
//The encoding of each letter is saved in
vector to the position that
//the letter has in the English alphabet
encodingT[tempChar-65]+=tempString;

}

//add by Georgia
/* extra code for the msa.txt file*/
else
{
for (int i=0;i<6;1i++)
{
1if (1i<2)
{
encodingFile >> temp;
}
else 1f (i==2)

{
encodingFile >> temp;
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encodingFile >> tempK;

*inputSizeK = tempK; //residue volume
}
else if (i==3)

{

//the * ok k ok k ok ok ok ok kkkokk

encodingFile >> temp;

}

else if (i==4)

{
encodingFile >> temp;
encodingFile >> numberOfResidues;
*length = numberOfResidues;

}

else if (i==5)

{

//the Ak kA khhkkhkkhk

encodingFile >> temp;

}

//close the pointer
encodingFile.close();

}

void DataReader::readOutputEncoding (vector<string> &encodingT,vector<
vector<char> > g&outputClassification,

int *outputSize,const char outputProfile[100])
{

//pointer to a file
ifstream inFile;

//variables

int tempK;

int counter;

char temp[100];

char state[100];

char tempChar;
vector<char> tempCharV;
string tempString="\0";

//create the size of those vectors
for(int 1=0;1<26;1i++)
encodingT.push back (tempString) ;

for(int 1=0;1<100;1i++)
temp[i]="\0";

//create the path string
strcat (temp, "OutputProfiles/");
strcat (temp, outputProfile) ;

//point to the file
inFile.open (temp) ;

if (!inFile) {
cerr << "Unable to open file "<<outputProfile;

228



int x=0;

cin>>x;

exit (1) ;
}

//read alla data from the file with a specific order
for(int 1=0;i<100;i++) {

if (i<2)

{
inFile >> temp;

telse if (i==2)

{
inFile >> temp;
inFile >> tempK;
*outputSize = tempK;

lelse if (i<4)

{
inFile >> temp;

}else if (i< (4+tempK))

{
//reads from the file all the secondary structure's

letters and their class

tempCharV.clear();
inFile >> state;
tempCharV.push back(state[0]);
inFile >> state;
counter=0;

//remove alla the commas
while (state[counter]!="\0")
{

if (state[counter]!="',")

{

tempCharV.push back (state[counter]);

}

counter++;
}
//Each position of the vector of vector holds
//the characteristic letter of the class which is
//followed by the secondary structure letters of
//that class.
outputClassification.push back (tempCharV) ;

}else if (i< (4+tempK+2))

inFile >> temp;
}else if (i< (6+tempK+tempK) )

inFile >> tempChar;
inFile >> tempString;
//The encoding of each letter is saved in a vector
to the position that
//the letter has in the English alphabet
encodingT [tempChar-65] +=tempString;
}
}
inFile.close();

}

//*******************************************************************
Ak AkkkAkhAkkkhkhAkkkhkhAkkkhkhkkhk%
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//void initiateDataPointers (char trainFile[100],char testFile[100]):
//public method that is called to initiate tha pointers to the files
which contain the training

//and testing sets.

//Parameters:

// char trainFile[100] :the file name
of training sets

// char testFile[100] :the file name

of testing sets
//*******************************************************************

*hkkhkkhkhkhkhkhkkhkkrhkhkhkhkhkkxkxk*k

void DataReader::initiateDataPointers (char trainFile[100],char
testFile[1007])
{

//variables

char temp[100];

//create the size of those vectors
for(int i=0;1<100;i++)
temp[1]="\0";

//create the path string
strcat (temp, "TrainingSets/") ;
strcat (temp, trainFile);

//points to the file
inTrainFile.open (temp) ;

if (!inTrainFile) {
cerr << "Unable to open file "<<temp;
int x=0;
cin>>x;
exit (1) ;
}

//create the size of those vectors
for(int 1=0;1<100;i++)
temp[1i]="\0";

//create the path string
strcat (temp, "TestSets/") ;
strcat (temp, testFile);

//points to the file
inTestFile.open (temp) ;

if (!inTestFile) {
cerr << "Unable to open file "<<temp;
int x=0;
cin>>x;
exit (1) ;

}

//*******************************************************************
Ak khkkhkhkkhkhkhkkkhkkkhkhkhhhxx*k

//void closeDataPointers (char trainFile[100],char testFile[100]):
//public method that is called to close tha pointers to the files
which contain the training

//and testing sets.

//Parameters:
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// char trainFile[100] :the file name
of training sets
// char testFile[100] :the file name

of testing sets
//*******************************************************************

KAARAA KA A KA A KA A I Ak kA K

void DataReader::closeDataPointers (char trainFile[100], char
testFile[100])
{

//variables
char temp[100];

//creates the size of those vectors
for(int i=0;1i<100;i++)
temp[i]="\0";

//create the path string
strcat (temp, "TrainingSets/") ;
strcat (temp, trainFile);

//close the pointer
inTrainFile.clear () ;
inTrainFile.close () ;

//create the size of those vectors
for(int 1=0;1<100;i++)
temp[1]="\0";

//creates the path string
strcat (temp, "TestSets/") ;
strcat (temp, testFile);
//close the pointer
inTestFile.clear();
inTestFile.close () ;

}

//*******************************************************************

R i i b A i b S db b S I S I b S 4

//bool readTrainingInput (vector<char> &primaryStructure,vector<char>
&secondaryStructure) :

//public method that is called to read from a file the primary and
secondary structure of

//proteins that included in training sets. the pointers to the files
are initiated with

//initiateDataPointers method and closed with closeDataPointers.The
file must have a

//specific layout.

//Parameters:

// vector<char> &primaryStructure :returns the primary
structure of the protein

// vector<char> &secondaryStructure:returns the secondary
structure of the protein

//Return:

// true :if there are
more sequences

// false :1f the pointer

points to eof
//*******************************************************************

Ak AkkkAkhAkkkhkhAkkkhkhAkkkhkhkkhk%

231



bool DataReader::readTrainingInput (vector<char>
&primaryStructure,vector<char> &secondaryStructure, char
proteinID[1007])
{

//variables

char name[1007];

char temp[1000];

primaryStructure.clear();
inTrainFile >> name;

for(int i=0;1<100;i++)
{

proteinID[i]="\0";
}

for(int i=0;i<1000;i++)
{

temp[i]="\0";
}

strcat (proteinID, name) ;

//1f end of file returns false
if (inTrainFile.eof()) { return false;}

inTrainFile.getline (temp, 1000) ;
inTrainFile.getline (temp, 1000) ;
//inTrainFile>> temp;

//reads all the letters of primary structure until the "."
//while (temp!=".")

A
//primaryStructure.push back (temp) ;
//inTrainFile >> temp;

//}

for (int 1=0; (i<1000) && (temp[i]!='\0"');i++)

{

primaryStructure.push back(temp[i]);

}

for (int i=0;i<1000; i++)

{ temp[i]="\0";

}
inTrainFile.getline (temp, 1000) ;
secondaryStructure.clear();

//inTrainFile >> temp;

//reads all the letters of secondary structure until the "."
//while (temp!=".")

A

// secondaryStructure.push back (temp) ;
// inTrainFile >> temp;

//}
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for (int i=0; (i<1000) && (temp([i]!='\0");i++)
{

secondaryStructure.push back(temp[i]);

return true;

}

//*‘k****‘k*******‘k*******‘k*******‘k****‘k*******‘k***********************

KAARAA KA A KA A KA A I Ak kA K

//bool readTestInput (vector<char> &primaryStructure,vector<char>
&secondaryStructure,

// char name[100]) :

//public method that is called to read from a file the primary and
secondary structure of

//proteins that included in testing sets. The pointers to the files
are initiated with

//initiateDataPointers method and closed with closeDataPointers.The
file must have a

//specific layout.

//Parameters:

// vector<char> &primaryStructure :returns the primary
structure of the protein

// vector<char> &secondaryStructure:returns the secondary
structure of the protein

// char name[100] :the name of
the protein

//Return:

// true :1f there are
more sequences

// false :1if the pointer

points to eof
//*******************************************************************

R i i b A b b S I b S S S I b S 4

bool DataReader::readTestInput (vector<char>
&primaryStructure,vector<char> &secondaryStructure,char
proteinID[1007])
{

/*

//variables

char temp;

char name[100];

primaryStructure.clear();

inTestFile >> name;

for (int 1=0;i<100;i++) {proteinID[i]="\0"';}

strcat (proteinID, name) ;

//if end of file returns false

if (inTestFile.eof ()){ return false;}

inTestFile >> temp;

//reads all the letters of primary structure until the "."

while (temp!="'.")
{
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primaryStructure.push back (temp);
inTestFile >> temp;

}

//1if there in low case letter replace it with capital case
for (int i=0;i<primaryStructure.size();i++)
{
if (primaryStructure[i]>='a' && primaryStructurel[i]<='z")
primaryStructure[i]=primaryStructure[i]-32;

secondaryStructure.clear () ;
inTestFile >> temp;

//reads all the letters of secondary structure until the "."
while (temp!=".")
{

secondaryStructure.push back (temp) ;

inTestFile >> temp;

return true;

*/

//variables
char name[100];
char temp[1000];

primaryStructure.clear();
inTestFile >> name;

for(int 1=0;1<100;i++)
{

proteinID[i]="\0";
}

for(int 1=0;1<1000;i++)
{

temp[1i]="\0";
}

strcat (proteinID, name) ;

//if end of file returns false
if (inTestFile.eof ()) { return false;}

inTestFile.getline (temp, 1000) ;
inTestFile.getline (temp, 1000) ;
//inTrainFile>> temp;

//reads all the letters of primary structure until the "."
//while (temp!=".")

/74
//primaryStructure.push back (temp) ;
//inTrainFile >> temp;

//}

for (int i=0; (i<1000) && (temp([i]!='\0");i++)

{
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primaryStructure.push back(temp[i])

}

//if there in low case letter replace it with capital case
for (int i=0;i<primaryStructure.size();i++)
{
if (primaryStructure[i]l>='a' && primaryStructurel[i]l<='z")
primaryStructure[i]=primaryStructure[i]-32;

}

for (int 1=0;i<1000;i++)

{ temp[i]="\0";

}
inTestFile.getline (temp, 1000) ;
secondaryStructure.clear();

//inTrainFile >> temp;

//reads all the letters of secondary structure until the "."
//while (temp!=".")

A

// secondaryStructure.push back (temp) ;

// inTrainFile >> temp;

//}

for (int 1=0; (i<1000) && (temp[i]!='\0"');i++)

{

secondaryStructure.push back(temp[i]);

return true;

}

//*******************************************************************

KAk kA kA kA kA kA khhk*k

//void translateSecondaryStructure (vector<vector<char>>
&outputClassification,

// vector<char> &secondaryStructure) :
//public method that is called to replace all the letters of
secondary structure with

//the specific letter of their class

//Parameters:

// vector<vector<char>> &outputClassification :contains
a vector with the output classes of the

// network. Each position of the vector of vector holds

// the characteristic letter of the class which is

// followed by the secondary structure letters of

// that class

// vector<char> &secondaryStructure :contains the

secondary structure of the protein
//*******************************************************************

Ak khkkhkhkkhkhkhkkkhkkkhkhkhhhx*x*k
void DataReader::translateSecondaryStructure (vector< vector<char> >
&outputClassification, vector<char> &secondaryStructure)

{

for (int i=0;i<secondaryStructure.size () ;i++)

{

for (int j=0;j<outputClassification.size();j++)
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for (int k=0;k<outputClassification[j].size();k++)
{

if (secondaryStructure[i]==outputClassification[j] [k])

{

secondaryStructure[i]=outputClassification[j][0];
break;

}

}

//Created by Georgia - MSA

//*******************************************************************

KAAKRKAA I A AR A A KA XA KA KXk A K

//This function reads the msa dataset for each protein -- use only

with msa
//*******************************************************************

AkhkkAkhkkk kA kA Ak kA Ak Ak Kk k%
//encodingT contains the same vector of strings, each string

represents an aminoacid
//*******************************************************************

KA AR AAkIAAk I A Ak IA A XK A XK K

void DataReader::readEncodingMSA (vector<string> &encodingT, char
proteinID[100])
{

//pointer to protein's file

ifstream inFile;

//variables

string tempString="\0";
string tempLine="\0";
int aminoacid = 0;

int digit = 0;

char temp[100];

//create the size of those vectors

for (int 1=0;i<100;i++) {temp[i]="'\0";}

//create the path string
strcat (temp, "EncodingProfiles/msaFiles/") ;

char c;
for (int i=0;i<100; i++)
{

proteinID[i]=tolower (proteinID[i]);

strcat (temp, proteinID) ;
//strcat (temp, ".txt");
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strcat (temp, ".hssp") ;

//tolower (temp) ;

//cout<<proteinID<<endl;

//points to the file
inFile.open (temp) ;

if (!inFile) {
cerr << "Unable to open file of protein "<<temp;
int x=0;
cin>>x;
exit (1),
}

//clear this vector for the next protein
encodingT.clear();

//read msa encoding for each protein:

while ( !inFile.eof () )

{
//read the next encoding digit
inFile >> tempString;

if (digit != numberOfResidues )

{
//store the previous digit
tempLine=tempLine+tempString+" ";

digit++;

if (digit == numberOfResidues)

{
digit = 0;
encodingT.push back (tempLine);
tempLine = "\0";

}

//Created by Georgia - MSA

//*******************************************************************
AkhkAkkk kA Ak kA Ak kA kA k kA kA kkhk%k

//This function takes a vector of string values and tranforms it into
a vector of

//double numbers.
//*******************************************************************

Ak AkkkkAk kA kA kA kA kA kA kA hkkhk%

//stringEncoding: to string pou periexei to line

//doubleEncoding: to vector pou tha exei ta values
//*******************************************************************

Ak AkkkAkhAkkkhkhAkkkhkhAkkkhkhkkhk%
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vector<double> DataReader::splitValues (string stringEncoding)
{

vector<double> doubleEncoding;

istringstream iss(stringEncoding) ;

copy (istream iterator<double>(iss),

istream iterator<double>(),

back inserter<vector<double> >(doubleEncoding));
for (int i=0;i<doubleEncoding.size () ;i++)

doubleEncoding[i]=doubleEncoding[i]/100.0;

return doubleEncoding;
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OutputData.h

finclude "targetver.h"
#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;
#ifndef OutputData h
#define OutputData h

//*******************************************************************
KA kI ARk I ARk I ARk I ARk Ak Kk kK

//class OutputData: This class illustrates all the functions that the
Bidirectional

//Recurent Neural Network needs to write to the output files
//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

class OutputData
{

private:

//members of OutputData class
ofstream printError;

ofstream printErrorP;

ofstream printOutput;

ofstream printOutputTrain;
ofstream printNetwork;
ofstream printNetworkHTML;
ofstream printEnsembleResults;
char folderName[100];

char HTMLName [1007];

char networkId[100];

char ensembleResultsName[100];
int ensembleOutputCounter;

public:

OutputData (char id,char outputFolder[100]);
OutputData (char *id,char outputFolder[1007]) ;

~OutputData (void) ;

char nameOfSimulation[200];

//methods of OutputData class
void createErrorFiles (vector<double>
trainingError, vector<double> testingError,
vector<double>
proteinTrainingError,vector<double> proteinTestingError);
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void createOutputFile (vector<char>
primaryStructure, vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName [100],double percentage,int c,vector<vector <double> >
vectoroutputresult,int flag);
void createZOutputFileforFilter (vector<char>
primaryStructure,vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName [100],double percentage,int c,vector<vector <double> >
vectoroutputresult) ;
void createNetworkFile (int hLayerOneSizeN, int
hLayerTwoSizeN, int hLayerOneSizeBN,
int hLayerTwoSizeBN, int hLayerOneSizeFN,int
hLayerTwoSizeFN, int activationFuncTypeN,
double learningRateN,double momentumN, int
windowSizeN, double gMinuslN,
double gPluslN, int errorFunctionTypeN, int
temporaryN, int epochN,char trainFileN[100],
char testFileN[100],char
inputProfileN[100], char outputProfileN[100],double percentage);
void closeOutputPointers (void) ;
void closeAllPointers (void);
void createEnsembleOutputFile (void);
void closeEnsembleOutputFile (void) ;
void printEnsembleOutputFile (vector<char>
primaryStructure,vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName [100], vector<vector <double> > vectoroutputresultl,
vector<vector <double> > vectoroutputresult?z,
vector<vector <double> > vectoroutputresult3,
vector<vector <double> > vectoroutputresulti,
vector<vector <double> > vectoroutputresultb5,
vector<vector <double> > vectoroutputresultéb,
vector<vector <double> > vectoroutputresultensemble);
}i
fendif
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OutpuData.cpp
finclude "OutputData.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

//

//*******************************************************************
KAAIAAIAA XA A I A XK A XK A K

//Constructor DataReader (void) :initiates the DataReader
//*******************************************************************

) Kk ok ok ko k ok k ok ok ok ok ko k ko ok kK
OutputData: :OutputData (char id,char outputFolder[100])
{

//it takes the time from the system and creates a folder in the
DataOut folder

//this folder will contain all tha output files of each
simulation

//Also initiate the pointer to the output file and HTML output
file

time t rawtime;

struct tm * timeinfo;

networkId[0]=1id;
networkId[1]="\0";

//cout<<networkId[0]<<endl;

time ( &rawtime );
timeinfo = localtime ( &rawtime );

char temp[200];char temp3[200];
//cout<<networkId<<endl;

for (int i=0;i<200; i++)

{

temp[i]="\0";
temp3[1]="\0";

for (int 1=0;i<100;i++)
{
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folderName[1i]="\0";
HTMLName [1]="\0";
nameOfSimulation[i]="\0";

}
//cout<<networkId<<endl;

strcat (temp, outputFolder) ;

//strcat (temp,asctime (timeinfo));
strcat (temp3, outputFolder) ;

//strcat (temp3,asctime (timeinfo));
//strcat (HTMLName, asctime (timeinfo)) ;
strcat (nameOfSimulation, outputFolder) ;

//cout<<networkId<<endl;

//replace some characters
/*for (int 1i=0;1<100;i++) {
if(temp[i]=="\n")
{
temp[i]="\0";
}

if (temp[i]==" ")
{ temp[i]="-";
if(temp[i]::':')
{ temp[i]="_";

}
}

for(int 1=0;1<100;1i++) {
if (temp3[i]=="'\n")
{ temp3[1]="\0";
if(tempB[i]::' ")
{ temp3[i]="-";
if(tempS[i]==':')
{ temp3[i]="_";
y*/ }

/*for (int 1=0;1<100;i++) {
if (HTMLName [i]=="\n")
{ HTMLName [1]="\0";
if(HTMLName[i]==' ')
{ HTMLName [1i]="_"';;
if(HTMLName[i]==':')
{ HTMLName [i]="_"';
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}*/

//create folder
//system ("mkdir temp");

//create the string path

//strcat (temp, "\\") ;

//strcat (temp,asctime (timeinfo));
//strcat (temp3, "\\") ;

//strcat (temp3,asctime (timeinfo));

/*for (int 1i=0;i<100;i++)
{
if (temp[i]=="\n")
{
temp[i]="\0";
}

if(temp[il==" ")
{ temp[i]="-";
if(temp[i]::':')
{ temp[i]="_";

}
}

for(int 1=0;1<100;1i++)
{
if (temp3[i]=="'\n")
{
temp3[1]="\0";
}

if (temp3[i]==" ")
{ temp3[i]="-";
if(tempB[i]::':')
{ temp3[i]="_";

}
b/

for(int 1=0;1<100;1++)
{

folderName[i]=temp[i];
}

strcat (temp, networkId) ;

strcat (temp3, networkId) ;

strcat (temp, " Output.txt");

strcat (temp3, " OutputForTrain.txt");

//initiate pointer of the output file for test
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printOutput.open (temp) ;
printOutputTrain.open (temp3) ;

ensembleQutputCounter=0;

}
OutputData: :OutputData (char *id, char outputFolder[100])

{
strcpy (networkId, id) ;
char temp[200];
//cout<<networkId<<endl;

for (int i=0;i<200; i++)
{
temp[1]="\0";

}

for (int i=0;i<100;i++)
{
folderName[i]="\0";

strcat (temp, outputFolder) ;

for(int 1=0;1<100;i++)
{
folderName[i]=temp[i];

}

strcat (temp, networkId) ;
strcat (temp, " Output.txt");
printOutput.open (temp) ;

}

//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

//Deconstructor DataReader (void)
//*******************************************************************

AKhkAkkkKkAk Ak kA Ak kA kA kA kA kkhk%

OutputData: :~OutputData (void)
{

}

//*******************************************************************

Ak AkkAkkAkhAkkkhk Ak kA kA kkhkhkkhk%k

//void createErrorFiles (vector<double> trainingError,vector<double>
testingError,
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// vector<double> proteinTrainingError,vector<double>
proteinTestingError) :

//public method that is called to create the files that contains the
training and testing

//error per protein and per epoch

//Parameters:

// vector<double> trainingError :vector with
training errors per epoch

// vector<double> testingError :vector
with testing errors per epoch

// vector<double> proteinTrainingError :vector with
training errors per protein

// vector<double> proteinTestingError :vector with

testing errors per protein
//*******************************************************************

R R b b b db db db db g g b b b Ib db db  gb 4
void OutputData::createErrorFiles (vector<double>
trainingError,vector<double> testingError,

vector<double> proteinTrainingError,vector<double>
proteinTestingError)

{

//variables
char temp[100];
char templ[100];

//create vectors

for(int 1i=0;1<100;i++) {
temp[i]="\0";
templ[i]="\0";

}

//create the names of output files
for(int 1=0;1<100;i++)
{
temp[i]=folderName[i];
templ[i]=folderName[i];
}

//creates the string path and opens the output file with errors
per epoch
strcat (temp, networkId) ;

strcat (temp," error per epoch.txt");
printError.open (temp) ;

//write all the data to the file
printError<<'"No Training Error Test
Error\n";

printError<<"*************************************************\n\n";

for (int i1=0;i<trainingError.size () ;i++)

{

printError<<i<<" . \t\t"<<trainingError[i]<<"\t\t"<<testingError|[
i]<<endl;
}

//creates the string path and opens the output file with errors
per protein
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strcat (templ, networkId) ;
strcat (templ," error per protein.txt");
printErrorP.open (templ) ;

//write all the data to the file
printErrorP<<"No Training Error Test
Error\n";

printErrorP<<"*************************************************

\n\n";

if (proteinTrainingError.size ()<=20000)
for (int i=0;i<proteinTrainingError.size();i++)

{

printErrorP<<i<<" . \t\t"<<proteinTrainingError[i]<<"\t\t"<<prote
inTestingError[i]<<endl;

}
}

//*******************************************************************

KAARAAIAA XA A KA XK A XK A K

//void OutputData::createOutputFile (vector<char>
primaryStructure,vector<char> secondaryStructure,

// vector<char> predictedSecondaryStructure, char
proteinName [100],double percentage)) :

//public method that is called at the end of each epoch to write in
the output file the name of

//a protein, its primary structure, its secondary structure, its
predicted secondary structure and

//the percentage of succes for the specific simulation

//Parameters:

// vector<char> primaryStructure
:protein's primary structure

// vector<char> secondaryStructure
:protein's secondary structure

// vector<char> predictedSecondaryStructure
:protein's predicted secondary structure

// char proteinName[100]
:protein's name

// double percentage

:persentage of succes for a simulation
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void OutputData::createOutputFile (vector<char>
primaryStructure, vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName[100],double percentage,int trainOrTest,
vector<vector <double> >

vectoroutputresult,int flag)
{

if (trainOrTest==2)

{

//writes the name of a protein and the percentage of success

printOutput<<proteinName<<" Correctness
Percentage:'"<<percentage<<"$"<<endl;

//cout<<proteinName<<endl;

//writes the primary structure

printOutput<<"primaryStructure A

for (int i=0;i<primaryStructure. 31ze(),1++)
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{
printOutput<<primaryStructurel[i];

}
printOutput<<endl;

//writes the secondary structure
printOutput<<"secondaryStructure :
for (int i=0;i<secondaryStructure.size();i++)

{

PO L Y
’

printOutput<<secondaryStructurel[i];

}
printOutput<<endl;

//writes the predicted secondary structure
printOutput<<"predictedSecondaryStructure:";
for (int i1=0;i<predictedSecondaryStructure.size () ;i++)
{

printOutput<<predictedSecondaryStructure[i];

}
printOutput<<endl;

//writes the
//printOutput<<"predictedSecondaryStructure:";

if (flag==0) {

printOutput<<"Output Value of:"<<endl;

for (int i=0;i<vectoroutputresult.at(l) .size();i++) {

if (1i==0)
printOutput<<"H\t";
else 1f (i==1)
printOutput<<"L\t";
else if (i==2)
printOutput<<"E\t";
for (int k=0;k<vectoroutputresult.size () ;k++)
{
printOutput.precision(4);
printOutput<<vectoroutputresult.at (k) .at(i);
if (k!=vectoroutputresult.size()-1)
printOutput<<",";
}
printOutput<<endl;
}
}
/*else
printOutput<<endl; */
}
else
{
//writes the name of a protein and the percentage of success
printOutputTrain<<proteinName<<" Correctness
Percentage:'"<<percentage<<"$"<<endl;
//cout<<proteinName<<endl;
//writes the primary structure
printOutputTrain<<"primaryStructure A
for (int i=0;i<primaryStructure.size();i++)
{
printOutputTrain<<primaryStructure[i];

}
printOutputTrain<<endl;

//writes the secondary structure
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printOutputTrain<<"secondaryStructure A
for (int i=0;i<secondaryStructure.size () ;i++)
{

printOutputTrain<<secondaryStructurel[i];

}
printOutputTrain<<endl;

//writes the predicted secondary structure
printOutputTrain<<"predictedSecondaryStructure:";
for (int i=0;i<predictedSecondaryStructure.size();i++)
{
printOutputTrain<<predictedSecondaryStructurel[i];
}
printOutputTrain<<endl;
/*for (int i=1;i<OtH.size () ;i++)
{
printOutput<<OtH.at (i)<<",";
}
printOutput<<endl; */
}

//*******************************************************************
Rt A i A i S I b S A S I b S 4

//void createNetworkFile (int hLayerOneSizeN, int hLayerTwoSizeN, int
hLayerOneSizeBN,

// int hLayerTwoSizeBN, int hLayerOneSizeFN, int
hLayerTwoSizeFN, int activationFuncTypeN,

// double learningRateN,double momentumN, int
windowSizeN,double gMinuslN, double gPluslN,

// int errorFunctionTypeN, int temporaryN, int
epochN, char trainFileN[100],char testFileN[100],

// char inputProfileN[100],char

outputProfileN[100],double percentage) :

//public method that is called to create a file with the parameters
of the network and an HTML file

//with information about the simulation

//Parameters:

// int hLayerOneSizeN :hidden layer
one size

// int hLayerTwoSizeN :hidden layer
two size

// int hLayerOneSizeBN :Backward
hidden layer one size

// int hLayerTwoSizeBN :Backward
hidden layer two size

// int hLayerOneSizeFN :Forward hidden
layer one size

// int hlLayerTwoSizeFN :Foeward hidden
layer two size

// int activationFuncTypeN :number that
corresponds to an activation function

// double learningRateN :learning rate

// double momentumN :momentum

// int windowSizeN :the window

size for each specific residue
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// double gMinuslN :the g operator
for forward recurrent neural network

// double gPluslN :the g operator
for backward recurrent neural network

// int errorFunctionTypeN :number that
corresponds to an error function

// int sN :the
operator s

// int epochN :number of
iterations

// char trainFileN[100] :the file name of
training set

// char testFileN[100] :the file name
of testing set

// char inputProfileN[100] :the file name of
input profile

// char outputProfileN[100] :the file name of
output profile

// double percentage :the percentage of
succes

//*******************************************************************
KAAIAAIAA XA A I A XK A XK A K

void OutputData::createNetworkFile (int hLayerOneSizeN, int
hlLayerTwoSizeN,int hLayerOneSizeBN,

int hLayerTwoSizeBN, int hLayerOneSizeFN, int
hlLayerTwoSizeFN,int activationFuncTypeN,

double learningRateN, double momentumN, int
windowSizeN,double gMinuslN,double gPluslN,

int errorFunctionTypeN, int sN,int epochN, char
trainFileN[100],char testFileN[100],

char inputProfileN[100],char
outputProfileN[100],double percentage)
{

//variables
char temp[100];
char templ[100];

//create the vectors
for(int 1=0;1<100;1i++)
{

temp[1i]="\0";
}

for(int 1=0;1<100;1++)
{

templ[1]="\0";
}

for (int i=0;i<100;i++)

{
temp[i]=folderName[i];
templ[i]=folderName[i];

}

//creates the string path and opens the output file with
parameters

strcat (temp, networkId) ;

strcat (temp," Network Specifications.txt");

printNetwork.open (temp) ;
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//creates the string path and opens the HTML file with results
//strcat (templ, "DataOut//") ;

strcat (templ, HTMLName) ;

strcat (templ, networkId) ;

strcat (templ," 1.html");

printNetworkHTML.open (templ) ;

writes e information to e outpu ile wi parameters
//writes the inf ti to th tput fil ith t
printNetwork<<"Network Specification"<<endl;
printNetwork<<"*********************"<<endl;
printNetwork<<"Size of Hidden Layer 1:"<<hLayerOneSizeN<<endl;
printNetwork<<"Size of Hidden Layer 2:"<<hLayerTwoSizeN<<endl;
printNetwork<<"Size of Forward Hidden Layer
1:"<<hLayerOneSizeFN<<endl;
printNetwork<<"Size of Forward Hidden Layer
2:"<<hLayerTwoSizeFN<<endl;
printNetwork<<"Size of Backward Hidden Layer
1:"<<hLayerOneSizeBN<<endl;
printNetwork<<"Size of Backward Hidden Layer
2:"<<hLayerTwoSizeBN<<endl;
printNetwork<<"Type of Activation Function (Hidden
Neurons) :"<<activationFuncTypeN<<endl;
printNetwork<<"Learning Rate:"<<learningRateN<<endl;
printNetwork<<"Momentum:"<<momentumN<<endl;
printNetwork<<"Window Size:"<<windowSizeN<<endl;
printNetwork<<"g-1:"<<gMinuslN<<endl;
printNetwork<<"g+l:"<<gPluslN<<endl;
printNetwork<<"Type of error Function (Hidden
Neurons) :"<<errorFunctionTypeN<<endl;
printNetwork<<"s:"<<sN<<endl;
printNetwork<<"Number of Iterrations: "<<epochN<<endl;
printNetwork<<"Name of Training File: "<<trainFileN<<endl;
printNetwork<<"Name of Testing File: "<<testFileN<<endl;
printNetwork<<"Name of Input Profile: "<<inputProfileN<<endl;
printNetwork<<"Name of Output Profile: "<<outputProfileN<<endl;

//writes the information to the HTML file with the simulation
results

printNetworkHTML<<"<!DOCTYPE html PUBLIC \"-//W3C//DTD XHTML
1.0 Strict//EN\" \"http://www.w3.0org/TR/xhtml1l/DTD/xhtmll-
strict.dtd\">"<<endl;

printNetworkHTML<<"<html
xmlns=\"http://www.w3.0rg/1999/xhtml\">"<<endl;

printNetworkHTML<<"<head>"<<endl;

printNetworkHTML<<"<title>Website Title</title>"<<endl;

printNetworkHTML<<"<meta http-equiv=\"Content-Type\"
content=\"text/html; charset=UTF-8\" />"<<endl;

printNetworkHTML<<"<link rel=\"stylesheet\" type=\"text/css\"
href=\"style.css\" media=\"screen\" />"<<endl;

printNetworkHTML<<"</head>"<<endl;

printNetworkHTML<<"<body>"<<endl;

printNetworkHTML<<"<div id=\"content\">"<<endl;

printNetworkHTML<<"<div id=\"header\">"<<endl;

printNetworkHTML<<"<hl><a href=\"#\">Protein Secondary
Structure Prediction </a></hl>"<<endl;

printNetworkHTML<<"<h2>University of Cyprus </h2>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div id=\"navigation\">"<<endl;

printNetworkHTML<<"<ul>"<<endl;

printNetworkHTML<<"<li><a href=\"#\">Report</a></li>"<<endl;
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printNetworkHTML<<"<1i><a href=\""<< HTMLName
<<" 2.html\">Output Files</a></li>"<<endl;

printNetworkHTML<<"</ul>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div class=\"right\">"<<endl;

printNetworkHTML<<"<h2>Report of: "<< HTMLName <<"</h2>"<<endl;

//printNetworkHTML<<"<p>This website illustrates the
Bidirectional Recurrent Neural Network specifications for Protein
Secondary Structure Prediction. The success prediction of this
experiment is: "<<percentage<<"$%$ </a>.</p>"<<endl;

//printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div class=\"right\">"<<endl;

printNetworkHTML<<"<h2>Network's Specifications: </h2>"<<endl;

printNetworkHTML<<"<p>Size of Hidden Layer 1: "<<
hLayerOneSizeN<<"</p>"<<endl;

printNetworkHTML<<"<p>Size of Hidden Layer 2: "<<hLayerTwoSizeN
<" < /p>"<<endl;

printNetworkHTML<<"<p>Size of Forward Hidden Layer 1:
"<<hLayerOneSizeFN <<" </p>"<<endl;

printNetworkHTML<<"<p>Size of Forward Hidden Layer 2:
"<<hLayerTwoSizeFN <<" </p>"<<endl;

printNetworkHTML<<"<p>Size of Backward Hidden Layer 1:
"<<hLayerOneSizeBN <<" </p>"<<endl;

printNetworkHTML<<"<p>Size of Backward Hidden Layer 2: "<<
hLayerTwoSizeBN<<" </p>"<<endl;

printNetworkHTML<<"<p>Type of Activation Function (Hidden
Neurons) : "<<activationFuncTypeN <<" </p>"<<endl;

printNetworkHTML<<"<p>Learning Rate: "<<learningRateN <<"
</p>"<<endl;

printNetworkHTML<<"<p>Momentum: "<<momentumN <<" </p>"<<endl;

printNetworkHTML<<"<p>Window Size: "<<windowSizeN <<"
</p>"<<endl;

printNetworkHTML<<"<p>g-1: "<< gMinuslN<<" </p>"<<endl;

printNetworkHTML<<"<p>g+l: "<<gPluslN <<" </p>"<<endl;

printNetworkHTML<<"<p>Type of error Function (Hidden Neurons) :
"<<errorFunctionTypeN <<" </p>"<<endl;

printNetworkHTML<<"<p>s: "<<sN <<" </p>"<<endl;

printNetworkHTML<<"<p>Number of Iterrations: "<<epochN <<"
</p>"<<endl;

printNetworkHTML<<"<p>Name of Training File: "<< trainFileN<<"
</p>"<<endl;

printNetworkHTML<<"<p>Name of Testing File: "<< testFileN<<"
</p>"<<endl;

printNetworkHTML<<"<p>Name of Input Profile: "<<inputProfileN
<<" </p>"<<endl;

printNetworkHTML<<"<p>Name of Output Profile: "<<outputProfileN
<<" </p>"<<endl;

printNetworkHTML<<"<h2>&nbsp;</h2>"<<endl;

printNetworkHTML<<"<a href=\"#\" title=\"Link Title\"><img
src=\"picl.jpg\" alt=\"Something\" width=\"695\" height=\"367\"
style=\"border: 3px solid #ddd;\" /></a>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div style=\"clear: both;\"> </div>"<<endl;

printNetworkHTML<<"<div id=\"footer\">"<<endl;

printNetworkHTML<<"&copy; Copyright by <a href=\"#\">University
of Cyprus</a> | Designed by <a href=\"#\">Michalis
Agathocleous</a></a>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"</body>"<<endl;

printNetworkHTML<<"</html>"<<endl;
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//close the pointers
printNetwork.close () ;
printNetworkHTML.close () ;

}

//*******************************************************************

*hkkhkkhkhkhkhkhkkhkkrhkhkhkhkhkkxkxk*k

//void closeAllPointers(): public method that is called to close all
the pointers to

//specific files
//*******************************************************************

KAARKAA KA A KA A KA XK AKXk A K

void OutputData::closeAllPointers () {

printError.close();
printErrorP.close();
printOutput.close ()

’

void OutputData::closeOutputPointers () {
printOutput.close();
}

void OutputData::createEnsembleOutputFile () {
printEnsembleResults.open ("ensembleResults.txt");

printEnsembleResults<<"ID\t\tpdbCode\t\tchain\t\tAA\t\tObsSS\t\
tPredSS\t\tH\t\tE\t\tL\t\tBRNN1_ H\t\tBRNN1 E\t\tBRNN1 L\t\tBRNN2_ H\t\
tBRNN2 E\t\tBRNN2 L\t\tBRNN3 H\t\tBRNN3 E\t\tBRNN3 L\t\tBRNN4 H\t\tBR
NN4 E\Nt\tBRNN4 L\t\tBRNN5 H\t\tBRNN5 E\t\tBRNN5 L\t\tBRNN6 H\t\tBRNN6
_ENt\tBRNN6 L"<<endl;

printEnsembleResultS<<"****************************************
KK AR KR AR A AR A AR A AR A AR A AR A AR A AR A A A A A A A AL AR A A AR A A A A A A A A A A A A A AR A A AR Ak kK,
KK AR KR AR A AR A AR A AR A AR A AR A AR A A KA A A A A A A A AL A AR AR A A A A A A A A A A A A A A A A A A ARk Kk
KK AR KR AR A AR A AR A AR A AR A AR A AR A A KA A A A A A A A AL A AL A AR A A A A A A A A A A A A A A A A AR ARk Kk

Kok ok kk ok kk Kk kAN <<and] ;

void OutputData::closeEnsembleOutputFile () {

printEnsembleResults.close();

void OutputData::printEnsembleOutputFile (vector<char>
primaryStructure, vector<char> secondaryStructure,

vector<char> predictedSecondaryStructure, char
proteinName[100], vector<vector <double> > vectoroutputresultl,

vector<vector <double> > vectoroutputresult2,
vector<vector <double> > vectoroutputresult3,

vector<vector <double> > vectoroutputresult4,
vector<vector <double> > vectoroutputresulth,
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vector<vector <double> > vectoroutputresulto,
vector<vector <double> > vectoroutputresultensemble) {

//cout<<primaryStructure.size ()<<"
"<<predictedSecondaryStructure.size ()<<endl;

for (int i=0;i<primaryStructure.size();i++)

{

ensembleOutputCounter++;

printEnsembleResults<<ensembleOutputCounter<<"\t\t"<<proteinNam
e[0]<<proteinName[l]<<proteinName[2]<<proteinName[3]<<"\t\t"<<protein
Name [4]<<"\t\t"<<primaryStructure[i]<<"\t\t"<<secondaryStructure[i]<<
"\t\t"<<predictedSecondaryStructure[i]<<"\t\t"<<vectoroutputresultens
emble[1] [0]<<"\t\t"<<vectoroutputresultensemble[i] [2]<<"\t\t"<<vector
outputresultensemble[i] [1]<<"\t\t"<<vectoroutputresultl[i] [0]<<"\t\t"
<<vectoroutputresultl[i] [2]<<"\t\t"<<vectoroutputresultl[i] [1]<<vecto
routputresult2[1i] [0]<<"\t\t"<<vectoroutputresult2[i] [2]<<"\t\t"<<vect
oroutputresult2[i] [1]<<vectoroutputresult3[i] [0]<<"\t\t"<<vectoroutpu
tresult3[i] [2]<<"\t\t"<<vectoroutputresult3[i] [l]<<vectoroutputresult
4[i][0]<<"\t\t"<<vectoroutputresultd[i] [2]<<"\t\t"<<vectoroutputresul
t4[i] [1]<<vectoroutputresult5[i] [0]<<"\t\t"<<vectoroutputresult5[i] [2
]<<"\t\t"<<vectoroutputresult5[i] [1]<<vectoroutputresult6[i] [0]<<"\t\
t"<<vectoroutputresult6[i] [2]<<"\t\t"<<vectoroutputresult6[i] [1]<<end
1;

}
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NAPAPTHMA B

Apxeio MNoapapétpwv Apxikomnoinong
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Hidden_layer_one_size 15
Hidden_layer_two_size 0
Hidden_layer_one_of Backward_size 17
Hidden_layer_two_of Backward size O
Hidden layer_one_of Forward_size 17
Hidden_layer_two_of Forward size O
Activation_Function_Type_Hidden 1
Activation_Function_Type_Output 1
Learning_Rate 0.09

Momentum 0.5

Window_size 31

gq_minus_one 0.6

g_plus_one 0.6
Error_Function_Type_Hidden 1
Error_Function_Type_Output 1

s3

Maximum_lIterations 1
/**********lnputFiles**********/
input_Profile msa.txt

output_Profile threeClasses.txt
train_File trainSet0

test_File testSet0
JRFRFFFRERXOtherParams** ¥ ¥k x %/
msa_Enable 1

randomizeDataset 1
center_window_size 12

nameofOutPutFile testingName
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NAPAPTHMAT

Apxeio Aedopévwv ELloddou

1bujA

AVINTFDGVADYLIRYKRLPDNYITKSQASALGWVASKGNLAEVAPGKSIGGDVFSNREGRLPSASGRTW
READINYVSGFRNADRLVYSSDWLIYKTTDHYATFTRIR.
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LLLLSHHHHHHHHHHHSSLLTTEELHHHHHHHTLLSSSSLHHHHSTTLEEEEEELLLLSSSSLLSSSLLEEEEE
SSLSSSSLLLSEEEEETTLLEEEESSSSSSLEELL.

2el8A

GSSGSSGEVLAKEEARRALETPSCFLKVSRLEAQLLLERYPECGNLLLRPSGDGADGVSVTTROMHNGTH
VVRHYKVKREGPKYVIDVEQPFSCTSLDAVVNYFVSHTKKALVPFLLD.

LLLLLLLLLLLSLLLLLLSSSLTTLLLLLHHHHHHHHHHSSTTLSBEEEELLSSSSSEEEEELLLBTTBLLLEEELBLL
BTTBLLBSSSSLLLLSSHHHHHHHHHHHSSSLLLBLLLL.

1codA
MVVINGVKYACDSCIKSHKAAQCEHNDRPLKILKPRGRPPTT.
LEEETTEEEEETTTTTTSGGGGLLLLSSLEEEELSLLLLSLL.
ledsA

TTLYTSLHGYFVFGPTGCNLEGFFATLGGEI.
LLLSSTTSSLGGGLSSTTLHININIILL.

2byeA

GEERKCLQTHRVTVHGVPGPEPFTVFTINGGTKAKQLLQQILTNEQDIKPVTTDYFLMEEKYFISKEKNEC
RKQPFQRAIGPEEEIMQILSSWFPEEGYMGRIVLKTQQE.

LLLSSLLLLLEEEESSLSSSSSSEEEELLTTLLHHHHHHHHHLLSSSSLLLLLSEEEEEELLLLSSSSLSLTTSLLEEE
ELSSSLHHHHHHHLLTTTTTLLLEEEEESLL.

1hfoA
ALKKHHENEISHHAKEIERLQKEIERHKQSIKKLKQSEDDD.

LLSSHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHLL.
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NAPAPTHMA A

Apxeio Aebopévwv EE660V

2e5tA Correctness Percentage:78.2609%
primaryStructure :IDVLRAKAAKERAERRLQSQQDDIDFKRAELALKRAMNRLSVAEMK
secondaryStructure :LLHHHHHHHHHHHHHHHLLLLLLLLHHHHHHHHHHHHHHHHHHHLL
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predictedSecondaryStructure:LLLHHHHHHHHHHLHLLLLLLLLLHHLHHHHHHHHHHHHHLLLLLL
2e60A Correctness Percentage:84.1584%

primaryStructure
:GSSGSSGVAPLGLSVPSDVELPPTAKMHAIIERTASFVCRQGAQFEIMLKAKQARNSQFDFLRFDHYLNP
YYKFIQKAMKEGRYTVLAENKSDEKKKSGVS

secondaryStructure
.ceeeeeeeeeeeeeeeeeeeete HHHHHHHHHHHHHHHHLLHHHHHHHHAHALLLLLLLHHHLLLLLHHHHH
HHHHHHHHHLLLLLLLLLLLLLLLLLLLL

predictedSecondaryStructure:LLLLLLLLLLLLLLLLLLLLLLLLHHHHHHHHLLLLEHLLLLLHHHHHHHLL
Leeeeeetectb bbbl ltHHHHHHHHHHHLLLLLLLLLLLLLLLLLLLL

2e61A Correctness Percentage:82.6087%

primaryStructure
:GSSGSSGEISGFGQCLVWVQCSFPNCGKWRRLCGNIDPSVLPDNWSCDQNTDVQYNRCDIPEETWTG
LE

secondaryStructure
:LLLLLELLLLLLLLLLLEEELLLLLLLLEEELLLLLLLLLLLLLLLHHHLLLHHHLLLLLLLLELLLLL

predictedSecondaryStructure:LLLLLLLLLLLLLLLLLELLLLLLLLLLELLLLLLLLLLLLLLLELEELLLLLLLLLLL
LLLLELLLLL

2e62A Correctness Percentage:72.1311%

primaryStructure
:GSSGSSGNGMDEEQRQKRRRIEVALIEYRETLEEQGMKNPEEIERKVEINRKRLEVDYGLS

secondaryStructure
etttk HHHHHHHHHHHHHHHHHHHHHHHHAHLLLLHHHHHHHHHHHHHHHHHHLLLL

predictedSecondaryStructure:LLLLLLLLLHHHLLHHHHHHHHELLLHHHHLHLLLLLLLLHHHLHHHHH
HLLLHHHLLLLL
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NAPAPTHMA E

Apxeio Kwéwomoinong Etcobovu

Kwdwomnoinon Etooéovu pe MSA profiles

laOaA.txt
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0.2500.50.250000000000000000
000000000000000.270.710.01000
000000000000000.780.220000
0.0100.030.0100000.2600.030.4300000.010.20.010
0.080000000.160.0300.330.030000000.370
0oo0000O000O0OOOO10000O0O0
000.170000000000000.830000
0.070.470.120000.0100.0100.01000.210000.0900
0.1100.01000000.8500.03000000000
0ooo00000O0OOOOOOOO1O0O0
000000000000000.110.040.85000
00000000.610.05000.03000.070.2300.0100
0ooo00000O0OOOOO10000O0
0ooo00000O0OOOOO10000O0
0000000.16000000.010.010000.090.710.01
00000000000.090000.730000.170
00.160.680.160000000000000000
000000000.05000.030000.17000.750
0.070.050.030.080.03000000.080.2100000.0400.410
000000.01000.250.710000.030000000
0.120.530.1700.17000000000000000
00.010000000.0800.040.0300.070.080.320.1900.010.17
0000.0400000000.15000.0100.030.7200.05
00.630.350.030000000000000000

Kwdwkomnoinon Elooéou xwpic MSA profiles

Orthogonal_Encoding_(Sparse)

3k 3k 3k 3k 3k 3k 3k 3k %k 3k ok 3k 3k sk k kK kkk kkkkkkkk

Resedue_volume 1
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A 10000000000000000000
C 01000000000000000000
D 00100000000000000000
E 00010000000000000000
F 00001000000000000000
G 00000100000000000000
H 00000010000000000000
1 00000001000000000000
K'00000000100000000000
L 00000000010000000000
M 00000000001000000000
N 00000000000100000000
P 00000000000010000000
Q 00000000000001000000
R 00000000000000100000
S 00000000000000010000
T 00000000000000001000
V 00000000000000000100
W 00000000000000000010
Y 00000000000000000001
X 00000000000000000000
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NAPAPTHMA 2t

Post-Processing Filtering
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#include
#include
#include
#include
#include
#include
#include
#include

#include
#include
#include
#include
#include

Self-Organized Map Kohonen

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<stdlib.h>
<math.h>
<sstream>

"parameters.h"
"pattern.h"
"epoch.h"
"neuron.h"
"neutralnet.h"

using namespace std;
using std::ifstream;

int main () {

main.cpp

/* initialize random seed: */

srand ( time (NULL)

//declare Neutral Network

neutralnet myNeutralnet ("parameters.dat");
cout << "Simulation Begin..." << endl;
//Start Simulation / Make calculations

myNeutralnet.calculate();
cout << "Simulation End..." << endl << endl;

//Run the Test File automatic to see some examples
myNeutralnet.autorunTestFile() ;

return 0;
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#include
#include
#include
#include
#include
#include
#include
#include
#include

Neutralnet.cpp

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>
"neutralnet.h"
"pssp.h"

using namespace std;
using std::ifstream;

neutralnet::neutralnet (string paramfile) {

//My Parameters, define and read

myParamaters = new parameters (paramfile);

myParamaters->setNumOfInputs (15);
myParamaters->print(); // print them

//My Training and Test File

string trainingFile=myParamaters->getTrainFile();
string testFile=myParamaters->getTestFile();
myTraining= new epoch(trainingFile,myParamaters-

>getNumOfInputs());

myTest= new epoch(testFile,myParamaters->getNumOfInputs());
psspFile=new pssp(testFile);

//other initializes

learningRate=myParamaters->getLearningRate () ;

radius = myParamaters->getMapSideSize () /2;
T = myParamaters->getMaxIterations ()/log(radius) ;

//create neurons of the network

for (int i=0; i<myParamaters->getMapSideSize(); i++)

{
myNeurons.push back( vector<neuron>() );
for (int j=0; j<myParamaters->getMapSideSize(); Jj++)
{

myNeurons.back () .push back (neuron (myParamaters-

>getNumOfInputs()));

}
}
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#ifndef NEUTRALNET H INCLUDED
#define NEUTRALNET H INCLUDED

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

#define startLearningRate 0.6

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>

"parameters.h"

"pattern.h"
"epoch.h"
"neuron.h"
"bmp.h"
"pssp.h"

using namespace std;
using std::ifstream;

class neutralnet {

private:

neutralnet.h

vector < vector <neuron> > myNeurons;

neuron* winningNeuron;

//store pointer of the winning neuron

int winningNeuronX; //position

int winningNeuronY;

double radius;

epoch *myTest;

double
double
double

public:

pssp *psspFile;

neighbourhoodRadius;
influence;
learningRate;

double T; // time constant

//radius of the map
parameters *myParamaters;
epoch *myTraining;

// the radious of neighbourhood

neutralnet (string paramfile);

//Set Values

void calculate ()

{

//Writing results.dat

ofstream resultsFile("results.dat",ios::out);

266



ifstream myFile;
myFile.open ("Z Outputl.txt");

ofstream script ("script.txt",ios::out);
char temp[4000];

for (int k=0; k<myParamaters->getMaxIterations(); k++)

{

cout << "Itaration : " << k << endl;
resultsFile << k;
float error=0.0;

//run Training File
for (int i=0; i<myTraining->getNumOfPatterns();
i++)
{
for (int s=0; s<myTraining-
>getNumOfInputsInPattern(i); s++) {

winningNeuron = findWinningNeuron (myTraining-
>getInputs (i, s));

//finding error

error+=winningNeuron-
>calculateDistance (myTraining->getInputs (i, s)):;

//calculate radius of neighbourhood
neighbourhoodRadius = radius * exp (-
(double) k/T) ;

for (int n=0; n<myParamaters-
>getMapSideSize (); n+t+)

for (int m=0; m<myParamaters-
>getMapSideSize (); mt++)

//the Euclidean distance
double DistToNodeSg
=pow ( (winningNeuronX-m),2) + pow((winningNeuron¥Y-n),2) ;

double WidthSqg =
pow (neighbourhoodRadius ,2);

//1if within the neighbourhood
adjust its weights

if (DistToNodeSg < (WidthSq))

{

//calculate by how much its
weights are adjusted

influence = exp (-
(DistToNodeSqg) / (2*WidthSq));

myNeurons [n] [m] .changeWs (myTraining->getInputs (i, s),
learningRate, influence) ;

myNeurons [n] [m] .setContent (myTraining->getOutput (i,s));
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}
}

cout << "Itaration : " << k << endl;

}

//Final Training Error
error/=myTraining->getNumOfPatterns () ;
resultsFile << "\t\t\t" << error;

//change learning rate
learningRate = startLearningRate * exp (-
(double) k/myParamaters—->getMaxIterations()) ;

//run Test File
for (int i1=0; i<myTest->getNumOfPatterns(); i++)
{
for (int s=0; s<myTraining-
>getNumOfInputsInPattern (i) ; s++) {
winningNeuron = findWinningNeuron (myTest-

>getInputs(i,s));

//finding error
error+=winningNeuron-
>calculateDistance (myTest->getInputs (i, s))

}

}

//Final Test Error
error/=myTest->getNumOfPatterns () ;
resultsFile << "\t\t\t" << error << "\n";

}

//closing file
resultsFile.close();

//writing weights to file
printWeights () ;

//writing chars to file | Clustering
printCharacterMap () ;

//writing chars to file as colors | Clustering with Image
printImage () ;

int counter=0;

for (int i=0; i<psspFile->getNumOfPatterns(); i++)

{

myFile >> temp;
script << temp;
script << " ";

mnyFile >> temp;
script << temp;
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script
myFile
script
script

myFile
script
script
myFile
script
script

myFile
script
script
myFile
script
script

script<< "predictedSecondaryStructure:

<<
>>
<<
<<

>>
<<
<<
>>
<<
<<

>>
<<
<<
>>
<<
<<

won,
’

temp;
temp;
endl;

temp;
temp;
temp;
temp;
endl;

temp;
temp;
temp;
temp;
endl;

// cout<<"kati"<<endl;
for (int k=0;k<psspFile-

>getproteinsize (i) ; k++) {

//calculate output in hidden layer neurons
/*vector <double> tem;
tem=psspFile->getInputs (i, k) ;

s=0;s<tem.size () ;s++)

tem.at (s) <<endl;

*/

int ot=0;
counter++;

winningNeuron =
>getInputs (i, k));

for (int

cout<<

findWinningNeuron (psspFile-

char tempActual=winningNeuron->getContent () ;
//char tempWanted=myTest->getOutput (k) ;

// 1f (ot==0)

script<<tempActual;

script<<tempActual;

/*else if

(ot==1)

else
script<<tempActual;
*/
//error += pow( myTest-
>getInputValueOfPattern (i, j) - myOutputNeurons[]j].getValue(), 2);
}
script<<endl;

mnyFile >> temp;
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script.close();
myFile.close();

neuron* findWinningNeuron (vector<double> inputs)

{

neuron* rv = NULL;

double smallestDistance =
myNeurons [0] [0] .calculateDistance (inputs) ;

rv=&myNeurons[0] [0];
winningNeuronX=0;
winningNeuronY=0;

for (int i1=0; i<myParamaters->getMapSideSize(); i++)
{
for (int j=0; j<myParamaters->getMapSideSize();
j++)

//1f distance < smallest
double distance =
myNeurons[i] [j].calculateDistance (inputs) ;
if (distance < smallestDistance)

{

smallestDistance = distance;
rv = &myNeurons[i][J];
winningNeuronY=i;
winningNeuronX=7j;

}

return rv;

void print ()

{
cout << "This is a NeutralNet!" << endl;

}

voild printWeights ()

{
//Writing (weights.dat)
ofstream weightsFile ("weights.dat",ios::out);

//for each neuron row

for (int i=0; i<myParamaters->getMapSideSize (); i++)

{

//for each neuron
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for (int j=0; j<myParamaters->getMapSideSize ()
j++)

weightsFile << "Neuron No: " << i << " , " <<
j << endl;

/// Print the weights of neuron
for (int k=0; k<myNeurons[i][]].getNumOfWs () ;
k++)

welghtsFile << "\t" <<
myNeurons[i] [J].getW (k) << "\n";
}
weightsFile << endl;

}

weightsFile.close () ;

}

//Print Clustering
void printCharacterMap ()

{
//Writing (weights.dat)
ofstream charMapFile("clustering.dat",ios::out);

//for each neuron row
for (int i1=0; i<myParamaters->getMapSideSize(); i++)

{

//for each neuron
for (int j=0; j<myParamaters->getMapSideSize ()
J++)

charMapFile << myNeurons[i][j].getContent ()
<< " " ,.

}
charMapFile << endl;

}

charMapFile.close();

}

//auto run the Test File
void autorunTestFile ()

{
cout << "Wanted\t\t" << "Actual" << endl;

int countTrue=0;

//run Test File
for (int i=0; i<myTest->getNumOfPatterns(); i++)

{
for (int s=0; s<myTraining-
>getNumOfInputsInPattern (i); s++) {
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winningNeuron = findWinningNeuron (myTest-
>getInputs (i, s));

char tempActual=winningNeuron->getContent () ;
char tempWanted=myTest->getOutput (i, s):;

if (tempWanted==tempActual)
{
countTrue++;

}

cout << tempWanted << "\t\t" << tempActual << endl;
}

}

cout << "Find True: " << countTrue << "/" << myTest-
>getNumOfPatterns () << endl;

}
//print clustering in Image
void printImage ()
{
bitmap myResults (myParamaters->getMapSideSize (), 20);

myResults.createBitmap (myNeurons) ;

b

#endif
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Neuron.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#include <sstream>
#include "neuron.h"

using namespace std;
using std::ifstream;

neuron: : neuron (int nOfWs) {
numOfWs=n0OfWs;

for (int i=0; i<numOfWs; i++)
{
/* generate random number and tranform between 0 and 1:
*/
double temp = rand() % 10000 + 1;
temp/=10000;
//cout << temp << endl;
w.push back (temp) ;
}
//cout << endl;

273



neuron.h

#ifndef NEURON H INCLUDED
#define NEURON H INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>

#include <stdio.h>
#include <math.h>

#include <sstream>

using namespace std;
using std::ifstream;

class neuron

private:
vector< double> w;
int numOfWs;
char content;

public:
neuron (int nOfWs) ;

//Set Values

voilid addW (double wvalue) {
w.push back (value)

r

}

void setW(double value, int position) {
w.at (position)=value;

}

char setContent (char c) {
content=c;

}
//Get Values

double getW (int 1) {
return w.at (i) ;

}

char getContent () {
return content;

}
int getNumOfWs () {

return numOfWs;

}

/* calulate distance */
double calculateDistance (vector<double> inputs)
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double distance = 0.0;

for (int i=0; i<numOfWs; i++)
{

distance += (inputs[i] - w[i]) * (inputs[i] -

}

return sqgrt (distance);

/* change weights */
void changeWs (vector<double> inputs, double learningRate,

double influence)

b

#endif

for (int i=0; i<inputs.size(); i++)
{

w[i] += learningRate * influence * (inputs[i]
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#include
#include
#include
#include
#include
#include
#include
#include

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>
"pattern.h"

using namespace std;
using std::ifstream;

pattern::

{

pattern ()

//do nothing

}

pattern.cpp
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pattern.h

#ifndef PATTERN H INCLUDED
#define PATTERN H INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>

using namespace std;
using std::ifstream;

class pattern {

private:
vector<double> inputs;
char output;

vector<int> ots;
public:
pattern ();

//Set Values
void addInput (double wvalue)

{
inputs.push back(value);

}

void setOutput (char value)

{
output=value;

}

//Get Values
double getInput (int position)
{

return inputs.at (position);

}

int getNumOfInputs ()
{

return inputs.size();

}

char getOutput ()
{
return output;

}

vector <double> getInputs()
{

return inputs;
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void print ()

cout << " -> pattern:" << endl;
for (int i=0; i<inputs.size(); i++)
cout << "\t Input" << 1 << ": " << inputs.at(i) <<
endl;
cout << "\t Output" << ": " << output << endl;
}
void addOutput (int value)
{
ots.push back(value);
}
}i
#endif
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pssp.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "epoch.h"
#include <sstream>
#include <algorithm>
#include <iterator>

using namespace std;
using std::ifstream;

#include "pssp.h"

pssp::pssp (string s)
{
fileName=s;
int tempI=0;
int counter=0;

char temp[4000];
char * split;

char secondaryStructure([4000];

vector <pattern> protein;

//Reading File

ifstream myFile;
myFile.open("Z Filter Outputl.txt");
myFile >> temp;

while (!myFile.eof())

{

myFile >> temp;

myFile >> temp;

myFile >> temp;

myFile >> temp;

myFile >> temp;

myFile >> temp;

for (int 1=1;1<500;1++) {
secondaryStructure[i-1]=temp[i];

}

for (int 1=0;1<500;1++) {
//counter++;
if (secondaryStructurel[i]=="\0")
break;

elsef
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}

protein.push back(pattern())
if (secondaryStructurel[i]=="
protein.back () .addOutput
else
protein.back () .addOutput (0) ;
if (secondaryStructurel[i]=='E")
protein.back () .addOutput (1) ;
else
protein.back () .addOutput (0) ;
if (secondaryStructurel[i]=='L")
protein.back () .addOutput (1) ;
else
protein.back () .addOutput (0) ;

HY)
(1) ;

}

//print () ;
myFile >> temp;

myFile
myFile
myFile
myFile
myFile

split

>> temp;
>> temp;
>> temp;
>> temp;
>> temp;

= strtok (temp,",");

counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

myFile >> temp;
myFile >> temp;

split

= strtok (temp,",");

counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

myFile >> temp;
myFile >> temp;

split

= strtok (temp,",");

counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

//tempI=counter;
sequence.push back (protein) ;
myFile >> temp;

protein.clear () ;

}

myFile.close();
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//print () ;
/*for (int 1=0;i<sequence.size () ;i++)
if (i==1)
for (int j=0;j<sequence.at (i) .size();Jj++)
for (int
k=0; k<sequence.at (i) .at(j) .getNumOfInputs () ; k++)
cout<< sequence.at (i) .at(j) .getInput (k)<<endl;
*/
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pssp.h

#ifndef PSSP H INCLUDED
#define PSSP _H INCLUDED
#include <iostream>
#include <fstream>

#include <string.h>
#include <vector>

#include <stdio.h>

#include <math.h>

#include <sstream>

#include "pattern.h"

using namespace std;
using std::ifstream;

class pssp {

private:
vector <vector <pattern> > sequence;

string fileName;

vector <double> minInputsInColumn;

vector <double> maxInputsInColumn;
public:

pssp (string s);

int getNumOfPatterns ()

return sequence.size();

int getproteinsize (int value)

return sequence.at (value) .size();

vector <double> getInputs(int i,int 7Jj)

return sequence.at (i) .at(j).getInputs();

#endif
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#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

using na
using st

epoch::e
{
fi

numOfInputs=numOfIn;

in

ch

//

if

while (!myFile.eof ())

{

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>
"epoch.h"
<sstream>
<algorithm>
<iterator>

mespace std;
d::ifstream;

epoch.cpp

poch (string s,int numOfIn)

leName=s;

t tempI=0;
int counter=0;

ar temp[4000];
char * split;

char secondaryStructure([4000];
vector <pattern> protein;

Reading File

stream myFile;

myFile.open("Z Filter.txt");

//ofstream resultsFile ("dokimi.txt",ios

myFile >> temp;

myFile
myFile
myFile
myFile
myFile

for (int 1=0;1<4000;i++) {

>>
>>
>>
>>
>>

temp;
temp;
temp;
temp;
temp;

temp[i]="\0";
secondaryStructure[1]="\0";

}

myFile >> temp;

for (int i=1;i<500; i++)
(temp[i]=="\0"

if

break;
secondaryStructure[i-1]=temp[i];
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for (int i=0;i<500;i++) {
//counter++;

if (secondaryStructurel[i]=="\0")
break;
else(
protein.push back(pattern());
if (secondaryStructure[i]=="'H")
protein.back () .setOutput ('H'");
else if (secondaryStructurel[i]=='E")
protein.back () .setOutput ('E'");
else if (secondaryStructurel[i]=='L")

protein.back () .setOutput ('L");

}

myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;

split = strtok (temp,",");
counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

mnyFile >> temp;

myFile >> temp;

split = strtok (temp,",");
counter=0;

while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL));
split = strtok (NULL,",");
counter++;

}

myFile >> temp;

myFile >> temp;

split = strtok (temp,",");
counter=0;

while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

//tempI=counter;
myPatterns.push back(protein);
nyFile >> temp;

protein.clear () ;
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}
myFile.close();
/* for(int i1i=0;i<myPatterns.size () ;i++)
if (i==8)
for (int j=0;j<myPatterns.at (i) .size();]Jj++)
for (int
k=0; k<myPatterns.at (i) .at (j) .getNumOfInputs () ; k++)
cout<< myPatterns.at (i) .at(j).getInput (k)<<endl;*/
// vector <double> temp;
int window=2;
for (int i1=0; i<getNumOfPatterns(),; i++) {

for (int s=0;
s<getNumOfInputsInPattern(i); s++) {
if (s==0) {
for (int x=0; x<window*3; x++) {

myPatterns.at (i) .at (s) .addInput (0) ;
}
}
else(
vector <double> temp;
temp=getInputs (i, s-1);
for (int x=0; x<window*3; x++) {

myPatterns.at (i) .at (s) .addInput (temp[x]) ;
}
}

if (myPatterns.at (i) .size()-1-
s<window) {
for (int x=1;
x<=myPatterns.at (i) .size()-1-s; x++) {
vector <double> temp;
temp=getInputs (i, s+x);
for (int o=0; o0o<3; o++)

myPatterns.at (i) .at(s) .addInput (templo]) ;
}

for (int x=0; x<window-

(myPatterns.at (i) .size()-1-s); x++){
for (int o=0; o0o<3; o++)

myPatterns.at (i) .at(s) .addInput (0) ;

}

else(

for (int x=1; x<=window; x++) {
vector <double> temp;
temp=getInputs (i, s+x) ;
for (int o=0; 0<3; o++)

myPatterns.at (i) .at (s) .addInput (templo]) ;

}

/*for (int 1=0;i<myPatterns.size () ;i++)
1f (1i==490)
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for (int j=0;j<myPatterns.at (i) .size();Jj++)
if (§==211)
for (int
k=0; k<myPatterns.at (i) .at (j) .getNumOfInputs () ; k++)
cout<< myPatterns.at (i) .at(j).getInput (k)<<endl;*/

/*while (!myFile.eof ())

myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
for(int 1=0;1<4000;i++) {
temp[i]="\0";
secondaryStructure[i]="\0";
}
myFile >> temp;
for(int 1=1;1<500;1i++) {
if (temp[i]=='\0")
break;
secondaryStructure[i-1]=temp[i];
resultsFile << secondaryStructure[i-1];

resultsFile << endl;

for (int 1=0;1<500;1++) {
//counter++;
if (secondaryStructure[i]=='\0")
break;

else(
myPatterns.push back (pattern());
if (secondaryStructure[i]=='H")
myPatterns.back () .setOutput ('H
else if (secondaryStructure[i]=='E'
myPatterns.back () .setOutput ('E
else if (secondaryStructure[i]=='L
myPatterns.back () .setOutput ('L") ;
resultsFile << myPatterns.back().getOutput ()
}
}
resultsFile << endl;
//resultsFile << endl;
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//print () ;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;

split = strtok (temp,",");
counter=templ;

int count2=0;

while (split!=NULL) {

myPatterns.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;
count2++;

}

counter=templI;*/

/* for (int d=0;d<count2;d++)
for (int s=0;s<2;s++) {

1f(d==0 | |d==1 || d==2)
myPatterns.at (d) .addInput (0) ;
else(

myPatterns.at (d) .addInput ( myPatterns.at (d-s-
1) .getInput());

b/

/* myFile >> temp;
myFile >> temp;
split = strtok (temp,",");
counter=templI;
while (split!=NULL) {

myPatterns.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

myFile >> temp;

myFile >> temp;

split = strtok (temp,",");
counter=templI;

while (split!=NULL) {

myPatterns.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}
tempI=counter;
myFile >> temp;

}*/
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epoch.h

#ifndef EPOCH H_ INCLUDED
#define EPOCH H_INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "pattern.h"

using namespace std;
using std::ifstream;

class epoch {

private:
vector <vector <pattern> > myPatterns;
//vector <pattern> myPatterns?2;
string fileName;
int numOfInputs;

public:
epoch (string s,int numOfIn);

void print ()
{
cout << "Epoch: " << fileName << "\n";
for (int 1=0; i<myPatterns.size(); i++) {
cout << "\t" << 1i;
//myPatterns.at (i) .print () ;

int getNumOfPatterns ()
{

return myPatterns.size();

int getNumOfInputsInPattern (int patternPos)
{
/*For creating window size we change this one to the next
one*/
//return myPatterns.at (patternPos) .getNumOfInputs () ;
return myPatterns.at (patternPos) .size();

}

double getInputValueOfPattern (int patternPos, int inputPos)

{
//return myPatterns.at (patternPos) .getInput (inputPos) ;
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int getOutputValueOfPattern (int patternPos)
{

//return myPatterns.at (patternPos) .getOutput () ;
}

vector <double> getInputs (int i,int 3Jj)
{
/*For creating window size we change this one to the next one*/
//return myPatterns.at (patternPos) .getInputs();
return myPatterns.at (i) .at(j).getInputs();
}

char getOutput (int i,int 3J)
{
return myPatterns.at (i) .at (j) .getOutput ()
}
}i

#endif
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parameters.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "parameters.h"

using namespace std;
using std::ifstream;

parameters: :parameters (string s="parameters.dat") {

//initialize
mapSideSize=-1;
learningRate=-1;
neighborhoodRadius=-1;
maxIterations=-1;
trainFile="";
testFile="";
fileName=s;
numOfInputs=-1;

//tempory Vars
int tempI;
double tempD;
string tempS;

//Reading Parameters

ifstream parametersFile(fileName.c str(),ios::in);

parametersFile >> tempS; parametersFile >> templ;
setMapSideSize (tempI) ;

parametersFile >> tempS; parametersFile >> tempD;
setLearningRate (tempD) ;

parametersFile >> tempS; parametersFile >> templ;
setNeighborhoodRadius (tempI) ;

parametersFile >> tempS; parametersFile >> templ;
setMaxIterations (tempI) ;

parametersFile >> tempS; parametersFile >> tempS;
setTrainFile (tempS) ;

parametersFile >> tempS; parametersFile >> tempS;
setTestFile (tempS) ;

parametersFile.close();

}
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paraneters.h

#ifndef PARAMETERS H INCLUDED
#define PARAMETERS H INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>

using namespace std;
using std::ifstream;

class parameters {
private:
int mapSideSize;
double learningRate;
int neighborhoodRadius;
int maxIterations;
string trainFile;
string testFile;
string fileName;
int numOfInputs;
public:
parameters (string s);
void setMapSideSize (int i)
{
mapSideSize=i;

void setLearningRate (double d)

learningRate=d;

void setNeighborhoodRadius (int 1)

neighborhoodRadius=i;

void setMaxIterations (int 1)

maxIterations=i;

void setTrainFile(string s)

trainFile=s;

void setTestFile(string s)
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testFile=s;

void setNumOfInputs (int 1)
{

numOfInputs=i;

int getMapSideSize ()
{

return mapSideSize;

double getLearningRate ()
{

return learningRate;

int getNeighborhoodRadius ()
{

return neighborhoodRadius;

int getMaxIterations ()

{

return maxIterations;

string getTrainFile ()
{

return trainFile;

string getTestFile ()
{

return testFile;

int getNumOfInputs ()
{

return numOfInputs;

void print ()

{

cout << "Parameters: " << fileName << endl;
cout << "\t mapSideSize: " << mapSideSize << endl;
cout << "\t learningRate: " << learningRate << endl;
cout << "\t neighborhoodRadius: " << neighborhoodRadius
<< endl;
cout << "\t maxIterations: " << maxIterations << endl;
cout << "\t trainFile: " << trainFile << endl;
cout << "\t testFile: " << testFile << endl;
cout << "\t numOfInputs: " << numOfInputs << endl;
}
}i
#endif
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bmp.h
#include <fstream>
#include <iostream>
#include "neuron.h"

using namespace std;
class bitmap {
private:

struct BMP_ HEADER
{

long
long
long
long

size of file;
reserve;
offset of pixle data;
size of header;

long width;

long hight;

short num of colour plane;
short num of bit per pix;
long compression;

long size of pix data;
long h resolution;

long v_resolution;

long num of colour in palette;
long important colours;

}
BMP_ HEADER;

struct COLOR_ PALLATE
{
char blue;
char green;
char red;

}COLOR_PALLATE;

short padding;

short BM ;

int w_in pix;

int h in pix;

struct COLOR PALLATE BGR
int sizeOfPixel;

[26];

void initializeColors ()

{

//color 1 mple

BGR [0] .blue = OxFF; BGR [0].green = 0x00;
BGR [0].red = 0x00;

//color 2 prasino

BGR [1].blue = 0x00; BGR [1].green = OxFF;
BGR [1].red = 0x00;

//color 3 kokkino

BGR [2].blue = 0x00; BGR [2].green = 0x00;
BGR [2].red = OxXFF;
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BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

//color 4 kitrino
BGR [3].blue = 0x00;
[3].red = OXFF;
//color 5 portokali
BGR [4].blue = 0x00;
[4] .red = OXFF;
//color 6 galazio
BGR [5] .blue = OxFF;
[5] .red = 0x00;
//color 7 fuxia
BGR [6] .blue = OxFF;
[6] .red = OXFF;
//color 8 visini
BGR [7] .blue = 0x00;
[7] .red = 0x99;
//color 9 kafe
BGR [8].blue = 0x00;
[8] .red = 0x99;
//color 10 prasino skouro
BGR [9].blue = 0x00;
[9] .red = 0x33;
//color 11 portokali skouro
BGR [10].blue = 0x00;
[10] .red = OxFF;
//color 12 1lila
BGR [11].blue = 0x99;
[11].red = 0x99;
//color 13 mple skouro
BGR [12].blue = 0x99;
[12] .red = 0x33;
//color 14 mple poly skouro
BGR [13].blue = 0x66;
[13].red = 0x00;
//color 15 lila-galazio
BGR [14] .blue = OxFF;
[14] .red = 0x99;
//color 16 PORTOKALO-KAFE
BGR [15].blue = 0x00;
[15].red = 0xCC;
//color 17 PRASINO-KITRINO
BGR [16].blue = 0x00;
[16].red = 0x99;
//color 18 XAKI
BGR [17].blue = 0x00;
[17] .red = 0x99;
//color 19 KITRINOPRASINO
BGR [18].blue = 0x00;
[18] .red = 0xCC;
//color 20 XAKI SKOURO
BGR [19].blue = 0x00;
[19] .red = 0x66;
//color 21 LILA ANOIXTO
BGR [20] .blue = 0x99;
[20] .red = 0x99;
//color 22 PRASINO-GALAZIO
BGR [21].blue = 0x99;
[21] .red = 0x33;

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

BGR

//color 23 PRASINO POLY ANOIXTO

BGR [22].blue = 0x99;
[22] .red = 0x99;
//color 24 ROZ
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[10]

[12]

[13]

[17]

(18]

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

.green

OXFF;

0x99;

OXFF;

0x00;

0x00;

0x66;

0x66;

0x66;

0x33;

0x00;

0x00;

0x99;

0x66;

OxXFF;

0x99;

OxFF;

0x66;

0x66;

OxXFF;

OXFF;



BGR [23].blue = OxFF; BGR [23].green 0x33;
BGR [23].red = OxFF;

//color 25 KAFE ANOIXTO

BGR [24] .blue = 0x00; BGR [24] .green
BGR [24].red = 0xCC;

//color 26 LILA SKOURO

BGR [25].blue = 0x66; BGR [25] .green
BGR [25].red = 0x66;

0x99;

0x33;

}
public:
bitmap (int sizeOfSide,int sizeOfP) {

padding = 0x0000;
BM = 0x4d42;
sizeOfPixel=sizeOfP;

w_in pix = sizeOfSide * sizeOfPixel;
h in pix = sizeOfSide * sizeOfPixel;

/* colors */
initializeColors{();

int createBitmap (vector < vector <neuron> > myNeurons)
{
BMP_HEADER.size of file = sizeof (BMP HEADER) +
sizeof (BGR) + sizeof(padding) * h in pix + 2;
BMP HEADER.reserve = 0000;
BMP HEADER.offset of pixle data = 54;
BMP HEADER.size of header = 40;
BMP HEADER.width = w_in pix;
BMP HEADER.hight = h in pix;
BMP HEADER.num of colour plane = 1;
BMP HEADER.num of bit per pix = 24
BMP HEADER.compression = 0;
BMP HEADER.size of pix data = sizeof (BGR) +
sizeof (padding) * h in pix;
BMP HEADER.h resolution = 2835;
BMP HEADER.v_ resolution 2835;
BMP HEADER.num of colour in palette = 0;
BMP HEADER.important colours = 0;

’

/* BMP Header */

ofstream file;

file.open ("clustering.bmp", ios::out | ios::trunc |
ios::binary);

file.write ((char*) (&BM), 2);

file.write ((char*) (&BMP HEADER), sizeof (BMP HEADER));

/* colors */
int color=0;
int color2=0;
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/* print colors ISIA */
for (int h=h in pix/sizeOfPixel-1; h>=0; h--)
{

for (int m=0; m<sizeOfPixel; m++)

{
color=myNeurons[h] [0] .getContent () - 'A';

for (int w=0; w<w_in_pix/sizeOfPixel; w++)
{
for (int k=0; k<sizeOfPixel; k++)
{
file.write
((char*) (&BGR[ (color) ] .blue), 1);
file.write
((char*) (&BGR|[ (color) ] .green), 1);
file.write
((char*) (&BGR[ (color)].red), 1);
}

color=myNeurons[h] [w+1l] .getContent ()
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Radial Basis Function Aiktuo

main.cpp

#include <iostream>
#include <fstream>
#include <string>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include <cstdlib>

#include "parameters.h"
#include "pattern.h"
#include "epoch.h"
#include "centerVector.h"
#include "centers.h"
#include "hiddenneuron.h"
#include "outputneuron.h"
#include "neutralnet.h"

using namespace std;
using std::ifstream;

int main () {

/* initialize random seed: */
srand ( time (NULL) );

//declare Neutral Network

neutralnet myNeutralnet ("parameters.txt");

cout << "Simulation Begin..." << endl;
//Start Simulation / Make calculations
myNeutralnet.calculate();

cout << "Simulation End..." << endl << endl;

//Run the Test File automatic to see some examples
//myNeutralnet.autorunTestFile () ;

return 0;
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#include
#include
#include
#include
#include
#include
#include
#include

using na
using st

neutraln

//

neutralnet.cpp

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>
"neutralnet.h"

mespace std;
d::ifstream;

et::neutralnet (string paramfile) {

My Parameters, define and read

myParamaters = new parameters (paramfile);
myParamaters->print(); // print them

//
st
st

My Training and Test File
ring trainingFile=myParamaters->getTrainFile();
ring testFile=myParamaters->getTestFile();

myTraining= new epoch(trainingFile,myParamaters-

>getNumIl

nputNeurons () ,myParamaters—->getNumOutputNeurons () ) ;

myTest= new epoch (testFile,myParamaters-

>getNuml

//
//

//

nputNeurons () ,myParamaters—->getNumOutputNeurons () ) ;
psspFile=new pssp(testFile);

myTraining->print () ;
myTraining->printMaxMin () ;

My Centers File

string centersFile=myParamaters—->getCentersFile();

//

if

>getNuml
//

if the file name is not "none" means that a file exist
(centersFile!="none")
myCenters= new centers(centerstFile,myParamaters-
nputNeurons () ) ;
else create random centers

else

myCenters= new centers (myTraining-

>getMaxInputsInColumn () ,myTraining-
>getMinInputsInColumn () ,myParamaters-

>getNumInputNeurons () ,myParamaters->getNumHiddenLayerNeurons ()) ;

//myCenters->print () ;

//other initializes

myParamaters—->setNumHiddenLayerNeurons (myCenters-

>getNumOfCenterVectors ()) ;
//initialize hiddenNeurons
for (int i=0; i<myParamaters->getNumHiddenLayerNeurons () ;

{
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myHiddenNeurons.push back( hiddenneuron (myParamaters-
>getNumInputNeurons () ,myCenters->getInputs (i), myParamaters-
>getSigmas()) );
}

//initialize outputNeurons
for (int i=0; i<myParamaters->getNumOutputNeurons(); i++)

{
// +1 is for Dbias
myOutputNeurons.push back( outputneuron (myParamaters-
>getNumHiddenLayerNeurons () +1) );

}
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neutralnet.h

#ifndef NEUTRALNET H INCLUDED
#define NEUTRALNET H INCLUDED

#include <iostream>
#include <fstream>
#include <string>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "parameters.h"
#include "pattern.h"
#include "epoch.h"
#include "centerVector.h"
#include "centers.h"
#include "hiddenneuron.h"
#include "outputneuron.h"
#include "pssp.h"

#define startLearningRate 0.6

using namespace std;
using std::ifstream;

class neutralnet {

private:
vector <outputneuron> myOutputNeurons;
vector <hiddenneuron> myHiddenNeurons;

pssp *psspFile;
parameters *myParamaters;
epoch *myTraining;
epoch *myTest;
centers *myCenters;

public:
neutralnet (string paramfile);

//Set Values

void calculate ()

{

//Writing results.dat
ofstream resultsFile("results.dat",ios::out);

ifstream myFile;

myFile.open("Z Output.txt");

ofstream script("script.txt",ios::out);
char temp[4000];

for (int k=0; k<myParamaters->getMaxIterations(); k++)
{
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cout << "Itaration : " << k << endl;
resultsFile << k;
float error=0.0;

//run Training File
for (int 1=0; i<myTraining->getNumOfPatterns();

i++)
{
//calculate output in hidden layer neurons
for (int j=0; j<myHiddenNeurons.size(); Jj++)
{
myHiddenNeurons[j].calculate (myTraining->getInputs(i));
}
//calculate the output in output layer
neurons
for (int j=0; j<myOutputNeurons.size(); Jj++)
{
myOutputNeurons[j].calculate (myHiddenNeurons) ;
//finding error
error += pow( myTraining-
>getInputValueOfPattern (i, j) - myOutputNeurons[]j].getValue(), 2);

}

//change Ws
for (int Jj=0; j<myOutputNeurons.size(); Jj++)
{

myOutputNeurons[j] .changeWs (myHiddenNeurons, myParamaters-
>getLearningRateW () ,myTraining->getOutputValueOfPattern (i, j));
}

//change center position and diaspora
for (int j=0; j<myHiddenNeurons.size(); Jj++)

{

myHiddenNeurons[j].changeCenterPos (myParamaters-
>getLearningRateR () ,myOutputNeurons, myTraining-
>getInputs (i) ,myTraining->getOutputs(i));

myHiddenNeurons[j].changeDiaspora (myParamaters-—
>getLearningRateS () ,myOutputNeurons, myTraining-
>getInputs (i) ,myTraining->getOutputs(i));
}

//Final Training Error
error/=myTraining->getNumOfPatterns () ;
resultsFile << "\t\t\t" << error;

error=0.0;
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//run Test File

for (int i=0; i<myTest->getNumOfPatterns/();

{

>getInputs (i));

neurons

myOutputNeurons[j].calculate (myHiddenNeurons) ;
//finding error
error += pow( myTest-

>getInputValueOfPattern (i, j) - myOutputNeurons[]j].getValue(),

}

i++4)

//calculate output in hidden layer neurons
j<myHiddenNeurons.size(); J++)

for (int j=

{

0;

myHiddenNeurons([j].calculate (myTest-

//calculate the output in output layer

for (int j=

{

}

0;

//Final Test Error

error/=myTest->getNumOfPatterns () ;
resultsFile <<

}

//closing file
resultsFile.close();

ll\t\t\tll

//writing weights to file
printWeights () ;

for

{

(int i=0; i<psspFile->getNumOfPatterns();

myFile
script
script
myFile
script
script
myFile
script
script

myFile
script
script
myFile
script
script

myFile
script
script
myFile

>>
<<
<<
>>
<<
<<
>>
<<
<<

>>
<<
<<
>>
<<
<<

>>
<<
<<
>>
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j<myOutputNeurons.size(); J++)

temp;
temp;

" ",
’

temp;
temp;

" ",
’

temp;
temp;
endl;

temp;
temp;
temp;
temp;
endl;

temp;
temp;

temp;

<< error

<< H\nu;

2);

i++)



script << temp;
script << endl;

script<< "predictedSecondaryStructure:";

// cout<<"kati"<<endl;
for (int k=0;k<psspFile-
>getproteinsize (1) ; k++) {
//calculate output in hidden layer neurons
/*vector <double> tem;
tem=psspFile->getInputs (i, k);
for (int
s=0;s<tem.size () ;s++)
cout<<
tem.at (s) <<endl;
*/for (int j=0; j<myHiddenNeurons.size();
j++)

myHiddenNeurons[j].calculate (psspFile-
>getInputs (i, k));

//calculate the output in output layer
neurons

int ot=0;
for (int j=0; j<myOutputNeurons.size(); J++)
{

myOutputNeurons[j].calculate (myHiddenNeurons) ;

if(3>0 &s&
myOutputNeurons[j].getValue () >myOutputNeurons[j-1].getValue ()) {
ot=7j;

}

if (ot==0)

script<<"H";
else 1f (ot==1)

script<<"L";
else

Script<<"E";

//error += pow( myTest-

>getInputValueOfPattern (i, j) - myOutputNeurons[]j].getValue(), 2);

}
script<<endl;
nyFile >> temp;

script.close();
myFile.close();
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void print ()
{

cout << "This is a NeutralNet!" << endl;

}

void printWeights ()
{
//Writing (weights.dat)
ofstream weightsFile ("weights.dat",ios::out);

for (int 1=0; i<myOutputNeurons.size(); i++)

{
weightsFile << "Ouput Neuron No: " << 1 << endl;
//for each neuron

for (int j=0; j<myHiddenNeurons.size(); Jj++)

{

/// Print the weights of neuron
weightsFile << "\t" <<
myOutputNeurons[i] .getW(j) << "\n";

}
weightsFile << endl;

}

weightsFile.close();

b

#endif
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hiddeneuron.cpp

#include <iostream>
#include <fstream>
#include <string>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "hiddenneuron.h"

using namespace std;
using std::ifstream;

hiddenneuron: :hiddenneuron (int nOfC, vector<double>
tempCenters, double sigma) {

numOfCenters=n0OfC;
value=0.0;
diaspora=sigma;

for (int i=0; i<numOfCenters; i++)
{
hnCenters.push back (tempCenters[i]);

}

/* calulate output */
void
hiddenneuron: :calculate (vector<double> inputs)

{
value = calculateGausian (inputs);

}

//calculate gausian
double
hiddenneuron::calculateGausian (vector<double> inputs)

{

return exp( -calculateDistance (inputs) / pow(diaspora, 2) );

}

//calculate distance
double
hiddenneuron::calculateDistance (vector<double> inputs)

{

double distance = 0;
for (int i=0; i<hnCenters.size(); i++)
{
distance+= pow ((inputs[i] - hnCenters[i]),2);

}

return distance;

305



//change center pos

void

hiddenneuron: :changeCenterPos (double learningRate,
vector<outputneuron> outputs, vector<double> inputs, vector<int>
wantedOutputs)

{

double sum;

for (int i=0; i<hnCenters.size(); i++)
{
sum = 0;
for (int j=0; Jj<outputs.size(); Jj++)
{
sum += wantedOutputs[]j] - outputs[]j].getValue() *
calculateGausian (inputs) * (inputs[i] - hnCenters[i]) / pow(diaspora,
2);
}

hnCenters[i] += learningRate * sum;

}

//change Diapora

void

hiddenneuron: :changeDiaspora (double learningRate,
vector<outputneuron> outputs, vector<double> inputs, vector<int>
wantedOutputs)

{

double sum = 0;

for (int 1=0; i<outputs.size(); i++)
{
sum += wantedOutputs[i] - outputs[i].getValue() *
calculateGausian (inputs) * (pow(calculateDistance (inputs), 2) /
pow (diaspora, 3));

}

diaspora += learningRate * sum;
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hiddenneuron.h

#ifndef HIDDENNEURON H
#define HIDDENNEURON H

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>

#include <stdio.h>
#include <math.h>

#include <sstream>

#ifndef OUTPUTNEURON H
#include "outputneuron.h"
fendif

using namespace std;
using std::ifstream;

class outputneuron;
class hiddenneuron {

private:
vector<double> hnCenters;
int numOfCenters;
double value;
//gaussian width
double diaspora;

public:

hiddenneuron (int nOfC, vector<double> tempCenters, double
sigma) ;

//Set Values

void addCenter (double value) {
hnCenters.push back(value);

void setCenter (double value, int position) {
hnCenters.at (position)=value;

void setValue (double d) {
value=d;

void setDiaspora (double d) {
diaspora=d;

//Get Values

double getCenter (int 1) {
return hnCenters.at (i) ;

}
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double getValue () {
return value;

}

double getDiaspora () {
return diaspora;

}

int getNumOfCenters () {
return numOfCenters;

}

void calculate (vector<double> inputs);

double calculateGausian (vector<double> inputs);

double calculateDistance (vector<double> inputs);

void changeCenterPos (double learningRate, vector<outputneuron>
outputs, vector<double> inputs, vector<int> wantedOutputs)

void changeDiaspora (double learningRate, vector<outputneuron>
outputs, vector<double> inputs, vector<int> wantedOutputs);

b

#endif
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outputneuron.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <sstream>
#include "outputneuron.h"

using namespace std;
using std::ifstream;

outputneuron: :outputneuron (int nOfWs) {
numOfWs=n0OfWs;

value=0.0;

for (int i=0; i<numOfWs; i++)
{
/* generate random number and tranform between 0 and 1:
*/
double temp = rand() % 10000 + 1;
temp/=10000;
//cout << temp << endl;
w.push back (temp) ;
}
//cout << endl;
}
/* calulate output */
void
outputneuron::calculate (vector<hiddenneuron> hiddenNeurons)

{
//adding bias

value = w([0];
//hiddenNeurons.size () = numOfws
for (int i=0; i<hiddenNeurons.size(); i++)

{

value+=hiddenNeurons[i] .getValue () *w[i+1];

}

}
/* change weights */
void
outputneuron: :changeWs (vector<hiddenneuron> hiddenNeurons, double
learningRate, double wantedOutput)
{
//change bias
w[0] += learningRate * (wantedOutput - wvalue);

for (int i=0; i<hiddenNeurons.size(); i++)
{
w[i+l] += learningRate * (wantedOutput - wvalue) *
hiddenNeurons[i] .getValue();

}
}
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#ifnde
#defin

#inclu
#inclu
#inclu
#inclu
#inclu
#inclu
#inclu
#ifnde
#inclu
#endif

using
using

class
class

privat

public

learni

#endif

outputneuron.h

f OUTPUTNEURON H
e OUTPUTNEURON H

de <iostream>

de <fstream>

de <string.h>

de <vector>

de <stdio.h>

de <math.h>

de <sstream>

f HIDDENNEURON_H

de "hiddenneuron.h"

namespace std;
std::ifstream;

hiddenneuron;
outputneuron {

e:
vector< double> w;
int numOfWs;
double value;

outputneuron (int nOfWs) ;
voilid addW (double wvalue) {
w.push back (value)

r

}

void setW(double value, int position) {
w.at (position)=value;

}

void setValue (double d) {
value=d;

}

double getW (int 1) {
return w.at (i) ;

}

double getValue () {
return value;

}

int getNumOfWs () {
return numOfWs;

}

void calculate (vector<hiddenneuron> hiddenNeurons) ;

void changeWs (vector<hiddenneuron> hiddenNeurons, double
ngRate, double wantedOutput);
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centerVector.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "centerVector.h"

using namespace std;
using std::ifstream;

centerVector: :centerVector ()

{
//do nothing

}
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centerVector.h

#ifndef CENTERVECTOR H INCLUDED
#define CENTERVECTOR H INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>

#include <stdio.h>
#include <math.h>

#include <sstream>

using namespace std;
using std::ifstream;

class centerVector {

private:
vector<double> inputs;
int x;
int y;

public:
centerVector ();

//Set Values
void addInput (double wvalue)
{

inputs.push back(value);

}

double setInput (int position,double value)

{
inputs.at (position)=value;

}
double addX (int wvalue)

x=value;

double addY (int wvalue)
{

y=value;

}

//Get Values
double getInput (int position)
{

return inputs.at (position);

}

int getNumOfInputs ()
{

return inputs.size();

}
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vector <double> getInputs|()
{

return inputs;

}

/*vector <double> find(int xpos,int ypos) {

int counter=0;
for (int 1i=0;1<300;i++) {
counter++;
if (i==xpos) {
for (int J=0;3<300;j++)
if (J==ypos) {
return inputs;
}
else if (j>ypos)
break;
}
else if (i>ypos)
break;
}
}x/

void print ()

{
cout << "\n ThesiX" << ":
cout << "\t ThesiyY" << ":

" << x << endl;
" << y << endl;

cout << " -> centerVector:" << endl;

for (int i=0; i<inputs.size();

cout << "\t Input" << i << ":

endl;

b

#endif
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#include
#include
#include
#include
#include
#include
#include
#include
#include

center.cpp

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>
"centers.h"
<cstdlib>

using namespace std;
using std::ifstream;

centers::

{

centers (string s,int numOfIn)

fileName=s;
int tempI=0;

int counter=0;

char temp[150];

char * split;

char temp2[150];

ifstream myFile;

myFile.open ("weightsKoh.dat") ;

myFile >> temp;

while (!myFile.eof ())

{

myFile >> temp;
mnyFile >> temp;
// myFile >> temp;

myCentersFile.push back (centerVector());
myCentersFile.back() .addX (atoi (temp)) ;

myFile >> temp;
myFile >> temp;

myCentersFile.back() .addY (atoi (temp)) ;

myFile >> temp;
counter=0;
//myCenterVectors.push back (centerVector());

while (counter<3) {

counter++;

myCentersFile.back() .addInput (strtod (temp,NULL)) ;

mnyFile >> temp;
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//myFile >> temp;

}

myFile.close();

counter=0;
for (int i=0;i<100;i++) {
for (int j=0;3<100;j++) {
if((i==3 && j==10) /*|| (i==150 && j==150)*/) {
myCenterVectors.push back (centerVector())
myCenterVectors.back () .addX (1) ;
myCenterVectors.back () .addY (j) ;
vector <double> temp;
temp=getInputs?2 (counter) ;
for (int k=0;k<temp.size();k++)
myCenterVectors.back () .addInput (temp.at (k) ) ;
//print();

’

}

counter++;

counter=0;
for (int i=0;i<100;i++) {
for (int j=0;3<100;j++) {
1if (i==90 && 7==30) {
myCenterVectors.push back(centerVector());
myCenterVectors.back () .addX (1) ;
myCenterVectors.back () .add¥Y (J) ;
vector <double> temp;
temp=getInputs2 (counter) ;
for (int k=0;k<temp.size () ;k++)
myCenterVectors.back () .addInput (temp.at (k));
//print () ;
}

counter++;
}

counter=0;
for(int 1=0;1<100;1i++) {
for (int j=0;3<100;j++) {
if (i==6 && j==85) {
myCenterVectors.push back(centerVector());
myCenterVectors.back () .addX (1) ;
myCenterVectors.back () .addyY (j) ;
vector <double> temp;
temp=getInputs?2 (counter) ;
for (int k=0;k<temp.size () ;k++)
myCenterVectors.back () .addInput (temp.at (k));
//print () ;
}

counter++;
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centers::centers (vector<double> max,vector<double> min,int
numOfIn, int numOfCV)
{
for (int p=0; pP<numOfCV; p++)
myCenterVectors.push back (centerVector());

//create random centers
for (int p=0; p<myCenterVectors.size(); pt+)

{

for (int i=0; i<numOfIn; i++)

{
int pedio=(max[i]-min[i]) * 100000;
double temp = rand() % pedio + 1;
temp/=100000;
temp+=min[i];
myCenterVectors[p] .addInput (temp) ;

//cout << "Min: " << min[i] << "\tRandom:

temp << "\tMax: " << max[i] << endl;
}
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center.h

#ifndef CENTERS_H_INCLUDED
#define CENTERS H INCLUDED
#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>

#include <stdio.h>
#include <math.h>

#include <sstream>
#include "centerVector.h"

using namespace std;
using std::ifstream;

class centers {

private:
vector <centerVector> myCenterVectors;
vector <centerVector> myCentersFile;
string fileName;

public:

centers (string s,int numOfIn);

centers (vector<double> max,vector<double> min,int numOfIn,int
numO£fCV) ;

void print ()
{
cout << "Center: " << fileName << "\n";
for (int i1=0; i<myCenterVectors.size(); i++) {
cout << "\t" << 1i;
myCenterVectors.at (i) .print () ;
}

}
int getNumOfCenterVectors ()

{

return myCenterVectors.size();

}

int getNumOfInputsInCenterVector (int cvPos)

{

return myCenterVectors.at (cvPos) .getNumOfInputs () ;

double getInputValueOfCenterVector (int cvPos, int inputPos)
{

return myCenterVectors.at (cvPos) .getInput (inputPos) ;

}

vector <double> getInputs (int cvPos)

{

return myCenterVectors.at (cvPos) .getInputs();

vector <double> getInputs2 (int cvPos)

{
return myCentersFile.at (cvPos) .getInputs();
}i
#endif
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#include
#include
#include
#include
#include
#include
#include
#include

<iostream>
<fstream>
<string.h>
<vector>
<stdio.h>
<math.h>
<sstream>
"pattern.h"

using namespace std;
using std::ifstream;

pattern::

{

pattern ()

//do nothing

}

pattern.cpp
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pattern.h

#ifndef PATTERN H INCLUDED
#define PATTERN H INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>

using namespace std;
using std::ifstream;

class pattern {

private:
vector<double> inputs;
vector<int> outputs;

public:
pattern ();

//Set Values
void addInput (double wvalue)
{
inputs.push back(value);

}

void addOutput (int wvalue)
{

outputs.push back(value) ;
}

double setInput (int position,double value)
{
inputs.at (position)=value;

}

double setOutput (int position, int value)
{
outputs.at (position)=value;

}

//Get Values
double getInput (int position)
{
return inputs.at (position);

}

double getOutput (int position)
{
return outputs.at (position);

}

int getNumOfInputs ()
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return inputs.size();

int getNumOfOutputs ()
{

return outputs.size();

}

vector <double> getInputs()
{

return inputs;

}

vector <int> getOutputs ()
{

return outputs;

}

void print ()

{

cout << " -> pattern:" << endl;

for (int i=0; i<outputs.size();
cout << "\t Output" << i << ":

cout << "\t Input" << i << ":

<< endl;
for (int 1=0; i<inputs.size();
endl;
}
b
#endif
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pssp.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "epoch.h"
#include <sstream>
#include <algorithm>
#include <iterator>

using namespace std;
using std::ifstream;

#include "pssp.h"

pssp::pssp (string s)
{
fileName=s;
int tempI=0;
int counter=0;

char temp[4000];
char * split;

char secondaryStructure([4000];
vector <pattern> protein;
//Reading File

ifstream myFile;
myFile.open("Z Filter Output.txt");
myFile >> temp;
while (!myFile.eof ())
{
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
myFile >> temp;
for (int 1=0;1<4000; i++) {
temp[i]="\0";
secondaryStructure[i]="\0";
}
myFile >> temp;
for (int 1=1;1<500;1++) {
if (temp[i]l=='\0")
break;
secondaryStructure[i-1]=temp[i];

for (int 1=0;i<500;i++) {
//counter++;
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if (secondaryStructurel[i]=="\0")
break;
else(

}

protein.push back (pattern())
if (secondaryStructurel[i]=="
protein.back () .addOutput
else
protein.back () .addOutput (0) ;
if (secondaryStructurel[i]=='E")
protein.back () .addOutput (1) ;
else
protein.back () .addOutput (0) ;
if (secondaryStructurel[i]=='L")
protein.back () .addOutput (1) ;
else
protein.back () .addOutput (0) ;

)
(1)

}

myFile >> temp;

myFile
myFile
myFile
myFile
myFile

split

>> temp;
>> temp;
>> temp;
>> temp;
>> temp;

= strtok (temp,",");

counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

myFile >> temp;
mnyFile >> temp;

split

= strtok (temp,",");

counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

myFile >> temp;
myFile >> temp;

split

= strtok (temp,",");

counter=0;
while (split!=NULL) {

protein.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

//tempI=counter;
sequence.push back (protein) ;
myFile >> temp;
protein.clear () ;

}

myFile.close();
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pssp.h

#ifndef PSSP_H INCLUDED

#define

#include <io

PSSP_H_INCLUDED

stream>

#include <fstream>

#include <st
#include <ve
#include <st
#include <ma
#include <ss
#include "pa

using namesp
using std::i

class pssp {

private:
vector

string

vector

vector
public:

pssp (

int

int

vec

{
}

vector

{
}

}i
#endif

ring.h>
ctor>
dio.h>
th.h>
tream>
ttern.h"

ace std;
fstream;

<vector <pattern> > sequence;
fileName;

<double> minInputsInColumn;
<double> maxInputsInColumn;

string s);
getNumOfPatterns ()

return sequence.size();

getproteinsize (int value)

return sequence.at (value) .size();

tor <double> getInputs(int i,int 7J)

return sequence.at (i) .at(j).getInputs();

<int> getOutputs (int i,int 7J)

return sequence.at (i) .at(j).getOutputs();
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epoch.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "epoch.h"
#include <sstream>
#include <algorithm>
#include <iterator>

using namespace std;
using std::ifstream;

epoch::epoch (string s,int numOfIn,int numOfOut)
{
fileName=s;
int tempI=0;
int counter=0;

char temp[4000];
char * split;

double stddevIN[numOfIn];
double stddevOUT [numOfOut];
double averageIN[numOfIn];
double averageOUT [numOfOut];

char secondaryStructure[4000];

for (int i=0; i<numOfIn; i++)
{
averageIN[1]=0;
stddevIN[1]=0;
maxInputsInColumn.push back (0);
minInputsInColumn.push back (0);
}

for (int i=0; i<numOfOut; i++)
{
0;

averageOUT[1]=
1=0;

stddevOUT [1

//Reading File

ifstream myFile;
myFile.open("Z Filter Output.txt");
myFile >> temp;
while (!myFile.eof ())
{
nyFile >> temp;
mnyFile >> temp;
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myFile >> temp;
myFile >> temp;
myFile >> temp;
for (int 1=0;1<4000;1i++) {
temp[i]="\0";
secondaryStructure[i]="\0";
}
myFile >> temp;
for (int i=1;i<500;i++) {
if (temp[i]=='\0")
break;
secondaryStructure[i-1]=temp[i];

for (int 1i=0;1i<500;i++) {

//counter++;
if (secondaryStructurel[i]=="\0")
break;
else{
myPatterns.push back (pattern());
if (secondaryStructurel[i]=="'H")
myPatterns.back () .addOutput (1) ;
else
myPatterns.back () .addOutput (0) ;
if (secondaryStructurel[i]=='L")
myPatterns.back () .addOutput (1) ;
else
myPatterns.back () .addOutput (0) ;
if (secondaryStructurel[i]=='E")
myPatterns.back () .addOutput (1) ;
else

myPatterns.back () .addOutput (0) ;
}
}
//print () ;
myFile >> temp;
mnyFile >> temp;
mnyFile >> temp;
mnyFile >> temp;
mnyFile >> temp;
myFile >> temp;

split = strtok (temp,",");
counter=tempI;
while (split!=NULL) {

myPatterns.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;

}

myFile >> temp;

myFile >> temp;

split = strtok (temp,",");
counter=tempI;

while (split!=NULL) {

myPatterns.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");

325



counter++;

}

myFile >> temp;
myFile >> temp;

split = strtok (temp,",");
counter=templ;

while (split!=NULL) {

myPatterns.at (counter) .addInput (strtod(split,NULL)) ;
split = strtok (NULL,",");
counter++;
}
tempI=counter;
myFile >> temp;

}

myFile.close () ;
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epoch.h

#ifndef EPOCH H_ INCLUDED
#define EPOCH H_INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "pattern.h"

using namespace std;
using std::ifstream;

class epoch {

private:
vector <pattern> myPatterns;
string fileName;
vector <double> minInputsInColumn;
vector <double> maxInputsInColumn;

public:
epoch (string s,int numOfIn,int numOfOut) ;

void print ()
{
cout << "Epoch: " << fileName << "\n";
for (int 1=0; i<myPatterns.size(); i++) {
cout << "\t" << 1i;
myPatterns.at (i) .print();

void printMaxMin ()

{

cout << "max: " << "\n";
for (int i=0; i<maxInputsInColumn.size();
cout << "\t" << maxInputsInColumn[i]

}

cout << endl;

cout << "min: " << "\n";
for (int i=0; i<minInputsInColumn.size();
cout << "\t" << minInputsInColumn[i]

}

cout << endl;

int getNumOfPatterns ()
{

return myPatterns.size();
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}i

#endif

int getNumOfInputsInPattern (int patternPos)
{

return myPatterns.at (patternPos) .getNumOfInputs () ;
}

double getInputValueOfPattern (int patternPos, int inputPos)

{
return myPatterns.at (patternPos) .getInput (inputPos) ;

}

int getNumOfOutputsInPattern (int patternPos)

{
return myPatterns.at (patternPos) .getNumOfOutputs () ;

}

double getOutputValueOfPattern (int patternPos, int outputPos)

{
return myPatterns.at (patternPos) .getOutput (outputPos) ;

}

vector <double> getInputs (int patternPos)

{
return myPatterns.at (patternPos) .getInputs()

}

vector <int> getOutputs (int patternPos)

{
return myPatterns.at (patternPos) .getOutputs () ;

}

vector <double> getMinInputsInColumn ()

{

return minInputsInColumn;

}

vector <double> getMaxInputsInColumn ()

{

return maxInputsInColumn;

}
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parameters.cpp

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>
#include <stdio.h>
#include <math.h>
#include <sstream>
#include "parameters.h"

using namespace std;
using std::ifstream;
parameters: :parameters (string s="parameters.txt") {

//initialize

numHiddenLayerNeurons=-1;

numInputNeurons=-1;

numOutputNeurons=-1;

learningRateW=-1;

learningRateR=-1;

learningRateS=-1;

sigmas=-1;

maxIterations=-1;

trainFile="";

testFile="";

fileName=s;

//tempory Vars

int tempI;

double tempD;

string tempS;

//Reading Parameters

ifstream parametersFile (fileName.c str(),ios::in);

parametersFile >> tempS; parametersFile >> templ;
setNumHiddenLayerNeurons (tempI) ;

parametersFile >> tempS; parametersFile >> templ;
setNumInputNeurons (templ) ;

parametersFile >> tempS; parametersFile >> templ;
setNumOutputNeurons (templ) ;

parametersFile >> tempS; parametersFile >> tempD;
setLearningRateW (tempD) ;

parametersFile >> tempS; parametersFile >> tempD;
setLearningRateR (tempD) ;

parametersFile >> tempS; parametersFile >> tempD;
setLearningRateS (tempD) ;

parametersFile >> tempS; parametersFile >> tempD;
setSigmas (tempD) ;

parametersFile >> tempS; parametersFile >> templ;
setMaxIterations (tempI) ;

parametersFile >> tempS; parametersFile >> tempS;
setCentersFile (tempS) ;

parametersFile >> tempS; parametersFile >> tempS;
setTrainFile (tempS) ;

parametersFile >> tempS; parametersFile >> tempS;
setTestFile (tempS) ;

parametersFile.close();

}
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parameters.h

#ifndef PARAMETERS H INCLUDED
#define PARAMETERS H INCLUDED

#include <iostream>
#include <fstream>
#include <string.h>
#include <vector>

#include <stdio.h>
#include <math.h>

#include <sstream>

using namespace std;
using std::ifstream;

class parameters {

private:
int numHiddenLayerNeurons;
int numInputNeurons;
int numOutputNeurons;
double learningRateW;
double learningRateR;
double learningRateS;
double sigmas;
int maxIterations;
string centersFile;
string trainFile;
string testFile;
string fileName;

public:
parameters (string s);

//Set Parameters

void setNumHiddenlLayerNeurons (int 1)

{

numHiddenLayerNeurons=i;

void setNumInputNeurons (int 1)

numInputNeurons=i;

void setNumOutputNeurons (int 1)

numOutputNeurons=i;

void setLearningRateW (double d)

learningRateW=d;

void setLearningRateR (double d)
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learningRateR=d;

void setlLearningRateS (double d)

learningRateS=d;

void setSigmas (double d)

sigmas=d;

void setMaxIterations (int i)

maxIterations=i;

void setCentersFile(string s)

centersFile=s;

void setTrainFile(string s)

trainFile=s;

void setTestFile(string s)

testFile=s;

//Get Parameters

int getNumHiddenLayerNeurons ()

{

return numHiddenLayerNeurons;

int getNumInputNeurons ()

{

return numInputNeurons;

int getNumOutputNeurons ()
{

return numOutputNeurons;

double getLearningRateW ()
{

return learningRateW;

double getLearningRateR ()
{

return learningRateR;
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double getLearningRateS ()
{

return learningRateS;

double getSigmas ()
{

return sigmas;

int getMaxIterations ()

{

return maxIterations;

string getCentersFile()
{

return centersFile;

string getTrainFile ()
{

return trainFile;

string getTestFile ()
{

return testFile;

void print ()
{

cout << "Parameters:

cout << "\t numHiddenLayerNeurons: "

numHiddenLayerNeurons << endl;

endl;

endl;

}i

#endif

<< fileName << endl;
<<

endl;
endl;
endl;

endl;

cout << "\t numInputNeurons: " << numInputNeurons <<
cout << "\t numOutputNeuron: " << numOutputNeurons <<
cout << "\t learningRateW: " << learningRateW <<

cout << "\t learningRateR: " << learningRateR <<

cout << "\t learningRateS: " << learningRateS <<

cout << "\t sigmas: " << sigmas << endl;

cout << "\t maxIterations: " << maxIterations <<

cout << "\t centersFile: " << centersFile << endl;
cout << "\t trainFile: " << trainFile << endl;

cout << "\t testFile: << testFile << endl;
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pssp_ucy.cpp

//included libraries

#include "DataReader.h"
#include "Neuron.h"
#include "BidirectionalRecurrentNeuralNetwork.h"
#include "OutputData.h"
#include "ga.h"
#include "chromosome.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

#define POP 200
using namespace std;

int main(int argc, char* argvl[])

{
//initiate random function - the same random values every time
srand (time (NULL) ) ;

//variables of the main program
char trainFile[100];

char testFile[1007];

char inputProfile[100];

char outputProfile[100];

char msaFile[100];

int primaryStructureSize;

int msaEnable;

int randomizeDataset;

float parameters([1l7];

int epoch=0;

bool endOfFile=true;
vector<double> outputresultl;
vector<double> outputresult?2;
vector<double> outputresult3;

vector<double>
vector<double>
vector<double>

outputresultd;
outputresulth;
outputresulté6;

vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>
vector<vector <double>

vectoroutputresultl;
vectoroutputresult?;
vectoroutputresult3;
vectoroutputresultd;
vectoroutputresultb;
vectoroutputresult6;
vectoroutputresultensemble;

vV V V VYV VYV

vector<double> ensambleAverage;
char secSt;
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double maxVal;

int maxIndex;

double tempadditionprotein;
vector<double> ensambleResults;

vector<char> primaryStructure;
vector<char> secondaryStructure;
vector<char> predictedSecondaryStructure;
char proteinID[100];

time t rawtime;

struct tm * timeinfo;

time ( &rawtime );

timeinfo = localtime ( &rawtime );

string tempstr="DataOut ";

string oFolder=asctime (timeinfo);

string oFolderl;
string oFolder?2;
string oFolder3;
string oFolder4;
string oFolder5;

char outputFolder[500];
char scriptcommand[500];
char scriptcommand2[500];
char viterbicommand[500]

’

int center window_size;
char outputfolderName[100];

for(int 1=0;1<500;i++) {
outputfolderName[i]="\0";
scriptcommand2[i]="\0";
}
//object of the DataReader class that reads the program's
parameters from the parameter file
DataReader *getInput=new DataReader ()

//Parameters' entry

getInput-
>readParameters (parameters, inputProfile, outputProfile, trainFile, testF
ile, &émsakEnable, &randomizeDataset, &center window size,outputfolderName

)7

//oFolder.insert (0, tempstr) ;
//oFolder.insert (oFolder.length()-1,"//");

oFolderl.insert (0, "mkdir ");

oFolderl.insert (oFolderl.length(),outputfolderName) ;
oFolderl.insert (oFolderl.length(),"//");
for (int i=0;i<oFolderl.length();i++) {
outputFolder[i]=oFolderl[i];
}
for (int i=oFolderl.length()-1;1<500;1i++) {

outputFolder[i]="\0";

char temp;
/*for (int 1=0;i<oFolder.length();i++) {
temp=oFolder[i];
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if (temp=="' ' && i!=5H)
outputFolder([i]="'-";
else
outputFolder[i]=oFolder[i];
}
for (int i=oFolder.length()-1;1i<500;i++) {
outputFolder[i]="\0";
}x/
system (outputFolder) ;
oFolder2.insert (0, oFolderl) ;
oFolder2.insert (oFolder2.length () -
2,"/ScriptResults//");

for (int i1=0;i<oFolder2.length () ;i++) {
outputFolder[i]=oFolder2[i];

}

for (int i=oFolder2.length()-1;1<500;i++) {
outputFolder[i]="\0";
}

system (outputFolder) ;

oFolderl.erase(0,6);
oFolder2.erase (0, 06);

oFolder2.erase (oFolder2.length (), 6);
oFolder3.insert (0, oFolderl);

oFolder3.insert (oFolder3.length()-2,"/Z Output.txt

oFolder4.insert (0, oFolderl);

oFolder4.insert (oFolder4.length()-2,"/Z Output.txt
"t+oFolderl+"/Z Output.txt >"+oFolderl+"/ScriptResults/viterbi.txt");

oFolder4.insert (0, "perl viterbi.pl ");
for (int i=0;i<oFolder4d.length () ;i++) {
viterbicommand[i]=oFolder4[i];
}
for (int i=oFolder4.length()-2;1<500;1i++) {
viterbicommand[i]="\0";

/***************************************

* confusion Matrices after filtering
*/
oFolder5.insert (0, oFolderl) ;
oFolder5.insert (oFolder5.length () -
2,"/ScriptResults/viterbi.txt
"+oFolderl+"/ScriptResults/filtered res.txt
>"+oFolderl+"/ScriptResults/finalreport.txt");
oFolder5.insert (0, "perl
confusionMatricesAndSOVopt.pl ");
for (int
1=0;i<oFolder5.length () ;i++) {

scriptcommand2 [i]=oFolder5[i];

}
for (int i=oFolder5.length() -

2;1<500;1i++) {
scriptcommand2[i]="\0";
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oFolder3.insert (oFolder3.length() -2, 0Folder?2);

oFolder3.insert (oFolder3.length ()
>"+oFolder2+"info.txt");

-6,"/results.txt

oFolder3.insert (0, "perl confusionMatricesAndSOV.pl

")

for (int i=0;i<oFolder3.length () ;i++) {

scriptcommand[i]=oFolder3[i];

}
for (int i=oFolder3.length ()
scriptcommand [

}

//system (scriptcommand?) ;

-6;1<500;1i++) {
i1="\0";

//oFolder.erase (0,6) ;
/*for (int i=0;i<oFolder.length () ;i++) {
temp=oFolder[i];
if (temp==' ' && i!=H)
outputFolder[i]="'-";
else
outputFolder[i]=oFolder[i];
}
for (int i=oFolder.length() -
1;i<100;i++) {

outputFolder[i]="\0";
}*x/
for(int 1=0;1<500;i++) {
if (outputfolderName [i *f'\O
outputfolderName [ i *'/"
break;

}

OutputData* saveOutputData=new
OutputData ('Z',outputfolderName) ;

OutputData* OutputDataForFilter=new
OutputData("Z Filter",outputfolderName) ;

saveOutputData->createEnsembleOutputFile () ;

for (int i=0;1i<3;i++)

{

outputresultl
outputresult?2
outputresult3
outputresultd
outputresultb

.push _back
.push_back
.push _back
.push _back
.push _back
outputresultéb.

push back

ensambleAverage.push bac

//initiate the program's parameter
int hLayerOneSize = parameters[0];
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int hlLayerTwoSize = parameters[l];

int hLayerOneSizeB = parameters[2];
int hLayerTwoSizeB = parameters[3]

int hLayerOneSizeF = parameters[4];

int hLayerTwoSizeF = parameters|[5];

int activationFuncTypeHidden = parameters[6]
int activationFuncTypeOutput = parameters|[7]
double initiallearningRate = parameters[8];

double momentum = parameters[9];

int windowSize = parameters[10];

double gMinusl = parameters[11];

double gPlusl = parameters[l2];

int errorFunctionTypeHidden = parameters[13];
int errorFunctionTypeOutput = parameters([1l4];
int s = parameters[15];

int maxIterations = parameters[16];

double learningRate=initiallearningRate;

’

’
I3

ga *gAlgorithm=new gal();
//creation of the Bidirectional Recurrent Neural Network with
the specific parameters
//takes the details of the msa file
BidirectionalRecurrentNeuralNetwork BRNN1 =
BidirectionalRecurrentNeuralNetwork ('A',hLayerOneSize,

hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden,errorFunctionTypeOQutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile,msaEnable, randomizeDataset, outputfol
derName) ;

/*BidirectionalRecurrentNeuralNetwork BRNN2 =
BidirectionalRecurrentNeuralNetwork ('B', hLayerOneSize,

hLayerTwoSize, hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden, errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile,msakEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN3 =
BidirectionalRecurrentNeuralNetwork ('C', hLayerOneSize,

hLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl, errorFunctionTypeHidden, errorFunctionTypeOutput,
s, maxIterations, trainFile, testFile,
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inputProfile, outputProfile,msaEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN4 =
BidirectionalRecurrentNeuralNetwork ('D',hLayerOneSize,

hLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden,errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile, msakEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN5 =
BidirectionalRecurrentNeuralNetwork ('E', hLayerOneSize,

hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t, learningRate, momentum, windowSize,

gMinusl,gPlusl,errorFunctionTypeHidden, errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile, msakEnable, randomizeDataset, outputfol
derName) ;

BidirectionalRecurrentNeuralNetwork BRNN6 =
BidirectionalRecurrentNeuralNetwork ('F',hLayerOneSize,

hlLayerTwoSize,hLayerOneSizeB, hLayerTwoSizeB, hLayerOneSizeF,

hlLayerTwoSizeF,activationFuncTypeHidden, activationFuncTypeOutpu
t,learningRate, momentum, windowSize,

gMinusl, gPlusl,errorFunctionTypeHidden,errorFunctionTypeOutput,
s,maxIterations, trainFile, testFile,

inputProfile, outputProfile,msaEnable, randomizeDataset, outputfol
derName) ; *

//the main loop of the program.
tempadditionprotein=0.0;//for ensamble per protein

while (epoch<maxIterations)//epoch mean generation
{
cout << "Generation: ";
cout<<epoch;
cout<<endl;
for (int atom=0;atom<POP;atom++) {
BRNN1.setWeights ga(gAlgorithm->population[atom]) ;

tempadditionprotein=0.0;//for ensamble per protein

//open pointers to the output files
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BRNN1.

openFolders () ;

/*BRNN2 .openFolders () ;

BRNN3.
BRNN4 .
BRNNS.
BRNNG6 .

openFolders () ;
openFolders () ;
openFolders () ;
openFolders () ;*/

//takes the first protein of the training set
endOfFile=BRNNl.initTrainingInput (&primaryStructureSize);
/*BRNN2.initTrainingInput (&primaryStructureSize) ;

BRNN3.
BRNN4 .
BRNNS.
BRNNG6 .

initTrainingInput (&primaryStructureSize);
initTrainingInput (&primaryStructureSize) ;
initTrainingInput (&primaryStructureSize);
initTrainingInput (&primaryStructureSize);*/

learningRate = initiallearningRate * exp (-
(double)epoch/ (double) (108.57));//prosthesi apo ton Antoni

//

while (endOfFile)

{

//takes the new msa encoding of this protein
if (msaEnable)
{
BRNN1.getMSAInput () ;
/*BRNN2 .getMSAInput () ;
BRNN3.getMSAInput () ;
)
)
)

’

BRNN4 .getMSAInput (
BRNNS5.getMSAInput (
BRNN6.getMSAInput (

Y
}

BRNN1.initProtainQuest () ;
/*BRNN2.initProtainQuest () ;
BRNN3.initProtainQuest () ;
BRNN4 .initProtainQuest () ;
BRNN5.initProtainQuest () ;
BRNN6.initProtainQuest ();*/

for (int

sequencet=0; sequencet<primaryStructureSize;sequencet++)

BRNN2 .

{
//processing
//cout<<primaryStructureSize<<endl;
//cout<<sequencet<<endl;

BRNN1.doFeedForward (sequencet, 1, epoch, center window size);

/*

doFeedForward (sequencet, 1, epoch, center window size);

BRNN3.doFeedForward (sequencet, 1, epoch,center window size);
BRNN4 .doFeedForward (sequencet, 1, epoch, center window size);
BRNNS5.doFeedForward (sequencet, 1, epoch, center window size);

BRNN6.doFeedForward (sequencet, 1, epoch, center window size);*/

//BRNN1.doBackpropagation (sequencet, learningRate, 1) ;
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/*BRNN2 .doBackpropagation (sequencet, learningRate, 1) ;
BRNN3.doBackpropagation (sequencet, learningRate, 1) ;
BRNN4.doBackpropagation (sequencet, learningRate, 1) ;
BRNN5.doBackpropagation (sequencet, learningRate, 1) ;

BRNN6.doBackpropagation (sequencet, learningRate, 1) ;*/
}

/*for (int i=1;i<OtH.size () ;i++) {
cout<<OtH.at (i)<<", ";
yx/

//pernoume to error gia tin protein pou isoute me
to sinoliko lathos/ton arithmo twn aa pou exei i proteini

BRNN1.getSequenceTrainingError () ;
/*BRNN2.getSequenceTrainingError () ;
BRNN3.getSequenceTrainingError () ;
BRNN4.getSequenceTrainingError () ;
BRNNS5.getSequenceTrainingError () ;
BRNNG6.getSequenceTrainingError () ;*/

if (epoch==maxIterations-1) {
BRNN1.printOutputSequence (1, vectoroutputresultl,0);
/*BRNN2.printOutputSequence (1, vectoroutputresult2,0) ;
BRNN3.printOutputSequence (1, vectoroutputresult3,0);
BRNN4 .printOutputSequence (1, vectoroutputresult4,0);
BRNNS5.printOutputSequence (1, vectoroutputresult5,0);

BRNN6.printOutputSequence (1, vectoroutputresult6,0);*/
}

//vector<char> primaryStructure;

//vector<char> secondaryStructure;
//vector<char> predictedSecondaryStructure;
//takes the next protein from the training file

endOfFile=BRNNl.initTrainingInput (&primaryStructureSize);
/*BRNN2.initTrainingInput (&§primaryStructureSize) ;
BRNN3.initTrainingInput (&primaryStructureSize) ;
BRNN4.initTrainingInput (&primaryStructureSize) ;
BRNN5.initTrainingInput (&primaryStructureSize) ;
BRNN6.initTrainingInput (&§primaryStructureSize) ;*/

}//endofFile

//

double count=0;
/*for (int 1=0;i<ensambleResults.size () ;i++)
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{

count+=ensambleResults[i];

}

cout<<epoch<<"
"<< (tempadditionprotein*100) /count<<"%"<<endl;*/

//

gAlgorithm-
>population[atom].setEval (BRNN1.getEpochError (0));

/*BRNN2 .getEpochError () ;
BRNN3.getEpochError () ;

BRNN4 .getEpochError () ;
BRNN5.getEpochError () ;
BRNN6.getEpochError () ;*/

//
BRNN1l.closeFolders () ;
/*BRNN2.closeFolders () ;
BRNN3.closeFolders () ;
BRNN4 .closeFolders () ;
BRNNS5.closeFolders () ;
BRNN6.closeFolders () ;*/

gAlgorithm->mutation () ;
for (int atom=0;atom<POP;atom++) {
BRNN1.setWeights ga(gAlgorithm->next gen[atom]) ;
BRNN1.openFolders() ;

endOfFile=BRNNl.initTrainingInput (&primaryStructureSize);
while (endOfFile)
{

//takes the new msa encoding of this protein
if (msaEnable)

{
BRNN1.getMSAInput () ;

}
BRNN1.initProtainQuest () ;

for (int
sequencet=0; sequencet<primaryStructureSize;sequencet++)

{
BRNN1.doFeedForward (sequencet, 1, epoch, center window size);
}

BRNN1.getSequenceTrainingError () ;

endOfFile=BRNNl.initTrainingInput (&primaryStructureSize) ;

}//endofFile
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BRNN1.closeFolders() ;
gAlgorithm-

>next gen[atom].setEval (BRNN1.getEpochError (0));
//endOfFile=BRNN1.initTestInput (¢primaryStructureSize) ;

}

gAlgorithm->chooseBestIndividual (POP*2) ;

if (epoch==maxIterations-1) {
BRNN1.setWeights ga(gAlgorithm->population(0]);

//open pointers to the output files
BRNN1.openFolders () ;

endOfFile=BRNN1l.initTestInput (&primaryStructureSize);

/*BRNN2.initTestInput (&primaryStructureSize) ;
BRNN3.initTestInput (&primaryStructureSize) ;
BRNN4.initTestInput (&primaryStructureSize) ;
BRNN5.initTestInput (&primaryStructureSize) ;
( )

BRNN6.initTestInput (&§primaryStructureSize) ;*/

//

//ensambleResults.clear () ;

while (endOfFile)

{
vectoroutputresultl.clear();
/*vectoroutputresult2.clear();
vectoroutputresult3.clear();
vectoroutputresultd.clear () ;
vectoroutputresultb.clear () ;
vectoroutputresulté6.clear();
vectoroutputresultensemble.clear () ;*/

//takes the new msa encoding of this protein
if (msaEnable)
{
BRNN1.getMSAInput () ;
/*BRNN2.getMSAInput () ;
BRNN3.getMSAInput () ;
)
)
)

’

BRNN4.getMSAInput (
BRNN5.getMSAInput (
BRNN6.getMSAInput (

P
}

BRNN1.initProtainQuest () ;
/*BRNN2.initProtainQuest () ;
BRNN3.initProtainQuest () ;
)
)
)

’

BRNN4 .initProtainQuest (
BRNNS5.initProtainQuest (
BRNN6.initProtainQuest (

’

i x/

predictedSecondaryStructure.clear () ;

for (int

sequencet=0; sequencet<primaryStructureSize;sequencet++)

{
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BRNN1.doFeedForward (sequencet, 2, epoch, center window size);
/*BRNN2.doFeedForward (sequencet, 2, epoch, center window size);
BRNN3.doFeedForward (sequencet, 2, epoch, center window_ size);
BRNN4 .doFeedForward (sequencet, 2, epoch, center window size);
BRNNS5.doFeedForward (sequencet, 2, epoch, center window_size);
BRNN6.doFeedForward (sequencet, 2, epoch, center window size);*/
BRNN1.retOutput (sequencet, outputresultl, &secSt) ;
/*BRNN2.retOutput (sequencet, outputresult2, &secSt) ;
BRNN3.retOutput (sequencet, outputresult3, &secSt) ;
BRNN4.retOutput (sequencet, outputresult4, &secSt) ;
BRNNS5. retOutput (sequencet, outputresult5, &secSt) ;
BRNN6.retOutput (sequencet, outputresult6, &secSt) ; */
vectoroutputresultl.push back (outputresultl);
/*vectoroutputresult2.push back (outputresult2);
vectoroutputresult3.push back (outputresult3);
vectoroutputresultd4.push back (outputresultd);
vectoroutputresult5.push back (outputresult5);
vectoroutputresult6.push back (outputresulté);*/
//calculate the average ensemble output
/*for (int

ensambleI=0;ensamblelI<3;ensamblel++)

{

ensambleAverage [ensamblel]=(outputresultl [ensamblel]+outputresu
lt2[ensamblel]+outputresult3[ensamblel]+outputresultd [ensamblel]+outp
utresult5[ensamblel]+outputresult6[ensamblel]) /6.0;

}

vectoroutputresultensemble.push back (ensambleAverage) ;

maxVal=ensambleAverage[0];
maxIndex=0;

for (int position=0;position<3;position++)

{

if (maxVal<=ensambleAverage[position])

{
maxVal=ensambleAverage [position];
maxIndex=position;
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}*/

/*if ((maxIndex==0 && secSt=='H') ||
(maxIndex==1 && secSt=='L'"'") || (maxIndex==2 && secSt=='E"'))

tempadditionprotein=tempadditionprotein+1.0;
if (maxIndex==0)

predictedSecondaryStructure.push back('H');
else if (maxIndex==1)

predictedSecondaryStructure.push back('L');
else if (maxIndex==2)

predictedSecondaryStructure.push back('E');*/

//ensambleResults.push back (tempadditionprotein*100.0/primaryStructur
eSize);
//ensambleResults.push back(primaryStructureSize);

BRNN1.getSequenceTestingError () ;
/*BRNN2.getSequenceTestingError () ;
BRNN3.getSequenceTestingError () ;
BRNN4.getSequenceTestingError () ;
BRNN5.getSequenceTestingError () ;
BRNN6.getSequenceTestingError () ;*/

BRNN1.printOutputSequence (2, vectoroutputresultl, 0) ;
/*BRNN2.printOutputSequence (2, vectoroutputresult2,0) ;
BRNN3.printOutputSequence (2, vectoroutputresult3,0) ;
BRNN4.printOutputSequence (2, vectoroutputresultd4,0) ;
BRNNS5.printOutputSequence (2, vectoroutputresult5,0) ;

BRNN6.printOutputSequence (2, vectoroutputresult6,0);*/
BRNN1.returnData (primaryStructure, secondaryStructure,proteinlID)

//create the ensemble output file
//saveOQutputData-
>createOutputFile (primaryStructure, secondaryStructure, predictedSecond
aryStructure,proteinID, 0,2, vectoroutputresultl,1);
//OutputDataForFilter-
>createOutputFile (primaryStructure, secondaryStructure, predictedSecond
aryStructure, proteinlID, 0,2, vectoroutputresultensemble, 0) ;
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//saveOQutputData-
>printEnsembleOutputFile (primaryStructure, secondaryStructure,predicte
dSecondaryStructure, proteinlD, vectoroutputresultl, vectoroutputresult?2
,vectoroutputresult3,vectoroutputresultd4,vectoroutputresultb,vectorou
tputresult6, vectoroutputresultensemble) ;

endOfFile=BRNN1l.initTestInput (&primaryStructureSize);
/*BRNN2.initTestInput (&primaryStructureSize) ;
BRNN3.initTestInput (&primaryStructureSize) ;
BRNN4.initTestInput (&primaryStructureSize);
BRNNS5.initTestInput (&primaryStructureSize) ;
BRNN6.initTestInput (&primaryStructureSize) ;*/

BRNN1l.closeFolders () ;

}

epoch++;

BRNN1.printOutputs () ;
/*BRNN2.printOutputs () ;
BRNN3.printOutputs () ;
)
)

’

BRNN4 .printOutputs (
BRNNS5.printOutputs (
BRNN6.printOutputs () ;*/
BRNN1.printNetworkSpecification();
/*BRNN2.printNetworkSpecification () ;
BRNN3.printNetworkSpecification();
BRNN4.printNetworkSpecification() ;
BRNNS5.printNetworkSpecification() ;
BRNN6.printNetworkSpecification () ;*/

’

//system (scriptcommand) ;
//system (viterbicommand) ;
//system (scriptcommand?) ;

//saveOutputData->closeEnsembleOutputFile () ;

return 0;
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ga.h

/********************************************************************
khkkhkhkkhkhkhkhkhkkhkrkhkkhkhhkhkhkhhkhhkhkhkkhxkhk*kx

Ylopoisi twn methodon tis klasis atomo

Rk R e e b b b b db b dh db g b b b b b db db  db g b b b b Ib Sb db g g b b b b Sb Ih (db g b b b b b (db Sb db g g b b b Ib Sb db  db g g b b b Ib Ib db g g g g

***************************/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <cmath>
#include <vector>
#include <ctime>

#include "chromosome.h"
using namespace std;
#define POP 2
#ifndef GA H
#define GA H
class ga {
public:

gal();

~ga (void) ;

vold createRoulette () ;

void newPopulation();

volid mutation () ;

volid crossover () ;

volid chooseBestIndividual (int size);

void setEvaluation (double eval,int position);

void printSolution();

void printCh{();
int findmaximum (int ranking[],int max);
double uniform(const double min, const double max);
double gaussian (double mu, double sigma);
double tA();
double tB();
//chromosome prev_population[POP];
//chromosome next population[POP];
chromosome *next gen;
chromosome *population;
double *roulette;
int *rank;
ofstream outres;

private:

}i

#endif /* GA H */
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ga.cpp

/********************************************************************
Ahkhkhkhkhkhkhkkhkkhkrhkhkhkhkhkkhkhrhkhkkhkrkhkxkxk%

Ylopoisi twn methodon tis klasis atomo

Rk R e e b b b b db b dh db g b b b b b db db  db g b b b b Ib Sb db g g b b b b Sb Ih (db g b b b b b (db Sb db g g b b b Ib Sb db  db g g b b b Ib Ib db g g g g

***************************/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <cmath>
#include <set>

#include <vector>
#include <ctime>
#include "chromosome.h"
#include "ga.h"

//statheres

#define POP 200

#define CrossProb 0.20
#define GEN NUM 2

#define P1 3.14159265
#define CHROMOSOME STIZE 3089

using namespace std;
ga::gal() {

outres.open ("Report.txt");
//srand (time (NULL) ) ;
//dimiourgei ena vector apo xromosomata
rank=new int [POP];
roulette=new double [POP];
population=new chromosome [POP];
next gen=new chromosome [POP];
for (int 1=0;i1<POP; i++) {
//prev_population[i]=chromosome () ;
//next population[i]=chromosome () ;
population[i]=chromosome () ;
//roulette[i]=0.0;

ga::~ga() A
}

void ga:: setEvaluation(double eval,int position)

{

//next population[position].setEval (eval);
population[position].setEval (eval);

}

void ga:: createRoulette ()
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double sum F=0;
int x;

/*for (int 1=0; 1<POP; i++)
{

next population([i].setEval ((rand()%1000000)/10000.0);
//cout<<next generation[i].returnEval ()<<endl;

b/

for (x=0; x<POP; x++)
{

sum_F+=population[x].returnEval ();
//cout<<sum F<<endl;
roulette[x]=0;

//system ("pause") ;

roulette[0]=(population[0].returnEval () /sum_F) *POP;

for(int i=1;i<POP;i++) {
roulette[i]=(population[i].returnEval()/sum_F) *POP;

}

void ga :: newPopulation () {

//double temp=0;

for (int 1=0;i1<POP; i++) {
rank[1]=0;

}

for (int 1=0;1<POP; i++) {
for (int j=0;j<POP; j++) {
if (roulette[i]>roulette[]])
rank[i]=rank[i]+1;

}

}

int ranking[POP];

for (int 1=0;1<POP; i++) {
roulette[i]l=round (roulette[i]);
ranking[i]=rank[i];

}

chromosome temp[POP];
int count=0;
int flag rank=1;

349



int flag2=0;
int max2=0;

for (int i=0;i<POP;i++) {
max2=findmaximum (ranking, POP) ;

int temp2=roulette[max2];
for (int j=0;j<temp2;j++) {
ranking[max2]=-1;
temp [count]=population[max2];
count++;
if (count>=POP)
break;

if (count>=POP)
break;
}
if (count<POP) {
for (int i=0;i<POP;i++) {
max2=findmaximum (ranking, POP) ;

ranking[max2]=-1;
temp [count]=population[max2];
count++;
if (count>=POP)
break;

}

}

for (int 1=0;i<POP; i++) {
population[i]=temp[i];

}

}

void ga:: mutation() {

srand (time (NULL) ) ;
double mut pro;
double g;
for(int 1=0;1<POP;i=1i++) {
for (int j=0;j<CHROMOSOME SIZE;j=j++) {
mut pro=rand() / ((double) RAND MAX);
if (mut _pro>=0.0) {
g=gaussian(0,1);

next gen[i].individual[j]=population[i].individual[j]+/*population[i]
.mut_r[j]**/g;

/* while (next gen[i].individual[j]>5.0 ||
next gen[i].individual[]]<-5.0) {
g=gaussian(0,1);

next gen[i].individual[j]=population[i].individual[j]+population[i].m

ut r[jl*g;
}x/
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next gen[i].mut r[jl=population[i].mut r[j]*exp(tA()*g)+tB()*gaussian
(0,1);
}
elsef
next gen[i].individual[j]=population[i].individuallj];
}
}
//next genl[i].convert evaluate();

}
//chooseBestIndividual (POP*2) ;

}

double ga:: tA() {
return 1/ (sgrt (Z*CHROMOSOME_SIZE) )

}

double ga:: tB() {
return 1/ (sqrt(2*sqrt (CHROMOSOME SIZE) ) );
}
double ga:: uniform(const double min, const double max)
{
return min + rand()/ (RAND MAX/ (max - min));
}

double ga:: gaussian (double mu, double sigma)
{
double p = 1.0, pl, p2;
double result=0;
while (p >= 1.0)
{
pl = uniform(-1, 1);
p2 = uniform(-1, 1);
p =pl * pl + p2 * p2;
}
result=mu + sigma * pl * sqrt(-2.0 * log(p) / p);

return result;

}

void ga :: crossover () {

srand (time (NULL) ) ;
double a=0.7;

int maxrand=20;

int max=POP-1;

/* set <int> taken;
set<int>::iterator it;

taken.insert (-1);*/

vector <chromosome> forcrossover;

for (int 1=0;1<POP;i=1++) {
forcrossover.push back(population([i]);

}

int lucky one=0;
int lucky two=0;
for (int 1=0;1<POP;1=1+2) {
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lucky one= (rand() %maxrand)+0;

lucky two=(rand() smaxrand)+0;

while (lucky two==lucky one ||
forcrossover.at (lucky one) .returnEval ()==
forcrossover.at (lucky two).returnEval ()) {

lucky two=(rand() smaxrand)+0;

}

forcrossover.erase (forcrossover.begin () +lucky one);

forcrossover.erase (forcrossover.begin () +lucky two);

maxrand=maxrand-2;

for (int j=0;J<CHROMOSOME SIZE;j++) {

next gen[i].individual[j]=population[lucky one].individual[j]*a +(1-
a) *population[lucky two].individuall[j];

/*Ypo kanonikes sinthike prepei mono ena
conver evaluate() ni ginetai alla e3w apo to 2ro for*/

next gen[i].convert evaluate();

next gen[i+l].individual[j]=population[lucky two].individual[]j]*a
+(1-a)*population[lucky one].individuallj];
next gen[i+l].convert evaluate();

}

}

/*for (int 1=0; i<POP-1;1i=1+2) {
/*  dof{
it=(rand()/(RAND MAX) + 1.0)* (max - 1) + 1;
}while (it==1 && taken.find(it));
taken.insert (parent?2);
*/
/* for (int j=0;3j<CHROMOSOME SIZE;j++) {

next gen[i].individual[j]l=population([i].individuallj]*a
+(l-a)*population[i+1].individual[]];*/
/*Ypo kanonikes sinthike prepei mono ena
conver evaluate() ni ginetai alla e3w apo to 2ro for*/
/*next_gen[i].convert_evaluate();

next gen[i+l].individual[j]=population[i+l].individual[j]*a +(1-

a) *population[i].individuall[j];
next gen[i+l].convert evaluate();

}
b/

chooseBestIndividual (POP*2) ;

}

void ga :: chooseBestIndividual (int size) {

// int sz=sizel;
chromosome *temp;
temp=new chromosome [POP*2];

int rank[POP*2];

for (int i=0;i<POP;i++) {
temp [i]=population[i];
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}

for (int i=0;i<size-POP;i++) {
temp [1i+POP]=next gen[i];
}

for(int i=0;i<size;i++) {
rank[i1]=0;

}

int max =0;

for(int i=0;i<size;i++) {
for (int j=0;j<size;j++) {
if (temp[i].returnEval ()<temp[]j].returnEval() && i!=j)
rank[i]=rank[i]+1;
if (rank[i]>rank[max])

max=i;

}

}

int max2=0;

int high rank=rank[max];

int count=0;

for (int i=0;i<=high rank;i++) {
max2=findmaximum (rank, size) ;
rank[max2]=-1;
population[i]=temp[max2];
count++;

if (count==199)
break;
//i=-1;
}
delete (temp) ;

int ga :: findmaximum(int ranking[],int max) {

int max2=0;
int temp=0;
for(int 1=0;i<max;i++) {
temp=ranking[i];
if (ranking[i]>ranking[max2])
max2=1i;

}

return max2;
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chromosome.h

/********************************************************************
khkkhkhkkhkhkhkhkhkkhkrkhkkhkhhkhkhkhhkhhkhkhkkhxkhk*kx

Ylopoisi twn methodon tis klasis atomo

Rk R e e b b b b db b dh db g b b b b b db db  db g b b b b Ib Sb db g g b b b b Sb Ih (db g b b b b b (db Sb db g g b b b Ib Sb db  db g g b b b Ib Ib db g g g g

***************************/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <cmath>
#include <vector>
#include <ctime>
#include <iostream>

#define CHROMOSOME SIZE 3089

#ifndef CHROMOSOME H
#define _CHROMOSOME_H

class chromosome {
public:
chromosome () ;
~chromosome () ;

double individual[CHROMOSOME_SIZE];
double mut r[CHROMOSOME SIZE];
vold setEval (double eval);
double returnEval () ;
void returnTempIndividual (double *tempAtom) ;
void crossoveredIndividual (double *tempIndividual) ;

int returnPosition();
void mutation () ;
void convert evaluate();
void change mut r();
private:

double evaluation;
//double x1;
//double x2;

#endif /* CHROMOSOME H */
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chromosome.cpp

/********************************************************************
khkkhkhkkhkhkhkhkhkkhkrkhkkhkhhkhkhkhhkhhkhkhkkhxkhk*kx

Ylopoisi twn methodon tis klasis atomo

Rk R e e b b b b db b dh db g b b b b b db db  db g b b b b Ib Sb db g g b b b b Sb Ih (db g b b b b b (db Sb db g g b b b Ib Sb db  db g g b b b Ib Ib db g g g g

***************************/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <cmath>

#include <vector>
#include <ctime>
#include "chromosome.h"
#include "ga.h"

//statheres
#define POPULATION 2
#define CHROMOSOME STIZE 3089
#define PI 3.14159265
using namespace std;
chromosome: : chromosome ()
{
srand (time (NULL) ) ;

evaluation=0;
//individual=new double [CHROMOSOME SIZE];
//mut r=new double [CHROMOSOME SIZE];
//position=position ;

//dimiourgia toy tixeou xromosomatos me 0 kai 1
//KAnonika den thelouma max kai min sto ThesisGa
double max=5.0;
double min=-5.0;
for (int i=0;i<CHROMOSOME_SIZE;i++)
{
individual[i]=(rand() / (static_ cast<double>(RAND MAX) +
1.0))* (max - min) + min;
mut r[i]=0 + rand()/(static cast<double>(RAND MAX/ (1

- 0)));
}
convert evaluate();
}
void chromosome :: convert evaluate()
{
double result=0;
setEval (result);
/7}
}
void chromosome :: change mut r()

{
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}

void chromosome :: setEval (double eval)

{

evaluation = eval;

}

double chromosome :: returnkEval ()

{

return evaluation;

}

chromosome: : ~chromosome () {

}

void chromosome :: crossoveredIndividual (double *tempIndividual)

{
for (int i=0; 1<CHROMOSOME SIZE;i++) {

individual [i]=tempIndividuall[i];

}
voilid chromosome :: mutation () {
double temp;
for (int i=0;i<CHROMOSOME SIZE;i++) {

temp=(rand () $1000000) /10000.0;
if (temp<l) {

if (individual[i]==1)
individual[i]=0;
else
individual[i]=1;

convert evaluate();
//calEval();
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BidirectionalRecurrentNeuralNetwork.h

#include "Neuron.h"
#include "DataReader.h"
#include "OutputData.h"
#include "targetver.h"
#include <cstdio>
#include <cstdlib>
#include <cstring>
//#include <fstream>
#include <iostream>
#include <cmath>
#include <cctype>
#include <vector>
#include <time.h>
#include <string>
#include "ga.h"
#include "chromosome.h"

using namespace std;

#ifndef BidirectionalRecurrentNeuralNetwork h
#define BidirectionalRecurrentNeuralNetwork h

//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

//class BidirectionalRecurrentNeuralNetwork: This class illustrates
all the functions that
//a Bidirectional Recurent Neural Network needs to be trained and

tested
//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

class BidirectionalRecurrentNeuralNetwork

{
private:

//members of BidirectionalRecurrentNeuralNetwork class
vector<string> encodingT;

vector<string> encodingOutput;

vector< vector<char> > outputClassification;
vector<char> currentInput;

vector<char> primaryStructure;

vector<char> primaryStructureRead;
vector<char> secondaryStructure;

vector<char> secondaryStructureRead;
vector<char> predictedSecondaryStructure;
vector<char> predictedSecondaryStructureTrain;
vector<double> weightsReturn;

int msa;

int msalinelength;
int inputSizekK;

int inputSize;

int halfWindow;

int halfInputSize;
int outputSize;

int sizeOfEachLetter;
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char
char
char
char
char
char

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

doub
doub
doub
doub
doub
doub
doub
doub
doub
int

char
int

int

trainFile[100];
testFile[100];
inputProfile[100];
outputProfile[100];
proteinName [100];
proteinID[100];

hLayerOneSize;

hLayerTwoSize;

hLayerOneSizeB;

hLayerTwoSizeB;

hLayerOneSizeF;

hLayerTwoSizeF;
activationFuncTypeOutput;
activationFuncTypeHidden;
windowSize;
errorFunctionTypeHidden;
errorFunctionTypeOutput;

Sy

randomizeTheDataset;
maxIterations;
trainingSetAdditionVectorTempSize;
testSetAdditionVectorTempSize;
percentageCounter;int percentageCounterTrain;
prevExcl;

le
le
le
le
le
le
le
le
le
ss;
outputletter;
tempSizeStart;
tempSizeEnd;

learningRate;

momentum;

gMinusl;

gPlusl;

percentage;double percentageTrain;
trainingSetAddition;
testSetAddition;
trainingSetAdditionEpoch;
testSetAdditionEpoch;

vector<Neuron>
vector<Neuron>
vector<Neuron>
vector<Neuron>
vector<Neuron>
vector<Neuron>
vector<Neuron>

hLayerOne;
hLayerTwo;
hLayerOneB;
hLayerTwoB;
hLayerOneF;
hLayerTwoF;
outputlLayer;

vector <int> tempOt;

vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>
vector<double>

ot;

It;

contextFt;
contextBt;
hLayerOneOutput;
hLayerTwoOutput;
hLayerOneBOutput;
hLayerTwoBOutput;
hLayerOneFOutput;
hLayerTwoFOutput;
inputhLayerOneF;
inputhLayerOneB;
tempInput;
inputOutputlLayer;
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vector<double> targetOutputs;

vector<double> tempVector;

vector<double> trainingSetAdditionVector;
vector<double> trainingSetAdditionVectorTemp;
vector<double> testSetAdditionVector;
vector<double> testSetAdditionVectorTemp;
vector<double> trainingSetAdditionEpochVector;
vector<double> testSetAdditionEpochVector;
vector<double> msalnput;

//objects of input,output to a file

DataReader* getInputData;

OutputData* saveOutputData;
/*OutputData* saveOutputData2;
OutputData* saveOutputData3;
OutputData* saveOutputDatad;*/

OutputData* OutputData Filter;
DataReader* getInput;
//private method of BidirectionalRecurrentNeuralNetwork class
void getInitialInput (void);

public:

BidirectionalRecurrentNeuralNetwork (char id, int
hLayerOneSize, int hlLayerTwoSize,int hLayerOneSizeB, int
hLayerTwoSizeB, int hLayerOneSizeF, int hLayerTwoSizeF, int
activationFuncTypeHidden, int activationFuncTypeOutput, double
learningRate, double momentum, int windowSize, double gMinusl,double
gPlusl,int errorFunctionTypeHidden,int errorFunctionTypeOutput, int
s,int epochN, char trainFile[100],char testFile[100], char
inputProfile[100],char outputProfile[100], int msaEnable, int
randomizeDataset,char outputFolder[100]);

~BidirectionalRecurrentNeuralNetwork (void) ;

//Methods of BidirectionalRecurrentNeuralNetwork class

bool initTrainingInput (int *primaryStructureSize);

void retOutput (int seqgt,vector<double> &outputresult, char
*secSt) ;

bool initTestInput (int *primaryStructureSize);

void doFeedForward(int sequencet,int isTrainOrTest, int
epoch, int center window size);

void doBackpropagation (int sequencet,double learningRate, int
enable) ;

void openFolders (void) ;

void closeFolders (void) ;

void getSequenceTrainingError () ;

void getSequenceTestingError () ;

double getEpochError (int flag);

void printOutputs();

void printOutputSequence (int ¢, vector<vector <double> >
vectoroutputresult, int flag);

void getTargetOutputs (int sequencet);

void printNetworkSpecification();

void getMSAInput () ;

void createMSAtempInput (int p, int g, int size);

void returnData (vector<char> &primaryStructure,vector<char>
&secondaryStructure,char proteinID[100]);

void initProtainQuest();

void setWeights ga (chromosome individual);

}s
#endif
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BidirectionalRecurrentNeuralNetwork.cpp

#include "DataReader.h"
#include "BidirectionalRecurrentNeuralNetwork.h"
#include <cstdio>
#include <cstdlib>
#include <cstring>
//#include <fstream>
#include <iostream>
#include <cmath>
#include <cctype>
#include <vector>
#include <time.h>
#include <string>
#include "ga.h"
#include "chromosome.h"

//using namespace std;

//*******************************************************************
KAARAAIAA XA A KA XK A XK A K

//Constructor
BidirectionalRecurrentNeuralNetwork: :BidirectionalRecurrentNeuralNetw
ork

// (int hLayerOneSizeN, int hLayerTwoSizeN,

// int hLayerOneSizeBN, int hLayerTwoSizeBN, int
hLayerOneSizeFN, int hLayerTwoSizeFN,

// int activationFuncTypeN, double learningRateN, double
momentumN, int windowSizeN,

// double gMinuslN,double gPluslN, int
errorFunctionTypeN, int sN, int epochN,

// char trainFileN[100],char testFileN[100],char
inputProfileN[100],char outputProfileN[100]) :

// initiates the BidirectionalRecurrentNeuralNetwork
//Parameters:

// int hLayerOneSizeN :hidden layer
one size

// int hLayerTwoSizeN :hidden layer
two size

// int hLayerOneSizeBN :Backward
hidden layer one size

// int hLayerTwoSizeBN :Backward
hidden layer two size

// int hLayerOneSizeFN :Forward hidden
layer one size

// int hLayerTwoSizeFN :Foeward hidden
layer two size

// int activationFuncTypeN :number that
corresponds to an activation function

// double learningRateN :learning rate

// double momentumN :momentum

// int windowSizeN :the window
size for each specific residue

// double gMinuslN :the g operator
for forward recurrent neural network

// double gPluslN :the g operator
for backward recurrent neural network

// int errorFunctionTypeN :number that

corresponds to an error function
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// int sN :the
operator s

// int epochN :number of
iterations

// char trainFileN[100] :the file name of
training set

// char testFileN[100] :the file name
of testing set

// char inputProfileN[100] :the file name of
input profile

// char outputProfileN[100] :the file name of

output profile

//**‘k****‘k*******‘k*******‘k*******‘k****‘k******************************

KAARKAA KA A KA A KA XK AKXk A K

BidirectionalRecurrentNeuralNetwork: :BidirectionalRecurrentNeuralNetw
ork (char id,int hLayerOneSizeN, int hLayerTwoSizeN,
int hLayerOneSizeBN, int hLayerTwoSizeBN, int
hLayerOneSizeFN, int hLayerTwoSizeFN,
int activationFuncTypeHiddenN, int
activationFuncTypeOutputN, double learningRateN, double momentumN, int
windowSizeN,
double gMinuslN,double gPluslN, int
errorFunctionTypeHiddenN, int errorFunctionTypeOutputN, int sN,int
epochN, char trainFileN[100],char testFileN[100],char
inputProfileN[100], char outputProfileN[100],int msaEnable, int
randomizeDataset,char outputFolder[100])
{
//private objects of BidirectionalRecurrentNeuralNetwork to
read from files and write to files
getInputData=new DataReader();

saveOutputData=new OutputData (id, outputFolder) ;
/*saveOutputData2=new OutputData ('2',outputFolder);
saveOQOutputData3=new OutputData ('3',outputFolder);
saveOutputDatad=new OutputData('4', outputFolder) ;*/

//OutputData Filter=new OutputData (id, outputFolder);
getInput=new DataReader();

//variables of class

inputSizeK=0;

inputSize=0;

halfWindow=0;

halfInputSize=0;

outputSize=0;
percentageCounter=0;percentageCounterTrain=0;
percentage=0.0;percentageTrain=0.0;
trainingSetAddition=0;
testSetAddition=0;
trainingSetAdditionEpoch=0;
testSetAddition=0;

//assign parameters of this class

hlLayerOneSize = hLayerOneSizeN;

hlLayerTwoSize = hlLayerTwoSizeN;

hLayerOneSizeB = hLayerOneSizeBN;

hLayerTwoSizeB hLayerTwoSizeBNj;

hLayerOneSizeF hLayerOneSizeFN;

hlLayerTwoSizeF = hLayerTwoSizeFN;
activationFuncTypeHidden = activationFuncTypeHiddenN;
activationFuncTypeOutput = activationFuncTypeOutputN;
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learningRate = learningRateN;
momentum = momentumN;
windowSize = windowSizeN;

msa = msaknable;

gqMinusl = (1.0 / gMinuslN); //change applied by Georgia

gPlusl = gPluslN;
errorFunctionTypeHidden

errorFunctionTypeHiddenN;

errorFunctionTypeOutput = errorFunctionTypeOutputN;
maxIterations=epochN;

s = sN;

randomizeTheDataset = randomizeDataset;

//assign parameters

for (int i=0;i<100;i++)

{
trainFile[i] = trainFileN[i];
testFile[i] = testFileN[i];
inputProfile[i] = inputProfileN[i];
outputProfile[i] = outputProfileN[i];
proteinID[i] = '\0';

}

//printValuesOfOutputNeurons (-1,0) ;

//private method that is called to read info about the input
and output encoding

BidirectionalRecurrentNeuralNetwork: :getInitialInput () ;

//create variables for RNNs

halfWindow=floor ((float)windowSize/2) ;

halfInputSize=floor ((float)inputSize/2); //inputSize is the
residue volume -- almost always 1

//create vector for the target output of each simulation
for (int i=0;i<outputSize;i++)
{
targetOutputs.push back(0);
}

//create a vector for the current input of the network
for (int i1=0;i<inputSize;i++)
{
currentInput.push back('\0");
}

//create a vector for the current input of the network -- is 21
for (int i=0;i<inputSizeK;i++)
{
It.push back(0);
}

//create the hidden layer one of the network
for (int i=0;i<hLayerOneSize;i++)
{

hLayerOne.push back (Neuron (inputSizeK, momentum, learningRate, act
ivationFuncTypeHidden, activationFuncTypeOutput, errorFunctionTypeHidde
n,errorfFunctionTypeOutput, 1))
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hLayerOneOutput.push back(0) ;

}

//create the hidden layer two of the network
for (int i=0;i<hLayerTwoSize;i++)

{

hLayerTwo.push back (Neuron (hLayerOneSize, momentum, learningRate,
activationFuncTypeHidden, activationFuncTypeOutput, errorFunctionTypeHi
dden, errorFunctionTypeOutput, 1)) ;
hLayerTwoOutput.push back(0) ;
}

//create the contex layer of forward recurrent neural network
if (hLayerTwoSizeF==0)
{
for (int i=0;i< (hLayerOneSizeF*s) ;i++)
{
contextFt.push back(0);
}

lelse

for (int i=0;i< (hLayerTwoSizeF*s) ;i++)
{
contextFt.push back(0);
}
}

//create the contex layer of backward recurrent neural network
if (hLayerTwoSizeB==0)
{
for (int i=0;i< (hLayerOneSizeB*s) ;i++)
{
contextBt.push back(0);
}

lelse

for (int i=0;i<(hLayerTwoSizeB*s) ;i++)
{
contextBt.push back(0);
}
}

//create the input vector of hidden layer one
for (int i=0;i<(inputSizeK+contextFt.size());i++)
{

inputhLayerOneF.push back (0);

}

//create the input vector of hidden layer two
for (int i=0;i<(inputSizeK+contextBt.size()) ;i++)
{

inputhLayerOneB.push back (0);
}

//create the hidden layer one of forward recurrent neural
network

for (int i=0;i<hLayerOneSizeF;i++)

{
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hLayerOneF.push back (Neuron (inputSizeK+contextFt.size (), momentu
m, learningRate, activationFuncTypeHidden, activationFuncTypeOutput,erro
rFunctionTypeHidden, errorFunctionTypeOutput, 1)) ;
hLayerOneFOutput.push back(0);
}

//create the hidden layer two of forward recurrent neural
network
for (int i=0;i<hLayerTwoSizeF;i++)

{

hLayerTwoF.push back (Neuron (hLayerOneSizeF, momentum, learningRat
e,activationFuncTypeHidden, activationFuncTypeOutput,errorFunctionType
Hidden,errorFunctionTypeOutput, 1))
hLayerTwoFOutput.push back(0);
}

//create the hidden layer one of backward recurrent neural
network
for (int i=0;i<hLayerOneSizeB;i++)

{

hLayerOneB.push back (Neuron (inputSizeK+contextBt.size (), momentu
m, learningRate, activationFuncTypeHidden, activationFuncTypeOutput, erro
rFunctionTypeHidden, errorFunctionTypeOutput, 1)),
hLayerOneBOutput.push back(0);
}

//create the hidden layer two of backward recurrent neural
network
for (int i=0;i<hLayerTwoSizeB;i++)

{

hLayerTwoB.push back (Neuron (hLayerOneSizeB, momentum, learningRat
e,activationFuncTypeHidden, activationFuncTypeOutput, errorFunctionType
Hidden,errorFunctionTypeOutput, 1))
hLayerTwoBOutput.push back(0);
}

//creates the output layer with input and output vectors of
this layer
//the size of the vector depends from the size and existence of
previous layers
if (hLayerTwoSize==0 && hlLayerTwoSizeF==0 && hLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputlLayer.push back (Neuron (hLayerOneSize+hLayerOneSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;

for (int
1i=0;i<hLayerOneSize+hLayerOneSizeF+hLayerOneSizeB; i++)

{
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inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize==0 && hlayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerOneSize+hLayerOneSizeF+hLaye
rTwoSizeB,momentum, learningRate,activationFuncTypeHidden, activationFu
ncTypeOutput, errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerOneSizethLayerOneSizeF+hLayerTwoSizeB; i++)
{
inputOutputLayer.push back(0);
}

}else if (hLayerTwoSize==0 && hLayerTwoSizeF!=0 &&
hlLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerOneSize+hLayerTwoSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden, activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerOneSizethLayerTwoSizeF+hLayerOneSizeB; i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize==0 && hlayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerOneSize+hLayerTwoSizeF+hLaye
rTwoSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerOneSizet+hLayerTwoSizeF+hLayerTwoSizeB;i++)
{
inputOutputLayer.push back(0);
}
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}else if (hLayerTwoSize!=0 && hlayerTwoSizeF==0 &&
hLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerTwoSize+hLayerOneSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerTwoSizethLayerOneSizeF+hLayerOneSizeB; i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int i1=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerTwoSize+hLayerOneSizeF+hLaye
rTwoSizeB, momentum,

learningRate, activationFuncTypeHidden, activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerTwoSizethLayerOneSizeF+hLayerTwoSizeB; i++)
{
inputOutputLayer.push back(0);
}
}else if (hLayerTwoSize!=0 && hlLayerTwoSizeF!=0 &&
hlLayerTwoSizeB==0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerTwoSize+hLayerTwoSizeF+hLaye
rOneSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0);
}

for (int
i=0;i<hLayerTwoSizet+hLayerTwoSizeF+hLayerOneSizeB;i++)
{
inputOutputlLayer.push back(0);
}
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}else if (hLayerTwoSize!=0 && hlayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int i=0;i<outputSize;i++)

{

outputLayer.push back (Neuron (hLayerTwoSize+hLayerTwoSizeF+hLaye
rTwoSizeB, momentum,

learningRate, activationFuncTypeHidden,activationFuncTypeOutput,
errorFunctionTypeHidden, errorFunctionTypeOutput,0)) ;
Ot.push back (0);
tempOt.push back(0) ;
}

for (int
i=0;i<hLayerTwoSizethLayerTwoSizeF+hLayerTwoSizeB; i++)
{
inputOutputLayer.push back(0);

}

//*******************************************************************
*Ahkkhkhkkhkhkhkhkhkhkhhkkhkkhkkhkkk*

//Deconstructor BidirectionalRecurrentNeuralNetwork (void)
//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

BidirectionalRecurrentNeuralNetwork: :~BidirectionalRecurrentNeuralNet
work (void)

{
}
//executes this once

void BidirectionalRecurrentNeuralNetwork::getInitialInput ()

{

if (msa == 0)
{ //to msalLinelLength den xreiazete otan msa=0, gi afto den
xrisimopiite pouthenaF
getInput-

>readEncoding (encodingT, &inputSizeK, inputProfile,msa, &émsalinelength) ;
inputSize=inputSizeK;
sizeOfEachLetter=encodingT[0].size () ;
inputSizeK=inputSizeK*sizeOfEachLetter;
}
else //extra code by Georgia
{
//reads the detail lines from the information file
getInput-
>readEncoding (encodingT, &inputSizeK, inputProfile,msa, &émsalinelength) ;
inputSize=inputSizeK;
sizeOfEachLetter=msalinelLength;
inputSizeK=inputSizeK*sizeOfEachLetter;

getInput-
>readOutputEncoding (encodingOutput, outputClassification, &outputSize, o
utputProfile);
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}
//

void BidirectionalRecurrentNeuralNetwork: :getMSAInput ()

{
//get the whole msa encoding of the protein
getInput->readEncodingMSA (encodingT, proteinID) ;

}

void BidirectionalRecurrentNeuralNetwork: :openFolders (void)

{

getInputData->initiateDataPointers (trainFile,testFile);

}
//

void BidirectionalRecurrentNeuralNetwork::closeFolders (void)

{

getInputData->closeDataPointers (trainFile,testFile);

//randomize dataset
if (randomizeTheDataset==1) {int k = system("perl
randomizeDataset.pl") ;}

}

bool BidirectionalRecurrentNeuralNetwork::initTrainingInput (int
*primaryStructureSize)

{
bool endOfFile;

//the proteinID is the name of the current protein -- reads it
from training set

endOfFile=getInputData-
>readTrainingInput (primaryStructureRead, secondaryStructureRead, protei
nIlD) ;

primaryStructure.clear();
secondaryStructure.clear();

for (int i=0;i<primaryStructureRead.size();it++)

{

if (primaryStructureRead[i]!="!")

{
primaryStructure.push back(primaryStructureRead[i]);

secondaryStructure.push back(secondaryStructureRead[i]);
}
}

if (endOfFile) {

getInputData-
>translateSecondaryStructure (outputClassification, secondaryStructure)

’

*primaryStructureSize=primaryStructure.size();
return endOfFile;

}

else { return endOfFile;}
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bool BidirectionalRecurrentNeuralNetwork::initTestInput (int
*primaryStructureSize)
{

bool endOfFile;

endOfFile=getInputData-
>readTestInput (primaryStructureRead, secondaryStructureRead, proteinID)

I3

primaryStructure.clear();
secondaryStructure.clear();

for (int i=0;i<primaryStructureRead.size();i++)
{
if (primaryStructureRead[i] !=""!")

{
primaryStructure.push back(primaryStructureRead[i]) ;

secondaryStructure.push back(secondaryStructureRead[i]);
}
}

ss=0;
if (endOfFile) {
getInputData-
>translateSecondaryStructure (outputClassification, secondaryStructure)

*primaryStructureSize=primaryStructure.size();

return endOfFile;
}
else
{ return endOfFile; }
}
//
void BidirectionalRecurrentNeuralNetwork::createMSAtempInput (int p,
int g, int size)
{
//msalnput is a double values vector
msalnput.clear();

//initialize and split msalnput --encodingT is a vector<string>
//primaryStructure[p] gives a letter
msalnput = getInput->splitValues (encodingT[p]);

’

for (int i=0;i<size; 1i++) {
tempInput.push back (msalnput([i]);

}
}

void BidirectionalRecurrentNeuralNetwork::initProtainQuest ()

{
prevExcl=0;
tempSizeStart=0;

tempSizeEnd=primaryStructure.size () ;

for (int i=0;i<primaryStructureRead.size () ;i++)

{
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if (primaryStructureRead[i]=="!")
{

tempSizeEnd=i;

break;

void BidirectionalRecurrentNeuralNetwork: :doFeedForward (int
sequencet,int isTrainOrTest, int epoch, int center window_ size)

{

if (sequencet>=tempSizeEnd)

{

prevExcl++;

tempSizeStart=tempSizeEnd;

tempSizeEnd=primaryStructure.size();
for (int
i=tempSizeStart+2;i<primaryStructureRead.size () ;i++)
{
if (primaryStructureRead[i]=="!")
{
tempSizeEnd=i-prevExcl;
break;

}

//cout<<primaryStructure [sequencet]<<endl;

if (sequencet==2)
{
//cout<<endl;

}

//RNNF
for (int forwardt=sequencet-
halfWindow; forwardt<=sequencet; forwardt++)

{
tempInput.clear();

for (int p=forwardt-halfInputSize;p<(forwardt-

halfInputSize+inputSize) ;p++)

{
if (p<tempSizeStart || p>=tempSizeEnd) {

for (int g=0;g<sizeOfEachLetter;qg++)
{
tempInput.push back(0);
}
}

//1if to p ine apo 0 mexri to tempsize-1

else
{
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for (int g=0;g<sizeOfEachLetter;qg++)
{
//if (sequencet==185)

/71
// cout<<p<<"
"<<g<<sizeOfEachLetter<<endl;
//}
if (msa == 0)

tempInput.push back((double)encodingT [primaryStructure[p]-
651 [q]-48);
else{//change by Georgia

//take the input in the sequencet
place -- the p variable express the position

if (sequencet==2)
{

//cout<<p<<" "<<g<<endl;
}

createMSAtempInput (p, q, sizeOfEachLetter);
break;

}

for (int p=0;p<inputhLayerOneF.size () ;pt++)
{
if (p<contextFt.size())

inputhLayerOneF [p]=contextFt[p];
else{

inputhLayerOneF [p]l=tempInput [p-
contextFt.size () ];

}

for (int p=0;p<hLayerOneF.size () ;p++)
{

hLayerOneFOutput [p]=hLayerOneF [p] .getOutput (inputhLayerOneF) ;
}

if (hLayerTwoSizeF==0)
{

int temp=contextFt.size()-hLayerOneFOutput.size();
int newPlace=contextFt.size()/s;
for (int p=0;p<temp;p++)
{
contextFt[p]l=contextFt[ptnewPlace];
}
for (int p=temp,i=0;p<contextFt.size () ;p++,1i++)
{
contextFt [p]=hLayerOneFOutput[i]*gMinusl;
}

lelse

for (int p=0;p<hLayerTwoF.size () ;p++)

371



{

hLayerTwoFOutput [p]=hLayerTwoF [p] .getOutput (hLayerOneFOutput) ;
}

int temp=contextFt.size()-hLayerTwoFOutput.size();
int newPlace=contextFt.size()/s;
for (int p=0;p<temp;p++)
{
contextFt[p]=contextFt[ptnewPlace];
}
for (int p=temp, i=0;p<contextFt.size () ;pt++,i++)
{
contextFt[p]l=hLayerTwoFOutput[i] *gMinusl;
}

}

for(int i=0;i<contextFt.size();i++)
{

contextFt[1]=0;
}

It.clear();
for (int center=sequencet-
center window_ size;center<=sequencet+center window size;center++) {
for (int p=center-halfInputSize;p<(sequencet-
halfInputSize+inputSize) ;p++)
{
if (p<0)
{
for (int g=0;g<sizeOfEachlLetter;gt++)
{
It.push back(0);
}
}
else if (p>=primaryStructure.size())
{
for (int g=0;g<sizeOfEachletter;g++)
{
It.push back(0);
}

else

for (int g=0;g<sizeOfEachLetter;gt+)
{

if (msa == 0)

It.push back((double)encodingT[primaryStructure[p]-65][g]-48);
else(
msalnput.clear();
//initialize and split msaInput --
encodingT is a vector<string>
//primaryStructure[p] gives a letter
msalnput = getInput-
>splitValues (encodingT[p]) ;
for (int 1=0;i<sizeOfEachLetter; i++) {
It.push back(msaInput[i]);

break;
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}
}

/ /BNNF
for (int
backwardt=sequencet+halfWindow;backwardt>=sequencet;backwardt--)

{
tempInput.clear();
for (int p=backwardt-halfInputSize;p<(backwardt-
halfInputSizet+inputSize) ;p++)

{
if (p<tempSizeStart || p>=tempSizeEnd)

{
for (int g=0;g<sizeOfEachlLetter;qgt+)

{
tempInput.push back(0);
}

else

for (int g=0;g<sizeOfEachlLetter;qgt++)
{

if (msa == 0)

tempInput.push back((double)encodingT [primaryStructure[p]-
651 [g]-48);
else{//change by Georgia
if (sequencet==268)
{
///cout<<p<<" "<<g<<endl;
}

createMSAtempInput (p,q, sizeOfEachlLetter);
break;

}

}

for (int p=0;p<inputhLayerOneB.size () ;p+t+)
{
if (p<tempInput.size())
{
inputhLayerOneB[p]=tempInput[p];
}

else
{
inputhLayerOneB|[p]=contextBt [p-
tempInput.size()];
}
}

for (int p=0;p<hLayerOneB.size () ;pt+)
{

hLayerOneBOutput [p]=hLayerOneB[p] .getOutput (inputhLayerOneB) ;
}
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if (hLayerTwoSizeB==0)

{
int temp=contextBt.size () -hLayerOneBOutput.size();
int newPlace=contextBt.size()/s;
for (int

p=contextBt.size () ;p>=hLayerOneBOutput.size () ;p--)

{
contextBt [p]=contextBt [p-newPlace];

}
for (int p=0;p<hlLayerOneBOutput.size () ;pt++)

{
contextBt [p]=hLayerOneBOutput [p] *gPlusl;

}

lelse

{
for (int p=0;p<hlLayerTwoB.size () ;pt+)

{

hLayerTwoBOutput [p]=hLayerTwoB[p] .getOutput (hLayerOneBOutput) ;

}

int temp=contextBt.size()-hLayerTwoBOutput.size();
int newPlace=contextBt.size()/s;
for (int p=contextBt.size()-

1;p>=hLayerTwoBOutput.size () ;p--)

}

{
contextBt [p]=contextBt[p-newPlace];

}
for (int p=0;p<hLayerTwoBOutput.size () ;pt++)

{
contextBt [p]=hLayerTwoBOutput [p] *gqPlusl;

}

//telos BRNN

for(int 1=0;i<contextBt.size () ;i++)

{

}

contextBt[1]=0;

for (int p=0;p<hLayerOne.size () ;p++)

{

}

hLayerOneOutput [p]=hLayerOne[p] .getOutput (It) ;

if (hLayerTwoSize!=0)

{

for (int p=0;p<hlLayerTwo.size () ;p++)
{

hLayerTwoOutput [p]=hLayerTwo[p] .getOutput (hLayerOneOutput) ;

}

}

if (hLayerTwoSize==0 && hlLayerTwoSizeF==0 && hLayerTwoSizeB==0)

{

for (int p=0;p<inputOutputlayer.size () ;p++)
{
if (p<hLayerOneFOutput.size())
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inputOutputlLayer [p]l=hLayerOneFOutput [p];
else
if (p< (hLayerOneFOutput.size () +thLayerOneOutput.size()))
inputOutputlLayer [p]l=hLayerOneOutput [p-
hLayerOneFOutput.size () ];
else
inputOutputlLayer [p]=hLayerOneBOutput [p-
hLayerOneFOutput.size () ~hLayerOneOutput.size()];
}
}else if (hLayerTwoSize==0 && hLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]=hLayerOneFOutput[p];
else
if (p<(hLayerOneFOutput.size ()+hLayerOneOutput.size()))
inputOutputLayer [p]=hLayerOneOutput [p-
hLayerOneFOutput.size () ];
else
inputOutputLayer [p]=hLayerTwoBOutput [p-
hLayerOneFOutput.size () ~hLayerOneOutput.size()];
}
}else if (hLayerTwoSize==0 && hLayerTwoSizeF!=0 &&
hLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerTwoFOutput.size())
inputOutputlLayer [p]l=hLayerTwoFOutput [p];
else
if (p< (hLayerTwoFOutput.size () +thLayerOneOutput.size()))
inputOutputLayer [p]=hLayerOneOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputlayer [p]=hLayerOneBOutput [p-
hLayerTwoFOutput.size () —hLayerOneOutput.size()];
}
}else if (hLayerTwoSize==0 && hLayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;p++)
{
if (p<hLayerTwoFOutput.size())
inputOutputlayer [p]l=hLayerTwoFOutput [p];
else
if (p<(hLayerTwoFOutput.size () thLayerOneOutput.size()))
inputOutputlayer [p]=hLayerOneOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputlLayer [p]=hLayerTwoBOutput [p-
hLayerTwoFOutput.size () ~—hLayerOneOutput.size()];
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hlLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlayer.size () ;p++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]l=hLayerOneFOutput [p];
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else
if (p< (hLayerOneFOutput.size () +thLayerTwoOutput.size()))
inputOutputlLayer [p]l=hLayerTwoOutput [p-
hLayerOneFOutput.size()];
else
inputOutputlLayer [p]=hLayerOneBOutput [p-
hLayerOneFOutput.size () ~hLayerTwoOutput.size () ];
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF==0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerOneFOutput.size())
inputOutputlLayer [p]=hLayerOneFOutput [p];
else
if (p<(hLayerOneFOutput.size () +thLayerTwoOutput.size()))
inputOutputlLayer [p]=hLayerTwoOutput [p-
hLayerOneFOutput.size () ];
else
inputOutputLayer [p]=hLayerTwoBOutput [p—
hLayerOneFOutput.size () -hLayerTwoOutput.size()];
}
}else if (hLayerTwoSize!=0 && hLayerTwoSizeF!=0 &&
hLayerTwoSizeB==0)
{
for (int p=0;p<inputOutputlayer.size () ;pt++)
{
if (p<hLayerTwoFOutput.size())
inputOutputlLayer [p]l=hLayerTwoFOutput [p];
else
if (p< (hLayerTwoFOutput.size () +thLayerTwoOutput.size()))
inputOutputLayer [p]l=hLayerTwoOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputlayer [p]=hLayerOneBOutput [p-
hLayerTwoFOutput.size () ~hLayerTwoOutput.size () ];
}
}else if (hLayerTwoSize!=0 && hlLayerTwoSizeF!=0 &&
hLayerTwoSizeB!=0)
{
for (int p=0;p<inputOutputlayer.size () ;p+t+)
{
if (p<hLayerTwoFOutput.size())
inputOutputlLayer [p]l=hLayerTwoFOutput [p];
else
if (p< (hLayerTwoFOutput.size () +thLayerTwoOutput.size()))
inputOutputlayer [p]=hLayerTwoOutput [p-
hLayerTwoFOutput.size () ];
else
inputOutputlLayer [p]=hLayerTwoBOutput [p-
hLayerTwoFOutput.size () ~hLayerTwoOutput.size()];
}
}

//gia kathe output neuron vazw sto Ot tin real timi tou
for (int p=0;p<outputlLayer.size();p++)
{

Ot [pl=outputlayer[p] .getOutput (inputOutputlLayer) ;
}
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//function that takes the target outputs of the output neurons
getTargetOutputs (sequencet) ;

//1 == is train
if (isTrainOrTest==1)
{

for (int p=0;p<Ot.size () ;p++)

{

trainingSetAddition+=(targetOutputs|[p]-
Ot[p]) * (targetOutputs [p]-0Ot[p]);
}

//we want to see what were the real outputs of the
training set

int i=0;

int counterEnc=0;

int x;

//step function
/*for (int i=0;i<0t.size () ;i++)
{
//if the activation function is tanh
if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)
{
if(0t[i]>=0.0)
tempOt[i]= 1;
else
tempOt[i]= -1;
}
else
{
1if(0t[1]>=0.5) //kanonika edw ine
0.5 an exw sigmoid/linear
tempOt[i]= 1;
else
tempOt[i]= O;

b/

double maxVal=0t[0];
int maxIndex =0;

for (int 1i=0;1<0Ot.size () ;1i++)

{

if (maxVal <= 0Ot[1i])
{

maxVal = Ot[1];
maxIndex = i;

for (int i=0;i<tempOt.size();i++)
{

if (i==maxIndex)

{
tempOt[i]=1;
}
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else
{

if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)

tempOt [1]=-1;
else
tempOt [1]=0;

}

for (int i=0;i<encodingOutput.size () ;i++)

{

counterEnc++;
//1if the current position has a letter
if (encodingOutput[i] [0]!="\0")

{
int counter;
int desiredOutput;

for (counter=0; counter<tempOt.size () ;counter++)
{

desiredOutput =
((int)encodingOutput[i] [counter]-48);

//changes the lower bound if tanh is
used for output neurons

if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)

{
if (desiredOutput==0)
desiredOutput = -1;
}

if (desiredOutput!=tempOt [counter])
break;

}
if (counter==tempOt.size())
{

outputlLetter=i+65;
break;

}

x=encodingOutput.size();

if((int)x == (int)counterEnc)
outputletter='L";

if (epoch==this->maxIterations-1) {

predictedSecondaryStructureTrain.push back (outputlLetter);
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//2 == is test -- no backward
else 1f (isTrainOrTest==2)

{
for (int p=0;p<Ot.size () ;p++)
{
testSetAddition+=(targetOutputs([p]-
Ot[p]) * (targetOutputs [p]-0Ot[p]);
}

int i=0;
int counterEnc=0;
int x;

//step function
/*for (int i=0;i<0t.size () ;i++)
{
//if the activation function is tanh
if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)
{
if(0t[1]1>=0.0)
tempOt[i]= 1;
else
tempOt[i]= -1;
}
else
{
if(0t[1]>=0.5) //kanonika edw ine
0.5 an exw sigmoid/linear
tempOt[i]= 1;
else
tempOt[i]= O;

b/

//enable this for "winner takes all" and remove step
function

double maxVal=0t[0];

int maxIndex =0;

for (int 1i=0;1<0t.size () ;1i++)

{

if (maxVal <= 0Ot[1i])
{
maxVal = Ot[1];
maxIndex = 1i;

for (int i=0;i<tempOt.size();i++)
{
if (i==maxIndex)
{
tempOt[i]=1;
}

else
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{
if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)
tempOt [1]=-1;
else
tempOt [1]=0;

for (int i=0;i<encodingOutput.size () ;i++)

{

counterEnc++;
//1if the current position has a letter
if (encodingOutput[i] [0]!="\0")

{
int counter;
int desiredOutput;

for (counter=0; counter<tempOt.size () ;counter++)
{

desiredOutput =
((int)encodingOutput[i] [counter]-48);

//changes the lower bound if tanh is
used for output neurons

if (activationFuncTypeOutput==2 &&
errorFunctionTypeOutput==2)

{
if (desiredOutput==0)

desiredOutput = -1;
}

if (desiredOutput!=tempOt [counter])
break;

}

if (counter==tempOt.size())
{
outputlLetter=i+65;
break;

}

x=encodingOutput.size();

if((int)x == (int)counterEnc)
//outputLetter="X";
outputletter='L";

if (epoch==this->maxIterations-1) {

predictedSecondaryStructure.push back (outputLetter) ;
}
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}

void BidirectionalRecurrentNeuralNetwork: :getTargetOutputs (int
sequencet)

{

//always save 1 or 0 in the tagetOutputs vector -- if
activation function is sigmoid/linear it does not need any other
processing

for (int p=0;p<0Ot.size () ;pt++)
{

targetOutputs [p]l=encodingOutput [secondaryStructure[sequencet] -
651 [p]-48;
}

//1f the output neuron's activation function is tanh changes
those target values from 1 and 0 to 1 and -1 respectively
if (activationFuncTypeOutput==2 && errorFunctionTypeOutput==2)
{
for (int p=0;p<0Ot.size () ;pt+)
{
//change only the 0 to -1
if ((targetOutputs|[p]) == )
{
targetOutputs[p] = -1;
}

void BidirectionalRecurrentNeuralNetwork: :getSequenceTrainingError () {

trainingSetAdditionVector.push back (sgrt (trainingSetAddition) / (
double)Ot.size () /primaryStructure.size());
trainingSetAdditionVectorTemp.push back(sgrt (trainingSetAdditio
n) / (double)Ot.size () /primaryStructure.size());
trainingSetAdditionVectorTempSize=trainingSetAdditionVectorTemp
.size();
trainingSetAddition=0;
}

void BidirectionalRecurrentNeuralNetwork::getSequenceTestingError () {

testSetAdditionVector.push back (sgrt (testSetAddition)/ (double)O
t.size () /primaryStructure.size());
testSetAdditionVectorTemp.push back (sgrt (testSetAddition)/ (doub
le)Ot.size () /primaryStructure.size());
testSetAdditionVectorTempSize=testSetAdditionVectorTemp.size ()
testSetAddition=0;

double BidirectionalRecurrentNeuralNetwork::getEpochError (int flag) {

double tempValue;
double result=0; //To Result tha filagei to mean square error
pou einai to evaluation to GA
tempValue=0;
if (flag==0) {
for (int i=0;i<trainingSetAdditionVectorTempSize;i++)
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{

tempValue+=trainingSetAdditionVectorTemp[i];
}

trainingSetAdditionEpochVector.push back (tempValue/ (double)trai
ningSetAdditionVectorTempSize) ;

result=tempValue/ (double) trainingSetAdditionVectorTempSize;
tempValue=0;
}

else(
for (int i=0;i<testSetAdditionVectorTempSize;i++)

{

tempValuet=testSetAdditionVectorTemp[i];
}

testSetAdditionEpochVector.push back (tempValue/ (double)testSetA
dditionVectorTempSize) ;

}

trainingSetAdditionVectorTemp.clear () ;
testSetAdditionVectorTemp.clear () ;

return result;

void BidirectionalRecurrentNeuralNetwork: :printOutputSequence (int
trainOrTest, vector<vector <double> > vectoroutputresult,int flagqg)

{

double tempPercentage;
int counter=0;

if (trainOrTest==2) //testing
{for(int i=0;i<primaryStructure.size();i++)

{

if (secondaryStructure[i]==predictedSecondaryStructure[i])
counter++;

}

tempPercentage= (double) counter*100.0/ (double) secondaryStructure
.size();

saveOutputData-

>createOutputFile (primaryStructure, secondaryStructure, predictedSecond

aryStructure,proteinlD, tempPercentage, 2, vectoroutputresult, flag);
percentageCounter++;

percentaget+=tempPercentage;
predictedSecondaryStructure.clear () ;}
else //training

{

for (int i=0;i<primaryStructure.size();i++)

{

if (secondaryStructure[i]==predictedSecondaryStructureTrain[i])
counter++;
}

tempPercentage= (double) counter*100.0/ (double) secondaryStructure
.size();

saveOutputData-
>createOutputFile (primaryStructure, secondaryStructure, predictedSecond
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aryStructureTrain, proteinlID, tempPercentage,l,vectoroutputresult, flag)
percentageCounterTrain++;
percentageTrain+=tempPercentage;
predictedSecondaryStructureTrain.clear () ;
}

}

void BidirectionalRecurrentNeuralNetwork: :printNetworkSpecification ()

{

saveOutputData-
>createNetworkFile (hLayerOneSize, hlLayerTwoSize,hLayerOneSizeB, hLayerT
woSizeB, hLayerOneSizeF,

hLayerTwoSizeF,activationFuncTypeHidden, learningRate, momentum, w
indowSize,

gMinusl, gPlusl,errorFunctionTypeHidden, s, maxIterations, trainFil
e, testFile,

inputProfile, outputProfile,percentage/ (double)percentageCounter

) ;
}

void BidirectionalRecurrentNeuralNetwork: :printOutputs ()
{
saveOutputData-
>createErrorFiles (trainingSetAdditionEpochVector, testSetAdditionEpoch
Vector,

trainingSetAdditionVector, testSetAdditionVector); //change by
Georgia - last variable
saveOutputData->closeAllPointers();

}

void BidirectionalRecurrentNeuralNetwork::doBackpropagation (int
sequencet, double learningRate,int enable)

{

for (int p=0;p<outputlayer.size () ;p++)
{

outputlayer[p].calculateOutputlayerError (targetOutputs[pl]);
outputlayer[p] .calculateErrorPropagation() ;
outputlayer[p] .adjustDw (learningRate) ;
}
//
if (hLayerTwoSizeF==0 && hlLayerTwoSize==0 && hLayerTwoSizeB==0)
{

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlayer.size();Jj++) {
if (3==0) {

tempVector.push back (outputlLayer[]j].getSpecificError(i));
telse(
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tempVector[i]+=outputlLayer[j].getSpecificError (i) ;
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int J=0;j<outputlLayer.size();Jj++) {
if (3==0) {

tempVector.push back (outputLayer[]].getSpecificError (i+hLayerOn
eSizeF));
}else(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+hLayerOneSizeF

}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hLayerOne[i].calculateErrorPropagation () ;
hlLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear ()
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerOneSize));
}else({
tempVector[i]+=outputlLayer[j].getSpecificError (i+hLayerOneSizeF

+hLayerOneSize) ;

}

for (int i=0;i<hLayerOneB.size () ;i++) {
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hLayerOneB[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOneB[i].calculateErrorPropagation() ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF==0 && hLayerTwoSize==0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputlLayer[]].getSpecificError(i));
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i) ;
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<outputlLayer.size();Jj++) {
1f(3==0){

tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF));
lelse(

tempVector[i]+=outputlLayer[j].getSpecificError (i+hLayerOneSizeF

}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hLayerOne[i] .calculateErrorPropagation();
hLayerOne[i] .adjustDw (learningRate) ;
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tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
1f (3==0) {

tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerOneSize));
lelse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerOneSizeF
+hLayerOneSize) ;

}
}

for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector([i]) ;
hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwoB[]j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoB[]].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hlLayerOneB[i].calculateHiddenLayerError (tempVector[i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i].adjustDw (learningRate) ;

}else if (hLayerTwoSizeF==0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB==0)
{

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if (j==0){

tempVector.push back (outputlLayer[]j].getSpecificError(i));
telse(

tempVector[i]+=outputlLayer[j].getSpecificError (i) ;
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for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlayer.size();j++) {
if (3==0) {

tempVector.push back (outputLayer[]].getSpecificError (i+hLayerOn
eSizeF));
}else(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+hLayerOneSizeF
}
}

for (int i=0;i<hLayerTwo.size () ;i++) {

hlLayerTwo[i] .calculateHiddenLayerError (tempVector[i]);
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
1f(3==0) {

tempVector.push back (hLayerTwo[]].getSpecificError(i));
lelse(

tempVector[i]+=hLayerTwo[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hlLayerOne[i].calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;

}

tempVector.clear () ;
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for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
1f (J==0) {

tempVector.push back (outputLayer[j].getSpecificError (i+hLayerOn
eSizeF+hLayerTwoSize));
lelse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerOneSizeF
+hLayerTwoSize) ;

}

for (int i1=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i].adjustDw (learningRate) ;

}else if (hLayerTwoSizeF==0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear () ;
for (int i1=0;i<hLayerOneF.size () ;i++) {
for (int Jj=0;j<outputlLayer.size(
if (J==0){

)i J++) o

tempVector.push back (outputlLayer[]j].getSpecificError(i));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i) ;
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
1f(3==0) {
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tempVector.push back (outputLayer[j].getSpecificError (i+hLayerOn
eSizeF));
telse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerOneSizeF
}
}

for (int i=0;i<hLayerTwo.size () ;i++) {

hLayerTwo[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
if(3==0) {

tempVector.push back (hLayerTwo[]J].getSpecificError(i));
}else(

tempVector[i]+=hLayerTwo[j] .getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hLayerOne[i].calculateErrorPropagation () ;
hlLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if (3==0) {
tempVector.push back (outputlLayer[]].getSpecificError (i+hLayerOn
eSizeF+hLayerTwoSize));
lelse(
tempVector[i]+=outputlLayer[j].getSpecificError (i+hLayerOneSizeF
+hLayerTwoSize) ;

}
}

for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;
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tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;j++) {
if (J==0){

tempVector.push back (hLayerTwoB[]j].getSpecificError (i));
lelse(

tempVector[i]+=hLayerTwoB[]j] .getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]);
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize==0 &&
hLayerTwoSizeB==0)
{

tempVector.clear () ;
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlayer.size();Jj++) {
1f(3==0){

tempVector.push back (outputlLayer[]j].getSpecificError(i));
telse(

tempVector[i]+=outputlayer[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hlLayerTwoF[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoF[i] .calculateErrorPropagation () ;
hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwoF[]j].getSpecificError(i));
telse(
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tempVector[i]+=hLayerTwoF[]j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hLayerOneF[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneF([i].calculateErrorPropagation () ;
hLayerOneF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int J=0;j<outputlLayer.size();j++) {
if (J==0) {

tempVector.push back (outputLayer([]j].getSpecificError (i+hLayerTw
oSizeF));
}else(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+thLayerTwoSizeF

}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hlLayerOne[i].calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputLayer([j].getSpecificError (i+hLayerTw
oSizeF+hLayerOneSize));
lelse(
tempVector[i]+=outputlLayer[j].getSpecificError (i+hlLayerTwoSizeF

+hLayerOneSize) ;

}

for (int i=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector[i]);
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hLayerOneB[i].calculateErrorPropagation() ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize==0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear () ;
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputlLayer[]].getSpecificError(i));
}else(

tempVector[i]+=outputlLayer[]j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector([i]);
hLayerTwoF[i].calculateErrorPropagation () ;
hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
1f(3==0){

tempVector.push back (hLayerTwoF[]j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoF[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenlLayerError (tempVector[i]);
hlLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
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for (int j=0;j<outputlLayer.size();j++) {
1f (3==0) {

tempVector.push back (outputLayer[j].getSpecificError (i+hLayerTw
oSizeF));
lelse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerTwoSizeF

}

for (int i=0;i<hLayerOne.size () ;i++) {

hLayerOne[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerOne[i] .calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputLayer[]j].getSpecificError (i+hLayerTw
oSizeF+hLayerOneSize)) ;
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i+hLayerTwoSizeF
+hLayerOneSize) ;

}
}

for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoB[i] .calculateErrorPropagation () ;
hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;Jj++) {
if (3==0) {

tempVector.push back (hLayerTwoB[j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoB[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {
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hLayerOneB[i].calculateHiddenLayerError (tempVector[i]) ;
hLayerOneB[i].calculateErrorPropagation() ;
hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB==0)
{

tempVector.clear () ;
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputlLayer[]].getSpecificError(i));
telse(

tempVector[i]+=outputlLayer[]j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector([i]);
hLayerTwoF[i].calculateErrorPropagation () ;
hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
1f(3==0){

tempVector.push back (hLayerTwoF[]j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoF[j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenLayerError (tempVector[i]);
hlLayerOneF[i].calculateErrorPropagation () ;
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlLayer.size();j++) {
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tempVector.push back (outputLayer[j].getSpecificError (i+hLayerTw
oSizeF));
telse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerTwoSizeF
}
}

for (int i=0;i<hLayerTwo.size () ;i++) {

hLayerTwo[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
if(3==0){

tempVector.push back (hLayerTwo[]J].getSpecificError(i));
}else(

tempVector[i]+=hLayerTwo[]j] .getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hlLayerOne[i].calculateErrorPropagation () ;
hLayerOne[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputLayer([j].getSpecificError (i+hLayerTw
oSizeF+hLayerTwoSize));
lelse(
tempVector[i]+=outputlLayer[j].getSpecificError (i+hlLayerTwoSizeF
+hLayerTwoSize) ;

}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector[i]);
hLayerOneB[i].calculateErrorPropagation();
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hLayerOneB[i] .adjustDw (learningRate) ;

}else if (hLayerTwoSizeF!=0 && hLayerTwoSize!=0 &&
hLayerTwoSizeB!=0)
{

tempVector.clear () ;
for (int i=0;i<hLayerTwoF.size () ;i++) {
for (int j=0;j<outputlLayer.size(
if (3==0) {

) i3+ A

tempVector.push back (outputlLayer[]].getSpecificError(i));
telse(

tempVector[i]+=outputlayer[]j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerTwoF.size () ;i++) {

hLayerTwoF[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoF[i].calculateErrorPropagation () ;
hLayerTwoF[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i1=0;i<hLayerOneF.size () ;i++) {
for (int j=0;j<hLayerTwoF.size () ;Jj++) {
1f(3==0){

tempVector.push back (hLayerTwoF[]j].getSpecificError(i));
telse(

tempVector[i]+=hLayerTwoF[]j].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneF.size () ;i++) {

hlLayerOneF[i].calculateHiddenLayerError (tempVector[i]);
hLayerOneF[i].calculateErrorPropagation();
hLayerOneF[i].adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwo.size () ;i++) {
for (int j=0;j<outputlLayer.size () ;j++) {
1f (3==0) {
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tempVector.push back (outputLayer[j].getSpecificError (i+hLayerTw
oSizeF));
telse(

tempVector[i]+=outputlayer[]j].getSpecificError (i+hLayerTwoSizeF
}
}

for (int i=0;i<hLayerTwo.size () ;i++) {

hLayerTwo[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwo[i] .calculateErrorPropagation () ;
hLayerTwo[i] .adjustDw (learningRate) ;
}

tempVector.clear () ;
for (int i=0;i<hLayerOne.size () ;i++) {
for (int j=0;j<hLayerTwo.size () ;Jj++) {
if(3==0) {

tempVector.push back (hLayerTwo[]J].getSpecificError(i));
}else(

tempVector[i]+=hLayerTwo[]] .getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOne.size () ;i++) {

hlLayerOne[i].calculateHiddenLayerError (tempVector[i]);
hLayerOne[i].calculateErrorPropagation () ;
hlLayerOne[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerTwoB.size () ;i++) {
for (int j=0;j<outputlayer.size () ;Jj++) {
if(3==0){

tempVector.push back (outputLayer([j].getSpecificError (i+hLayerTw
oSizeF+hLayerTwoSize));
lelse(
tempVector[i]+=outputlLayer[j].getSpecificError (i+hlLayerTwoSizeF
+hLayerTwoSize) ;
}
Y/ /7
for (int i=0;i<hLayerTwoB.size () ;i++) {

hLayerTwoB[i] .calculateHiddenLayerError (tempVector[i]) ;
hLayerTwoB[i].calculateErrorPropagation();

397



hLayerTwoB[i] .adjustDw (learningRate) ;

tempVector.clear () ;
for (int i=0;i<hLayerOneB.size () ;i++) {
for (int j=0;j<hLayerTwoB.size () ;Jj++) {
if (J==0){

tempVector.push back (hLayerTwoB[]j].getSpecificError (i));
lelse(

tempVector[i]+=hLayerTwoB[]].getSpecificError (i) ;
}
}
}

for (int i=0;i<hLayerOneB.size () ;i++) {

hLayerOneB[i].calculateHiddenLayerError (tempVector([i]) ;
hLayerOneB[i].calculateErrorPropagation () ;
hLayerOneB[i] .adjustDw (learningRate) ;

}

void BidirectionalRecurrentNeuralNetwork::retOutput (int
segt,vector<double> &outputresult,char *secSt)

{

outputresult=0t;
*secSt=secondaryStructure[seqt];

}

void BidirectionalRecurrentNeuralNetwork: :returnData (vector<char>
&primaryStructureReturn, vector<char> &secondaryStructureReturn,char
proteinIDReturn[100])

{

primaryStructureReturn.clear () ;
secondaryStructureReturn.clear();

for (int i=0;i<100;i++)
{
proteinIDReturn[i]=proteinID[i];

}

for (int i=0;i<primaryStructure.size();i++)
{

primaryStructureReturn.push back(primaryStructurel[i]);
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secondaryStructureReturn.push back (secondaryStructure[i]);

}

}

void BidirectionalRecurrentNeuralNetwork: :setWeights ga (chromosome
chromo) {

int chromo pos=0;
for(int i=0;i<hLayerOne.size();i++)
{

hLayerOne[i].setWeights ga (chromo,chromo pos);

chromo pos=chromo_pos+hLayerOne[i].returnWeightsVectSize () +1; / /===

chromo pos=0;
for (int i=0;i<hLayerTwo.size () ;i++)
{

hLayerOne[i].setWeights ga (chromo,chromo pos);

chromo pos=chromo_pos+hLayerOne[i].returnWeightsVectSize () +1; / /===

chromo pos=0;
for (int i=0;i<hLayerOneB.size () ;i++)

{

hLayerOneB[i] .setWeights ga (chromo,chromo_pos) ;
chromo_pos=chromo_pos+hLayerOneB[i].returnWeightsVectSize()+1; //—-
chromo_pos=0;
for (int i=0;i<hLayerOneF.size () ;i++)
{
hLayerOneF[i] .setWeights ga (chromo,chromo_pos) ;
chromo pos=chromo_pos+hLayerOneF[i].returnWeightsVectSize ()+1;; //-
chromo_pos=0;
for (int i=0;i<outputlLayer.size();i++)
{

outputLayer[i].setWeights ga (chromo,chromo pos) ;

chromo pos=chromo_pos+outputLayer[i].returnWeightsVectSize ()+1;;
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Neuron.h

#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>
#include "ga.h"
#include "chromosome.h"
using namespace std;

#ifndef Neuron h
#define Neuron h

//*******************************************************************
KAARAAIAA XA A KA XK A XK A K

//class Neuron: This class illustrates all the functions of a neuron
in a Bidirectional

//Recurent Neural Network that is trained by a variation of
Backpropagation Algorithm

//through time

//*******************************************************************
KAk kA kA kA Rk Ak kA khk*k

class Neuron

{
private:

//members of Neuron class
vector<double> inputVector;
vector<double> weightsVector;
vector<double> weightMulError;
vector<double> previousAdjustment;
vector<double> Dweights;

int sizeOfInput;

int activationFunctionTypeOutput;
int activationFunctionTypeHidden;
int errorFunctionTypeHidden;

int errorFunctionTypeOutput;

int neuronType;

double output;
double error;

double bias;

double Dbias;

double inputNet;
double momentum;
double learningRate;
double biasPreviousAdjustment;
double slope;

double amplitude;
double fmin;

double fmax;
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void callActivationFunction (void) ;
void calculateInput (void) ;

public:

Neuron (int size,double momentumN,double learningRateN, int
functionTypeHiddens,int functionTypeOutput, int errorTypeHidden,int
errorTypeOutput, int neuronType) ;

~Neuron (void) ;

//methods of Neuron class

double getOutput (vector<double> getInput);

void calculateOutputlLayerError (double targetOutput);
void calculateErrorPropagation () ;

void calculateHiddenlLayerError (double prevWeightSum) ;
void adjustDw (double learningRateNew) ;

double getSpecificError (int x);

void returnWeightVector (vector<double> *weihtsReturn);
void printTest();

double returnWeightsVectSize();
void setWeights ga(chromosome chromo,int chromo pos);

b
#endif
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Neuron.cpp

#include "Neuron.h"
#include "Services.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>
#include "ga.h"
#include "chromosome.h"
using namespace std;

//*******************************************************************

KAARAAIAA XA A KA XK A XK A K

//Constructor Neuron (int size,double momentumN, double
learningRateN, int functionType) :

//initiates the Neuron

//Parameters:

// int size :Specifies the input size
// double momentumN :Specifies the initial momentum
of the neuron

// double learningRateN :Specifies the initial learning
rate of the neuron

// int functionType Specifies the activation function

of the neuron
//*******************************************************************

KAk kA kA kA kA kA khhk*k

Neuron: :Neuron (int size,double momentumN,double learningRateN, int
functionTypeHiddens, int functionTypeOutput, int errorTypeHidden,int
errorTypeOutput, int neuronTypeN)

{

Services newServices=Services|();

for(int 1=0;i<size;i++) {
inputVector.push back(0);
weightsVector.push back (newServices.rand numbers());
weightMulError.push back(0);
Dweights.push back(0.0);
previousAdjustment.push back(0.0); //the previous
weights are saved in this wvariables

}

output=0;

error=0;

Dbias=0;

inputNet=0;
biasPreviousAdjustment=0;

bias=newServices.rand numbers();
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sizeOfInput=size;

momentum=momentumN;

learningRate=learningRateN;
errorFunctionTypeOutput=errorTypeQutput;
errorFunctionTypeHidden=errorTypeHidden;
activationFunctionTypeHidden=functionTypeHiddens;
activationFunctionTypeOutput=functionTypeOutput;

neuronType=neuronTypeN;

//parameters for tanh() activation function
slope = (2.0/3.0);
amplitude = 1.7159;

//sigmoid bounds
fmin = 0.0;
fmax = 1.0;

}

//*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k**************************************
) Kk k kk ok ok ok ok ok ok ok ok ko k ko ok k&

//Deconstructor Neuron (void)
//*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k‘k*‘k‘k‘k**************************************
) Kk k kk ok ok ok ok ok ok ok ok ko k ko ok k&

Neuron: :~Neuron (void)
{
}

//*******************************************************************
Rt A i A i S I b S A S I b S 4

//void calculatelInput (void): private method that is called to
calculate the

//neuron's input. Specifically, it multiplies each input (output of a
neuron

//from the previous layer) with the appropriate weight and then sum
all the

//results together to calculate the new neuronlls input
//*******************************************************************

KAk Ak hkAk kA kA Ak kA kA khk*k

void Neuron :: calculateInput (void)

{
inputNet=0;

for (int i=0;i<sizeOfInput;i++) {
inputNet+=(inputVector[i] *weightsVector[i]) ;
}

inputNet= (inputNet+ (-bias));

//*******************************************************************
Ak AkkkkAk kA kA kA kkkhAkk kA kA kkhk%k

//void activationFunction (void): private method that is called to

calculate the

//neuron's output through an activation function
//*******************************************************************

Ak AkkkAkhAkkkhkhAkkkhkhAkkkhkhkkhk%

void Neuron :: callActivationFunction (void)
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//hidden neurons
if (neuronType==1)
{
if (activationFunctionTypeHidden==1) //using sigmoid
{
output=(1/ (l+pow(2.718281828, -inputNet))) ;
}
else if (activationFunctionTypeHidden==2) //using tanh
{
output = amplitude * tanh (inputNet*slope) ;
}
else if (activationFunctionTypeHidden==3) //using linear
{
output = inputNet * ((fmax - fmin) + fmin);
}
}
//output neurons (neuronType==0)
else
{
if (activationFunctionTypeOutput==1) //using sigmoid
{
output=(1/ (l+pow(2.718281828, -inputNet))) ;
}
else if (activationFunctionTypeOutput==2) //using tanh
{
output = amplitude * tanh (inputNet*slope) ;
}
else if (activationFunctionTypeOutput==3) //using linear
{
output = inputNet * ((fmax - fmin) + fmin);

}

}

//*******************************************************************
R e b b b b db db S I i b b b b b i 4

//double getOutput (vector <double> getInputs): public method that is
called to calculate

//the output of the neuron

//Parameters:

// vector <double> getInputs :the outputs of the

previous layer that are given as

// inputs to this
neuron and are used to calculate the

// net input

//Return:

// double output :the output of the

neuron
//*******************************************************************

AKhkAkhk kA Ak kA Ak kA kA kA kA kA kkhk%k

double Neuron :: getOutput (vector<double> getInputs)
{

inputVector=getInputs;
calculateInput();

callActivationFunction () ;
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return output;

}

//*******************************************************************
)k k ok ok ok ok ok k ok ok ok k ko k ok kK ok ok
//void calculateOutputLayerError (double targetOutput): public method

that is called to
//calculate the output error of the neurons of output Layer

//Parameters:

// double targetOutput :the specific,target output
of the neuron for each
// time step

//*******************************************************************
KhkA Ak hk kA hkkhkAk Ak kA XAk kk k%
void Neuron :: calculateOutputlLayerError (double targetOutput)
{

//sigmoid function

if (errorFunctionTypeOutput==1)

{

error = output* (l-output) * (targetOutput-output) ;

}

//tanh function

else if (errorFunctionTypeOutput==2)

{
error = (slope/amplitude) * (targetOutput-output) *

(amplitude-output) * (amplitude+output);
}
//linear function
else 1if (errorFunctionTypeOutput==3)

{
error = 1.0 * (targetOutput-output);

}

//*******************************************************************
khkkhkhkkh kA hkkhkkhAkkhkkhkkAkhrhkkhkkKhk*k
//void calculateErrorPropagation(): public method that is called to

calculate the error
//that must be propagated back to the weights that are connected to

the specific neuron

//by multiply all the weights of the neuron with the epecific error
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void Neuron :: calculateErrorPropagation () {

for (int i=0;i<weightMulError.size () ;i++) {
weightMulError[i]= error * (weightsVector[i]);
}
}

//*******************************************************************
kkhkkhkkkhkhkhkhkkhkkhkrkkhkkhkhrkhkhkkhkhk*
//void calculateHiddenlLayerError (double previWeightSum): public method

that is called to
//calculate the output error of the neurons of Hidden Layers

//Parameters:
// double prevWeightSum :the sum of the neurons'
error that are connectet
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// with the output

of the specific neuron
//*******************************************************************

khkkhkkkhkhkhkhkhkkhkhrhkhkhkhkhkkkk*k
void Neuron :: calculateHiddenLayerError (double prevWeightSum)

{
//sigmoid function
if (errorFunctionTypeHidden==1)
{
error = output* (l-output) *previWeightSum;
}
//tanh function
else if (errorFunctionTypeHidden==2)
{
error = (slope/amplitude) * (amplitude-output) *
(amplitudet+output) * prevWeightSum;
}
//linear function
else if (errorFunctionTypeHidden==3)
{

error = 1.0 * prevWeightSum;

}

//*******************************************************************
R R e b b b b db db db 4 g b b ab (db db db  db 4

//void getSpecificError (int position): public method that is called
to return the

//result of the multiplication of a specific weight with the neurons
error

//Parameters:

// double position :the position of the weight

in the weight's vector
//*******************************************************************

R i i A b b S A b S S A I b S 4

double Neuron :: getSpecificError (int position) {
return weightMulError[position];

}

//*******************************************************************
kkhkkhkhkkhkhkhkkhkkhkkhkrkkhkkhkkhkhkkhkhk*

//void adjustDw () : public method that is called to calculate the
adjustment of each

//weight and bias of the specific neuron. The bias is adjusted like a

neuron's weight
//*******************************************************************

AkhkAkkkkAk Ak kA kA kkhk kA kA kA kkhk%

void Neuron :: adjustDw(double learningRateNew) {

for (int i=0;i<Dweights.size () ;i++)

{

/*Dweights[i]+=learningRate*inputVector[i]*error+momentum*previ
ousAdjustment[i];

previousAdjustment[i]=learningRate*inputVector[i] *error+momentu

m*previousAdjustment[i];
weightsVector[i] = weightsVector[i] + Dweights[i];*/
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Dweights[i] =
learningRateNew*inputVector[i] *error+momentum* (weightsVector[i] -
previousAdjustment[i]) ;

previousAdjustment[i] = weightsVector[i];

weightsVector[i] = weightsVector[i] + Dweights[i];

//Dweights[1]=0;
//previousAdjustment [i]=0;
}

Dbias = learningRateNew*l*error+momentum* (bias-
biasPreviousAdjustment) ;

biasPreviousAdjustment = bias;

bias = - bias + Dbias;

bias = -bias;

/*Dbias+=learningRate*1l*error+momentum*biasPreviousAdjustment;

biasPreviousAdjustment=learningRate*1l*error+momentum*biasPrevio
usAdjustment;

bias=-bias+Dbias;

bias=-bias;*/

//Dbias=0;
//biasPreviousAdjustment=0;

}

void Neuron :: printTest () {

for (int i=0;i<inputVector.size();i++)
{

cout<<weightsVector [i]<<" ";
}cout<<endl;

double Neuron::returnWeightsVectSize ()

{

return weightsVector.size();

void Neuron::setWeights ga(chromosome chromo,int chromo pos) {
int 1=0;
for (i;i<weightsVector.size () ;i++)
{

weightsVector.at (i) =chromo.individual [i+chromo pos];

}

bias=chromo.individual [i+chromo pos];
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DataReader.h

#include <fstream>
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

#ifndef DataReader h
#define DataReader h

class DataReader

{

private:

//members of DataReader class

ifstream inTrainFile;

ifstream inTestFile;

ifstream encodingFile;

int beginning;

int numberOfResidues;

ifstream inMsaFile;
public:

DataReader (void) ;

~DataReader (void) ;

//methods of DataReader class

void readParameters (float parameters[1l7],char
inputProfile[100],char outputProfile[100],

char trainFile[100],char testFile[100], int*

msaEnable, int* randomizeDataset,int *center w size,char
outputFolder[100]);

void readEncoding(vector<string> &encodingT, int
*inputSizeK, const char inputProfile[100], int msa, int* length);

void initiateDataPointers (char trainFile[100],char
testFile[1007]) ;

bool readTrainingInput (vector<char>
&primaryStructure,vector<char> &secondaryStructure,char name[100]);

bool readTestInput (vector<char> &primaryStructure, vector<char>
&secondaryStructure,char name[100]) ;

void readOutputEncoding (vector<string> &encodingT, vector<
vector<char> > &outputClassification, int *outputSize,

const char outputProfile[1001]);

void translateSecondaryStructure (vector< vector<char> >
&outputClassification, vector<char> &secondaryStructure) ;

void closeDataPointers (char trainFile[100],char testFile[100]);

void readEncodingMSA (vector<string> &encodingT, char
proteinID[1001]) ;

vector<double> splitValues (string stringEncoding) ;

}s
#endif
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DataReader.cpp

#include "DataReader.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>
#include <sstream>
#include <algorithm>
#include <iterator>

using namespace std;

//*‘k******************‘k‘k***‘k****‘k****‘k****‘k**************************
) Kk ok ok ko k ok k ok ok ok ok ko k ko ok kK

//Constructor DataReader (void) :initiates the DataReader
//*‘k******************‘k‘k***‘k****‘k****‘k****‘k**************************
) Kk k kk ok ok ok ok ok ok ok ok ko k ko ok k&

DataReader: :DataReader (void)

{
}

//*******************************************************************
)k kk ok ok kk ok k ok ok ok ok kkkkkkk

//Deconstructor DataReader (void)
//*******************************************************************
*hkkhkhkkhhkkhkkhkkhkkhkkkkk*kxk*k

DataReader: :~DataReader (void)

{
}

//*******************************************************************
AKhkAkkk kA kA kA kA kA kA kA kA kA kkhk%k

//void readParameters (float parameters[15],char
inputProfile[100],char outputProfile[100],

// char trainFile[100],char testFile[100]): public
method that is called to

//get the parameters of the neural network from the parameters.dat
file

//Parameters:

// float parameters[17] :this table returns alla
the numeric parameters for

// BRNN. Each
position illustrates a parameter and which are

// depended from
their order in the parameters.dat

// file

// char inputProfile[100] :this table returns the

input profile file name
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//

char outputProfile[100] :this table returns the

output profile file name

//

char trainFile[100] :this table returns

the file name which contains the

//
//

training set
char testFile[100] :this table returns

the file name which contains the

//

testing set

//*******************************************************************

khkkhkkhkhkhkhkhkkhkkkhkhkkhkhkkkk*k

//*******************************************************************

khkkhkkhkhkhkhkhkkhkhrhkhkhkkkhkkxkxk*k

void DataReader::readParameters (float parameters[17],char
inputProfile[100],char outputProfile[100],

char trainFile[100],char testFile[100], int*

msaEnable, int* randomizeDataset,int *center w size,char
outputFolder[100])

{

//variables
char temp[100];
char state[100];
int counter=0;

//opens the DatalIn\\parameters.dat file to read the parameters
ifstream inFile;
inFile.open ("Dataln//parameters.dat");

if (!inFile) {
cerr << "Unable to open file parameters.dat";
int x=0;
cin>>x;
exit (1) ;
}

//takes all the network parameters with specific order
for(int 1=0;1<27;1i++) {
//reads the general parameters
if(1i<17)
{
inFile >> temp;
inFile >> parameters[i];
}else if (i==18)

inFile >> temp;
inFile >> inputProfile;
}else if (i==19)

inFile >> temp;
inFile >> outputProfile;
}else if (i==20)

inFile >> temp;
inFile >> trainFile;
telse if (i==21)

inFile >> temp;
inFile >> testFile;

telse if (i==23)

inFile >> temp;
inFile >> *msaEnable;
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}
else 1if (i==24)
{
inFile >> temp;
inFile >> *randomizeDataset;
lelse 1if (1i==25)

inFile >> temp;
inFile >> *center w size;
lelse 1if (i==26)

inFile >> temp;
inFile >> outputFolder;
}
else if ((i==17) || (1==22))
{
inFile >> temp;
}

}

inFile.close();

//*******************************************************************
KAAIAAIAA XA A I A XK A XK A K

//void readEncoding (vector<string> &encodingT,int *inputSizeK, const
char inputProfile[100]) :

//public method that is called to read the file with input encoding
of a protein's primary

//structure. The file must have a specific layout. The encoding of

each letter is saved in

//a vector to the position that the letter has in the English

alphabet.

//Parameters:

// vector<string> &encodingT :returns a vector of
strings that illustrates the encoding

// of each letter.
The vector has size of 26 strings which

// portrays the
place of each letter

// int *inputSizeK :returns the size of
each input (how many residues)

// const char inputProfile[100]:the name of input profile

file name
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void DataReader::readEncoding (vector<string> &encodingT, int
*inputSizeK, const char inputProfile[100], int msa, int* length)

{

//variables

char temp[100];

char tempChar;

int tempK;

string tempString="\0";

for (int i=0;i<100;i++)
temp[i]="\0";
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//create the path string
strcat (temp, "EncodingProfiles/");
strcat (temp, inputProfile);

//points to the file
encodingFile.open (temp) ;

if (!encodingFile)
{
cerr << "Unable to open file "<<inputProfile;
int x=0;
cin>>x;
exit (1),
}

if (msa == 0)

{

//create the size of those vectors
for(int 1i=0;1i<26;i++)
encodingT.push back (tempString) ;

for(int 1i=0;1i<24;i++)
{
if (i<2)
{
encodingFile >> temp;
}
else 1f (i==2)
{
encodingFile >> temp;
encodingFile >> tempK;
*inputSizeK = tempK; //residue volume

}
else if (i<24)
{
encodingFile >> tempChar;
encodingFile >> tempString;
//The encoding of each letter is saved in
vector to the position that
//the letter has in the English alphabet
encodingT[tempChar-65]+=tempString;

}

//add by Georgia
/* extra code for the msa.txt file*/
else
{
for (int i=0;i<6;1i++)
{
if (i<2)
{
encodingFile >> temp;
}
else 1f (i==2)

{
encodingFile >> temp;
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encodingFile >> tempK;

*inputSizeK = tempK; //residue volume
}
else if (i==3)

{

//the * ok ok ok ok k ok ok kkkk ok Kk

encodingFile >> temp;

}

else if (i==4)

{
encodingFile >> temp;
encodingFile >> numberOfResidues;
*length = numberOfResidues;

}

else if (i==5)

{

//the Ak kA khhkkhkkhk

encodingFile >> temp;

}

//close the pointer
encodingFile.close();

}

void DataReader::readOutputEncoding (vector<string> &encodingT,vector<
vector<char> > g&outputClassification,

int *outputSize,const char outputProfile[100])
{

//pointer to a file
ifstream inFile;

//variables

int tempK;

int counter;

char temp[100];

char state[100];

char tempChar;
vector<char> tempCharV;
string tempString="\0";

//create the size of those vectors
for(int 1=0;1<26;1i++)
encodingT.push back (tempString) ;

for(int 1=0;1<100;1++)
temp[i]="\0";

//create the path string
strcat (temp, "OutputProfiles/");
strcat (temp, outputProfile) ;

//point to the file
inFile.open (temp) ;

if (!inFile) {
cerr << "Unable to open file "<<outputProfile;
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int x=0;

cin>>x;

exit (1) ;
}

//read alla data from the file with a specific order
for(int 1=0;i<100;i++) {

if (i<2)

{
inFile >> temp;

telse if (i==2)

{
inFile >> temp;
inFile >> tempK;
*outputSize = tempK;

lelse if (i<4)

{
inFile >> temp;

}else if (i< (4+tempK))

{
//reads from the file all the secondary structure's

letters and their class

tempCharV.clear();
inFile >> state;
tempCharV.push back(state[0]);
inFile >> state;
counter=0;

//remove alla the commas
while (state[counter]!="\0")
{

if (state[counter]!="',")

{

tempCharV.push back (state[counter]);

}

counter++;
}
//Each position of the vector of vector holds
//the characteristic letter of the class which is
//followed by the secondary structure letters of
//that class.
outputClassification.push back (tempCharV) ;

}else if (i< (4+tempK+2))

inFile >> temp;
}else if (i< (6+tempK+tempK) )

inFile >> tempChar;
inFile >> tempString;
//The encoding of each letter is saved in a vector
to the position that
//the letter has in the English alphabet
encodingT [tempChar-65] +=tempString;
}
}
inFile.close();

}

//*******************************************************************
Ak AkkkAkhAkkkhkhAkkkhkhAkkkhkhkkhk%
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//void initiateDataPointers (char trainFile[100],char testFile[100]):
//public method that is called to initiate tha pointers to the files
which contain the training

//and testing sets.

//Parameters:

// char trainFile[100] :the file name
of training sets

// char testFile[100] :the file name

of testing sets
//*******************************************************************

*hkkhkkhkhkhkhkhkkhkkrhkhkhkhkhkkxkxk*k

void DataReader::initiateDataPointers (char trainFile[100],char
testFile[1007])
{

//variables

char temp[100];

//create the size of those vectors
for(int i=0;1<100;i++)
temp[1]="\0";

//create the path string
strcat (temp, "TrainingSets/") ;
strcat (temp, trainFile);

//points to the file
inTrainFile.open (temp) ;

if (!inTrainFile) {
cerr << "Unable to open file "<<temp;
int x=0;
cin>>x;
exit (1) ;
}

//create the size of those vectors
for(int 1=0;1<100;i++)
temp[1i]="\0";

//create the path string
strcat (temp, "TestSets/") ;
strcat (temp, testFile);

//points to the file
inTestFile.open (temp) ;

if (!inTestFile) {
cerr << "Unable to open file "<<temp;
int x=0;
cin>>x;
exit (1) ;

}

//*******************************************************************
Ak khkkhkhkkhkhkhkkkhkkkhkhkhhhxx*k

//void closeDataPointers (char trainFile[100],char testFile[100]):
//public method that is called to close tha pointers to the files
which contain the training

//and testing sets.

//Parameters:
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// char trainFile[100] :the file name
of training sets
// char testFile[100] :the file name

of testing sets
//*******************************************************************

KAARAA KA A KA A KA A I Ak kA K

void DataReader::closeDataPointers (char trainFile[100], char
testFile[100])
{

//variables
char temp[100];

//creates the size of those vectors
for(int i=0;1i<100;i++)
temp[i]="\0";

//create the path string
strcat (temp, "TrainingSets/") ;
strcat (temp, trainFile);

//close the pointer
inTrainFile.clear () ;
inTrainFile.close () ;

//create the size of those vectors
for(int 1=0;1<100;i++)
temp[1]="\0";

//creates the path string
strcat (temp, "TestSets/") ;
strcat (temp, testFile);
//close the pointer
inTestFile.clear();
inTestFile.close () ;

}

//*******************************************************************

R i i b A i b S db b S I S I b S 4

//bool readTrainingInput (vector<char> &primaryStructure,vector<char>
&secondaryStructure) :

//public method that is called to read from a file the primary and
secondary structure of

//proteins that included in training sets. the pointers to the files
are initiated with

//initiateDataPointers method and closed with closeDataPointers.The
file must have a

//specific layout.

//Parameters:

// vector<char> &primaryStructure :returns the primary
structure of the protein

// vector<char> &secondaryStructure:returns the secondary
structure of the protein

//Return:

// true :if there are
more sequences

// false :1f the pointer

points to eof
//*******************************************************************

Ak AkkkAkhAkkkhkhAkkkhkhAkkkhkhkkhk%
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bool DataReader::readTrainingInput (vector<char>
&primaryStructure,vector<char> &secondaryStructure, char
proteinID[1007])
{

//variables

char name[1007];

char temp[1000];

primaryStructure.clear();
inTrainFile >> name;

for(int i=0;1<100;i++)
{

proteinID[i]="\0";
}

for(int i=0;i<1000;i++)
{

temp[i]="\0";
}

strcat (proteinID, name) ;

//1f end of file returns false
if (inTrainFile.eof()) { return false;}

inTrainFile.getline (temp, 1000) ;
inTrainFile.getline (temp, 1000) ;
//inTrainFile>> temp;

//reads all the letters of primary structure until the "."
//while (temp!=".")

A
//primaryStructure.push back (temp) ;
//inTrainFile >> temp;

//}

for (int 1=0; (i<1000) && (temp[i]!='\0"');i++)

{

primaryStructure.push back(temp[i]);

}

for (int i=0;i<1000; i++)

{ temp[i]="\0";

}
inTrainFile.getline (temp, 1000) ;
secondaryStructure.clear();

//inTrainFile >> temp;

//reads all the letters of secondary structure until the "."
//while (temp!=".")

A

// secondaryStructure.push back (temp) ;
// inTrainFile >> temp;

//}
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for (int i=0; (i<1000) && (temp([i]!='\0");i++)
{

secondaryStructure.push back(temp[i]);

return true;

}

//*‘k****‘k*******‘k*******‘k*******‘k****‘k*******‘k***********************

KAARAA KA A KA A KA A I Ak kA K

//bool readTestInput (vector<char> &primaryStructure,vector<char>
&secondaryStructure,

// char name[100]) :

//public method that is called to read from a file the primary and
secondary structure of

//proteins that included in testing sets. The pointers to the files
are initiated with

//initiateDataPointers method and closed with closeDataPointers.The
file must have a

//specific layout.

//Parameters:

// vector<char> &primaryStructure :returns the primary
structure of the protein

// vector<char> &secondaryStructure:returns the secondary
structure of the protein

// char name[100] :the name of
the protein

//Return:

// true :1f there are
more sequences

// false :1if the pointer

points to eof
//*******************************************************************

R i i A b b S A b S S A I b S 4

bool DataReader::readTestInput (vector<char>
&primaryStructure,vector<char> &secondaryStructure,char
proteinID[1007])
{

/*

//variables

char temp;

char name[100];

primaryStructure.clear();

inTestFile >> name;

for (int 1=0;i<100;i++) {proteinID[i]="\0"';}

strcat (proteinID, name) ;

//if end of file returns false

if (inTestFile.eof ()){ return false;}

inTestFile >> temp;

//reads all the letters of primary structure until the "."

while (temp!="'.")
{
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primaryStructure.push back (temp);
inTestFile >> temp;

}

//1if there in low case letter replace it with capital case
for (int i=0;i<primaryStructure.size();i++)
{
if (primaryStructure[i]>='a' && primaryStructurel[i]<='z")
primaryStructure[i]=primaryStructure[i]-32;

secondaryStructure.clear () ;
inTestFile >> temp;

//reads all the letters of secondary structure until the "."
while (temp!=".")
{

secondaryStructure.push back (temp) ;

inTestFile >> temp;

return true;

*/

//variables
char name[100];
char temp[1000];

primaryStructure.clear();
inTestFile >> name;

for(int 1=0;1<100;i++)
{

proteinID[i]="\0";
}

for(int 1=0;1<1000;i++)
{

temp[1i]="\0";
}

strcat (proteinID, name) ;

//if end of file returns false
if (inTestFile.eof ()) { return false;}

inTestFile.getline (temp, 1000) ;
inTestFile.getline (temp, 1000) ;
//inTrainFile>> temp;

//reads all the letters of primary structure until the "."
//while (temp!=".")

/74
//primaryStructure.push back (temp) ;
//inTrainFile >> temp;

//}

for (int i=0; (i<1000) && (temp([i]!='\0");i++)

{
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primaryStructure.push back(temp[i])

}

//if there in low case letter replace it with capital case
for (int i=0;i<primaryStructure.size();i++)
{
if (primaryStructure[i]l>='a' && primaryStructurel[i]l<='z")
primaryStructure[i]=primaryStructure[i]-32;

}

for (int 1=0;i<1000;i++)

{ temp[i]="\0";

}
inTestFile.getline (temp, 1000) ;
secondaryStructure.clear();

//inTrainFile >> temp;

//reads all the letters of secondary structure until the "."
//while (temp!=".")

A

// secondaryStructure.push back (temp) ;

// inTrainFile >> temp;

//}

for (int 1=0; (i<1000) && (temp[i]!='\0"');i++)

{

secondaryStructure.push back(temp[i]);

return true;

}

//*******************************************************************

KAk kA kA kA kA kA khhk*k

//void translateSecondaryStructure (vector<vector<char>>
&outputClassification,

// vector<char> &secondaryStructure) :
//public method that is called to replace all the letters of
secondary structure with

//the specific letter of their class

//Parameters:

// vector<vector<char>> &outputClassification :contains
a vector with the output classes of the

// network. Each position of the vector of vector holds

// the characteristic letter of the class which is

// followed by the secondary structure letters of

// that class

// vector<char> &secondaryStructure :contains the

secondary structure of the protein
//*******************************************************************

Ak khkkhkhkkhkhkhkkkhkkkhkhkhhhx*x*k
void DataReader::translateSecondaryStructure (vector< vector<char> >
&outputClassification, vector<char> &secondaryStructure)

{

for (int i=0;i<secondaryStructure.size () ;i++)

{

for (int j=0;j<outputClassification.size();j++)

420



for (int k=0;k<outputClassification[j].size();k++)
{

if (secondaryStructure[i]==outputClassification[j] [k])

{

secondaryStructure[i]=outputClassification[j][0];
break;

}

}

//Created by Georgia - MSA

//*******************************************************************

KAAKRKAA I A AR A A KA XA KA KXk A K

//This function reads the msa dataset for each protein -- use only

with msa
//*******************************************************************

khkAk Ak kA khkAk Ak kA Ak Ak kK%
//encodingT contains the same vector of strings, each string

represents an aminoacid
//*******************************************************************

KA AR AAkIAAk I A Ak IA A XK A XK K

void DataReader::readEncodingMSA (vector<string> &encodingT, char
proteinID[100])
{

//pointer to protein's file

ifstream inFile;

//variables

string tempString="\0";
string tempLine="\0";
int aminoacid = 0;

int digit = 0;

char temp[100];

//create the size of those vectors

for (int 1=0;i<100;i++) {temp[i]="'\0";}

//create the path string
strcat (temp, "EncodingProfiles/msaFiles/") ;

char c;
for (int i=0;i<100; i++)
{

proteinID[i]=tolower (proteinID[i]);

strcat (temp, proteinID) ;
//strcat (temp, ".txt");
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}

strcat (temp, ".hssp") ;

//tolower (temp) ;

//cout<<proteinID<<endl;

//points to the file
inFile.open (temp) ;

if (!inFile) {
cerr << "Unable to open file of protein "<<temp;
int x=0;
cin>>x;
exit (1),
}

//clear this vector for the next protein
encodingT.clear () ;

//read msa encoding for each protein:

while ( !inFile.eof () )

{
//read the next encoding digit
inFile >> tempString;

if (digit != numberOfResidues )
{
//store the previous digit
tempLine=tempLine+tempString+" ";
digit++;
if (digit == numberOfResidues)
{
digit = 0;
encodingT.push back (tempLine);
tempLine = "\0";

vector<double> DataReader::splitValues (string stringEncoding)

{

vector<double> doubleEncoding;
istringstream iss(stringEncoding) ;

copy (istream iterator<double>(iss),
istream iterator<double>(),
back inserter<vector<double> >(doubleEncoding));
for (int i=0;i<doubleEncoding.size () ;i++)
doubleEncoding[i]=doubleEncoding[i]/100.0;

return doubleEncoding;
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OutputData.h

finclude "targetver.h"
#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;
#ifndef OutputData h
#define OutputData h

//*******************************************************************
KA kI ARk I ARk I ARk I ARk Ak Kk kK

//class OutputData: This class illustrates all the functions that the
Bidirectional

//Recurent Neural Network needs to write to the output files
//*******************************************************************

KAk kA kA kA Rk Ak kA khk*k

class OutputData
{

private:

//members of OutputData class
ofstream printError;

ofstream printErrorP;

ofstream printOutput;

ofstream printOutputTrain;
ofstream printNetwork;
ofstream printNetworkHTML;
ofstream printEnsembleResults;
char folderName[100];

char HTMLName [1007];

char networkId[100];

char ensembleResultsName[100];
int ensembleOutputCounter;

public:

OutputData (char id,char outputFolder[100]);
OutputData (char *id,char outputFolder[1001]);

~OutputData (void) ;

char nameOfSimulation([200];

//methods of OutputData class
void createErrorFiles (vector<double>
trainingError, vector<double> testingError,
vector<double>
proteinTrainingError,vector<double> proteinTestingError);

423



void createOutputFile (vector<char>
primaryStructure, vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName [100],double percentage,int c,vector<vector <double> >
vectoroutputresult,int flag);
void createZOutputFileforFilter (vector<char>
primaryStructure,vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName [100],double percentage,int c,vector<vector <double> >
vectoroutputresult) ;
void createNetworkFile (int hLayerOneSizeN, int
hLayerTwoSizeN, int hLayerOneSizeBN,
int hLayerTwoSizeBN, int hLayerOneSizeFN,int
hLayerTwoSizeFN, int activationFuncTypeN,
double learningRateN,double momentumN, int
windowSizeN, double gMinuslN,
double gPluslN, int errorFunctionTypeN, int
temporaryN, int epochN,char trainFileN[100],
char testFileN[100],char
inputProfileN[100], char outputProfileN[100],double percentage);
void closeOutputPointers (void) ;
void closeAllPointers (void);
void createEnsembleOutputFile (void);
void closeEnsembleOutputFile (void) ;
void printEnsembleOutputFile (vector<char>
primaryStructure,vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName [100], vector<vector <double> > vectoroutputresultl,
vector<vector <double> > vectoroutputresult?z,
vector<vector <double> > vectoroutputresult3,
vector<vector <double> > vectoroutputresulti,
vector<vector <double> > vectoroutputresultb5,
vector<vector <double> > vectoroutputresultéb,
vector<vector <double> > vectoroutputresultensemble);
}i
fendif
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OutputData.cpp

finclude "OutputData.h"
#include "targetver.h"
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <fstream>
#include <iostream>
#include <math.h>
#include <ctype.h>
#include <vector>
#include <time.h>
#include <string>

using namespace std;

//

//*******************************************************************
) Kk ok ok ko k ok k ok ok ok ok ko k ko ok kK

//Constructor DataReader (void) :initiates the DataReader
//*******************************************************************

KAAIAAIAA XA A I A XK A XK A K

OutputData: :OutputData (char id,char outputFolder[100])
{

//it takes the time from the system and creates a folder in the
DataOut folder

//this folder will contain all tha output files of each
simulation

//Also initiate the pointer to the output file and HTML output
file

time t rawtime;

struct tm * timeinfo;

networkId[0]=1id;
networkId[1]="\0";

//cout<<networkId[0]<<endl;

time ( &rawtime );
timeinfo = localtime ( &rawtime );

char temp[200];char temp3[200];
//cout<<networkId<<endl;

for (int 1=0;1i<200;i++)
{
temp[1

1="\0";
temp3[i]="'

\NO";

for (int 1=0;i<100;i++)
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folderName[1i]="\0";
HTMLName [1]="\0";
nameOfSimulation[i]="\0";

}

//cout<<networkId<<endl;

strcat (temp, outputFolder) ;

//strcat (temp,asctime (timeinfo));
strcat (temp3, outputFolder) ;

//strcat (temp3,asctime (timeinfo));
//strcat (HTMLName, asctime (timeinfo)) ;
strcat (nameOfSimulation, outputFolder) ;

//cout<<networkId<<endl;

//replace some characters
/*for (int 1i=0;1<100;i++) {
if(temp[i]=="\n")
{
temp[i]="\0";
}

if (temp[i]==" ")
{ temp[i]="-";
if(temp[i]:':')
{ temp[i]="_";

}
}

for(int 1=0;1<100;1i++) {
if (temp3[i]=="'\n")
{ temp3[1]="\0";
if(tempB[i]::' ")
{ temp3[i]="-";
if(tempS[i]==':')
{ temp3[i]="_";
y*/ }

/*for (int 1=0;1<100;i++) {
if (HTMLName [i]=="\n")
{ HTMLName [1]="\0";
if(HTMLName[i]==' ')
{ HTMLName [1]="_"';;
if(HTMLName[i]==':')
{
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HTMLName [1]="_"';
y*/

//create folder
//system ("mkdir temp") ;

//create the string path

//strcat (temp, "\\") ;

//strcat (temp,asctime (timeinfo));
//strcat (temp3, "\\");

//strcat (temp3,asctime (timeinfo));

/*for (int 1=0;1<100;1i++)
{
if (temp[i]=="\n")
{
temp[i]="\0";
}

if (temp[i]l==" ")
{ temp[i]="-";
if(temp[i]::':')
{ temp[i]="_";

}
}

for(int 1=0;1<100;1i++)
{
if (temp3[i]=="'\n")
{
temp3[1]="\0";
}

if (temp3[i]==" ")
{ temp3[i]="-";
if(tempS[i]::':')
{ temp3[i]="_";

}
b/

for(int 1=0;1<100;1++)
{

folderName[i]=temp[i];
}

strcat (temp, networkId) ;

strcat (temp3, networkId) ;

strcat (temp, " Output.txt");

strcat (temp3, " OutputForTrain.txt");
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//initiate pointer of the output file for test

printOutput.open (temp) ;
printOutputTrain.open (temp3) ;

ensembleQutputCounter=0;

}
OutputData: :OutputData (char *id, char outputFolder[100])

{
strcpy (networkId, id) ;
char temp[200];
//cout<<networkId<<endl;

for (int i=0;i<200; i++)
{
temp[1]="\0";

}

for(int 1=0;1<100;i++)
{
folderName[i]="\0";

strcat (temp, outputFolder) ;

for(int 1=0;1<100;1i++)
{

folderName[i]=temp[i];

}

strcat (temp, networkId) ;
strcat (temp, " Output.txt");
printOutput.open (temp) ;

}

//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

//Deconstructor DataReader (void)
//*******************************************************************

Ak khkkhkhkhkhkhkkkhkkkhkhkhhhh*x*k
OutputData: :~OutputData (void)
{

}

//*******************************************************************
AA AR AR Ak KA kh KAk Ak Kk khkhkhk*

//void createErrorFiles (vector<double> trainingError,vector<double>
testingError,
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// vector<double> proteinTrainingError,vector<double>
proteinTestingError) :

//public method that is called to create the files that contains the
training and testing

//error per protein and per epoch

//Parameters:

// vector<double> trainingError :vector with
training errors per epoch

// vector<double> testingError :vector
with testing errors per epoch

// vector<double> proteinTrainingError :vector with
training errors per protein

// vector<double> proteinTestingError :vector with

testing errors per protein
//*******************************************************************

R R b b b db db db db g g b b b Ib db db  gb 4
void OutputData::createErrorFiles (vector<double>
trainingError,vector<double> testingError,

vector<double> proteinTrainingError,vector<double>
proteinTestingError)

{

//variables
char temp[100];
char templ[100];

//create vectors

for(int 1i=0;1<100;i++) {
temp[i]="\0";
templ[i]="\0";

}

//create the names of output files
for(int 1=0;1<100;i++)
{
temp[i]=folderName[i];
templ[i]=folderName[i];
}

//creates the string path and opens the output file with errors
per epoch
strcat (temp, networkId) ;

strcat (temp," error per epoch.txt");
printError.open (temp) ;

//write all the data to the file
printError<<'"No Training Error Test
Error\n";

printError<<"*************************************************\n\n";

for (int i1=0;i<trainingError.size () ;i++)

{

printError<<i<<" . \t\t"<<trainingError[i]<<"\t\t"<<testingError|[
i]<<endl;
}

//creates the string path and opens the output file with errors
per protein
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strcat (templ, networkId) ;
strcat (templ," error per protein.txt");
printErrorP.open (templ) ;

//write all the data to the file
printErrorP<<"No Training Error Test
Error\n";

printErrorP<<"*************************************************

\n\n";

if (proteinTrainingError.size ()<=20000)
for (int i=0;i<proteinTrainingError.size();i++)

{

printErrorP<<i<<" . \t\t"<<proteinTrainingError[i]<<"\t\t"<<prote
inTestingError[i]<<endl;

}
}

//*******************************************************************

KAARAAIAA XA A KA XK A XK A K

//void OutputData::createOutputFile (vector<char>
primaryStructure,vector<char> secondaryStructure,

// vector<char> predictedSecondaryStructure, char
proteinName [100],double percentage)) :

//public method that is called at the end of each epoch to write in
the output file the name of

//a protein, its primary structure, its secondary structure, its
predicted secondary structure and

//the percentage of succes for the specific simulation

//Parameters:

// vector<char> primaryStructure
:protein's primary structure

// vector<char> secondaryStructure
:protein's secondary structure

// vector<char> predictedSecondaryStructure
:protein's predicted secondary structure

// char proteinName[100]
:protein's name

// double percentage

:persentage of succes for a simulation
//*******************************************************************

AKhkAkhk KAk kA kA kA kA kA kkhhk%k

void OutputData::createOutputFile (vector<char>
primaryStructure, vector<char> secondaryStructure,
vector<char> predictedSecondaryStructure, char
proteinName[100],double percentage,int trainOrTest,
vector<vector <double> >
vectoroutputresult,int flag)
{
if (trainOrTest==2)
{
//writes the name of a protein and the percentage of success
printOutput<<proteinName<<" Correctness
Percentage:'"<<percentage<<"$"<<endl;
//cout<<proteinName<<endl;
//writes the primary structure
printOutput<<"primaryStructure HA
for (int i=0;i<primaryStructure.size();i++)
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{
printOutput<<primaryStructurel[i];

}
printOutput<<endl;

//writes the secondary structure
printOutput<<"secondaryStructure HA
for (int i=0;i<secondaryStructure.size();i++)
{

printOutput<<secondaryStructurel[i];

}
printOutput<<endl;

//writes the predicted secondary structure
printOutput<<"predictedSecondaryStructure:";
for (int i=0;i<predictedSecondaryStructure.size () ;i++)
{

printOutput<<predictedSecondaryStructure[i];

}
printOutput<<endl;

//writes the
//printOutput<<"predictedSecondaryStructure:";

/* 1f (flag==0) {
printOutput<<"Output Value of:"<<endl;
for (int i=0;i<vectoroutputresult.at(l) .size();i++) {
if (1i==0)

printOutput<<"H\t";
else 1f (i==1)
printOutput<<"L\t";
else 1f (i==2)
printOutput<<"E\t";*/
/*for (int k=0; k<vectoroutputresult.size () ;k++)
{
printOutput.precision(4);
printOutput<<vectoroutputresult.at (k) .at(i);
if (k!=vectoroutputresult.size()-1)
printOutput<<",";
y*/
printOutput<<endl;
/*}
yx/
/*else
printOutput<<endl; */
}
else
{
//writes the name of a protein and the percentage of success
printOutputTrain<<proteinName<<" Correctness
Percentage:'"<<percentage<<"$"<<endl;
//cout<<proteinName<<endl;
//writes the primary structure
printOutputTrain<<"primaryStructure A
for (int i=0;i<primaryStructure.size();i++)
{
printOutputTrain<<primaryStructure[i];
}
printOutputTrain<<endl;

//writes the secondary structure
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printOutputTrain<<"secondaryStructure A
for (int i=0;i<secondaryStructure.size () ;i++)
{

printOutputTrain<<secondaryStructurel[i];

}
printOutputTrain<<endl;

//writes the predicted secondary structure
printOutputTrain<<"predictedSecondaryStructure:";
for (int i=0;i<predictedSecondaryStructure.size();i++)
{
printOutputTrain<<predictedSecondaryStructurel[i];
}
printOutputTrain<<endl;
/*for (int i=1;i<OtH.size () ;i++)
{
printOutput<<OtH.at (i)<<",";
}
printOutput<<endl; */
}

//*******************************************************************
Rt A i A i S I b S A S I b S 4

//void createNetworkFile (int hLayerOneSizeN, int hLayerTwoSizeN, int
hLayerOneSizeBN,

// int hLayerTwoSizeBN, int hLayerOneSizeFN, int
hLayerTwoSizeFN, int activationFuncTypeN,

// double learningRateN,double momentumN, int
windowSizeN, double gMinuslN, double gPluslN,

// int errorFunctionTypeN, int temporaryN, int
epochN, char trainFileN[100],char testFileN[100],

// char inputProfileN[100],char

outputProfileN[100],double percentage) :

//public method that is called to create a file with the parameters
of the network and an HTML file

//with information about the simulation

//Parameters:

// int hLayerOneSizeN :hidden layer
one size

// int hLayerTwoSizeN :hidden layer
two size

// int hLayerOneSizeBN :Backward
hidden layer one size

// int hLayerTwoSizeBN :Backward
hidden layer two size

// int hLayerOneSizeFN :Forward hidden
layer one size

// int hlLayerTwoSizeFN :Foeward hidden
layer two size

// int activationFuncTypeN :number that
corresponds to an activation function

// double learningRateN :learning rate

// double momentumN :momentum

// int windowSizeN :the window

size for each specific residue
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// double gMinuslN :the g operator
for forward recurrent neural network

// double gPluslN :the g operator
for backward recurrent neural network

// int errorFunctionTypeN :number that
corresponds to an error function

// int sN :the
operator s

// int epochN :number of
iterations

// char trainFileN[100] :the file name of
training set

// char testFileN[100] :the file name
of testing set

// char inputProfileN[100] :the file name of
input profile

// char outputProfileN[100] :the file name of
output profile

// double percentage :the percentage of
succes

//*******************************************************************
KAAIAAIAA XA A I A XK A XK A K

void OutputData::createNetworkFile (int hLayerOneSizeN, int
hlLayerTwoSizeN,int hLayerOneSizeBN,

int hLayerTwoSizeBN, int hLayerOneSizeFN, int
hlLayerTwoSizeFN,int activationFuncTypeN,

double learningRateN, double momentumN, int
windowSizeN,double gMinuslN,double gPluslN,

int errorFunctionTypeN, int sN,int epochN, char
trainFileN[100],char testFileN[100],

char inputProfileN[100],char
outputProfileN[100],double percentage)
{

//variables
char temp[100];
char templ[100];

//create the vectors
for(int 1=0;1<100;1i++)
{

temp[1i]="\0";
}

for(int 1=0;1<100;1++)
{

templ[1]="\0";
}

for (int i=0;i<100;i++)

{
temp[i]=folderName[i];
templ[i]=folderName[i];

}

//creates the string path and opens the output file with
parameters

strcat (temp, networkId) ;

strcat (temp," Network Specifications.txt");

printNetwork.open (temp) ;
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//creates the string path and opens the HTML file with results
//strcat (templ, "DataOut//") ;

strcat (templ, HTMLName) ;

strcat (templ, networkId) ;

strcat (templ," 1.html");

printNetworkHTML.open (templ) ;

writes e information to e outpu ile wi parameters
//writes the inf ti to th tput fil ith t
printNetwork<<"Network Specification"<<endl;
printNetwork<<"*********************"<<endl;
printNetwork<<"Size of Hidden Layer 1:"<<hLayerOneSizeN<<endl;
printNetwork<<"Size of Hidden Layer 2:"<<hLayerTwoSizeN<<endl;
printNetwork<<"Size of Forward Hidden Layer
1:"<<hLayerOneSizeFN<<endl;
printNetwork<<"Size of Forward Hidden Layer
2:"<<hLayerTwoSizeFN<<endl;
printNetwork<<"Size of Backward Hidden Layer
1:"<<hLayerOneSizeBN<<endl;
printNetwork<<"Size of Backward Hidden Layer
2:"<<hLayerTwoSizeBN<<endl;
printNetwork<<"Type of Activation Function (Hidden
Neurons) :"<<activationFuncTypeN<<endl;
printNetwork<<"Learning Rate:"<<learningRateN<<endl;
printNetwork<<"Momentum:"<<momentumN<<endl;
printNetwork<<"Window Size:"<<windowSizeN<<endl;
printNetwork<<"g-1:"<<gMinuslN<<endl;
printNetwork<<"g+l:"<<gPluslN<<endl;
printNetwork<<"Type of error Function (Hidden
Neurons) :"<<errorFunctionTypeN<<endl;
printNetwork<<"s:"<<sN<<endl;
printNetwork<<"Number of Iterrations: "<<epochN<<endl;
printNetwork<<"Name of Training File: "<<trainFileN<<endl;
printNetwork<<"Name of Testing File: "<<testFileN<<endl;
printNetwork<<"Name of Input Profile: "<<inputProfileN<<endl;
printNetwork<<"Name of Output Profile: "<<outputProfileN<<endl;

//writes the information to the HTML file with the simulation
results

printNetworkHTML<<"<!DOCTYPE html PUBLIC \"-//W3C//DTD XHTML
1.0 Strict//EN\" \"http://www.w3.0rg/TR/xhtml1l/DTD/xhtmll-
strict.dtd\">"<<endl;

printNetworkHTML<<"<html
xmlns=\"http://www.w3.0rg/1999/xhtml\">"<<endl;

printNetworkHTML<<"<head>"<<endl;

printNetworkHTML<<"<title>Website Title</title>"<<endl;

printNetworkHTML<<"<meta http-equiv=\"Content-Type\"
content=\"text/html; charset=UTF-8\" />"<<endl;

printNetworkHTML<<"<link rel=\"stylesheet\" type=\"text/css\"
href=\"style.css\" media=\"screen\" />"<<endl;

printNetworkHTML<<"</head>"<<endl;

printNetworkHTML<<"<body>"<<endl;

printNetworkHTML<<"<div id=\"content\">"<<endl;

printNetworkHTML<<"<div id=\"header\">"<<endl;

printNetworkHTML<<"<hl><a href=\"#\">Protein Secondary
Structure Prediction </a></hl>"<<endl;

printNetworkHTML<<"<h2>University of Cyprus </h2>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div id=\"navigation\">"<<endl;

printNetworkHTML<<"<ul>"<<endl;

printNetworkHTML<<"<li><a href=\"#\">Report</a></li>"<<endl;
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printNetworkHTML<<"<1i><a href=\""<< HTMLName
<<" 2.html\">Output Files</a></li>"<<endl;

printNetworkHTML<<"</ul>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div class=\"right\">"<<endl;

printNetworkHTML<<"<h2>Report of: "<< HTMLName <<"</h2>"<<endl;

//printNetworkHTML<<"<p>This website illustrates the
Bidirectional Recurrent Neural Network specifications for Protein
Secondary Structure Prediction. The success prediction of this
experiment is: "<<percentage<<"% </a>.</p>"<<endl;

//printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div class=\"right\">"<<endl;

printNetworkHTML<<"<h2>Network's Specifications: </h2>"<<endl;

printNetworkHTML<<"<p>Size of Hidden Layer 1: "<<
hLayerOneSizeN<<"</p>"<<endl;

printNetworkHTML<<"<p>Size of Hidden Layer 2: "<<hLayerTwoSizeN
<" < /p>"<<endl;

printNetworkHTML<<"<p>Size of Forward Hidden Layer 1:
"<<hLayerOneSizeFN <<" </p>"<<endl;

printNetworkHTML<<"<p>Size of Forward Hidden Layer 2:
"<<hLayerTwoSizeFN <<" </p>"<<endl;

printNetworkHTML<<"<p>Size of Backward Hidden Layer 1:
"<<hLayerOneSizeBN <<" </p>"<<endl;

printNetworkHTML<<"<p>Size of Backward Hidden Layer 2: "<<
hLayerTwoSizeBN<<" </p>"<<endl;

printNetworkHTML<<"<p>Type of Activation Function (Hidden
Neurons) : "<<activationFuncTypeN <<" </p>"<<endl;

printNetworkHTML<<"<p>Learning Rate: "<<learningRateN <<"
</p>"<<endl;

printNetworkHTML<<"<p>Momentum: "<<momentumN <<" </p>"<<endl;

printNetworkHTML<<"<p>Window Size: "<<windowSizeN <"
</p>"<<endl;

printNetworkHTML<<"<p>g-1: "<< gMinuslN<<" </p>"<<endl;

printNetworkHTML<<"<p>g+l: "<<gPluslN <<" </p>"<<endl;

printNetworkHTML<<"<p>Type of error Function (Hidden Neurons) :
"<<errorFunctionTypeN <<" </p>"<<endl;

printNetworkHTML<<"<p>s: "<<sN <<" </p>"<<endl;

printNetworkHTML<<"<p>Number of Iterrations: "<<epochN <<"
</p>"<<endl;

printNetworkHTML<<"<p>Name of Training File: "<< trainFileN<<"
</p>"<<endl;

printNetworkHTML<<"<p>Name of Testing File: "<< testFileN<<"
</p>"<<endl;

printNetworkHTML<<"<p>Name of Input Profile: "<<inputProfileN
<<" </p>"<<endl;

printNetworkHTML<<"<p>Name of Output Profile: "<<outputProfileN
<<" </p>"<<endl;

printNetworkHTML<<"<h2>&nbsp;</h2>"<<endl;

printNetworkHTML<<"<a href=\"#\" title=\"Link Title\"><img
src=\"picl.jpg\" alt=\"Something\" width=\"695\" height=\"367\"
style=\"border: 3px solid #ddd;\" /></a>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"<div style=\"clear: both;\"> </div>"<<endl;

printNetworkHTML<<"<div id=\"footer\">"<<endl;

printNetworkHTML<<"&copy; Copyright by <a href=\"#\">University
of Cyprus</a> | Designed by <a href=\"#\">Michalis
Agathocleous</a></a>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"</div>"<<endl;

printNetworkHTML<<"</body>"<<endl;

printNetworkHTML<<"</html>"<<endl;
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//close the pointers
printNetwork.close () ;
printNetworkHTML.close () ;

}

//*******************************************************************

*hkkhkkhkhkhkhkhkkhkkrhkhkhkhkhkkxkxk*k

//void closeAllPointers(): public method that is called to close all
the pointers to

//specific files
//*******************************************************************

KAARKAA KA A KA A KA XK AKXk A K

void OutputData::closeAllPointers () {

printError.close();
printErrorP.close();
printOutput.close ()

’

void OutputData::closeOutputPointers () {
printOutput.close();
}

void OutputData::createEnsembleOutputFile () {
printEnsembleResults.open ("ensembleResults.txt");

printEnsembleResults<<"ID\t\tpdbCode\t\tchain\t\tAA\t\tObsSS\t\
tPredSS\t\tH\t\tE\t\tL\t\tBRNN1_ H\t\tBRNN1 E\t\tBRNN1 L\t\tBRNN2_ H\t\
tBRNN2 E\t\tBRNN2 L\t\tBRNN3 H\t\tBRNN3 E\t\tBRNN3 L\t\tBRNN4 H\t\tBR
NN4 E\Nt\tBRNN4 L\t\tBRNN5 H\t\tBRNN5 E\t\tBRNN5 L\t\tBRNN6 H\t\tBRNN6
_ENt\tBRNN6 L"<<endl;

printEnsembleResultS<<"****************************************
KK AR KR AR A AR A AR A AR A AR A AR A AR A AR A A A A A A A AL AR A A AR A A A A A A A A A A A A A AR A A AR Ak kK,
KK AR KR AR A AR A AR A AR A AR A AR A AR A A KA A A A A A A A AL A AR AR A A A A A A A A A A A A A A A A A A ARk Kk
KK AR KA KRR AR A AR A AR A AR A AR A AR A AR A AR A I A A A A AR A I A A A A A A A A A A Ak A A A A A A Ak Ak Ak kA hhk

Kok ok kk kK k Kk kAN <<and] ;

void OutputData::closeEnsembleOutputFile () {

printEnsembleResults.close();

void OutputData::printEnsembleOutputFile (vector<char>
primaryStructure, vector<char> secondaryStructure,

vector<char> predictedSecondaryStructure, char
proteinName[100], vector<vector <double> > vectoroutputresultl,

vector<vector <double> > vectoroutputresult2,
vector<vector <double> > vectoroutputresult3,

vector<vector <double> > vectoroutputresult4,
vector<vector <double> > vectoroutputresulth,
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vector<vector <double> > vectoroutputresulto,
vector<vector <double> > vectoroutputresultensemble) {

//cout<<primaryStructure.size ()<<"
"<<predictedSecondaryStructure.size ()<<endl;

for (int i=0;i<primaryStructure.size();i++)

{

ensembleOutputCounter++;

printEnsembleResults<<ensembleOutputCounter<<"\t\t"<<proteinNam
e[0]<<proteinName[l]<<proteinName[2]<<proteinName[3]<<"\t\t"<<protein
Name [4]<<"\t\t"<<primaryStructure[i]<<"\t\t"<<secondaryStructure[i]<<
"\t\t"<<predictedSecondaryStructure[i]<<"\t\t"<<vectoroutputresultens
emble[1] [0]<<"\t\t"<<vectoroutputresultensemble[i] [2]<<"\t\t"<<vector
outputresultensemble[i] [1]<<"\t\t"<<vectoroutputresultl[i] [0]<<"\t\t"
<<vectoroutputresultl[i] [2]<<"\t\t"<<vectoroutputresultl[i] [1]<<vecto
routputresult2[1i] [0]<<"\t\t"<<vectoroutputresult2[i] [2]<<"\t\t"<<vect
oroutputresult2[i] [1]<<vectoroutputresult3[i] [0]<<"\t\t"<<vectoroutpu
tresult3[i] [2]<<"\t\t"<<vectoroutputresult3[i] [l]<<vectoroutputresult
4[i][0]<<"\t\t"<<vectoroutputresultd[i] [2]<<"\t\t"<<vectoroutputresul
t4[i] [1]<<vectoroutputresult5[i] [0]<<"\t\t"<<vectoroutputresult5[i] [2
]<<"\t\t"<<vectoroutputresult5[i] [1]<<vectoroutputresult6[i] [0]<<"\t\
t"<<vectoroutputresult6[i] [2]<<"\t\t"<<vectoroutputresult6[i] [1]<<end
1;

}
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